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Introduction

It hag been over 30 years since the first sugges-
tive evidence was published by Tribukh to indicate
that vinyl chloride monomer (VCM) is acutely toxic
in man. Chronic toxicity in animals was subse-
quently demonstrated by Torkelson in 1961, but it
was an outbreak to VCM-induced acroosteolysis in
the 1960's that focused attention for the first time
on the occupational toxieity of this important indus-
trial chemical. The carcinogenicity of VCM was
recognized in 1974 following the nearly simulta-
neous reports of an association between exposure
to VCM and angiosarcoma of the liver (ASL) in man
(reported by Creech and Johnson) and in animals
(reported by Maltoni). These reports precipitated a
thorough international reviéw of the toxicity of
VCM at the New York Academy of Sciences. Since
then, enormous research efforts have been under-
taken to expand our knowledge of the toxicity of
vinyl chloride. Many of the research efforts stimu-
lated by the events of the 1970’s have now come to
fruition, and are appropriately brought together in
these proceedings.

The proceedings begin with a presentation of the
most extensive animal research on the carcinoge-
nicity of VCM ever published. In these data,
dose-response curves can be examined by site and
type of tumor, by route and schedule of exposure,
and by species and strain of animal. This study and
other research on the carcinogenicity of VCM
reported in this volume indicate the importance of
cofactors such as age at exposure and simultaneous
exposure to ethyl aleohol in VCM toxicity. Evi-
dence that even a single exposure to VCM induces
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experimental neoplasia is significant from the stand-
point of both occupational and nonoccupational
exposures.

The updated epidemiologic studies presented in
this volume of mortality among workers exposed to
vinyl chloride reinforce the laboratory findings of
multigite carcinogenicity. Data demonstrating the
mutagenic and transplacental effects of VCM are
also updated and summarized. The lack of predictivity
of one prospective liver screening program sug-
gests the need for further work in identifying
effective medical surveillance techniques for early
recognition of liver abnormalities.

While thousands of workers are exposed to VCM
vapor, many more are exposed to its polymer,
poly(viny! chloride) (PVC). The carcinogenicity of
PVC dust is evaluated both experimentally and
epidemiologically in these proceedings. The results
are not definitive. Nonmalignant respiratory sys-
tem effects from PVC dust are suggested by a
number of papers at this conference.

Finally, the extension of the findings of carcino-
genicity of VCM to its structural analogs, vinylidene
chloride, trichloroethylene and tetrachloroethylene,
and its brominated equivalent, vinyl bromide, serves
as another lead in our effort to understand some
fundamental concepts of chemical carcinogenesis.

RICHARD J. WAXWEILER
PHiLir J. LANDRIGAN
PETER INFANTE
RAYMOND SHAPIRO
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Carcinogenicity Bioassays of Vinyl
Chloride Monomer: A Model of Risk
Assessment on an Experimental Basis

by Cesare Maltoni,* Giuseppe Lefemine,* Adriano
Ciliberti,* Giuliano Cotti* and Donata Carretti*

Duta are presentsd regarding the final results of the Bentivoglio (Bologna) project en
long-term capeinogenicity biosssays of vinyl chloride (VC).

The experimental project studied the effects of the monomer, administered by different routas,
concentrations and schedules of trestment, to animals (near 7000) of different species, straina,
sex and age. To our knowledge this is the largest experimental carcinogenicity study performed

on a single compound by a single institution.

The resuits indicate that VC is a multipotential carcinogen, affecting a variety of orguns and
tissues. In the experimental conditions studied, the neoplastic effects of the monomer were also
detected ot low doses. The experimental and biological factors greatly affect the neoplastic
response to VC, Long-term earcinogenicity bioassays are, at present, a unique tool for the
idantification and quantification of environmental and occupational risks. Precise and highly
standardized experimental procedures are needed to obtain dats for risk assessment.

Introduction

The present report deals with the presentation of
the final results of our project on the long-term
carqierétogenicity bioassays of vinyl chloride (V%) (BT
project).

To our knowledge this project is the most exten-
siv. experimental carcinogenesis study ever per-
formed on one industrial compound by a single
Institution.

Planning, Materials, Methods and
Performance of the Experiment

Planning

The experiments of the project were planned
(a) to test the carcinogenicity of the compound;

*Institute of Oneology and Tumar Center’ Bologia, Haly.

October 1981

(b) to obtain information on the site and type of
tumors; (¢) to evaluate the possible effects of the
routes of administration, with particular regard to
the ones reproducing potential human exposure;
(d) to assess, in quantitative terms, the level of
risk. The planning of the experiments was aimed at
achieving these goals.

The compound was tested on animals of different
species, strain, sex and age (Table 1), since it is
known that these factors may modify the neoplastic
response qualitatively and quantitatively. The choice
of the animals was made with the intention of
having an integrated system of complementary
biological models which could express a range, as
wide as possible, of neoplastic responses.

VC was administered by different routes: intra-
peritoneal (IP) injection, subcutaneous (SC) injec-
tion, inhalation and ingestion (by stomach tube),
the latter two being the major routes of potential
human exposure.

The monomer was administered at different
concentrationa: 14 by inhalation levels and 6 inges-
tion levels for various periods of time, by continu-
ous or intermittent treatment (Table 2).




Table 1. BT project on VC: animals used.

Species Strain Sex Age
Rat Sprague- M, F Adult (10-21 wk)
Dawley Newborn (1 day)
Embryo (12 days pregnancy)
Rat Wistar M  Adult
Mouse Swiss M, F Adult
Hamster  Golden M Adut

The plan of the project is presented in Tables 3-9.

Material

VC was supplied from the same source in all
cases, and it contained very low amounts of impuri-

ties (Table 10). The oil employed as a vehicle in the
ingestion and injection experiments was pure vir-
gin olive oil from Tuscany.

The animals (except for the golden hamsters)
were breeds which have been routinely employed in
our laboratory for many years. It shouid be pointed
out that, whatever their use, all the animals of our
colony undergo periodic examination and complete
autopsy, giving us extensive information concern-
ing their pathology.

The chambers for inhalation exposure were built
basically of stainless steel and glass,

For the ingestion trestment glass syringes and
stainless steel needles with round tips were used.

To control the level of exposure in the inhalation
experiments, an automatic gas chromatography
system was used.

Table 2. BT project on VC: routes, concentrations and schedules.

[

Route Concentration

Schedule

Inhalstion
150, 100, 50, 25, 10, 5, 1 ppm

10,000, 6000, 2500, 500, 250, 50 ppm

30,000, 10,000, 6000, 2500, 500, 250, 200,

4 hriday, 5 days/wk, 52 wk

4 hriday, 5 dayarwk, 17 wk

10,000, 6000 ppm 4 hr/day, 5 days'wk, 5 wk
10,000, 6000 ppm 4 hriday, 1 day/wk, 25 wk
10,000, 6000 ppm 1 hr/day, 4 daywwk, 25 wk
10,000, 6000 ppm 4 hriday, 7 days

Ingestion 50, 16.65, 3.38, 1.0, 0.3, 0.08, mg’kg body weight 5 timewvwk, 52 wk

IP injection w28 mg ;. ;;:-h 2 times at
428 mg Once only

8C injection 4.28 mg Once only

Table 3. Plan of long-term expariments on the affects of exposure by inhalation for 1 year to different doses of VC on adult

Sprague-Dawiey rats (basic experiments).
Treatment _Animals
Expt. Age, No. per
no. Route VC dose Duration Species Strain wesks No. § No.d Total group
BT1 Inhalation 10,000, 6000, 2500, 500 4 hr/day, Rat Sprague- 13 240 240 480 60
250, 50 ppm 5 daywwk, Dawlay ‘
Untreated controls 52 wk
Trested controls
VA, 2500 ppm
BT2  Inhalation 200, 150, 100 ppm 4 hr/day, § Rat Sprague- 13 280 265 545  120-185
Untreated controls days'wk, 52 wk Dawley
BTé  Inhalation 30,000 ppm 4 hriday, § Rat Tﬂr 17 » k] 60 60
days'wk, 52 wk wiey
BT9  Inhalation 50 ppm 4 br/day, & Rat § 1 20 200 400 100 (¢)
Untreated controls daywwk, 52 wk m 300 (1)
BT15 Inhalation 28, 10, 5, 1 ppm 4 hr/day, 5 Rat Sprague- 13 300 300 600 120
Untreated controis dayw'wk, 52 wk Dawley + - -

Environmental Health Perspectives
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Table 4. Plan of long-term experiments on the effects of length of VC exposure on VC carcinogenieity,

Treatment Animals

Expt. . Age, No. per
no. Route VC dose Duration Species Strain weeks No. § No. & Total group

BT3 Inhalation 10,000, 6000, 2500, 4 hr/day, Rat Sprague- 12 262 288 550  60-190
500, 250, 50 ppm 5 daywwk, Dawley
Untreatad controls 17 wk
BT10 Inhalation 10,000, 6000, ppm 4 hr/day, 5 dayw Rat 11 420 420 840 120
Untreatad controls wk, 5 wk; ¢ hr/ Daw
day, 1 day/wk, 25
wk; 1 hr/day, 4
dayvwk, 25 wk

Table 5. Plan of long-term experiments on the «fYects of age on vinyl chloride carcinogenicity.
Treatment Animals

Expt. Age, No. per
no. Route VC dose Durstion Species Strain weeks No. ¥ No. & Total group

BT5  Transpla- 10,000, 6000 ppm 4 hr/day, 7days  Rat Sguw- 19 110 % 146 30-54
cental (from 12th to 18th wiey (breed-
N day of pregnancy) ers) 12
‘ days (em-

brycs)
BT14  Inhalstion 10,000, 6000 ppm 4 hr/iday, 5 Rat Sprague- 1day 44 “ 0 346
dayswk, § wk Dawley

Table 6. Plan of long-term experiments on the effects of strain on vinyl chloride carcinogenicity.

Treatment Animals

Expt. Age,
no. Route VC dose Durstion Species Strain weeks No. 2 No. 8 Total

BT?  Inhalation 10,000, 6000, 2500, 500, 4 hr/day, § Rat Wistar 11 0 2 20
250, 50 ppin daywwk, £2 wk
Untrested controls

BT17  Inhalation 1 ppm 4 hr/iday, § Rat  Wistar 18 250 250
Untreated controls dayw'wk, 52 wk

Table 1. Plan of long-term experiments on the effects of species on vinyl chioride carcinogenicity.
Treatment _Animals

Expt. Age, No. per
no. Route VC dose Duration Species Strain weeks No. ¢ No. & Total group

BT4  Inhalation 10,000, 6000, 2500, 4 hr/day, § Mouse Swiss 11 500, 250 200 510  60-150
daywwk,

250, 50 ppem
Untreated controls 30 wk
BT8  Inhalation 10,000, 6000, 2500, 4 hrrday, § Hamster Golden 11 10 268 268  30-62
500, 250, 50 ppm daywwk,
Untreatad controls 0 wk

October 1981
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- Table 8. Plan of long-term ingestion experiments on vinyl chloride carcinogenicity.

Trestment

__Animals

Expt.
po. Route VC dose Duration

Age, No. per
Species Strain weeks No. ¢ No. & Total growp

BT1l  Ingestion 50, 16.65, 3.33 mg/kg 5 times/wk,
body weight in olive oil 52 wk
Conmh. olive ofl

BTZT i 0.08 mg/kg body 5 times/whk, 52 wk Rat 10

or 59 wik*

Rat Sprague- 13 160 160 320 20
Dawiey

00 300 600 150
wley

*For 10 animals of each of the three exposed and control groups the treatment was planned to last 104 wesks, but it had to be

stopped becsuse of animal intolerance.

Table 9. Plan of long-term injection experiments on vinyl chloride carcinogenicity.

Treatment

Animals

Duration

Age, No. per
Species Strain weeks No. 2 No. ¢ Toal growp

482 ol

times; two month

Controls, 1.0 & olive oil intervals
4.25mgin1.0¢cc 1 injection
olive oil

Controls, 1.0 cc olive oil

Rat Sprague- 13 150 180 300 60
Dawley

Rat Sprague- 21 80 0 150 %
Dawley

Table 10, Maximum level of impurities in the VC used.
Conen, ppm

Methods and Procedures

For the experiment on VC, as well as for any
other long-term experimental bicassays performed
in our laboratory, the procedure has been always
the same highly standardized and controlled one. In
particular, the following points in our laboratory
standard procedures, should be emphasized.

Compounds. All shipments of VC used were
examined in order to determine whether they meet
the required standards.

Concentrations. The concentrations, particularly
when VC was given by inhalation, were controlled
by continuous gas chromatographic monitoring.

Modalities of Treatment. Treatment was al-
ways performed by the same people. This is par-
ticularly important for gavage, since the animals
become accustomed to the same operator.

Control of the Animals. The conditions of the
animals was checked three times daily. Every two
weeks the animals were examined to detect any

gross changes.

Weight of the Animals. The animals were
weighed every two weeks during treatment and
every eight weeks after the end of treatment.

Duration of the Experiments. In the VC pro-
ject, as in any other long-term bioassays performed
in our laborstory, the animals were kept alive until
spontaneous death.

Autopsy. Full autopsy was performed on each
animal. All parts of the body were explored,

- including the central nervous system. Specimens

for histology included the brain, Zymbal glands,
interscapular brown fat, uhvary glands, tongue,
lungs, liver, ludneyl, adrenals, spleen, pancreas,
stomach, intestine, bladder, uterus, gonads and
any other organ with pathological lesions.

Histology. Specimens were trimmed in the
standard way. Sections were routinely stained with
Haematoxylin-Eosin and, when necessary, with
special techniques.

Histopathological Examination. Allsideswere
screened by a junior pathologist and then reviewed

Environmental Health Perspectives
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by a senior pathologist. The same classification of
the lesions were used by all pathologists.

and the gross and microscopic observations were
) classified and coded following our laboratory codes
Classification of Data. All the anatomical sites  (Tables 11-19).

Table 11. Codes of organs considerad (sequence).

¢ ude Organ Code Organ
1  Skin (epidermis and dermis) £ Adremals
2 Epidermal appendages 88 Cerebrum
3 Zymbal glands 3  Cerebellum
4 Subcutaneous tissues 86  Spinal marrow
5 Mammary giands % Peripheral nervous system:
6 gmudgh.ndl g Emmmmm' glis
v ubmaxillary glands yes harves
»  Nasal and paranasal cavities 39  Harderian glands
9 Oral avity 40 Skeletal muscles (diaphragm not included)
10 Tongue 41 Diaphragm
11 Lung 42 Bones
12 Pleurs and pleural eavity 48 Articolations
13 Esophagus 4 Heart
14 Forestomach 45 Pericardium and pericardial cavity
13 Glandular stomach 46  Large vessels
16 Intestine 47  Thymus
7 Liver 48 Splesn
18 Pancreas 49  Axillary and inguinal lymph nodes
19 Peritonsum and perftoneal eavity :o }-lud—mck wﬁ nodes o
3 Kidnem 1 Interthoracic and parsthymic lymph nodes
21 Peives 52 Intrabdominal lymph nodes
22 Uretens 63  Lymph nodes of other sites
23 Bladder 64 Bone marrow
terus nterscapuls
26  Seminal vesicles 57  Traches
27 Prostate 58 Ear
2 Testicles 80  Female external sex organs
: 5"““{"“' 60  Male external sex organs
ypophysis 81  Odontogenic apparstus
81 Thyroid 62  Gall biadder
Table 12, Codes of macroscopic changes.
Code Change Code Ch
1 No change 19 Dilatation of organ with cavity
2 Alopeca 20 Protrusicn of eyeball
4 Degenerative pathosis 2 H ot
5 Ukerstion 25 Multiple simple eyst
6  Hyperemia, edema and 2 Multiple hemarrhagic cyst
7 Phlogosis (including of abecess) 25 Polypoid formation
§  Pulmonary hepa 2 Papillomatous formation and horn
5 Pulmanary emphysema 21 Solid nodule
10 Irregular 28 Hemorrhagic nodule
11 Granulations and plaques 2  Cystic mase
12 Simple thwhnin. 0 Solid mase
13 Thickening of capsule 31  Solid necrotic masa
14 Fibrosis 2 H mass
15 In toto reduetion B o marrhagic m
16 Atrophy ¥ os“““"m n
17 Intoto & 8  Fibri
18 Augmentation in consistency % H purulent effusion
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Table 13. Codes of microscopic changes.

3

Code

Change

-t .
= OWon Ao DR~

LLURAIRLEY BUsBE N R REER

FELEBZE 885 SHELS

Emphysema
Vascular changes (hyperemia, dilatation of sinusoids
and other vessels, edema and hemorrhage)

Hemorrhagic effusion

Acute phiogistic changes (including abecess)

Chronic phlogistic changes (also reactive)

Particular granulomatous changes

Phlogistic effusion

Thickening of capsule

Thickening of submesothelial tissues

Fibroais

Post necrotic fibrosis (eompnhcnme of cirrhosis)

Fibrous thickening of vessels

Cystic ectasia of blood vessels with fibrosis

Cystic ectasia of blood vessels with fibrosis and

hyperplasia of perithelial cells

Cystic ectania of blood vessels with fibrosis and

dysplasia of perithelial cells

Cellular depietion and atrophy (with or without

fibrosis)

Simple eyst

Hemorrhagic cyst

Multiple simple cyst

Multiple hemorrhagic cyst

l?dauuon of argans wit.h cavity (inclhading
ydronephroais)

Hyperplasia and squamous metaplasia

Ghnduhr simple nnd cystic hyperplasia

Diffused parenchymal hyperplasia

Nodular parenchymal hyperplasia

Cortical

hyperplasia
:«-dulhry hypcrphn

nephroblastema
.egenom_ntou hyperplasia

olangiofibrosis
Dysplasia (comprehensive of neoplastic parenchymal
nodule of liver)
Simple and cystic glandular dysplasia
Cortieal dysplasia

87
58
59
60
6l
a2
-]
64
65
66
67
a8
L
°
T
T2
i
i)
75
76
™
L]
)
80
81
82
2
8
85
86
87
88
8
920
9
”
23
M
95
9%
”
. %
"
100
10
102
103
104
108
108
Ui
108
109
110

&R

Fibroangiomatosis

Simple polyp

Polyp with eellnhr distypiss
Papilloma

Exocrine pancreas adenoma
Endocrine pancreas adenoma (Islet cell adenoma)
adenoma

Chromophobe
ged\ﬂllry adenoma

holangioma
Hepatocellular adenoma or hepatoma
Tumor of granuloaa and of theca
Leydig cell tumor
Other epithelial benign tumors
Fibroma

Mixoma
Lipoma
Leiomyomsa
Rhabdomyoma
Chondroma
Osteoma

Angioms

Fibroangioms

Ossifying angioma ]

Other benign tumors of connective tissue
Fibroadenomsa

Adenomyomas

Benign tumors of nervous ganglia (ganglioneuroma)
and benign sympathetic tumors of adrenal medulla
Benign tumars of peripheral nerves (neurilemoma)
Carcvinoma

Carcinoma with metastases

Basocellular carcinoma

Basocsllular carcinoma with metastases

Squamocellular carcinoma

Squamoesliular carcinoma with metastases
cell earcinoma

Biliary duet adenocarcinoms with metastases

Hepatocellular carcinoms or hepatocarcinoms

Hepatocarcinoma with metastases

Exocrine pancreas adenocarcinoma

Exocrine pancress adenocarcinoma with metastases
ical ade
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Table 13. (cont.)

t.ale  Change Code Change

1 Other malignant epithelial tumors with metastases 145  Carcinosarcoma

121 Mesothelioma 148  Carvinosareoms with metastases

12: Mesothelioms with metastases 147 Neuroblastoma

12 Fibrosarcoms 148  Neurchiastoma with metastases

j2i  Fibrosarcoma with metastases 149 Glioma (astrocytoma, oligodendroglioma, microglioms)
]2%  Mixossrcoma 150 Ependymoma

12 Mixosarcoma with metastases 51 M

Liposarcoma
12+ Liposarcoma with metastases
1o+ Leiomyosarcoma
! -+ Leiomyosarcoms with metastases
1.} Rhabdomyosarcoma
1.2 Rhabdomyossrcoma with metastases
i ¢+ Chondrosarcoma
i = Chondrosarcoma with metastases
1 Osteossrcoms
Yo, Osteosarcoms with metastases
i Angiosarcoma
1~ Angiosarcoms with metastases
.M Ossifving angiosarcoma
14+ Ossifying angiosarcoms with metastases
1i1  Angiopericytosarcoma
3. Angiopericytosarcoma with metastases
t41 Other malignant tumars of connective tissue
1i4  Other malignant tumors of connective tissue
with metastases «®

152 i tumars of narvous ganglis and malignant
16 mmtm;dmm
gnant turors of nervous genglis and malignant
sympathetic tumars of adrenal medulla with metastases
15¢ Malignant tumors of peripberal nerves (malignant
schwannoma)
168  Malignant tumars of paripberal nerves (malignant
schwannoma) with metastases

ror each animal an individual final card was
o nared, which included data on experimental
f.tors, survival, weight at 6, 12, 18 and 24 months,
' i any gross and microscopic lesions, Samples are
~* wnin Figures 1 and 2,

P’resentation of Pathological Data. The results
«7 .l VC experiments, as well as those of any other
e\jriment performed in our laboratory, will be
p-+-~ented in the final report (now in press) with the
. 1ypes of tables, in the same sequence,

This type of presentation has been made possible
b, *he knowledge of the basic pathology of the
wal used, which enabled us to make an ap-
}* vimated census of the expected lesions.

~uwh a procedure permits a quick comparison
aotyr the results of different experiments of the
=i project and possibly of the results of projects
*oiving different compounds.

Intcrpretation of the Data. The data were
= v eted to statistical analysis. Although statistical
w..wsis provides an extremely important tool for
17 rpreting the meaning of the resuits of long-term
boo-uys, it should be stressed that there may be
st 1 differences between exposed and control
o~ which do not reach statistical significance,
..« these differences could still have meaning
:r o an oncological point of view (particularly in
U case of tumors which are infrequent in the
arimal colony).
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Therefore, the most important data should be
commented on both in the light of the statistical
analysis performed and from a biological point of
view.
The methodological protocol adopted meets the
rqui:mnu of the recent Good Laboratory Practice
ct.

Results

Part of these results, namely those dealing with
seven basic experiments on the effects of long-term
exposure to a range of 14 doses by inhalation (from
30,000 to 1 ppm) and of six doses by ingestion (from
50 mg to 0.03 mg/kg bw), on Sprague-Dawley rates,
were presented previously (1, £).

A report, for limited circulation, dealing with
part of the results has also appeared (8).

The results of the whole project, with detailed
tables, will appear in a2 monograph which will
encompass data on survival rate, body weight,
regressive and inflammatory changes, benign and
malignant tumors, neoplastic precursors, and the
most important proliferative changes,

With this report we are presenting only tables
surnmarizing the most outstanding results and
information, and what we do believe to be the

integrative documentation and strictly necessary
comments.
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Code
Agent: Vinyl chloride Xviil, 1
Ezpenment No.: BT 6
Group No.: 1 No. animal: 10
Type of exposure Inhalation 1,1
Concentration: 30,000 ppm 11,1
Treatment protocol: 4 hr/day, § dayw VL5

week, 52 weeks

Species: Rat X1
Strain; Sprague-Dawley XL 1
Sez: Female X
Age at start of experiment (weeks): 17 XIIL, 10

Total dose received:

Age at death (weeks): 85
Period from start of treatmint (weeks): 68

Weight (g)
6 months: 247
12 months: 278

18 months: 290

24 months:

Figure 1. Sample treatment protocol card.

Tables 15-31 presented data on the incidence of
the tumors which have been considered as depen-
dent or possibly correlated to VC exposure, in 17
different experiments on the effects of VC in
different animal systems, by different routes, at
different doses and with various achedules of treat-
ment. Explanations of abbreviations used in the
tables are given in Table 14.

The possible leukemogenic effect of VC in golden
hamsters is expressed both by the slight increase in
incidence but more by the decrease in latency time
(from 16 weeks in animals treated at 10,000 ppm to
36 weeks in control animals).

Examples of the most characteristic microscopic
features of these tumors were given in a previous
publication (4).

The data on dose-response relationship in long-
term treatment experiments, by inhalation and by
ingestion, in Sprague-Dawley rats, Wistar rats and
Swiss mice, with reference to the incidence of total
malignant and benign tumors, and the most impor-

10

tant neoplasias observed, are shown in Tables
32-63.

The striking effect of the influence of scheduled
treatment is pointed out by the results shown in
Table 64.

Examples of the marked influence of the animals
used in determining the neoplastic response are
shown in Tables 65-67, which point out the effects
of species, strain and age,

Conclusions

VC-dependent tumars are identified on the basis
of one or more of the following parameters:
(a) sharply enhanced incidence; (b) rare or excep-
tional occurrence in the colony of the animal used;
{c) dose-response relationship; (d) association of
precursor lesions.

From the presented data the following conclu-
sions may be drawn.

(1) VC causes tumors in all the different animal
systems tested.

(2) VC is a multipotential carcinogen, sinee it
causes tumors of different types in different sites
(Table 68).

(3) Some types of tumors are observed in all the
animals studied, i.e., liver angiosarcoma, whereas
others are observed in only one animal system.

(4) The degree of evidence of correlation be
tween VC treatment and the tumors considered as
VC-dependent varies from tumor to tumor.

(5) VC shows carinogenic effects both when
given by inhalation and ingestion and possibly by

(6) Both through inhalation and ingestion exper-
iments there is a clear-cut dose-response relation-
ship.

(7 The duration of treatment and schedule of
treatment greatly affects the neoplastic re:zponse.

(8) The neoplastic response, in qualitative and
quantitative terms, is greatly affected by the spe
cies, the strain and the sex of the animals studied.

(9) Newborn animals appear to be extremely
responsive and easily develop liver tumors, both
hepatocarcinomas and angiosarcomas.

(10) VC produces carcinogenic effects on em-
bryos via the placenta,

(11) With the above criteria for identifying VC-
dependent tumors, VC shows carcinogenic effects
even at low doses, namely down to 50 ppm and less.

(12) The results of the seven basic experiments
studying the effects of doses of VC as given by
inhalation (BT1, 2, 6, 9, 15), and ingestion (BT1l,
27), have been subject to statistical analysis follow-
ing the Fisher exact probability test (p < 0.05). The
total cancer-bearing animals and the tumors
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11,
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Masroceopic changes:
& ? e Type Side No. Code
s.te Janeous tissues Hemorrhagic nodule 1 4,28, D1
Lury Hemorrhagic nodule 11, 28, D12
Plear« and pleural eavity Hemorrhagic effusion 12, 36
F'rh“:()mh NQ chlﬂm 1‘! 1
Liter Hemorrhage 17,6
Pu = oneum and peritoneal cavity No changes 19,1
Adrenals Hemorrhagic mass Sn 1 a2, 32, C1, D1
Harlcrian glands No changes Sn »¥.1,C
Ir+rathoracic and parsthymic In toto enlargement 51,17
ivmph node
3 rriscopic changes:
K Type Side No. Code
= heutaneous tissues Fibroangioma 4,9
Lung Secondary neoplastic localization 11, 158
(liver angiosarcoma) (17, 188)
Pivara and pleural eavity neoplastic Jocalization 12, 158
(liver angiosarcoma) (17, 138)
V. westomach Papilloma 14, 60
Liver Hepatocarcinoma 17, 106
Angiosarcoma with metastases 17, 138
I'vmtoneum and Secondary neoplastic localization 19, 1588
pentoneal eavity (liver angiosarcoms) (17, 188)
Adrenals Cortical adenoma Sn 82 1, C1
Harderian glands Abscuss Sn 39, 15, C1
! Intrathoracic and parsthymie , No changes 51,1
I iymph node

Fiake 2, Sample record of macroscopic and microscopic changes.

Table 14. Abbrevistions used in tables.®

Alibreviation

T Tumer

(a Careinoma

T Epithelioma

V'a Plpmoml

Ac Acanthoma

Ad Adenoma

Ad? Adenoma in malignant transformation

NT Malignant tumors (total {f not otherwise specified)
BT Benign tumors (total if not otherwise specified)
LAS Liver angiosarcoma

LA Liver angioma

ELAS Extra-liver angiosarcoma

FELA Extra-liver angioma

Nephro-BL  Nephroblastoma

Neuro-BL  Neuroblastoma

A Angioblastic hyperplasia in liver
At Angioblastie dyspissia in Hver
Neop. nod. Neoplastic
Nod. hyp.  Nodular hyperplasia of liver
Dif. hyp. i
- Marked
-+ Very marked

“The incidence of total malignant and benign tumours is given
a- the total number of tumors per 100 animals (one animal may
bear more than one malignant or benign tumor) on the basis of
:re tumors observed among the animals alive, when the first
:mor was observed in the experiment.

The incidence of specific tumour is given, as percent of the
animals bearing the tumor considered, referred to the animals
alive when the first tumor was obeerved (in parentheses).
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significantly in excess in these experiments, in
relation to dose, are given in Tables 69 and 70.

The Fisher exact ity test at 95% confidence
is, in relation to the above, not “sensitive” enough,
in our experimental conditions.

Biologically, in our opinion, the following results,
although not statistically significant according to
the test used, should be given proper attention.

Extrahepatic angiosarcomas of different sites are
observed at a very low incidence dose in untreated
Sprague-Dawley rats of our colony. Resuits of
experiments BT1 and particularly BT9, however,
strongly su 2 relationship between these tu-
mors and VC exposyre. This relationship is sup-
ported by the excessive incidence of extrahepatic
vascular tumors in mice treated with VC (BT4).

Few cases of hepatomas have been observed in
treated groups, particularly in BT1. This tumor is
exceptionally rare in our colony of animals, and
none have been observed in the control group of the

17 experiments. Moreover the relationship with
treatment is supported by the fact that a high
incidence of hepatomas has been observed in
Sprague-Dawley rats, following neonatal exposure
to a high dose for a short period (BT14).

In view of their rareness or nonobservation in the
colony of animal used, for the following tumors it
should be stressed that attention should be paid to

11
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‘ Table 15. Experiment BT1.*

Animais with tumors, %

Tumors/100
animals Fore- Mam-
Group and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration MT BT LAS LA ELAS ELA tomas BL BL GlLCa EpT PagAce MT
I 81.7 2.3 107 - 5.0 5.0 1.7 83 11.7 26.7 5.0 - 5.0
10,000 ppm (7/80) (3%40) (340) (1/60) (580) (1%0) (16/60) (3/60) (3/60)
I 600 883 220 3.4 5.1 6.8 1.7 85 5.1 11.9 3.4 1.7 -
ppm (1359) (2758) (3/59) 39 (1/69) (5759) (W59) (7/59) (259) (1/59)
m 68.8 20.0 21.7 - 8.0 3.3 3.3 10,0 6.7 33 L7 - 3.3
2500 ppm (13/60) (380) (2060) (2/60) (6M0) (4460) (2/60) (1M0) (260)
v 51.7 13.3 10.0 - 1.7 1.7 83 10.0 - 8.7 1.7 - 1.7
500 ppm (8/60) (140) (1/60) (560) (&M80) - (4/60) (1/80) (1/60)
\' 0.0 250 5.1 1.7 3.4 - 1.7 &5 - - 3.4 - 34
250 ppm (359) (1%0) (59) (1759) (80) (2/59) (2:59)
V1 15.0 35.7 1.7 - 1.7 33 - 1.7 - - 1.7 1.7 3.3
Bovvﬁ)m (1/60) (1480) (2%60) (1/80) (180) (1/80) (260)
No treatment 18.3 43.3 - - - 34 - - - - 1.7 - -
(control) (2/58) (1/58)

*Exposure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hriday, & days'week, for 52 weeks.
Sprague-Dawley rats, M and F, 13 weeks old. Results after 135 weeks (end of experiment).

Table 16. Experiment BT2.%
Animals with tumors, %

Tumors/100
animals Foree Mam-

Group and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration MT BT LAS LA ELAS ELA tomas BL BL GlLCa EpT PakAe MT
1 60 217 10.0 33 0.8 0.8 25 5.8 - a3 4.2 - 5.0

200 ppm (12/120) (Ulﬂ) (mzm (1/12)) (M!O) (7/123) W120) (5120) (6 120)
II 35.0 20 5.0 0.8 - 3.4 3.4 1.7 5.0

150 ppm (&/119) (1/119) (lllll’) 4119 @119) @119) 6119
I 21.7 218 0.8 0.8 - - - 0.8 08 3.8 3.3

wol ‘;;pn (1120) (1/120) (lﬂlm) (17120) (1/120) (W120) (4.120)
No trestmant 157 216 - - 11 - - - - 11 1.1 1.6 1.0

(control) - (27188) (27188) (2/185) (MGS) (2 185)

*Exposure by inhalation to VC in air st 200, 150, 100 ppm; 4 hr/day, 5 days/week, for 52 weeks. Sprague-Dawley rats, Mand F, 13
weeks old. Results after 143 weeks (end of experiment).

Table 17. Expariment BTS.*
Animals with tumors, %

Tumors100
animals Fore- Mam-
Group and Hepa- N Neuro- Zymbal Skin stomach mary
concentration MT BT LAS LA ELAS ELA tomas L BL GLCa EpT PadAc MT
I 1000 B50.0 30.0 1.7 1.7 5.0 1.7 - 1.7 58.3 1.7 183 3.3
30,000 ppm (18/0) (140) (1/480) (340) (1/0) (1480) (35/40) (100) (1140) (260

*Exposure by inhalation to VC in air at 30,000 ppm; 4 hr/day, 5 days/'week, for 52 weeks. Sprague-Dawley rats, M and F, 17 w eela
old. Results after 68 weeks (end of experiment).
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Table 18. Experiment BT9.%

Animals with tumors, %

Tumnors/100
: H News- Zymbal Skin stomach
G and epe- Nephro- Neuro- Zym mary
,.,?Zifnuon MT BT LAS LA ELAS ELA tomas BL BL GLCa EpT PakAe MT
1 4.3 4.7 4.8 27 31 3.7 - 0.3 - 3.1 1.0 0.4 21.7
5 ppm (14729¢) (87294) (9/294) (11/294) (1/294) (V294) (204) (1204) (62/294)
11
N treatment 20 240 - - - - - - - - - 1.0 10.2
tcontrol) (198) (10/98)

*}.xj=r-ure by inhalation to VC in air at 50 ppm; 4 hr/day, 5 dayw'week, for 52 weeks. Sprague-Dawley rats, M and F, 13 weeks old.
Ee-.0~ after 142 weeks (end of experimant).

Table 19. Experiment BT15.*

Animais with tumors, %

Tumors/100

animals Fore- Mam-
Group and Heps- Nephro- Neuro- Zymbal Skin stomach mary
cuncentration NT BT LAS LA ELAS ELA tmas BL BL GLCs EpT PakAe MT

I 233 583 42 0.8 - 25 - 08 - a3 - - 15.0
25 ppm (67120) (1/120) (8/120) (1120) (4/120) (17/120)
1} 317 88 08 - 1.7 28 - - - 1.7 - - 17.6
10 ppm 2 (17119) (2/119) (Ml’) (2119) (21119)
111 858 55.0 - - - - - 0.8 0.8 - 18.5
3 ppm (1119) (1119) (22/119)
v 25 M2 - - - - - - - 0.8 0.8 - 12.7
1 Rpm (1118) (1118) (15118)
No treatment 23.3 3.5 - - - 0.8 - - - 1.7 - - 58
(control) . (1120) 2120 (7/120)

“Exposure by inhalation to VC in air at 25, 10, 5, 1 ppm; 4 hr/day, § days'week, for 52 weeks. Sprague-Dawley rats, Mand F, 13
worke old. Results after 147 weeks (end of experiment).

Table 20. Experiment BT3.*
Animals with tumors, %

Tumora100
Group and : Heps- Neptro Neuro Z Sin o
roup epa- oo
concentration MT BT LAS LA ELAS ELA tomas T BL (g.nd.:' EpT PakAc m‘:,rr.v
1 460 2.0 - - - 1.7 17 1.7 155 165 86 1.7 1.7
10,000 ppm mu) (vu) (1/58) (W88) (WBB) (5/58) (188) (1/58)
1 533 50 1.7 - - 1.7 200 150 83 33 1.7
6000 ppm (190) weo) (lw (x/ao) (1260) (980) (540) (290) (1480
i a7 B0 L7 - - - 33 83 117 33 - ,
2500 ppm (100) (2/90) (zm) (mo) (780) (2/80) (4/60)
v 150 20 17 - - - - - 1.7 - - 5.0
500 ppm (100) (IM) (8/60)
v 77 %0 - 1.7 - 1.7 - 10.2 - 1.7 - 5.1 1.7
250 ppm (1/50) (1/50) (6/59) (1/58) (3/59) (1/59)
Vi 188 25.0 - 1.7 - - 5.2 - - 1.7 - 1.7
i (1/58) (xm) (3/58) (1/58) (1/58)
Notrestmemt 147 200 - - 0.5 - - - - 1.0 05 - 26
(control) (1/190) (21190) (1/190) (5190

*Exposure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hr/day, 5 days/week, for 17 weeks.
Sprague-Dawley rats, M and F, 12 weeks old. Results after 156 weeks (end of experiment).
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Table 21. Experiment BT10.*
Tumors/100 Animais with tumors, %
animals Fore Mam-

Hepa- Nephro- Neuro- Zymbal Skin stomach mary
coneentration MT BT LAS LA ELAS ELA toma BL BL Gl.Ca EpT PakAc¢ MT

33 4.7 08 - - 0.8 0.8 - - 1.6 - 2.5 11.0
10,000 ppm (1/118) (1/118) (11118) (W118) (¥118) (13118)
11 30.0 450 - 0.8 - 1.7 - 0.8 0.8 1.5 - 1.7 10.8
6000 ppm (1120) (2120) (1120) (1120) (¥120) (2/120) (13/120)
m 3.8 4.0 08 1.7 - 0.8 - - - 7.6 2.5 2.5 13.4
10,000 ppm e e (1119) (¥119) (3119) (3119) (16/119)
v 08 92 25 - 1.7 - - -, = 42 3.4 1.7 9.3
6000 ppm @118) 2118) (V118) (4118) (2118) (11/118)
v 4.7 40 08 1.7 - 0.8 - 0.8 0.8 6.7 0.8 0.8 16.8
10,000 ppm (1119) (2119) (11119) (1119 (1119) (@118) (1119) (1119) (20/119)
Vi 33 508 08 1.7 0.8 - 1.7 0.8 - 7.6 - 0.8 10.0
eoos ﬁwn (1120) (2120) (1/120) @120) (1120) (9120) (17120) (12/120)
No treatment 166 410 - - - 0.4 - - - - 0.9 22 7.5
(eontrol) wzn &zn (22D ArEn

SExposure by inhalation to VC in air at 10,000, 6000, ppm; 4 hr/day, 5 days/week, for § weeks (groups [ and 11) or 1 hriday, 4
days/week, for 25 weeks (groups 111 and IV) or 4 hriday, once weekly, for 25 weeks (groups V and V1) (100 br). Sprague-Dawley rats,
M and F, 13 weeks old. Resuits after 15¢ weeks (end of experiment).

'y
Table 22, Experiment BTS.®

Tumors/100 Animais with tumors, %
animals

Fore- Mam-

Group and ~ - Heps- N Neuro- Zymbal Skin stomach mary
i MT BT LAS LA ELAS ELA twmas L  BL GlLCa EpT PakAc MT
1 6.7 8.7 - - - - - - - 3.3 - - -
10,000 ppm (1/30)
11 67 233 - - - - - - - - - - -

6000 ppm
1 ne 22 - - - - - 5.9 - 9.8 - 20 20
10,000 ppm (3/51) (5/51) %1 (a1
v 219 449 - - - 3.1 - - - 94 31 31 6.2
6000 ppm - (1/22) (332 (1/32) (1732 (2A2)

SExposure by inhalation to VC in air st 10,000, and 6000 ppm of breeders; 4 hr/dsy for 1 week (from 12th to 18th day of pregnancy).
Sprague-Dawley rats, M and F, 19 weeks old (breeders). Breeders (groups I and 11) and offsprings (groups 111 and IV). Results after

143 weeks (end of experiment).
Table 23. Experiment BT14.%
Tumory100 Animais with tumors, %
animals Fore- Mam-
Group and Heps- Nephro- Neuwro- Zymbal Skin stomach marv
MT BT LAS LA ELAS ELA tomas BL BL Gl.Ca EpT PakAc MT

167 687

11

6000 ppen - e e e e e - .
N

10,000 ppm 100 58 M1 - - 68 44 - - 28 23 - -

(newborn) (15/44) @44) (2044) 140 (L)

6000 ppen 1008 581 405 24 24 24 416 - - 48 48 - 24
(newbarn) A4 (14D (A2 (142) (204D) @42) (@42 (1142)

*Exposure by inhalation to VC in air at 10,000 and 6000 ppm, 4 hr/day, 5 daysweek, for 5 weeks (from 1 day 1o § weeks of age).
Sprague-Dawley rats, M and F, 21 weska old (breeders) (groups I and II) and newborn (groups 111 and [V). Results after 124 weeks

(end of experimant),
u
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Table 24. Experiment BT7.%
Tumary/100 Animals with tumors, %
animals Fore-
,royp and Hepe- Nephro- Neuro- Zymbal Skin stomach
¢ *centration MY RT LAS LA ELAS ELA tomas BL Bl. GLCa EpT PakAc
1 50.0 10.0 2.6 - - - - 8.7 111 7.4 - - ,
UKL ppm (W) (lm) (W) m 1
n 538 200 15 17 38 88 17 7 88 1 - - {
toeni ppm 3/26) (228) (1260 (1726) (2726) (28) (128 (228) ,
i1 2.7 13.3 12.0 - 4.0 - 4.0 - 4.0 - 4.0 -
2a%s ppm (3/25) (1725 (1/25) (1725) (1/285)
v 30.0 10.0 10.7 3.8 - - - 7.1 - - - -
‘am) ppm 328 (128) &2
v 133 167 87 - 87 81 - - - - 81 -
251 ppm (127 azn  azn zmnm
Vi 16.7 6.7 - - - - - 36 - - - -
H ppm (1/28)
A3
Ni treatment 15.0 16.0 - - 24 - - - - - - -
icuntrol) (1738)

‘b v tsure by inhalation to VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hr/day, 5 days/'week, for 52 weeks. Wistar rats, M,
1.+ re old. Results after 185 weeks (and of experiment).

Table 25. Experiment BT17.0
Tumors100 Animals with tumors, %
i Fore-
1iruup and Hepe- N Nearo- Zymbal Skin stomach
1eentration MT BT LAS LA ELAS ELA tomas L BL GLCa EpT PakAc n
T %2 22 - 10 380 50 10 - - 20 - - {
! pom %)  (399) 99 (199) 299) !
No treatment 20.0 18.5 - - - - - - - 32 - 1.1 A
teontrol) (304) 1/4)
‘Exposure by inhalation to VC in air at 1 ppm; 4 hr/day, 5 dsys/week, for 52 weeks. Wistar rats, M, 13 weeks old. Results after 184 )
we- -+ tend of experiment).

Table 28. Experiment BT¢.*
Animals with tumors, %

b

Tumore/100 animals Fore-
Group and = Mammary Skin  stomach - )
oL entration MT BT LAS LA ELAS ELA LogT Ca EpT  PakAe A
1 $0.0 9.3 178 10.7 1.8 71 ®) aL 7.1 18 ‘
10.000 ppm (1056) (858) (1/66) (U56) (W58) (1358) (438) (1/58) !
I 58,7 100.0 n.? 1.7 1.1 5.0 (Y 183 1.7 1.7 J
6000 ppen (340) (7M0) (180) (20) (4TMD) (B0) (TM0)  (180)
m 53 0.0 211 85 18.5 1.7 6.8 13.5 68 17
2500 ppm (1%) (358 (%) (59 (O (@) W) (159
v 583 108.3 23 8.3 n.7 5.0 813 13.3 (X -
510 ppm (1400) (5%0)  (100)  (390)  (50080)  (SN0)  (28D)
v 6.3 98.3 20.0 18.3 5.0 5.0 8.3 20.0 1.7 1.7
250 ppm (1800) (11400) (300) (360) (4140) (1260) (140 {1/60)
vl 228 2.3 1.7 1.7 K] 83 10.0 20.0 - 1.7
wvﬁm (180) (180) (180) (5400 (6/80)  (12%0) - (1/80)
No treatment 4.7 0.7 - - 0.7 0.7 10.0 0.7 13 -
(contral) (115%0) A1) QM0 Qa5 @1

*E xposure by inhalation to VC in air st 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hr/day, § days/week, for 30 weekn. Swiss mice, M
and F. 15 weeks old. Results aftar 8] weeks (end of experimant).
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Table 27. Experiment BTS.*
Animals with tumors, %

animals Acoustic Fore

Groyp and Hepa- Cholan- Cholan- Duct  Skin  Mels- stomach Leukse
cancentration MT BT LAS LA ELA tomms gioCa giomss EpT EpT nomas PakAc min®
" 8.7 - 8.7 13.3 8.3 2.3 33 33.3 16.7
10,000 ppm (1/30) (2730) (2780) (430) (1/30) (7/30) (1/30) (10/30) (5/30)
I1 40.0 63.3 33 3.3 - 3.3 6.7 18.7 6.7 33 6.7 3.3 200
6000 ppm (1/730) (1/30) (llﬂ) (2790) (5/30) (230) (1/30) (2/30) (10/30) (6/30)
111 433 1033 - 6.7 - - 2.7 33 10.0 3.3 56.7 30.0
2500 ppm (2/30) (8730) (1/30) (30) (1/30) (17/30) (9/30)
v 533 &3 6.7 - 3.8 - - 200 100 28 - 300 167
500 ppm (2/80) (1/30) (@30) (330 (70) - (30) (520
v 30.0 43.3 - - 3.3 - - 20.0 - 10.0 13 13.3 20.0
250 ppm (1/30) (6/30) (3730) (1730) (430) (830)
Vi 50.0 40.0 - - - - - 253 - 2.0 3.8 10.0 20.0

(7/30)

No treatmant
(control)

20.0

48.7

8T - 5.0 - 50 133 Sp

(22/40) (3/0) (3/%60) (8%60)
‘ExpoounbymhahﬁoanCinairn 10,000, 6000, 2500, 500, 250, and 50 ppm: 4 hr/day, 5 days/week, for 30 weeks. Golden

hamsuu. 11 weeks old. Results after 109 w nhmdd!xpmm)

uéauncyumemwuh Group 1, 16.7; Group 11, 27.2; Group 111, 80.8; Group 1V, 19.0; Group V, 22.5; Group V1, 35.3; Group VII,

Table 28. Experiment BT11.*

Tumorsy/100 __Animals with tumors, %
animala

Fore- Mam
Group and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
concentration MT BT LAS LA ELAS ELA tomas BL BL GLCa EpT PakAe MT

1 0 212 87 25 2% - 25 - 1.2 12 25 50 T
50.00 mg/kg (17/80) (3/80) (280) (2/80) (2/80) (1/80) (1/80) (2/80) (4/80) Re:
1 %00 175 125 - - - - 3.7 - 25 - 12 15 *
16.65 mg/kg (10/90) (8/80) (2/80) (1/80)  (6/80)
1§ 100 260 - - 25 12 - - - - - - 3.7 Tat
3.38 ﬁl’kl @80) (1/80) (380

Otive ol 187 25 - - - - 12 12 - 50 -

(control) (1/80)  (1/80) (4/80)

*Exposure by ingestion (stomach tubw) of VC in olive oil st 50.00, 16.65 and 3.33 mg/kg body weight, once daily, 4-5 days'week. for 52
weeks. Sprague-Dawley rats, M and F, 13 weeks oid. Results aitar 136 weeks (end of expariment

e

33

Table 29. Experiment BT27*

Tumory/100 ) Animals with tumors, %
animals Fore- Mam
Group and N?bn- Neuro- Z. Skin stomach mary BT
concentration MT BT LAS LA ELAS ELA mu LCa EpT PudAce MT
I 4.7 83 2.0 - 0.7 - 0.7 - - 3.3 - 20 8.0 BT
1.0 mg/g @ (17149) 1149 (v149) (3/149) (12/149) BT
11 13.3 2.0 0.7 0.7 - - 0.7 - - - 0.7 1.8 2.7 BT
0.3 mflkg (17148) (1148 (11148) (1/148) (21148) (4148)
11 180 313 - - - - - - - - 0.7 0.7 9.3
0.08 mg/kg (17180) (1150) (14/150)
v Cor
Olive ofl 160 A7 - - - - - - - 0.7 - 1.3 4.7 E
(control) 1/7150) 2150) (7 150) i
*Exposure by ingestion (stomach tubs) of VC in olive oil at 1.0, 0. .ommglkgbodywnnt.mdlﬂy 45 dayw'week, for 59 weeks. E
Sprague-Dawley rats, M and F, 10 weeks old. Results after 136 weeks (end of experiment). —
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Tabie 30. Experiment BT12.*
Animals with tumors, %

N 2 Fore- Mam.
. Heps- Nephro- Neuro- Zymbal Skin stomach
¢ dﬂ.md LAS LA ELAS ELA tomas BL BL Gl.Ca EpT PadAc MT

1 . - - - - - - - - l,.sse 1.8
P x4 (1758) (1/56)

S 3 - - 19 - - - - 19 19
42, mgx3 (1753 (1/53)

m - - - . -
2 mgx

IT'Z 20,0 850 - - . - . 36
s mgxl (2/55)

v

Olive ail 83 3.7 3.6
ceontrol) (2/85)

*bs: -Jre by intraperitoneal injection of VC, .25 mg in olive oil (1 ml), 4, 3, 2 times, at two month intervals ar once only.
si =~ Dawley rats, M and F, 17 weeks old. Results after 144 weeks (end of experiment).

Table 31. Experiment BT13.*

Tumors/100 Animals with tumors, %

animals Fore- Mam-

roup and Hepa- Nephro- Neuro- Zymbal Skin stomach mary
duse MT BT LAS LA ELAS ELA tmas BL BL GLCs EpT PakAc MT

1 186.0 173 - - - - - 1.3 - - - - 4.0

1% mg (1/75) (3/775)
I

Obve ail 13.3 28.7 1.3 - 13 1.3
feuntrol) 1/78) (1775) (1/78)

Fapusure by subcutanecus injection of VC, 4.25 mg, in olive oil (1 ml), single dose. Sprague-Dawiey rats, M and F, 21 weeks oid.
f.o ~ait~ after 145 weeks (end of experiment).

Tuhle 32. Incidence of total MT and BT in Sprague-Dawley rats, in relstion to concentration of VC sdministered by inhalation
for 52 weeks.

Tumors/100 animals

| 77| i

o
-
NNCcCOoOWNIRWNNOD

I2ARIEERAREBRBS m%

Controls
BT1
BT2
BT 9
BT 15

ILRE rRBRERS
horw NOWW-I

[N E -0 ]
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Table 33. Incidence of LAS, LA, A+ +/+ + + } and A+ +/+ + + (n Sprague-Dawley rats in relation to concentration of
VC administervd by inhalstion for 52 weeks.

Anitnals with tumors shd correlated changes, %

LA A++i+ v+t A+ +ivss
F Toul M F Total M F  Toal

17 87 6.7 13.3
- 1.7 6.7
8.4 18.7
- 13.3
6.7
10.0
10.0
8.6
5.0

5
.0
T

2

Concentration, ppm

30,000
10,000
6,000
2,500
500
250
200
150
100
50

25

10

o]

M

8.7 8.7
3.3
20.0
13.3
13.3
20.0
18.3
188
838
68 1
33
7

10.0

5.0
18.3
13.3
10.0
15.0
4.1
12.5

6.6
10.5

1.2
1.7

1.

17
23
0.8
22
08

100003 08 o 00 0
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Table 34. Incidence of ELAS, and ELA in Spuml)lwl;y r;zu in relation to concentration of VC administered by inhalation
or weeks.

Animals with tumors, %

ELAS
F
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BT1,BT2,
BT, BT 15

Table 33. Incidence of hepatomas, neopiastic liver nodules, nodular hyperplasia of the liver and diffuse hyperplasia of the liver
in Sprague-Dawley rats in relation to concentration of VC administered by inhalation for 52 weeks.

Animals with tumors and correlated changes, %

Hepatomas Neopl. nod. Nod. hyp. Diff. hyvp.
M F Total M F Total M F Total M F Toul

3.3 38 133 43 l:-: 1.7

- - - 33

33 1.7 18 10.0
- 38 LT &7 10.0
- = - 8.0 10.0
23

1.7 . 1.7
Environmental Health Perspectives

Concentration, ppm

30,000
10,000
6,000
2,500
500
250

33
- 3
- 6
- 18
83

5.0
33
L7

6.7
33
3.3
6.7

- - -
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Table 33 (eont.) '!
Animals nth tumory and correlated changes %
Hepatomas Neapl. nod. Nod. hyp. Diff. hyp.
Experiments Concentration,ppm M F Total M F Totl M F Total M F Total
BT 2 200 17 83 25 88 1.7 25 200 133 167 383 183 253
150 - - - 1.7 -« 08 88 133 108 167 253 208
100 - - - - - - 50 288 )42 267 133 200
BT 1. BT Y 50 - - - 05 -~ 03 1338 94 114 28 33 80
BT 15 % - - - - - « 150 83 117 5.0 100 725
10 - - - - - - 200 50 125 100 67 &3
3 - - - - - - 1.7 - 0.8 - - -
1 - - - - - - 33 - 1.7 1.7 - 0.8
Cortrols [1] - - - - 04 02 04 08 068 09 29 1%
BT 1, BT 2,
BT 9, BT 16 )
mu.u.xmmmummummsmmmﬂ;yr;zummummmxvcmwmmm ?
or i
otks. 1
 Acimah wih NEPHROBL® 4
E\penment Concentration, ppm M F Total 1
BTé6 30,000 - - - 1
BT} 10,000 10.0 6.7 83
3 6,000 13.8 8.3 85
2,500 16.7 33 10.0
500 8.7 18.3 10.0
250 34 13.3 8.5
KT 2 200 % ] 8.3 6.8
150 13.3 5.0 9.2
100 13.3 3.3 83
KT 1. BT® 50 - 1.1 08
BT 15 -} 1.7 - 0.8
10 - - -
5 - - -
l - - -
Controls 0 - - -
BT, BT 2,
BT 9, BT 15

. o

Table 37. Incidence of neuroblastoma in Sprague-Dawley l":i; in relstion (o concentration of VC administered by inhalation for

Animals with NEURO-BL, %

Experimenta Concentration, ppm M F Total
BT 8 30,000 33 - 1.7 .
BT1 10,000 8.7 18.7 11.7
6,000 4.9 3.3 5.1 H
2,500 8.7 6.7 8.7
500 - - -
250 - - -
Br2 200 - - - :
150 - - -
100 - - -
BT 1, BTH 50 - - -
BT 15 25 - - -
10 - - -
s - - -
1 - - -
Controls 0 - - -
BT 1, BT 2 BT9 BT 1S
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Table 38. Incidence of zymbal gland carcinoms in Sprague-Dawley rats in relation to concentration of VC administered by

for 52 weeks.

Anirnals with Zymbai gland CA. % '

Experiment Concentration, ppm M F Total
BTG 30,000 56.6 60.0 58.3
BT 10,000 3.3 20.0 2.7
6,000 10.8 13.8 11.9
2,500 3 33 3.3
500 10.0 3.3 6.7

250 - - -
BT?2 200 5.0 1.7 33
150 - 8.7 a4
100 - 1.7 0.8
BT1,BTY ‘50 2.3 28 25
BT 25 5.0 1.7 38
10 1.7 1.7 1.7
5 - 1.7 08
1 1.7 - 0.8
Controls 0 0.9 0.8 0.9

BT 1,BT2 BT9 BT 15

Table 3. Incidence of forestomach papilioma and acanthoma in Sprague-Dawley rats in relstion to concentration of VC
administered by inhalation for 52 weeks.

Animals with forestomach Pz and Ae, %

Experiment Concentration, ppm M F Total
BTé6 30,000 16.7 20.0 18.3
BT1 10,000 - - -
6,000 - 33 1.7
2,500 - - -
500 - - -
250 - - -
BT2 200 - - -
150 2.8 - 1.7
100 33 3.3 33
BT, BTS 50 11 - 0.6
BT 15 - 3 - - -
10 - - -
5 - - -
1 - - -
0 1.3 0.4 09

Controls
BT 1,BTZ BT9 BT 15

their onset, even at doses below the ones with
statistically signifieant results.

An excess of Zymbal gland carcinomas is ob-
served down to 50 and 25 ppm.

Liver angiosarcomas are extremely rare in the
colony used (4 cases over several thousand un-
treated animals). Therefore, one must consider the
onset of these tumors as important even at doses
not shown by statistical analysis, and particularly
below 50 ppm (5 liver angiosarcomas out of 120
animals at 25 ppm, and 1 liver angiosarcoma out of

120 animals at 10 ppm), and at 1 mg/kg (3 liver
angiosarcomas out of 150 animals), and at 0.3 mg/kg
(1 liver angiosarcoma out of 150 animals),

The onset of a few nephroblastomas observed
after inhalation treatment at doses below 100 ppm
and in groups treated by ingestion with 50 and
16.65 mg/kg, is not casual in our opinion, given the
extreme rarity of these tumors in rats.

Neuroblastomas have never been observed by
us, up to the present, in the Sprague-Dawley rats
used in owr as control or otherwise

Environmental Health Perspectives
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dence of mammary malignant tumor in famale
M-ll:‘:'le;n rats in relation to conceniration of VC
sdminisiered by inhalation for 52 weeks.

Table 42. Incidence of ELAS and ELA in male Wistar rats in
mwmtruhfn o:zvcmmlﬂlnwon
or wosks.

Concentration, Animals with
ppm

Lajersa Mammary MT, %
e 80,000 8.1
1 10,000 10.0
6,000 -
2,500 8.7
500 %
250 6.7
, 200 83
ke 150 10.0
100 :.;
50 A
ﬁ : 5% 0.7
BT 15 2 23.3
10 35.0
5 383
1 n3
Cotte
BT 0 -
M7 2 0 20
BT 0 180
T 0 10.0

'R

Tahle 81 Incdence of total MT and BT in male Wistar rats in
relatien 1o concentration of VC administered h' inhalation

for 52 weeks.

Tumors/1u0 Animals
Concentration,
| R PpmM MT BT
kT 10,000 50.0 10.0
6.000 533 2.0
2 500 2.7 13.3
500 2.0 10.0
250 12.3 16.7
50 16.7 6.7
| 1 4.2 2.2
LICE AL

W 0 - 150 15.0
K 0 2.0 18.5

Animals with tumors, %

Concentration,
Exparimant ppm ELAS ELA
BT? 10,000 - -
6,000 38 8.8
2,500 4.0 -
500 - -
250 8.7 3.7
50 - -
BT 17 1 3.0 5.0
Controls 0 0.7 -
BT 7, BT 17

treated. Therefore we consider as dependent on
treatment the onset of these tumors, even at doses
below 10,000 ppm, i.e., 6000 and 2500 ppm.

The meaning in oncological terms of the results at
the lowest doses may be better evaluated in consid-
ering, not singly, but together, the tumors found to
be VC-dependent (Table 71).

None (or no increase) of the specifically VC
related tumors shown in Table 71, observed in the
seven basic experiments, was found at doses of 5
and 1 ppm (by inhalstion) and 0.08 mg/kg (by
ingestion).

General Comments

VC long-term experimental study led to the
discovery of VC carcinogenicity, and as a direct
uence, to what probably has been the great-
est effort ever made at controlling the exposure to
an industrial carcinogen in the workplace (Table
72).
Moreover, long-term carcinogenicity bioassays
on VC are a crucial step in the field of environmen-
tal and occupational carcinogenesis which, in turn,

Tably 42, Incidence of LAS, LA, A+ +/+ ++ 1 and A+ +/+ + + in male Wistar rats in relation to concentration of
VC sdministered by inhalation for 52 weeks,

Animals with tumors and correlsted changes, %

[ANER RN Concentration, ppm LAS . LA A+ +/+ e+t Av+ie s+
BT 10,000 2.6 - 23 -
6,000 15 1.1 - 3.3
2,500 120 - a3 -
500 10.7 36 33 38
250 3.7 - 13
. 50 - - - -
BT 1 - 1.0 1.7 0.8
Cortr . 0 - - - -
BT: 5T 17
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Table 44. Incidence of
in male

neoplastic liver nodules, nodular hyperplasia of thwe liver and diffuse hyperplasia of the |
Wistar rats in relation to concentration of VC sdministered by inhalation for 52 weeks. frer

Animals with tumors and correlated changes. % -

Experiment Concentration, ppm Hepatonas Neop.nod.

Nod.hyp. Dif. hyp.

BT 7 10,000 - - 8.7 -
6,000 7.7 6.7 33 67 -

2,500 4.0 - 67 6.7

500 - 8.7 - 3.3

250 - - - 16.7

50 - - - 10.0

BT 17 1 1.0 - 5.0 4.2

Controls 0 - - 12 23

Table 45. Incidence of NEPHRO-BL in male Wistar ruts in
mmmmu‘}nogzvcmmmwmm
or 52 weaks.

Table 47, Incidence of Zymbal gland CA in male Wistar rats
mnunuummmtrm:zfvcmmwmm
or 32 weeka.

Experiment
BT 7

i

Animals with Concentration, Animals with _—
NEPHRO-BL, % Expariment ppm Zymbal gland CA, %
0 8.7 10,000 7.4
[ X 1.7 6,000 A
2 - 2,500
7.1

BT 7

3.6

- BT 17

Controls -
BT 7, BT 17

BT 17

Y3 1

Onsgg
By

Table 46. Incidence of NEURO-BL in male Wistar rats in  Table ¢8. Incidence of forsstomach Pa and Ac in male Wistar
relation to concentration of VC administered by inhalation  rats in relation to concentration of VC administered by
for 52 weeka. inhalation for 52 weeks.

Animais with
Experiment NEURO-BL, %

Experiment
BT 10,000 111

6,000 a8 BT 7 10,000 -

2.500 4.0 6,000 -

500 - 2,500 -

250 - 500 -

50 - 250 -
BT 17 1 - 50 - Table

Cantrols 0 - BT 17 1 -
BT 7, BT 17 Controls 0 0.7 —

BT 7, BT 17

are among the most important areas of public possible target organs and, in general terms, on the
health nowadays. quality of neoplastic response; may represent a tool

These studies have demonstrated that long-term  for obtaining information on the relative risk repre-
carcinogenicity bioassays: may predict carcinogenic  sented by different compounds, provided that they
risk for humans; may give indication of the level of  are tested under the same standard conditions
risk, in relation to dose; may provide informationon  (Table 73); have revealed the need to identify
2
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Table 49. Incidence of tota) MT and BT in Swiss mice in relation to concentration of VC administered by inhalation for 30
'm,

Tumors/100 snimals

MT
F

.3 . 833

.8 X 100.0
76.7 80.0
80.0 9.3
90.0 X 118.7
50.0 20.0
4.3 X 18.7

Tahle 50. Incidence of LAS and LA in Swise mice in relation to concentration of VC sdministered by inhalation for 30 weeks.

Animals with tumors, %
LAS LA

F F

2.0 . 16.7
8.7
3
2.7
0.0

Table 51. Incidence of ELAS and ELA in Swise mice in relation to concentration of VC administered by inhalation for 30 weeks.

Animals with tumors, %

ELAS
Expariment Concentration, ppm F Total M
BT 4 10,000 33 1.8 1.7
6,000 3.3 1.7 6.7
- 2,800 13.3 135 -
500 16.7 1.7 33
- ) 8.7
50 - 1.7
0 14 0.7 1.2

Table 52. Incidence of lung tumors (Ad and Ad 1 ) In Swise mice in relation to concentration of VC administered by inhalation for
30 waeks.

Animals with lung tumors (Adand Ad 1), %
Experiment
BT 4

October 1981




Table 53. Incidence of mammary CA in female Swizs micein  animal systems more equivalent to humans ip

. . quivi T
reistion to concentration of VC administered by inhalation  negplastic response, which in turn depends on
for 30 weeka. sk
partly:known factors, such as basic “spontaneous” -
Animals with tumorigram and enzymatic profiles.
Experiment Concentration, ppm mammary CA, %
E
BT ¢ 10,000 g.g _
6,000 . B
25 2.7 Prospects
5oo 2.3 At present the most important goal of research ,
250 40.0 ; : p - B
%0 0.0 on environmental and occupational carcinogenesis
0 1.4 is, in our own view, the extrapolation of results
) c
Table 54. Incidence of forestomach Pa and Ca in Swise mice in relation to concentration of VC administered by inhalstion for -
weuka,
Animals with forestomach Pa and Ac, % Ta
Experiment Concentration, ppm M F Total
BT 4 10,000 - Y] 18 -
6,000 3.3 - 1.7
2,500 - 8.3 1.7
500 - - - Ex
250 23 - 1.7 —_
50 2.3 - 1.7 BY
. 0 - - -
BT
Table 55. Incidence of total MT and BT in Sprague-Dawley rats in relation to concentration of VC administered by ingestion for
52 (or 59) wesks. Co
Tumors/100 animals !
MNT BT
Exparimant Concentration, mg’kg M F Total M F Total T
BT 1 50.00 25.0 @5 38.7 20.0 50.0 33.0 int
18.68 2.5 81.8 0.0 - 35.0 17.5
3.5 5.0 15.0 10.0 2.5 a5 25.0 -
BT 27 1.0 133 2.0 u.7 12.0 58.7 353
0.3 120 4.7 18.3 20,0 2.0 28.0
0.03 8.0 2.0 18.0 14.7 48.0 318
Controls Ex
BT 11 0 125 15.0 13.7 10.0 35.0 225 -
BTZ 0 8.0 24.0 16.0 9.3 48.0 28,7 BT
Table 54. Incidence of LAS, LA, A+ +/+++ t and A+ +/+ + + in Sprague-Dawley rats in relation to concentration of
VC sdministered by ingestion for 32 (or 58) weeks. Cor
Animals with tumory and correlated changes, % t
_LAS LA _ Ar+ri++st A+ +/+ =+ -
Experiment Concentration, mghkg M F Toal M F Tod M F Totdd M F Toul
BT 11 50.00 200 25 212 25 50 37 15 50 1283 7.5 100 87 h-o
16.65 100 160 125 « - - 50 50 80 75 150 12 qu:
133 - - . =« = = 25 15 50 150 225 187 A
BT 1.0 18 27 20 - - - w = = 13 81 40 tan
0.3 -~ 14 07 « 14 07 - 13 07 13 13 13 \
0.03 - - e - LS DT Ve
Controls 0 - - = = = =« = 0% 04 - 09 04 t
BT11, BT 27 t.a(.
24 Environmental Health Perspectives Oct
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Tuble 57. incidence of ELAS and ELA in Sprague-Duwley rats in relation to concentration of VC administered by ingestion for

52 (or 58) weeks,
Animals with tumors, %
ELAS ELA
Expenmet Concentration, mg/kg M F Total M F Total

1 50.00 - 5.0 25 25 2.5 25

BT 16.68 - - - - - -
.3 - 5.0 2.; - 25 1.2

L] 1.0 - 1.3 0. - - -

BT 03 - - - - - -

0.08 - - - - - -

Chﬂ'.," b o - - - - - -

BT BT

Tahie 5. Incidence of hepatomas, neoplastic liver nodules, nodular hyperplasia of the liver, and diffuse hyperplasia of the liver
in Sprague-Dawley rats in relation to concentration of VC administered by ingestion for 52 (or 39) weeks.

Animals with tumors and correlated changes, %

Hepatomas Neop.nod. Nod.hyp. Dif.hyp.

Exge rreent Concentration,mgkg M F Total M F Total M F Total M F Total
BT 1 50.00 - - = - 50 25 175 175 175 150 150 150

16.65 = = = = - <« 175 %0 287 250 5 287

8.3 - - - 25 - 12 100 200 150 150 &5 24.7
BT & «BO 13 - 07 13 27 20 67 138 100 67 147 107

0.3 13 - 07 - 13 07 93 67 80 - 107 88

0.08 = = = = = <« 40 67 53 - 1071 &3
Corre de 0 - « - - 0% 04 52 63 58 0 87 78
BT 11, BT 27

Tably %, Incidence of NEPHRO-BL in Sprague-Dawley rats
10 relation (o concentration of VC administered by ingestion

Table 80, Incidence of NEURO-BL in Sprugue-Dawley rats in
relation to concentration of VC administersd by ingestion for

for 52 (or 59) weeks. 52 (or 59) weeks.
Animals with Animals with
NEPHRO-BL, & - NEURO-BL, %
E\j=rments Concentrution. mgkg M F Total  Experinents Coneentration, mg/kig M F  Total
BT 11 50.00 25 25 25 BT 11 50.00 - - -
16.65 50 25 A7 16.65 - - -
3.33 - - - .38 - - .
BT 27 1.0 - - - BT 1.0 - - -
03 - - - 08 - - -
O.N - - - 0.ﬂ - - -
Controls 0 - - - Controls 0 - - -
BT 11, BT 27 BT 11, BT 27

from animal to human, both in qualitative and in
quantitative terms.

V'C carcinogenicity may again provide an impor-
tant tool towards solving this problem.

_We now know a great deal about the effects of
VC in experimental animal systems, both in quali-
tative and quantitative terms.

On the other hand, epidemiological investigations

October 1981

on occupationally exposed population groups have
been made and are being carried out in different
parts of the world, particularly in Western Europe
and in the U.S.A., with reference to general
pathology and neoplasias.

If these epidemiological investigations provide
precise figures on the whole group considered,
including figures on the level and Jength of expo-
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Table 61. Incidence of Zymbal gland CA in Speague-Dawley

Nleﬂ.lneidemdmmmmmmfmﬂ.s.“
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rats in relation to concentration of VC sdministered by  Dawley rats in relation to concentration of VC admin; 1
ingestion for 52 (or 59) weeka. by ingestion for 52 (or 59) weeks.
. Zymbal gland CA,  Experiment . mg/kg mammary ;Tnh s t
BT 11 50.00 0o [
Experiments Concentration, mgkg M F Towl lgg 16.0
. 5.0
BT 11 50.00 26 - 1.2 BT X 1.0 18,0
16.65 25 &5 25 0.3 558
. 3.38 - - - 0.08 18.7
BT 27 1.0 27 40 83 Controls
0.3 - - - BT 11 0 10.0 -
0.08 - - - BT 27 0 9.3
Controls 0 - 11 09
BT 11, BT 27
sure (s0 as to define homogeneous exposed groups), T
and collect all possible available data on pathologs. "
we shall have an opportunity, unique at present, t -
e 2. Incidence of forestomach Pa aad Ac in Seragme and quantitativemtgr:‘m ang ‘t?iwbl‘;;mﬁ::iqa possible
\ 4 e 1)
by in.(uuon for 52 (or 59) weeks. key for extrapolating from animals to humans, ;
Animals with fore- -
. somsch PasndAc, v 1Hhe Cost ¥
Experiments Concentratico, mgkg M F Toal With the presentation made in Paris last Novem
ber (2) and with today’s report, ten years of work
BT1 f&-g 50 - 25  onour VC experimental project seem to be nearly
by = 26 12 soncluded. After having presented the results, w
BT 27 1.0 18 27 20 also wish to present the data of the cost of the -
03 21 - 18 project, which cannot be expressed only in finandal
0.08 - 13 o7 terms.
e 17 0 - 17 0 The cost of the BT project of long-term carcine-
’ genicity biosssays on vinyl chloride includes the ™
coat of (1) the planning and setting-up of exper-
mental apparatus, including inhalation facilities, of -
Table 64. Incidence of LAS snd Zymbal giand CA in Sprague-Dawiey rats (n relution to schedule of treatment with VC
sdministered by inhalation, , _
Animals with tumors, %
LAS Zymbal gl.ca —
Experiment VC encentration, ppin Sehedule® b | F Total M F Total
BT1 10,000 1 106 133 17 #3200 267
BTS 10,000 1 - - - 178 183 155
BT 10 10,000 m 1.7 - 08 183 1.7 7.6 —
v 1.7 - 0.8 8.5 6.7 76
v - 1.7 0.8 3.3 10.2 8.7
BT1 6,000 1 108 ;3 20 108 138 119
BT3 6,000 11 - 33 17 200 100 150
BT 10 6,000 111 - - - 10.0 50 1.5
v 8.4 1.7 23 a5 - 4.2 Spe:
v - 17 03 100 5.0 15 —
lat
sSchedules: (1) 4 hr/day, § days/wk, 52 weeks; (II) 4 hriday, 5 days/wk, 17 weeks; (111) € hr/day, § days/wk, 5 weeks; (IV) | hriday, 4 Mou
daya/wk, 25 weeks; (V) 4 hy/day, 1 dsy/wk; 25 weeks. Han
b Environmental Health Perspectives Oct
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o Yable &5 Incidence of LAS in relation to species '(“l;‘nl‘:CSmD"hz' Ri:t’:lwum rats, Swiss mice and golden hamsters),
W . C jon, Animals with I.AS,.% :
nary MT. % ° Fapermer s ppm Sprague-Dawley rats Wistar rats Swiss mice Golden hamatery
o = KT Bii K 10,000 10.0 29.6 3.8 -
e b bR 6.000 103 1.5 61 23
5.0 2,500 20.0 12.0 20.7 -
16.0 500 -~ 10.0 20.0 6.7
5.5 50 a4 8.7 30.0 -
187 50 - - 33 -
0 - - - -
10.0
9.3
a type unfcommcm in 1971, and the working out of a
. protocol for long-term bioassa (2) the study of
sed groups. Table 6 Incids noe of Zymbal gland CA in relation to strain nearly 7000 nmrgds up to the p’('.)l';lt of their nltz.ﬂl
1 patholog: ‘male mpracus-Dawley and Wistar rats) treated with VC death ivalent to more than 3,000 000 rodent
administered by inhalation. y equl YN, \
present, u days; (3) ten years of work; (4) the routine exami-
* qualitatie _ Animals with nation of some 200,000 histological slides; (5) a
a possibl — Lymbalghnd CA. % fingncial commitment equivalent to more than
\Mans, ¢ .mcentration,  Sprague- $2,000,000 U)._S. at present prices (the average cost
Frameoso ppm Dawley rats ~ Wistar rats of a rat throughout the world in this type of
T T s 4 experiment is $300 U.S.); (6) the availability of the
. 6.000 10.8 17 same team of scientists t.hroughout the entire 10
st Noven 2.500 3.3 - years of the project, a prerequisite which may be
rs of worl 0 10.0 - difficult or even impossible to ensure in many
» F= nearh = - - countries at the present time; (7) the highly moti-
(8, We 0 - - vated commitment of those scientists to a type of
ost of the work which is long-lasting, onerous and often
in financig tedious; (8) the effort involved in maintaining the
m careine
Yludes the Tahie 62, Incdince of LAS in relation to age (newborn and adult) Sprague-Dawley rats treated with VC sdministered by
of exper- inhalation ¢ hriday, $ dayw'week, 52 weeks,
PR
wilities, of Animals with LAS, %
e Newborn rats 11 week old rats
nt with V( Fage et Goncentration, ppm M F Total M F Total
KT BT 14 10,000 25.0 45.0 .1 17 - 0.8
—_— 6,000 7.8 50.0 40.5 - - -
la
Total
26.7
1?: Table €8. Tumors presently correlated to VC exposure, by experiments on rodenta.
7 -
Iy Angio- Sebe-  Other
19 sarcomas ceous cuts. Foresto-
15.0 and an- cuta-  neous mach pa-
75 Ao Tumors 'Nnm Lympho- giomas Nephro- neous  epith- Mam- pillomas
Y] - wromas o of masand Heps- of other blasto- carci-  elial mary ear and acan-  Mela-
75 Meviee - 7lier  brain lung leukemias tomas  sites mas nomas tumors cinomas thomas nomas
- - 1 - + + +* + + (+) + +
)lhrd..‘" v .-n: - - -+ (+) -+ (+)
Hamuope - (+) (+) (+) + (+)
sp-ctives October 1481 27
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Table 72. Hintory of vinyl chloride carcinogenicity windig

Table 89. Total cancer-besring animals significantly in excess
by Fisher exact probability test (» = 0.05).

Date -
Daose level at which total eancer
Sex bearing animals in excess 1961 VC was found to produce liver &
and microscopic hepatic degenerative
Male 30,000 changes (5)
10,000 1970 Zymbal gland carcinomas were reported
6,000 ' rats exposed to 30,000 ppm of VC, by
2,500 inhalation (6)
500 1970 An incresse in atypiss in respiratory cells vy
250 obearved among workers heavily exposed
200 Ve (M
50 ppm July 1671 A vast project of long-term carcinogenicity
50 mg'kg bioassays on VC was started in Benuvog,
Female 80,000 naar Bologna, Italy (BT project)
10,000 August 1972 Zymbal gland carcinomas, nephrobiastom
6,000 and liver angi ware observed
2.500 rats exposed to VC by inhalation (Maloe,
500 BT project)
200 April 1973 The first dats of the BT project were relese
150 to the scientific community: the oncogeme
50 ppm effect was observed up to 250 ppm ()
50 mg/kg 1973 Splenomegalic liver disesse was found ammy
gﬂy(vinyl chioride) production workers (8)
December 1978  Far the first time & case of liver angiossrens
ina poty(vl:n‘z'l’ chlo;ige) production worker
i Was cOrTe to exposure (9)
Table 70. Tumors significantly in excess by Fisher exact Februsry 1974  On the basis of the BT project data indicatng
probability test (» < 0.05). a tarcinogenic effect at 250 ppm, OSHA
—t 2 - proposed & TLV of 50 ppm -
Doses at which tumers February 1974  The BT project data showed that VCisa
Tumar type Sex in excess mnh.ipo?{mw earcinogen, producing a
variety of tumors, in different animal spece:
Zymbal gland caranoma M 30,000, 10,000 ppm 1974 The BT project data indicated a carmnogens it
. . F 30,000, 10,000 ppm effect at 50 ppm (10); OSHA proposed nes t
Liver angiosarcoma M ggwo/kim 200 ppm stricter rules
. mg 1974 Early epidemiclogical observations (paralle-
F  30,000; 8000; 2500; 500 ing tha experimental information) indicated w
?&5& m‘p/an an incmudin tumors other than liver angie i
; 16. sarcomas (of brain, lung, kiver, hemolympho H
Nephroblastoms })g w zgg& 150; 100 ppm reticular tissues) among workers of VC-PVC 8
L &) ppm industries (11)
Neuroblastoma F 10,000 ppm 197678 BT project data showed that VC had o
Mammary giand F 160; 50; 35; 10; 5 ppm cinogenic affects in rats also when given by
adenocarcinoms ingestion (1¢)
Forestomach papilloma M 30,000 ppm 197 In rats of the BT project exposed to VCby
F 30,000 ppm inhalation, angiosarcomas were cbserved
dowm to the leve! of 25 ppm, and Zymbal 1

giand earcinomas down to the level of 10 p
13)

Table 71. Oneet of tumors considered VC-corrvinted ot the
lowest doses.

Dose

Tumors

2
consistency of the methodology, which has as its
25 ppm Over 120 animals, 5 liver angiosarcomas, reverse aide the limits placed on the exercise o
4 Zymba! gland carcinomas and 1 imagination—the most positive element in scientific
10 o"'vPh';’g'o"“!"" 1 liver life; (9) the effort involved in establishing and
ppem et et e Zymbal  Preserving objectivity and balance in the evaluatio
gland carcinomas ' and interpretation of data; (10) and finally, the 3
1 mg/kg Over 150 animals, 3 liver angiosarcomas, strength required to withstand the sense of loneli
:n?“,,"z"y‘;np‘b:f mmm; hepatoma, ness arising from the lack of co-operation of many of
Vimghg O lhiop arima, 1 liver angiosarcoma those bodies which should properly be concerned

with the progress of science in this field, not 4
excluding part of the scientific community whose
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Comparstive effects of three related compounds—vinyl chloride (VC), vinylidene chloride (VDC) and ethylene

Table 1. dichloride (EDC) on the same animal systems.
Angio- Tumors of Seba- Fore-
SAFCOMAS the kidney ceous  Other stomach
and an- cuta- cuta- papillo-
Angiosar- Tumors Tumors giomas Nephro- Adeno- neous  neous  Mam-  masand
Com comasof ofthe ofthe Hepa- of other blasto- carci-  earei epithelial mary car-  scan-
pard  =pecies  liver  brain  hng  tomas  sites mss nomas Dnomas tumors cinomas thomas
Rat
<nrague- + + + + + (+) + +
Jrawlev)
W -“;’:::) + + (+) + (+)
Fat
~Lragues
Dawiey)
VPO Muuse (+) .
=W188)
Rat
L rague
fraw ley)
FIn I
Mouze
~Wis8)
indi ronce sometimes degenerates into frank hos- alls luce della i da eloruro di vinile. Ospedali

tility.

The Ligh costs probably represent the reason
why. in the field of experimental and environmental
carcin cenesis, words overlap facts, opinions over-
lap diu. and meetings and commissions reports
submerye good laboratory work.
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Neoplastic and Nonneoplastic Effects of
Vinyl Chloride in Mouse Lung

by Yasunosuke Suzuki*
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Neoplastic effects of viny! chioride were studied in lungs of 27 mice expossd to viny! chioride
monomer at 2500 and 6000 ppm for 5 and 6§ months (large doses and long-term exposure).
Pulmonary tumors wers observed in 26 of 27 experimental animals. Light microscopy showed the
tumors to be multiple and arranged in either tubulo-papillary or sdenomstous formations.
Although occasional mitotie divisions and invaginations into the bronchiolar lumen were
observed, no metastases were found. By electron microacopy, short microvilli, tight junctions
between two adjacent cells, appearance of osmiophilic lamellar bodies, large mitochondria of
irregular shape, well developed Golgi complexes. continuous or discontinuous basement
membranes, occasional appearance of “sequestration” and of erystalloids and lack of both cilis
and mucous secretory granules were observed as characteristic features of the neoplastic cells.
Some of the cells wereqborly differentiated and were equipped with poorly developed organoids,
without formation of ocsmiophilic lamellar bodies. The pulmonary tumors corresponded to
“alveologenic” tumors. It is suggested that the neoplastic ceils were transformed from type 11
alveolar epithelium via its hyperplastic form.

Nonneoplastic effects of the chemical were also studied in the 27 mice. Major light microscopic
alterations observed were proliferation and hypertrophy of the terminal bronchiolar cells,
consisting of cilisted and Clara cells, hypersecretion of the epithelial mucin in the goblet cells of
both the bronchial and the proximal bronchiolar epithelium, hyperplasia of alveolar epithelium,
mobilization of alveclar macrophages and occasional presence of peribronchial or bronchiolar
chronic inflammation. Electron microscopically, Clara cells of the terminal bronchiolar
epithelium showed proliferation of the rough and smooth surfaced endoplasmic reticulum and
appearance of large and abnormally shaped mitochondria. Similar alterations were found in the
ciliated cells. Submicroscopic changes of pulmonary alveoli were represented by foca! thickening
of the basement membrane, multiple foci of hyperplastic type 11 cell (the precondition of the
alveologenic tumor), active discharge of cemiophilic lamellar bodies from the type II cell and
phagocytosis of the bodies by macrophages, appearance of cholesterol erystalloids in the
macrophages, degeneration of alveolar septal cells and occasional appearance of s large nucleus
with swelling of the capillary endothelium.

The neoplastic effect of viny! chloride of smaller doses (100, 10, 1 and 0 [control] ppem) and
shorter exposure (four weeks) was studied in lungs of 129 mice. Our preliminary obssrvation
indicated that sacrificed animals at 40 weeks after the exposure showed productions of the
alveologenic tumor in 5 of 9 (100 ppem), 2 of 9 (10 ppm), 1 of 9 (1 ppm) and 0 of 10 (control = 0 ppm).
A dose-response relation was in the incidence of the alveclogenic tumor production of
vinyl chloride. It is concluded that mouse lung is an extremely sensitive indicator of the
oncogenicity of vinyl chleride.

Introduction

Hepatie hemangiosarcoma has been accepted as a
serious health hazard associated with vinyl chloride

“Environmental Sciences Laboratory, Department of Com-
muz:ty Medicine and Department of Pathology, Mount Sinai
Schi ol of Medicine of the City University of New York, One
Gu-tave Levy Place, New York, N.Y. 10029.
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exposure among workers in vinyl chloride polymer-
ization plants (J-7). A risk of lung cancer has also
been reported among the workers on the basis of
epidemiological studies (8,9).

Experimental studies in rats, mice, and hamsters
have shown that, in addition to liver, various
organs such as lung, brain, breast and skin, includ-
ing sebaceous glands, were involved in induction of
primary neoplasia by vinyl chloride. Although a

3
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number of studies have demonstrated that pulmo-
nary tumors can he induced by vinyl chloride in
mice, the significance of such occurrence and the
nature of the tumors have not yet been appropri-
ately explored (10-27).

The occurrence of the nonneoplastic pulmonary
sbnormalities among viny! chloride polymerization
workers has been reported on the basis of chest
x-ray (18), pulmonary function (19) and smear
cytology (I) of the worker's sputum. No histo-
pathological evaluation of the abnormalities has
been reported.

It is believed that a relationship between lung

cancer and vinyl chloride exposure exists from
epidemiological studies (¢,8,9,20). A high incidence
of pulmonary tumors in mice exposed to vinyl
chloride has been reported by several investigators
(10-15). However, the nonneoplastic pulmonary
effects of the chemical have not been completely
explored. We have, therefore, undertaken detailed
light and electron microscopy of the mouse jung, to
characterize the neoplastic and nonneoplastic pul-
monary effects of vinyl chloride.

Figues 1. Two pulmonary tumors induced by vinyl chlorid b

are seen in the peripheral part of s mouse lung (2500 ppm i .
group 111). Hematoxylin and sosin; 64 x . 1

Materials and'Methods

Twenty-seven CDI Charles River white strain

. ht

male mice, 4 to 5 weeks old at first exposure, were
used. All of 27 mice used for this study were alive
until they were sacrificed at three separate stages.
The mice that died in the course of the experiment
were excluded from the study. Group I consisted of

Group III included eight animals (seven st 2306
ppm and one at 6000 ppm) which were exposed to
vinyl chloride monomer for 6 months followed bya
37-day recovery period. The inhalation exposures
were accomplished at the Industrial Bio-Test Labo

vact
W

RS
ratory, Northbrook, Illinois. In addition to the eAp
six animals exposed to vinyl chloride at 2500 (three  experimental animals, 16 mice (four for group l. ~edr
mice) and 6000 (three mice) ppm/hr, 5 hriday, 5 four for group II, three for group III, and five ehet
days/week, for 5 months. They were then kept for6  which were 12 months old) were used as controls, thes
days without exposure before sacrifice. Group II To study the pulmonary effects of the chemieal at I-"n'}
included 13 mice exposed at 2500 (seven mice) and  smaller doses with shorter exposure, 120 mice wee
6000 (six mice) ppm for 6 months and were kept for  the same strain, sex and age were prepared. These hpm
an additional 2 days for recovering before sacrifice.  animals were divided into four groups (30 tnice in f:‘"::
froune
Tabile 1. Pulmonary tumer production in CD1 male mice with lower doves of VC and shorter exposure (4 weeks).® _v})‘p‘:
1st sacrifice (immed-  Between 1st and 2nd sacrifice Between 2nd and 3rd cacrifice aume
VC dose, ppm intely after dosing) 2nd sacrifice (12 weeks) 3rd sacriBee (40 weeks) uorm.
100 ono* o4 o o1 3% ‘ n}.-'m
N = 30) 13
10 oo* o1 o o1 290 ‘¢
N = %0) paraft
1 (150 ook o1 1ed rbp
= 30 .”_.,'
wo ) oo ()Y % 01® :, «l;: 2
N = 30) - ] w dxa
*Reported - pulmonary tumar-bearing mice/total number of mice. t tr;l;un;
“Found dead. ; Octob
2 Environmental Health Perspectives
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Fieaors 2 Neoplastic cells stained with PAS., An arrow
irdicns - fine PAS-positive matesial digested by diastase.
The ar o labeled M shows an abnormal mitosis (2500 ppm in
gro. 1. 560,

each yup) and were exposed to the chemical for 4
weeh- 5 hr/day, and § days/week) at 100 ppm, 10
ppm. 1 ppm and 0 ppm (control). The low dose
expieures were performed at the Toxicology Re-
search Luboratory, Health and Environmental Sei-
ences. Dow Chemical U.S.A. As shown on Table 1,
thes¢ .nimals were sacrificed at three different
perind<: immediately after, 12 weeks after and 40
week: .ter exposure to the chemical. Six (four 100
ppm. une 10 ppm, and one control) were found dead
between the first and second periods, and three
(one 100 ppm, one 10 ppm one 1 ppm) were
found dead between the second and third periods.

Lungs were examined under a dissecting micro-
scope alter the organs were removed from sacrificed
animals, to determine whether macroscopic ab-
normalities including tumor production were pres-
ent.

For light microscopy, the organs were fixed in

10% neutral buffered formalin and embedded in -

para’fin after dehydration in alcohol. Sections
(3-6 um) were made and stained with hematoxylin-
eosin, Masson's trichrome, Weigert's silver, per-
lodic acid-Schiff's (PAS) with and without digestion
by ciastase, elastin and Van Gieson's picrofuchsin
technique. For electron microscopy small pieces,
Mmaller than 1 mm®, were taken from both pulmo-

October 1981

nary tumors and nonneoplastic pulmonary tissues
and were fixed in 1% phosphate-buffered osmic acid
at pH 7.2-7.4 for 2 hr or in 2% paraformaldehyde
fixative followed by the osmic acid. After alcohol
dehydration, the blocks were embedded in epoxy
resin. Ultrathin sections were obtained with an LKB
microtome. The sections were stained with uranyl
acetate and lead. A Siemens 101 electron micro-
scope was used for ultrastructural observations.

Observations

Neoplastic Effects of Vinyl Chloride at
Heavy Doses and Long-Term
Exposures

Gross Anatomical Findings. Pulmonary tu-
mors were observed in all experimental mice except
one from the 6000 ppm series of group II (26 of 27).
None were found in 16 controls, These tumors were
round, whitish in color, multiple in number and
varigble in size from } to 5 mm in diameter. No
metastases to regional lymph nodes or other organs
were observed. Neither parenchymal fibrosis nor
fibrotic adhesions of the pleurs were detected.

Light Microscopy. As shown in Figure 1, the
tumors were usually seen in the peripheral part of

‘I
]
e

Figuar 3. Hyperplastic pulmonary cells are seen beneath the
visceral pleura of & mouse lung (2500 ppm in group III).
Hematoxylin and eosin; 430 x .
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Figure 4. Low-power electron of a
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well-differentiated pulmonary tumor. Arrows indicate

micrograph
junctional structures between neoplastic cells. B, Basement membrane (2500 ppm in group I11), Os0Q,;

T900 x .

lung parenchyma, although oceasionally tumors were
found in more proximal parts of the lung. No direct
connections of the tumors with bronchi or bronchi-
oles were observed. The neoplastic cells were ar-
ranged in various ways, such as tubulopapillary and
adenomatous forms. Pleomorphism and atypical
structures were not striking. However, sometimes
abnormal mitoses were observed, as shown in Fig-
ure 2 (arrow labeled M). The nuclei were round in
shape and small, and chromatin was generally finely
distributed. Nucleoli were generally poor in devel-
opment. Two different types, eosinophilic and ba-
sophilic, were distinguished in the neoplastic cells.
Some of the cells stained with PAS, and the sub-
stance s0 stained was digested by diastase, sug-
gesting that it was glycogen. The neoplastic tissue
wis not encapsulated by connective tissue. Often,
air spaces separated neoplastic tissue from normal
tissue. Although malignant invasion, such as de-
struction of preexisting tissue, was not observed in

H

the animal lungs, invagination of the neoplastic
tissue into bronchiolar air spaces was detected in
instances of extremely large tumors. Collagen and
reticular fibers showed little development in the
neoplastic tissues. In addition to neoplastic chang-
es, a3 shown in Figure 3, focal and multiple hyper-
plastic changes of the alveolar lining cells were
noted in lungs exposed to vinyl chloride. In Figure
3, the hyperplastic cells are seen just beneath the
visceral pleura. Since the lining cells beneath the
thin connective tissue of the visceral pleura are
known to be alveolar epithelium, the hyperplastic
cells are assumed to be alveolar epithelial cells.
Hyperplastic cells are also found in the deeper part
of lung parenchyma. QOccasionally, neoplasia

hyperplasia coexisted in the same lobe of the hung.
and the distinction between neoplastic and hyper-
plastic cells with confidence was not always cler.
as some cellular similarities were found betweet
the two. Identification of the cell types of both
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Ficvre 5. Differentisted neoplasm seen in the animsl lung shown in Fig. 3. Farmation of the tubular lumen

and microvilli is poor. 0s0,; 6500 x.

nenplastic and hype
wa~ 10t feasible at the level of light microscopy.

rplastic cells with confidence

Elcctron Microscopy. Figure 4 is derived from
nevplustic tissue of the tubulo-papillary form. Ul-
tra~tructural characteristics of the neoplastic cell
incluled mierovilli, large, round, or rod-shaped mi-
tchondria, well-developed Golgi complexes, and
oxmiephilic lamellar bodies. Juneti structures
tarrow s in Fig. 4) between adjacent neoplastic cells
and .. basement membrane (B) were usually ob-
served. Figure 5 was derived from an adenomatous
area o the tumor. Neoplastic cells had poorly formed
tubular lumens and microvilli and were smaller
than those shown in Figure 4. However, other
ultru-iructural characteristics, such as mitochon-
driu. Golgi complexes, and osmiophilic lamellar bod-
les. vere almost identieal in two. Irre
arrarpements of mitochondrial cristae were fairly
com:ion, and mitochondria were often wrapped by
well-lcveloped, smooth-surfaced endoplasmic reticu-
lum Fig. 6). Some of the neoplastic cells contained
e\tuplasmic compartments formed by membrane
structures (Fig. 7). The occurrence of such com-

October 1981

partments has been reported by Svoboda (21), who
made electron microscopic observations on the neo-
plastic cells in mouse pulmonary tumors induced
spontaneously or by urethane. Occasionally, erys-
talloid structures were observed in the cytoplasm
of the neoplastic cells (Fig, 8). The above described
neoplastie cells were quite similar in ultrastructure
to type 1l alveolar epithelium. Capillaries in the
neoplastic tissue consisted of single layers of
nonfenestrated endothelium as seen in the normal
alveolar capillary. In addition to well-differentiated
neoplastic cells, poorly differentiated ones were also
recognized (Fig. 9). As seen in Figure 9, the cells
were cuboidal or cylindrical in shape and lacked
formation of osmiophilic lamellar bodies. Mitochon-
dria were small in size, although the cells were
relatively rich in rough-surfaced endoplasmic retic-
ulum. These cells seemed to correspond to the
basophilic ones observed by light microscopy. Ex-
cept for the lack of a large amount of glycogen,
these cells resembled immature alveolar epitheli-
um, as observed in fetal lung in late gestation.
Neither cilia nor mucinous secretory granules were
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FIGuRE 6. Part of the cell cytoplasm of a neoplastic cell. The Figure 7. Intracytoplasmic compartments formed by mem-
arrow indicates irregular mitochrondrial cristae (2500 ppm in brane structures (2500 ppm in group III). Os0,; 20, 000 x .
Group IID). O0s0; 29, 400 %,
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Ficure 8. Cmmmmhmmdnmmmmmmhmm). 000,
30,000 x
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Ficvre 11, Light microscopy of 3 bronchiolo-alveolar ares.
Arrows indicate the site of transition between the respira-
tory bronchiole and the alveolus. Control mouse; Masson's
trichrome staining; 420 x .

observed in the neoplastic cells. Based on these
findings, it was strongly suggested that the neo-
plastic cells were derived from the alveolar epithe.
lium, particularly from type II cells. A hyperplastic
pulmonary alveolus is illustrated in Figure 10.
Electron microscopically, aspects of the hyperplastie
cells were evidently those of type Il alveolar cells,
although they showed some differences in ultra-
structure from the normal type II cell. Mitochon-
dria were large in size and irregular in shape, and,
occasionally, retention of huge osmiophilic lamellar
bodies was noted in the cell cytoplasm. Cristae
mitochrondriales were arranged irregularly, and
well-developed endoplasmic reticulum was frequently

.
L.
' -

Ficure 12. Prolifersted and hypertrophic bronchioies.
quamated bronchiolar epithelis] areas are illustrated. M-
son’s trichrome staining, Group 1; 2500 ppm, 420 » .

seen in the cytoplasm. Early stages of the mem-
brane formation responsible for “cytoplasmic com-
partments” were observed in the hyperplastic cell
In many respects, the hyperplastic type 11 cell is
assumed to be the precursor of the neoplastic cell
An intermediate form between type I and II cells
was frequently observed in the hyperplastic pul-
monary alveoli. The arrow in Figure 10 indicatesa
part of the cell cytoplasm which may represent 3
transitional form between type I and I1 cells. Though
the secretory granules were observed in the neo
plastic cells, based on these findings, it was strongly
suggested that the neoplastic cells were derived
from the alveolar.
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Fuirrt 13 Hypersecretion of epithelial muein in bronchial
epithelam, Arrows indicate mucinous substance stained
with i"A%. Group III; 6000 ppm, 420x .

Nonncoplastic Effects of Vinyl Chloride
at Heavy Doses with
Long-Term Exposure

Light Microscopy. In the bronchi and bronchi-
oles, a~ a common finding in the treated animals,
proliferution and hypertrophy of the bronchiolar
epithclium were noted. As shown in Figure 11, the
termin! and respiratory bronchioles of the control
mice were relatively simple in structure and the
transitional point (arrows) of the respiratory bron-
chiole 11:t0 the alveolus was easily distinguished. To
differcr.:iate the two areas, we found that Masson’s
trichrume was a useful stain, since the cytoplasm of
the brunchiolar cells was stained an intense brown
red. The bronchioles of all the animals treated with
vinyl chloride monomer showed proliferation, and

October 1981

Ficure 14. Hyperplasia of alveolar epithelium is shown.
Hematoxylin-eosin: Group 111: 2500 ppm; 670 x .

cellular hypertrophy, through the degree varied
among the animals (Fig. 12). The proliferated cells
were irregular in arrangement (Fig. 12). Frequent-
ly, hypersecretion of epithelial mucin in goblet cells
of the bronchi as well as the proximal bronchioles
was observed (Fig. 13, arrows). It was noteworthy
that those alterations were still found in the ani-
mals of group III, which had a recovery time of 37
days after vinyl chloride exposure. Chronic inflam-
matory changes represented by marked lympho-
cyte infiltration into the perivascular and peribron-
chiolar connective tissue were seen, particularly in
group 11 :

The most significant finding in pulmonary alveoli
was a high incidence of alveologenic tumors in the
treated mice, as stated before. In addition to the
neoplasm, multiple foci of hyperplastic alveolar epi-
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Ficure 15. Largeclear macrophages (foam cells) as well as
small basophilic macrophages are seenin thealveolar airspaces.
Hematoxylin-eosin; Group II1: 2500 ppm; 420 x

thelium (Fig. 14), which were strongly suggestive
of being preneoplastic for alveologenic tumors (2¢),
were frequently observed. Mobilization of alveolar
macrophages in the alveolar space was fairly com-
monly seen in the three groups of animals (Fig. 15).
In several cases, foam cells were markedly acecumu-
lated in alveolar space (Fig. 16). Two animals in
group 111 showed bronchopneumonia-like changes.
As shown in Figure 17, coexistence of the prolifer-
ated bronchioles with alveologenic tumors (arrow)
was frequently observed,

Electron Microscopy. The epithelium of the ter.
minal bronchiole consists of the Clara cell (nonciliated)
and ciliated cells; it lacks mucous-producing cells in
the mice. Both cell types are illustrated in Figure

90

LR
[
e
'6'
‘o‘?

N
-

a‘-f. LA

1]

-
e

»
by
-
-, .

W
1
Pad -

| T,
. \.Ol
“""\, .,

.
s® Y
. .
. i
¢ ‘:-' e
.t

) .*"‘3'.}-."
RN
‘0‘
- [ ]
. L]
4‘..

‘J
JEERNY -~ TS
-
- L T
1
N e

LY
s N
oot
t
. -
- Yy
ML
"’

-\-QJ’
“» 9
™
, o0
o - p

Figune 18. Striking accumulation of s large number of far
cells. Hematoxylin-sosin: Group I11: 6000 ppm: 420 x.

18, obtained from a control mouse. Clara cells lac
typical microvilli and their apical portion presents
dome-like shape (Fig. 18). The smooth-surisced
endoplasmic reticulum and Golgi complex were wel
developed. Mitochondria were generally round in
shape and their cristae were few in number (Fig
18). Two distinet granules, a beadlike structure
(electron-dense; the long axis was 1.6-0.2 um) anda
round phagolysosomal granule (electron-dense or
opaque; 0.6 x 0.6 um in size) were observed in th
cells, It is noteworthy that the ultrastructure of the
cell is not identical among animal species and, fur
ther different fixation methods result in different
structural appearances of the endoplasmic retict
lum in the cell.
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Fronr 17 Part of lung tissue showing coexistence of the
alvers oot tumor (arrow) with the proliferated bronehiole.
Mas~n'~ “richrome staining: Group 1. 6000 ppm; 170 x.

The cvtoplasm of the ciliated cell was relatively

clear und it contained rod-shaped mitochondria with
eristae (Fig. 18). Cilia and microvilli were seen in
the cell ~urface (Fig. 18). The two distinct granules
were also vccasionally seen in the cell. Ultrastrue-
tural chi:.yes seen in those cell types of the treated
mice are deseribed below.
_ Alow-power view of the proliferated bronchiole
i« illustrited in Figure 19. Hypertrophic Clara cells
frequently included dark cells rich in rough-surfaced
endoplismic reticulum and free ribosomes. The cell
Was usually large and its shape was occasionally
irreyuiar. Deep interdigitation of the lateral cell
membranes of two adjacent cells was occasionally
observed. Golgi complexes were well developed,
Octoher 1981

angd the two distinet granules described above were
increased in number in the cytoplasm. The dark
round granules are shown in Figure 19. Although
smooth-surfaced endoplasmic reticulum of the nor-
mal Clara cell was generally vesicular (with a single
osmic acid fixation as used in this study, though
this cell organeid is cisternal with double fixation by
glutaraldehyde and osmic acid), the hypertrophic
cells contained various forms of the organoid and
the transformation of the rough surfaced endoplas-
mic reticulum into smooth-surfaced endoplasmic re-
ticulum was easily observed (Fig. 20). Mitochondria
of abnormal shapes and large size occasionally ap-

. Cristae were rather clearly shown in such
abnormal mitichondria . 21).

Ciliated cells were also involved in the prolifer-
ated alteration. The shape of the cells was occasion-
ally irregular. Golgi complexes were sometimes
well developed and phagolysosomal granules as well
as round dense granules frequently appeared in the
cytoplasm (Fig. 22). Large round mitochondria in
which cristae were fewer in number were seen. In
some ciliated cells, the rough and smooth surfaced
endoplasmic reticulum were markedly developed
(Fig. 22),

Although light microscopic observations failed to
detect details of damages in the pulmonary alveo-
lus, various ultrastructural alterations of the alveo-
lar cells were revealed by electron microscopy.

Mobilized alveolar macrophages were rich in
phagolysosomal granules, as shown in Figure 23.
Other cell organelles were also well developed.
Basophilic macrophages contained a large number
of free ribosomes as well as the rough-surfaced
endoplasmic reticulum, while clear macrophages
were represented by intracytoplasmic osmiophilie
lamellar bodies (Fig. 28) which seemed to be phago-
cytosed from the alveolar space. Occasionally, cho-
lesterol crystalloids were found in the macrophages

(Fig. 24, arrows),

As shown in Fi 10, hyperplastic alveolar
epithelium consisted of type II cells, precursors of
alveolar tumor (15). The evolutional process of the
neoplastic transformation has been reported (15).
Deformation of the cell shape, appearance of giant
mitochondria with abnormal cristae, retention of
large osmiophilic lamellar bodies, early introcyto-
plasmic “sequestration,” and occasional huge lipid
granules were observed. Microvilli of the cell sur-
face were frequently decreased in number. These
alterations were observed in almost all mice ex-
posed to vinyl chloride, regardleas of difference in
dose and duration of recovery time.

Swelling of the cytoplasm and appearance of ly-
sosomal granules were occasionally observed in type
1 cells. Transformation of the type I cells into the

41




Figure 18. Part of the terminal bronchiole. Clars cells and ciliated cells are illustrated. Control mouse:

O20,; 6700 x .

type II cells was suggested, since intermediate cell
t}ﬁ:ﬂ between the two were found on the alveolar
g- -

Focal thickening of the hasement membrane was
commonly seen (Fig. 25). Sometimes, the thickened
basement membrane showed a fibrillar appearance
(*f” in Fig. 26) and contained cell debris (arrows in
Fig. 26) which seemed to be derived from alveolar
septal cells.

In additidn to swelling of the cytoplasm, lyso-
somal granules and a large nucleus (Fig. 27), seg-
mented or nonsegmented, were sometimes observed
in the alveolar endothelium,

Alveolar septal cells frequently showed hyper-
trophy (h in Fig. 28) and degeneration (arrows in
Fig. 28). In some cases, focal reticulosis was ob-
served in the alveolar septum.

From these light and electron microscopic stud-
ies, mouse lungs exposed to vinyl chloride at 2500

2

and 6000 ppm for 5 and 6 months clearly showe:
nonneoplastic pulmonary changes in both broach
lar and alveolar cells. Since these findings weren
detected in control mice, they are considered v
Iated to vinyl chloride.

Neoplastic Effects of Vinyl Chloride at
Smaller Doses with a Shorter Exposure

Detailed studies on pulmonary effects of vir.
chloride at smaller doses (1, 10 and 100 ppm) withs
shorter exposure (4 weeks, 5 hr/day, 5 days/ wed
are still in a process of analyses in 90 mice. Howev-
er, as shown in Table 1, our preliminary study ts
involved gross anatomical and histological obser*
tions revealed that alveologenic tumors were H
duced in 5 of 9 (100 ppm), 2 of 9 (10 ppm) and 14/*
(1 ppm), while the tumor was not seen in 10 controk
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Ficure 19. Proliferated bronchiolar

w ppme a2 41 weeks after vinyl chloride exposure.
Xize anih) imber of the induced tumors were
smaller i1.an those of the tumors produced by the
chemici. o larger doses (2500 ppm and 6,000 ppm)
and lony r exposure (5 and 6 months).

A doxe rezponse relation was suggested in pro-
duction " alveologenic tumor,

Discussion

Eaperimental studies (10-17) on the oncogenicity
of vinyl chloride have revealed that the monomer
can induce various neoplasms including hepatic
hemanciosarcoma (rat, mice, hamsters), Zymbal
gland curcinoma in the external auditory meatus
irals). breast cancer (mice), nephroblastoma (rats),
“lung «.lenoma™ (mice), skin trichoepithelioma (ham-
sters'. ivmphoma (hamsters) and forestomach pap-
illom:: ‘hamsters). Evidence of the pulmo on-
cogenionty of vinyl chloride in animals has been
obtaincd. Viola et al. (16, 17) have reported that
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epithelium. Group I: 6000 ppm; 3900 x .

rats exposed to vinyl chloride exhibited lung cancer
(32%). Histological features of the cancers were
stated to be those of adenocarcinoma, with the
exception of a single epidermoid tumor. Maltoni
and Lefemine (13,14), however, reviewed the histo-
logical slides of Viola et al. and stated that the lung
cancers reported by the latter were not primary
tumors of the lungs, but metastatic cancers from
Zymbal glands. Maltoni and Lefemine (13.14) also
have reported on the pulmonary oncogenicity of
viny! chloride on the basis of their own data. Though
they could not find bronchogenic carcinoma in rats,
rare pulmonary hemangiosarcomas and fibrosarcomas
were induced in these animals. Unlike the case in
rats, pulmonary tumors (“adenomas”) were found
in mice (89 of 471). Maltoni and Lefemine (13,14)
noted that some of the adenomas underwent malig-
nant transformation. Keplinger and associates (11)
have found “alveologenic adenomas” in the lungs of
mice exposed to vinyl chloride (44 of 48). Lee and
associates (12) have stated that “bronchiolar ade-
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Ficure 20. Part of the cytopiasm of a Clara eell. Various
profiles of the endoplasmic reticulum are seen. Group I: 2500
ppm; 21,000 x .

noma” developed in mice 2 months after exposure
to vinyl chloride at 50-1000 ppm. Holmberg and
associates (10) found “alveologenic adenoma” in 13
of 24 mice exposed to vinyl chloride at 50 ppm for
24-52 weeks. Our present study has also confirmed
that pulmonary tumors are induced by vinyl chlo-
ride of both the large doses (2,500 and 6,000 ppm)
with long exposure (5 and 6 months) and the smaller
dosel:. (1, 10 and 100 ppm) with a short exposure (4
weeks).

Based on all the data available, it can be con-
cluded that mouse lung is an extremely sensitive
organ for demonstrating the oncogenicity of vinyl
chloride. Gross anatomical and histological aspects
of the tumors in our investigation corresponded to
the “alveologenic tumor or cancer” of Steward et al.
(22-24). The alveologenic tumor has been induced
by various carcinogens (22-28), such as polycyclie
hydrocarbons, urethane, nitrogen mustard, methyl-
cholanthrene, and nitrofur derivatives and is known
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Ficurs 21, shaped mitochondria with cristae in the
cytoplasm of a Clara cell, Group I: 6000 ppm; 0=0,; 12.600 -
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to occur spontarieously with aging (6,29,30). T
cancer induced has been distinguished from tht
occurring spontaneously by muitiple primary fod
oceasional formation of huge tumors, and ocor
rence without any relation to aging. It is also knost

that in certain strains, such as A and DD, spont

neous tumors are quite common after 10 to L
months of age. Spontaneous pulmonary tumors couk
be excluded in our experimental animals; in
tion to the above-mentioned points, neoplastic changs
in the lungs were absent in the controls.

Electron microscopically, alveolar epithelium. pr-
ticularly the type II cell, was assumed to be t¢
precursor of vinyl chloride-induced tumor in th
mouse lung. This assumption was derived froz
ultrastructural similarities between the normal tyx
II cell and the neoplastic cell. Similar suggestior
have been made by other investigators (21, £8.J!
after studying pulmonary tumors induced by agen:
other than vinyl chloride.
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Fuuonre 2. Two ciliated cells of a terminal bronchiole. Irregular shaped mitochondria, a well developed
Golgi area, round dense granules and phagolysomes are shown. Group I: 6000 ppm; O0s0,; 9800 x .

It was noteworthy that the processes of trans-
formation of the normal alveolar epithelium into the
neaplastiv cell could be followed morphologically on
the level of ultrastructure; the appearance of an
mtermediate form between type I and II cells in the
alveolar lining, the disappearance of type II cell in
the lining due to replacement by the hyperplastic
type 11 cells, which were transformed from the
intermedic.te form, and the neoplastic change of the
1vpe 11 vells were assumed to be a sequence of the
process. The intermediate form appears in certain
patholoical conditions, prior to cuboidal metapla-
sl of the attenuated alveolar epithelium (15, 32).
Embryoi yrically, both type I and II cells are of the
same oriyin, the entodermal epithelum. Some of the
neoplastic cells, distinguished as poorly differenti-
ated, wore similar in ultrastructure to the imma.
tre ahveolar epithelium of fetal lung (25). From
these pev<pectives, the process of neoplastie aiter.
ation cir~erved in the epithelium may be interpre-
October 1981

ted as a retrograde process of the normal differen-
tiations of the alveolar epithelium. Kaufman et al.
(38) have reported that Clara cells of the mouse
bronchioles developed into neoplasms which could
occur in a malignant form, after transplacental ex-
posure to ethylnitrosurea. However, such a Clara
cell tumor was not produced in our material.
Waxweiler and associates reported an increased
number of deaths due to lung cancer among vinyl
chloride workers (9). They observed 12 cases com-
pared to the 7.7 cases expected. Eight of the twelve
were examined histologically and were classified as
undifferentiated large-cell carcinoma (five cases)
and adenocarcinoma (three cases). Since these human
lung cancers are of bronchogenie origin, it may be
that target pulmonary cells in vinyl chloride carei-
nogenesis are different in human and mouse lung.
Neoplastic invasion and metastases were not found
in our material. However, it is known that some-
times both induced and spontaneous alveologenic

45
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Figure 23. Alveolar macrophage including phagolysosomes and osmiophilic lamellar bodies. Group I: 2500

ppm; 0s0,; 5800 x

tumors (22, 84-87) of mice show such changes and
that the malignant transformation occurs with some
delay after initiation of the tumor. In addition,
transplantation of this tumor has been accomplished
(23). Steward and associates (22-2}) therefore dubbed
it an “alveologenic tumor” or “alveologenic cancer.”
Maltoni and Lafemine (13,14) have found that some
vinyl chloride-induced pulmonary tumors undergo
transformation, although we did not observe this in
our materials.

Alveologenic tumors may be considered unique in
some ways, since it is possible to observe the pro-
cess of malignant transformation sequentially from
the precursor to the malignant cell via hyperplastic
and benign neoplastic states.

Hepatic hemangiosarcoma is recognized as a char-
acteristic malignant tumor related to vinyl chloride
exposure. The tumor can be induced in a variety of

46
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experimental animals (mice, rats, and hamsters
(13,14), and histological features of the tumor ar
almost identical in humans and animals. In con-
trast, the intrapulmonary target cells of vinyl chlo
ride oncogenesis may be different in humans and
mice. Beyond these differences, moreover, the ir
duction of alveologenic tumors in mice by vinyl
chloride may be predictive or a risk of human
bronchogenic cancer from the chemical. Consisten
with this is the fact that various carcinogens, such
as polycyclic aromatic hydrocarbons, nitrogen mus
tard and chromate compounds, are known to induee
alveologenic tumors in mice, on one hand, and, o
the other, to be associated with excess bronchogenic
carcinoma among workers exposed to the carcine
gens (38). It is noteworthy that a similar relation
has been suggested for vinyl chloride. )
Nonneoplastic pulmonary effects of vinyl chloride
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Figune 26. Cell debris of degenerstad alveolar septal cells (arrows) and fibrillar appearasnce of a basement
mambrane (with an arrow) are illustrated. Group 1: 6000 ppm; Os0,; 10,300 x ,

have been suggested by observations among work-
ers in vinyl chloride polymerization plants. This
suggestion was based on data obtained by chest
x-ray examinations, pulmonary function tests, and
spu.um cytology studies among workers. Lilis and
her associates (18) have found radiologic pulmonary
changes, such as linear, reticular, and nodular opsc-
ities, in the lower and mid lung fields in a propor-
tion of cases. They found that the prevalence of
pulmonary changes increased with longer duration
of exposure and that there was a significant associa-
tion with peripheral circulatory abnormalities. How-
ever, pathological evaluation of these changes was
not available. Miller et al. (19) have examined pul-
monary function of 348 workers in a vinyl chloride
polymerization plant. The major finding was dimi-
nution of air flow in 200 workers (57.7%). Again, no
physicopathological relations were established.
Maltoni and Lefemine (14) reported cytological
studies of sputum in viny] chloride and poly(vinyl

48

chloride) workers. They found a significant incresse
in cellular changes of the bronchial epithelium; squ-
mous metaplasia and squamous dysplasia were com-
mon among workers heavily exposed to vinyl chio-
ride monomer.

Recently, McNamara and McLaughlin (39) have
confirmed that a single 1-hr exposure to viny! chio-
ride in doses of 500 ppm or more induced pneumonitis
in ICR mice and that aggravation of latent pulme-
nary changes, particularly bronchopneumonis, o
curred in Fischer 344 rats.

Our present (40) study has shown that CD1 Charles
River male mice exposed to vinyl chloride at 2
heavy dose (2500 and 6000 ppm), over relatively
long term (5 and 6 months), obviously showed
bronchiolo-alveolar changes. These alterations were
recognized in almost all of the treated animals
regardless of difference in doses (2500 and 6000
ppm), duration of exposure (5 and 6 months) and
recovery time (2, 6 and 37 days).
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Figurc 27. Large nucleus in the siveolar capilary endothetium. Group 1I: 2500 ppm; Oe0,; 7900 x ,

The types of pulmonary cells which were involved
in the structural alterations varied. It was interest.
ing that the ultrastructural changes seen in Clara
cells and to some extent in the ciliated cells were
similar tu those of hepatic cells of animals exposed
to vinyl chloride; cellular hypertrophy and prolifer-
ation of the endoplasmic reticulum were common
response<, seen in both the bronchiolar epithelium
and the hepatic cells. The endoplasmic reticulum of
the hepatic cells has been su as the site
where vinyl chloride is metabolized, to be trans-
formed into a chemically reactive metabolite which
is the ultimate careinogen (38, 41-45). Although it
has not heen shown that lung has the capacity to
metabolize the chemical to produce the carcinogen;
i it were so, the bronchiolar cells, particularly
Clara cells, may provide this mechanism: the cells
are normally equipped with well-developed smooth-
surfaced endoplasmie reticula and the organelles
have shown a proliferative response after mice are
exposed to vinyl chloride,

The fact (46) that viny] chloride has a tendency to

October 1981

be soluble in lipid substances suggests that lipid-
rich pulmonary cells, such as type II cells (rich in
osmiophilic lamellar bodies) and alveolar septal cells -
(containing lipid granules) may bind to vinyl chio-
ride. If this assumption is correct, at least some of
ultrastructural alterations seen in those cells might
result from this mechanism. Both type II cells and.
Clara cells have been known as surfactant factor-
producing cells (47). Hyperproduction of the surfac-
tant factor was suggested, since hyperplasia of
those cells was commonly seen in our material
Osmiophilic lamellar bodies and cholesterol crystal-
loids, which were seen in alveolar macrophages,
may represent lipid substances bound to vinyl chlo-
ride. They may be removed from lung as part of the
clearance mechanism for vinyl chloride. It is well
accepted that mesenchymal elements such as bone,
connective tissue, and blood vessels are involved in
responses to vinyl chloride in various organs (36,
48-50). Above all, malignant transformation of the
blood capillary endothelium, induction of hemangio-
endothelioma in liver, and the subcutaneous con-

49
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Ficure 28. Degenerative alterstions of the alveolar septal cells (arrows) and a hypertrophic septal cell (h

with an arrow). Group I; 6000 ppm; Os0,; 6300 x .

nective tissue, lung, and adipose tissue have been
well documented (10, 13, 14, 36).

It is reasonable to assume that the alveolar capil.
lary endothelium and the septal cell suffered toxic
effects by vinyl chloride, since these cells are part
of the mesenchymal elements in lung, sites of up-
take and excretion of the chemical and its metabo-
lites (51, 52).

A dose-response relationship has been suggested
in the production of alveolongenie tumors by vinyl
chloride. The same relationship has been seen in
occurrence of alveolitis (mouse) and bronchopneu-
monia (rats) with the chemical (39). A delayed
appearance of these inflammatory changes after
periods of recovery, following exposure to the chem-
ical, has been postulated. A threshold dose for the
induction of the nonneoplastic pulmonary lesions
which are reported here has not been established.

This work was

by Research Grant OH-00681 froe

supported r
the National Institute for Occupational Safety and Health, L3
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=1 Effects of Aging on the Induction
of Angiosarcoma

by David H. Groth,* William B. Coate,!
Borge M. Ullandt and Richard W. Hornung?*

Adult, Sprague-Dawley albino rats of four different ages (6, 18, 32 and 52 weekis) ware exposed
to 940 ppm viny! chioride by inhalation for 24 weeks, § daywwaek, 7 hriday. In each age group,
there were 110 to 128 males and the same number of females. The similarly housed control group,
which was not exposed to vinyl chioride, consisted of the same number of males and ferales in
each age group. All animals that died spontancously, or were ascrificed moribund, or were killed
at scheduled times (3, 6 and 9 montha after initial exposure} were autopsied. All organs were
examined grossly, and severs! tissues from each snimal were examined microscopically.

The older the rats were when they were first expossd, the greater the incidenes of
sngicsarcomss. Therincidences of angiosarcomas in the four age groups (from youngest to
oldest) in the exposed males in the nonscheduled sacrifice groups were: 0/37 (0%); (V4 (0% ); V48
16.7%); and 13/55 (24%). Similarly, for the females, these incidences were: 2/38 (5.3%); 747 (13%);
2349 (4T%); and 11/34 (20%). Most of the angiosarcomas were highly anaplastic, primary tumors
in the livers that metastasized to the lungs. Only one angiosarcoma was seen in all the control
rats; that occurred in subcutaneous tissw,

This study demonstrated that older aduit animals and females are more susceptible to the
angiosarcoma-inducing sffects of vinyl chloride than young adult animals and males,

ives

Introduction

Several epidemiological studies performed on
occupational groups exposed to carcinogens have
shown greater increased risks of cancer with in-
creasing exposure durations. In addition, latent
periods (time between initial exposure and increased
risk of cancer) in these groups are commonly 10-30
vears, These findings have been commonly attributad
to greater total doses in those exposed for longer
periods of time. However, there is one factor other
than the total dose which could be responsible for
contributing to the increased risk. That factor is

L

*Division of Biomedical and Behavioral Science, National
Institute £v Oceupational Safety and Health,

“Hazler s Laboratories of America, Vienna, Virginia 22180,

<Divisior, of Technical Services, National Institute for Ocen-
Pational Balety and Health,
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aging. It is equally reasonabie to postulate that
older adults are more susceptible to the carcino-
c effect of some chemicais than young adults.
t is, for the same dose of carcinogen, the
incidence of cancer might be higher and the latent
period shorter in older aduits than in younger

It has been suggested that only older people
should work in carcinogenic environments, since
the commonly observed latent periods for cancer
induction would exceed their life expectancies. If,
however, the latent periods were shorter in older
it?dividmh, that approach would be counterproduc-

ve.

The of this study was to determine
whether or not older aduit rats were more or less
susceptible to the angiosarcoma-inducing effects of
vinyl chloride than young adult rats. This experi-
ment was not designed to test the susceptibility of
sexually immature animsls or to determine the
lifetime effact of relatively short-term exposures.
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Materlals and Methods were used in both the exposed and control groux  w cre sac:
Their ages at initiation of exposure were 6, 17%  c.crifice
A total of 473 male and 478 female Sprague-  32.33 and 51-53 weeks. The numbers in each gro: theze tw
Dawley rats were exposed to 848 ppm of vinyl  and their disposition appear in Tables 1 and 2. y.ferred
chloride monomer in a single 14 x 18 x 10 ft Because of the large number of animals, it wa  Jutteras:
stainless steel walk-in chamber with a diffusion-  not practicsl to start exposures on all rats simyl, the rats i
screen false ceiling. Exposures were for 7 hriday, 5  neously. Consequently, the controls and expos: remainin;
days/week for 8 mean duration of 24.5 weeks. An  rats were divided into five squads, with proportie. ~ au:opsied
equal number of control male and female rats, kept  ate representation of each age group and sex: beyan an
in 8 similar exposure chamber, were exposed to  each squad. Rats in each squad were assigned: number ¢
conditioned outside air only. Air flow into the  the chambers over a 2-week period. Assignmentsc  th. final +
chambers was maintained at 300 #%min, Airtempers-  all rats to the chambers were completed through: 1 each of
tures were kept at 75 = 3°F. The concentration of  a 10-week period. At the
vinyl chloride in the chambers was initially moni- The original plan was to expose the rats for . ¢ hanim
tored by gas chromatography and later with an  months, but because of an epidemic of pneumom. ar..lyses,
ultraviolet photoionization analyzer, 7times/day on  among the exposed animals during the 28th west fenma gh
each day of exposure. the exposures were terminated 29 weeks ate  ani y-glwt
The animals were individually housed in sus- initiating exposures. As the results will show, thc Atthea
pended stainless steel wire-mesh cages equipped  exposure period was adequate to demonstrater a1 secti
with automatic watering taps. Water was provided  differences in effects between pa. alrenal,
ad libitum, but food (Wayne Lsb Blox) was re- The experiment consisted of two subsets. A= or uterus.
moved during exposures. mals scheduled for sacrifice at 8, 6 and 9 momz:  Junys, tra
Four differently aged sets of rats of both sexes  constituted one subset, and animals that died¢  lymph no
a.y abnor
Table 1. Number and disposition of rats exposed to vinyl chloride. ;"d“:;ﬁnb
Number of Number  Towl . and ec
Age at first  Mean body Initial deaths and  Number  sacrificed 2t number pa hologis'
exposure, weights at firgt number moribund at final 3,6and 9 of rats
Group weeks exposure, g Sex of rats sacrificed months autoptied
Results
2 ] 228 M 110 36 6 66 108 i ]
2 8 167 F 110 18 -3 0 108 No clini
4 17-18 541 M 19 » 13 67 19 €nces inm
4 17-18 04 F 120 3 16 10 119 Mia=Ureme
6 32-33 008 M 116 " ¢ & 15 eoerol
¢ 3238 350 F 120 @ 6 6 120 v ro” gro
8 51-68 ™ N 128 60 0 67 12 i rim sac
8 51-58 16 F 128 52 s 7 T ] The meos
Totals M IY: | 178 -3 200 0 - buth <exes.
F 48 148 )] M n prutary a
s
urs, N
Table 2. Number and disposition of control rats.
Number of Number Towl
Ageat frst  Mean body Initial deaths and  Number  sacrificed st number —_—
exposare, ights st first number moribund st final 3,6and?d of my
Group wosks exposure, g Sex of rats sacrificed sacrificed months
1 [} 2% N 110 9 [) [ 8 {srup
1 8 173 F 110 6 -3 7 100 —_—
] 17-18 550 N 19 1 18 ) “ 2 -
3 17-18 304 F 120 9 16 70 % -
5 32-33 01 N 115 12 4 0 8% M
5 32-38 358 F 120 10 6 ] ] i
7 51-58 ™ N 128 2 0 7 % §
7 51-53 385 F 27 o 8 ) e &
Totals N 2 55 - 2 %7 5
F m 52 51 m " —
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were sacrificed moribund or were killed at the final
sacrifice constituted the other subset. To keep
these two subsets separate, the former will be
referred to as the interim sacrifice group and the
latter as the nonscheduled sacrifice group. When all
the rats in one of the exposed groups had died, the
remaining rats in all the other exposed groups were
autopsied. This occurred 43 weeks after exposures
began and is referred to as the final sacrifice. The
number of control rats in each group autopsied at
the final sacrifice were equal in number to the rats
in each of their respective exposed groups.

At the interim sacrifices, blood was taken from
each anima] for hematological and clinical chemistry
analyses, including measurements for albumin,
gamma globulin, alkaline phosphatase, SGOT, SGPT,
and y-glutamyl transpeptidase.

At the autopsies all tissues were examined groasly
and sections of liver, kidney, pancreas, spleen,
adrenal. thyroid, pituitary, brain, gonads, prostate
or uterus, urinary bladder, skin, sternum, paws,
lungs, iracheobronchial lymph nodes, mesenteric
lymph nodes, salivary gland, zymbal glands and
any abnormal tissues from each rat were fixed in
neutral buffered 10% formalin, embedded in
Paraplu~t, slide-mounted, stained with hematoxy-
lin and eosin and examined microscopically by a
pathologist.

Results

No clinically or statistically significant differ-
ences in mean hematological and clinical chemistry
megsurcments were detected between exposed and
control groups of the same age and sex at any of the
intﬁim sacrifices,

e most frequently occurring tumeor t in
both sexes of exposed rats were liver ansiomyv%:u.
pituitary adenomas and mammary tumors; in the
cantrol groups, pituitary adenomas and mammary
tumors. A few rata in both the exposed and control

groups were found to have zymbal gland tumors or
brain tumors. Although four angiosarcomas oc-
curred in mesenteric lymph nodes and one in the
mediastinum in exposed rats, these were not con-
sidered to be induced by vinyl chloride since one
nonhepatic angiosarcoma (subcutaneous) was also
seen in control rats in this experiment and have
been seen in control rats in other experiments in a
low incidence (< 1%). However, one esrly angio-
sarcomna of the spleen and two metastatic angio-
sarcomas in the lungs (one from a primary in the
mesentery) were seen in exposed rats. These were
considered to be induced by vinyl chloride and are
included in the angiosarcoma statistics.

Since the first liver angiosarcoma did not occur
until the 16th week of the study, only those animals
alive at that time were considered to be at risk for
the development of angiosarcomas. Those are the
animals used in the incidence statistics.

A total of 28 out of 370 males and 50 out of 387
females in all exposed groups combined were found
to have angiosarcomss. Only one angiosarcoma was
seen in all the controls (group 5, male) and it was
subcutaneous. The greatest percentage of angio-
sarcomas were found by far in the nonscheduled
sacrifice groups. The exposure times, mean sur-
vival times, number of animals at risk, incidence of
angiosarcomas and the week that the first angio-
sarcoma was diagnosed for each age group of males
in the nonscheduled sacrifice groups are tabulated
(Table 3), Although no angiosarcomas were ob-
served in the two youngest age groups, they were
seen in 3/45 (6.7%) of the rats in group 6 and 13/55
(24%) of the rats in group 8. The first angiosarcoms
oceurred 7 weeks earlier in group 8 than in group 6.
Histologically, the angiosarcomas were highly ana-
plastic and most of them had metastasized. :

Similar data concerning the female rats in the
nonscheduled sacrifice groups are also tabulated
(Table 3). Angiosarcomas were seen in all groups
with increasing frequency from group 2 (youngest)

Table 3. Angicanrcomas in expossd rmale and femaly rats in nonscheduled sacrifice groups.

First
Menn Mean appearance of
exposure; survival, Rats Angiosarcoma  Incidence of angiosarcomas,
Group Sex weeks weeks at rak incidence metastases weeks
2 M 45 0.6 87 o7 - -
2 F % .5 38 238 (5.8%) »n 0
4 | 44 318 “ 0/4d - -
4 F U7 - 8] o 74T (15%) 5 -}
] M 2.0 0.5 4 345 (6.7%) 33 n
6 F U9 0.0 49 249 (4TR) 1023 2
6 M 2.5 289 55 13/55 (4%) 1113 2
8 F 239 3.2 7] 11/54 (20%) 11 b ]
October 1981 5
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to group 6. The incidence in group 8, however, is
lower than in group 6 and closer to that in group 4.
The first angiosarcoma, however, was seen in
group 8, the oldest group.

In comparing the males and females, it can be
seen in Table 3 that the first angiosarcoma ap-
peared earlier in the females in each group and that
the incidence was higher in females for each age
group, with the exception of group 8, the oldest age
category. Since the mean survival times and expo-
sure durations for males and females in groups 4
and 6 were similar, the differences in incidence can
be attributed to sex.

The incidences of angiosarcomas in the interim
sacrifice, nonscheduled sacrifice and combined groups
appear in Table 4. The females sacrificed at 6 and 9
months had a much lower incidence of angiosarcomas
than those in the nonscheduled sacrifice groupe,
whereas, the difference in incidence between aim-
ilar groups of males was not as great.

The incidences of angiosarcomas in the different
age groups were compared using Fisher's exact
test. Because of multiple comparisons, the a-level
for each individuaf comparison needed to be <0.01
for the incidences to be significantly different with
an overall « = 0.05. In the nonscheduled sacrifice
groups, the incidence of angiosarcomas in group 8
maies was significantly different from those inci-
dences in group 4 and group 2 males; the incidence
of angiosarcomas in group 6 females was significantly
different from those in group 4, group 2 and group 8
females. The same comparisons between the same
groups in the combined nonschegduled and interim
sacrifice groups were also found to be significant.

The effect of age on angiosarcoma incidence in
males was examined using the method of weighted
least squares regression. A quadratic equation was
shown to be a good model for predicting angiosarcoma
incidence as a function of age in weeks, The
of variability in incidence rates (R%) explained by
this model was: R® = 98.96% for nonscheduled
sacrifice groups and R? = 99.85% for combined

Table 4. Incidence of angiosarcomas in exposed rats. non-
scheduled (NS), interim sacrifice (1S) and combined groups.

nonscheduled and interim sacrifice groups (Fig. 1,
Both of these models were statistically signifiur
(p = 0.02 and p = (.001, respectively).

The fact that most of the angiosarcomas in th
females occurred in the animals that died spontans.
ously suggested that their deaths might be direct;
related to the angiosarcomas. A comparison ¢
mean survival times, however, revealed that iy
mals with angiosarcomas survived as long mi
frequently longer than other animals in their n
spective groups (Table 5). At 4-week intervals, th
accumulative incidence of angiosarcomas was tabo
lated (Table 6) for exposed females. Although the
incidence of angiosarcomas at all intervals in
2 and 6 is about the same, in group & the incideny :
decreases with time, and in group 4 it incremss
with time.

Although a few brain tumors, mammary adens-
carcinomas and zymbal gland tumors occurred a
exposed animals, their incidences did not appesrt
be significantly different from those of the controk.

o 0 0 o

o =

ANGIOSARCOMA  IMCIDENCE
o o o

o o

7.3

AGE AT START N wWEEXS )
Ficure 1. incidence: males (combined desths,

interim sacrifices and final sacrifice). Curve fitted by regre
sion methods showing a signifieant quadratic ft. R? = 99.86%.

Table 5. Mean survival of exposed rats in nonschedulel

sacrifies groups.
Combined

Group Sex N8 18 NS + I8 Mean survival, weeks

2 M o3 146 32%) 188 (1.2%) Males Females

2 F 2/38 (5.3%) [121] 288 (2.3%) Rata with Rats with

4 M 0/44 247 (4.3%) 281 (2.2%) Group Allrats angiosarcomas All rats  angosarcoms

4 F 47 (15%) 050 7 (1.2%)

] M 345 (8.7%) 449 (8.2%) 4 (7.4%) 2 50.6 —— 375 36.5

[ F 2349 (4T%) 449 (8.2%) 2198 (28%) 4 316 —_ .8 389

8 M 13/55 (24%) 547 (11%) 18102 (18%) ¢ 0.5 85.3 30.0 2.0

8 F 1154 (20%) 3/50 (6%) 14/104 (13%) 8 2.9 3.2 20.2 23
58 Environmental Health Perspectives
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Table §. Accumulative angiosarcoma incidence in exposed
females, nonacheduled sacrifice group.

Interval, Group Group Group Group
weeks 2 4 [} 8
1619 0 151 o2 25 (40%)
208 01 05 377 (43%) 39 (33%)
%42 08 14 823 (35%) 622 (2T%)
231 113 (1.7%) 1722 (4.5%) 12/8] (39%) &34 (U%)
R-35 1/14 (1.1%) 2/28 (1.1%) 14/37 (38%) 10/40 (25%)
»-3 115 (6.7%) /29 (10%) 184] (M4%) 1146 (24%)
043 288 (5.3%) TMT (15%) 2049 (47%) 1154 (20%)
*Exposures terminated.

Discussion

The results clearly indicate that the incidence of
angiosarcomas is higher and these tumors occur
earlier in older rats of both sexes. In addition, the
incidence of angiosarcomas is generally higher and
these tumors occur earlier in female rats than in
male rats. Therefore, it can be concluded that older
rats are more susceptible the angiosarcoma-
inducing effect of vinyl chloride than are young
adult rats and that female rats are more susceptible
than males.

The suthors have been unable to find comparable
studies in the scientific literature, However, Maltoni
(1) reported in a summary article of his research
with vinyl chloride that exposure duration was an
important factor in determining angiosarcoma inci-
dence. In that article, he reported that rats ex-
posed to 10,000 ppm vinyl chloride, 4 hr/day, 5
days week for 17 weeks did not develop lLiver
angiosarcomnas within a 155-week period, whereas,
13/60 (22%) of rats exposed to 6,000 ppm vinyl
chloride 4 hr/day, 5 days/week for 52 weeks (and
held for a 155-week period) developed liver
angiosarcomas. In the authors’ opinion, the differ-
ence in total dose between the two groups was not
sufficient to account for the large difference in the
angiosarcoma incidences, and that the major factor,
therefore, was bly the difference in ages
while they were being exposed.

There is suggestive evidence in the literature
that oldcr adult humans might be more susceptible
than young adults to the carcinogenic effects of
Thorotrast. Curry et al. (2) stated in their article
that “aithough the latent period between thorium
injection and liver malignaney has varied from 3
vears to 33 years, all of these 123 cases occurred in

patients between 49 and 55 years of age.” There is
suggestive evidence that oider beryllium workers
are more susceptible to the carcinogenic effects of
beryllium. The data of Mancuso’s study () of
beryllium extraction workers show an extremely
high risk for lung cancer in workers between the
ages of 38 and 65 who were exposed for relatively
short periods of time, Studies specifically designed
to test this theory in humans, as well as in animals,
with other compounds are needed.

If these findings can be reproduced in animals

with a wide variety of classes of compounds, then it
would be justifiable to modify chronic bioassay
experiments by utilizing older animals at the be-
ginning of the studies and shortening the durations
of the experiments by 6-12 months. In many cases,
this should result in decreasing costs by 20-30%
and, thereby, permit a greater number of chemicals
to be tested.
The observation in this study that the accumula-
tive incidence of angiosarcomas in the 6-week-old
group of rats did not increase with time after
discontinuation of the exposures suggests that the
carcinogen is metabolized and inhibited or excreted
before most of the animals became susceptible.
Whether or not these animals would have exhibited
a higher incidence of angiosarcoma at some Ister
time is not kmown. However, as mentioned above,
Maltoni (1) was unable to induce liver angiosarcomas
in young adult rats exposed to 10,000 ppm vinyl
chioride 4 hr/day, 5 days/week for 17 weeks and held
for a lifetime. The total dose in his experiment was
10,000 ppm x 340 hr (3,400,000 ppm-hr). The total
dose in our experiment was 948 ppm x B58 hr
(813,384 ppm-hr). Therefore, it is unlikely that the
youngest groups in our experiment would have
developed a higher incidence of angiossrcomas if
they were held for a lifetime.

The results of this study also suggest that older
people should not be preferentially placed in carci-
nogenic working environments.
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Discussion

In this animal model, ingested ethanol is a
cocarcinogen in relation to VC induction of tumors
in the liver. The incidence of angiosarcoma in
VC-ethanol dosed rats (50%) was more than double
that resulting from VC exposure alone (23%).
VC-ethanol also induced a greater number of
hepatocellular carcinomas (60%) than oceurred in
VC-treated animals (44%). The first deaths from
angiosarcoma and carcinoma of the liver occurred
earlier in VC-ethanol dosed animals indieating a
shortened latent period.

The Sprague-Dawley rats used by Maltoni and
Leferine in 1974 (4) were more resistant to the
effects of VC on the liver than the animals used in
this VC-ethanol study. Following a year-long expo-
sure to 500 ppm VC 4 hr/day, 5 days/week and
observation from first VC exposure for 135 weeks,
only 7 of 59 rats (12%) were reported to have
angiosarcoma in the liver (4). Angiosarcomss de-
veloped in other sites such as in subcutaneous
tissue, the abdominal cavita® neck, lung and uterus,
Hepatocellular carcinomas were not reported. Zymbal
gland carcinomas were seen in 8% of Maltoni’s VC
exposed animals; none were seen in this study.

Ethanol has been reported to potentiate the
toxicity of other halogenated hydrocarbons. In
whole animals, a variety of alcohols increased the
hepatotoxicity of carbon tetrachloride (CCl,) when
ingested 16 to 18 hr prior to inhalation of CCl, (7).
Following acute exposures, CCl, toxicity was en-
hanced by ethanol as judged by the elevation of
serum glutamic-oxaloacetic transaminase levels. In
similar studies, trichlorcethylene (TCE) or 1,},1-
trichloroethane hepatotoxicity was potentiated by
ethanol, but only at high concentrations of inhaled
TCE or 1,1,1-trichloroethane (8).

Ethanol potentiation of VC carcinogenesis in the
liver is probably due to an effect on VC metabolism.
Inhibition of VC uptake (5) and metabolism (6) by
ethanol suggests there is a shared step in the

oxidation of the two toxic agents. The most 1,
candidates for competition are acetaldehyde 4
chloroacetaldehyde. The normal substrate, aee,
dehyde, would be oxidized preferentially resuly;
in an increased half-life of chloroacetaldehyqe,

Toxic manifestations of exposures were for
which were not related to the neoplastic respor,
Many animals died because of neoplasms or sacoy:
ary changes caused by tumors; however, dex:
directly attributable to toxicity was not sesn, T
toxicity of ethanol will be discussed in anoth
publieation.

1 wish to thank Frank Grands, Moeris Blsckstone and Jur
Kurzhals for their technical assistance and Dianne Doty &
secretarial support.
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« | Cancer Induction Following Single and
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maie | Multiple Exposures to a Constant
[ ] )
-« Amount of Vinyl Chloride Monomer
Dotson fe
! by Robert M. Hehir,* Bernard P. McNamara,**
¢ Joseph McLaughlin, Jr.,* Donald A. Willigan,?
i George Bierbower* and Jerry F. Hardisty!
na of lve
! ]
o1 Vinyl chloride falnomer (VCM), aiready identified as » human animal carcinogen, was
w liver g selected as & model agent to explore an area of concern for single and intermittent low level
1 chionde esposure. In traditional cancer bioassay, animals are repeatedly exposed over their lifespan to a
Med. Can dose of suspected chemical,
In the current studies rats and mice were exposed in an inhalstion chamber to single one-hour
2 respanse doses of VCM ranging from 50 to 50,000 ppm.
rP~ 8t A second group was given 10 one-hour exposures to 500 ppm or 100 one-hour exposures to 50
pom of the same chemical. All animals were then obsarved for the remainder of their lives,
s-ays o generally 18-24 months. Moribund animals were euthanized, and survivors were sacrificed on
Enviren. schedule and their tissues esamined for pathological changes. Specifically, the oncogenic study
demonstrated dose related effects for single one-hour exposure of VCM at high levels, i.e.. 5,000
mg. P.J snd 50,000 ppm. These concentrations increased the incidence of pulmonary sdenomas and
! ehloride carcinomas in mice.
246: 15 Repeated exposure of A/J mice to the same chemical at 500 ppm x 10 one-hour exposures also
increased the incidence of puimonary adenomas and carcinomas which are considered highly
renius, E. significant (p = 0.00]) whan compared to match controls. At the lower dose of 50 ppm x 100
olated rat une-hour exposure, no significant incresse in tumors was observed. Rats exposed to identical
on et concentrations of VCM falled to elicit a tumorigenic respones.
::: ; introduction ' their knowledge. This type of consumer exposure is
x J. 2 In the last decade there have been concerted x&n&bﬂyﬁm i:wthl:vmzm

efforts by industry and the Federal government to
identify ca:cinogenic substances in the workplace.

However. carcinogens are not limited to occupa- .

tional exyp:~ures. Many of these same chemicals are
also used in the formulation of household products.
Therefore. consumers in all walks of life may be
exposed t:: suspect chemicals in their homes without

*U.8. Cor-umer Product Safety Commission, Westwood Tow-

;réuguudir.,.-. Room 738, 540] West Blvd., Washingten, D.C.
i

‘Donald A Willigan, Inc., Bound Brook, N.J. 08805,
"DQC!E.-rd.

October 1981

’l;l‘:ds. Army Chemical Systema Laboratories, Edgewood, Md.

facturing the consumer product, i.e., as in the case
of polymerization of viny] chloride (VC) to poly(vi-
nyl chloride) (PVC), or trace quantities of the

monomer may be present in the product
which may be leached out under normal conditions
of use. There are other situations wherein a chemi-
cal like VC is used because it is chemically inert, for
example as a propellant, and as an unreacted
gubleoul chemical it could become a potential health
problem.

While regulatory bodies try to establish safe
exposure levels and industry attempts to control
exposures in the production facilities, no such
control measures would be of practical value in the

uccC
IEFARR




home environment. Another complication associat-
ed with making value judgements about potential
risks of consumer exposure is that traditional
cancer bioassays involve daily exposures to the test
chemical over the animal’s lifetime. There were no
comparable studies on short-term exposure to a
carcinogen like VC followed by a lifetime monitor-
ing for toxicological symptoms with complete
histopathological examination at death. Therefore,
our approach was to explore what happens to
laboratory animale following brief or intermittent
exposure to a known carcinogen like VC. Vinyl
chioride appeared to be the ideal chemical to use in
these experiments because of its widespread use in
industrial and consumer products. Furthermore,
the relationship for inducing unique pathological
lesions, i.e., angiosarcoms of the liver fc:rlr:'gh
exposure levels in animal and man was y
established by Viola et al. (1) Maltoni (2) and
Creech et al. (3).

Quite apart from the need to establish a bench
mark for acute short-term intermittent exposures
to a carcinogen, such as vinyl chloride, was the
question of “threshold effects” or “safety factor” for
low level exposures. In setting up our experiments
we were mindful of the many factors that could
have an impact on the study design. Some of the
more important factors are that (1) the substance
may not reach a susceptible cell; (2) the substance
may make noncarcinogenic biochemical combina-
tion with the cell; (3) the “initiated” lesion may not
receive adequate “promotion”; (4) host factors may
be unfavorable to carcinogenesis; (5) biochemical
repair of the DNA lesion may oceur; (6) morpholog-
ical regression of tumorigenic proliferation may
occur; (7) carcinogenic cells may be destroyed by
the body’s immune system. These items need to be
addressed in any conventional cancer bicassay but
are even more eritical in searching for noncarcinogenic

Experimental Conditions

Two strains of rats, Fischer 344 (Charles River
Laboratory, Wilmington, Mass.) and Sprague-
Dawley/Wistar (Chemical Systems Lab, Edgewood,
Md.), and two strains of mice, AJ (Jackson Lab,
Bar Harbor, Maine) and ICR (Charles River Labo-
ratory) were treated in single or multiple intermit-
tent inhalation exposures to VC. The chambers
were Rochester type, stainless steel, 1000 liter,
constructed to provide laminar air flow and insure
uniform exposures to VC to test animals.

Chamber concentrations were established by
proportioning the amounts of VC being dispersed
with the air flow through the chamber. Airflow

64

through the chamber was created by a bix,
motor located in the flow pipe on the exhaust side
the chamber. A negative pressure was maintaine
in the chamber at all times when operationa] i
the exhsust gas completely filtered (M6Al p
particulate filter) before discharge to the enviry.
ment. The concentration of gas in the inhalyy
chamber was monitored by using a Hewje
Packard 6830A gas chromatogreph with a gy

Exposure Procedures for VC Lifetime
Cancer Studies

Male and female rats and Fischer 344 and ICt
mice were totally exposed for 1 hr to 50, 500, 5
and 50,000 dppm VC. Fischer rats and AJ min
equally divided by sex received ten 1 hr
to 500 ppm VC (1 hr/day, 5 days/wk for 2 weeks)w
100 1-hr exposures to 50 ppm (1 hr/day, 5 dayswi
for 20 weeks). Male and female parents (Sprage
Dawley/Wistar) rats (obtained from Veterinary Me
ical Division, Edgewood Arsenal, Md.) from tx
reproduction study were also maintained and ob
served for 24 months post exposure to 50 to 5
ppm VC 1 hr per day, 5 days per week for 10 week:
(49 exposures).

Following exposure, all animals were air wash
until the chamber concentration was less than |
ppm VC. Animals of the same sex were segreqate
in stainless steel cages with a maximum number ¢
5 rats in each compartment and placed in the anim
holding area. Mice were similarly treated, but smale
cages were used and the number of mice per con
partment was limited to two. The animals wen
obeerved twice daily for general health, sores, ms
es, alertness, activity or mortality. All animak
were weighed weekly for the first 8 weeks pe
exposure and monthly thereafter. The exposure
schedules for the studies described above are showt
in Tables 1-3. No blood chemistries or hematologs
studies were performed.

Pathology

Groas and Light Microscopy. A complete gros:
and microscropic examination was performed o
most control and exposed animals which died o
were gacrificed. Autolysis precluded such examine
tion in a few cases.

All rodents were to be serially sacrificed at 8 16
and 24 months post exposure. However, the lift
span of the mice forced some changes in the later
times of sacrifice and termination of mouse exper
ments. For single exposure the planned 16 and %
month sacrifice were replaced by 18 month saerifices.

Environmental Health Perspectives
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Y & bl Table 1. Single exposure schedule of animals to VC.
1aust sige Exposure date Exposure  Age at time of
maintyyr, group size  exposure, weeks )
tiongl 5 . Sex Dose, ppm AM PM
M6Al . l M 50 S4T5 90 16
he envir, Pocher S 500 11776 90 16
* Inhalay 5000 31875 85 17
i Hewje 50000 22575 %0 18
ith a g F 50 3475 % 15
500 LTS 100 16
5000 1875 9 17
50000 22575 a8 18
i s M 50 vuTS 90 15
fetime 1R e 500 311775 %0 16
5000 VIS %0 1; ’
, 50000 V2T 90 1
4 and IC; F 50 s 90 15
1, 500, 50 500 LTS ] 16
" A mie 5000 1878 %0 17 s
exposun. 50000 32875 ) 18 .
weeks Fa: M Neg/Cont. @ 15-18 3
eeks) o F Neg/Cont. ™ 15-18 -
5 daysw, Mo M Neg/Cont. o 15-18 Y
(Spragy- F o5  NegiCont. ] 15-18 i
nary Me¢ 4
from th '
d and ot z
50 to 5 Table 2. Exposure schedule for animals exposed repeatedly to VC. A
N
10 weel: Exposure Exposure dates Exposure group site __ Age, weeks i
irwashe | syeees Sex  Dowe, ppm diys From To Sart  End Surt End :
36 than | f
sgregatec Fischer rat M 5 100 82778 1/26/76 #0 [ 2 Q ’
{umber ¢ 500 10 778 TS 90 90 T 16 i
o F 5 100 821775 172676 ) ] 2 4 L
he animy 500 10 e Gt 90 %0 1 16 4
at smaller AJ mouse M 50 100 M mes 90 a7 15 35 /
per com- 500 10 8218 12876 % 90 8 10 g
als wen F 50 100 7 NS ) r) 16 35 A
500 10 82175 12676 90 80 8 10 .
es, mas- Fischer rit M- Neg.  100(c* - 50 50 21 41 o
| animal: Control  10(c) - 50 5 4 16 1
»eks poe F Neg.  100(c) - 50 47 21 4 d
2XPOSUre Contral 10(e) - 50 50 " 16 A
ve showt AJ mouse M Neg.  100(c) - « 29 15 85 )
tology Contral  10(c) - 50 5 8 10 A
matology F Neg.  100(¢) 50 50 15 ]
Contral  10(c) - 50 50 8 10
“ic1 denoter contrel for corresponding dose above.
e grom
Tned on Table 3. VC multigeneration study, F, parents.*
died or
Xamins Group Compound Doae® Number of maies Number of females
! Air Control 2 25
at 8,16 i vC Low dose 2% 2
the life (50 ppm)
he later 11 vC High dose 2% 25
- neri (500 ppm)
ke Sprague-Dawley/Wistar rata.
erifices. Exposure t0 30 or 500 PPM of VC 1 hr/day, § days'week for 10 weeks (49 exposures) before mating.
wctives October 1981 65 A




This observation period was the minimum suggested

Gross Pathology

by the National Cancer Institute (4) for cancer ) .
bioassays in small animals, For multiple dose studies ~_ There was a suggestion of higher frequenc ¢
in mice the final sacrifice was at 20 months rather  Tasses in the Jungs and livers of mice exposed on
than 24 months. The change was made in consider-  OF repestedly to VC at the higher dose levels, i
ation of the risk of animal loss through death and 500, 5000 or 50,000 ppm.
Prachen, heart, liver, stomaah. smal mestines, ram
ea, heart, liver, stomach, in , 1 i
spleen, kidney, bladder, bone marrow (sternum), gii.t: cs'ﬂcllleEE ination of ICR
nals, pancress, duodenum, brain, eye, zymbal ce: & Xposure
gland, ear, nose, muacle and bone (femur). Changes ascribable to vinyl chloride were apry:
Electron Microscopic Studies. Groups of five ent primarily in the lungs with the inductio ¢
male and five female Fisher (344) rats from each of  pulmonary adenomas and itis. Pneumon:,
the single 1-hr exposure studies (50, 500, 5000 and  was evident in all mmnfmm which were
50,000 ppm) with equal numbers of their corres- posed to VC at 500 ppm and above.
ponding control groups were sacrificed at 8, 16, 24 The development of bronchio-alveolar adenomy
months. increased with exposure to higher dose leves ¢
Groups of five male and five female Fischer (344)  VC. Tables 4 and 5 summarize the significant hisi.
rats from the multiple 1-hr exposure studies at  logical changes observed in ICR mice at 8 and s
50 and 500 ppm VC along with equal numbers of  months following single exposure to graded doe
control animals were sacrificed at 16 and 24 months.  of VC,
' Mice were more susceptible than rats to poe
monitis following exposure to VC. The effect box.
Results ever was not incremental with dose level Th
m%eﬁmof Fr;leouﬁ:% adenoma and carcinom:
s mice fol g e exposure is presents
Toxicity During Exposure in Table 6. No correlation was observed betwee
Rats and mice exposed for 1 hr to concentrations  the incidence of pneumonitis and adenoma w
of VC ranging from 50 to 50,000 ppm or for repeat- pneumonitis and carcinoma. However, males seems
ed exposures, i.e., 50 ppm or 500 ppm, produced no  more prone to the induction of pneumonitis, partic
remarkable signs of toxicity with the exception of  ularly at 50,000 ppm, i.e., 34% M vs. 13% F. &
mice at the 50,000 ppm level. At 50,000 ppm VC %Pm and below, male and females were abo:
50% of the male mice exhibited h entilation at  equally sensitive.
45 minutes together with twitching and possible There was an increase in bronchio-alveolar sde
ataxia. Female mice became hyperactive after 40  nomas with exposure to higher doses of VC and the
min exposure, and respiratory difficulty and ataxia  condition manifests itself more frequently in male:.
was observed in approximately 25% of the female i.e., at 50,000 ppm: 51% M vs. 18% F. This tren
mice after 55 min. Upon removal from the test continued at the 5000 ppm: 22% M vs. 13% F. Mak:
atmosphere, all animals recovered to normal and females were equally susceptible at dose Jeve
within 24 hr. After there were 500 ppm and below. The upper respiratory tr.
no consistent or dose-related differences between (nasal turbinates) and trachea revealed no unusul
control and exposed (single or multiple) mice orrats  changes specifically attributable to VC.
in death rate, toxic signs or change in body weight.
Table 4. Histological examination of ICR mice a1 8 and 18 months following a single (1-hr) exposure to vinyl chioride monomer.
Histological changes attributable to vinyl chloride
Vinyl chlaride concentration, ppm Induction of pulmonary adencmas Progression to careinoma
50,0000 45137 (33.3%) 137 (2.2%)
5,0000 247148 (16.8%) 17148 (0.7%)
5000 1139 (12.9%) 1/139 (0.7%)
] 14139 (10.1%) 139 (0%)
0 (control) 12/120 (10.0%) 0/120 (0%)
‘Preumonitis was evident in all animal groups which ware exposed to VCM at doses of 500 ppm or more.
% Environmental Health Perspectives
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Histological Examination of A/J Mice a factor of 2.2, ti‘.)e!;;lﬁ?ntrols, ?4-4‘{6: 500)131713; 4.9
‘ Progression gnancy (carcinoma) in the test
Quencyof § 818, .16 agd 20 Months Following group vs. controls was also highly significant: con-
oeed 7o onee Multiple Exposure trols, 3/90 or 8.3%; 500 ppm, 22166 or 13.3%. In
3Vels, Le, 500 ppm, 10 days, 1 hr. Changes ascribable to  animals scheduled for evaluation (survivors) pul-
VC were apparent in the lung only, primarily the  monary adenomas were observed as early as 8
induction of pulmonary adenomas. Bronchio-alveolar  months post exposure in 60% of males and females;
2 adenomas were induced in the test group with  at 20 months, 75% of animals were affected.
approximately equal frequency in males and females, The incidence of pneumonitis, adenoma and car-
ie., 73.7% M vs. 75.6% F, respectively. The in- cinoma in A/JJ mice following multiple exposure to
:re appar- erease in incidence as shown in Table 7 for the test  VC is presented in Table 8. Pneumonitis was ob-
.iuctxon. of group over that of the controls was substantial, by  served more frequently in the control animal than
leurnonitis
were ex Table 5. Overall summuary: incidence of nonneoplastic changes and histologically proven neoplasms within the liver and lungs of
adenomas ICR Swiss mice exposed 1o vinyl chloride in single inhalation exposures.
level:s o Incidence of responise for various viny) chioride conens
'é'inhé"ﬁ 0 50,000 ppm 5,000 ppen 500 ppen 50 ppem
led doses Tissue response M@ F* MM F@E M@ F@E)* MT2* F@5* M@l F (@09
Liver (number evaluated) 50 % [ -] 78 48 76 [ 1] ” (1) 68
to pneu- Hepatic cell necrosis 2 10 3 [ 8 1 4 s 2 3
fect how. Hepatic celi vacuolation
vel. The (ipidosis 2 n 4 2 12 3 ] 1 4 4
T Hepatic ccll hypertrophy 1 2 8 8 4 18 1
arcinoma Hepatic cell hyperplasia 4 4
resented Angiectatis 1 4
between Sunusoudal reticulosis [
] | or Hepaue cell adenoma 2 1 1 2
3 peemed Hepatie gell carcinoma 2 ¢ 1 [ ] 1 9 2
. : Hemangioma 1
i, partie- Hemanposarcoms 1
% F. At Lung (number evaluated) 50 i) 61 7 & k¢ ] ] e n [
re about Preumonitis 1 ¢ 2 10 13 17 19 15 4 7
Bronchio-al\ eclar adenoma, 4 8 8 14 u 10 8 10 8 &
Iar ade- Bronchio-alveolar carcinoms 1 2 1 1
and the *Number: in parentheses denote animals per group. Total includes animals from scheduled ascrificed (8 and month periods) and
n males, spontanecus deaths. )
is trend -
:s-e‘{:“rz Tabie 6. Single inhalation exposure of ICR mice 1o vinyl chloride monomer.
ry tract v Lung tissue: incidence of response/number evalusted®
unusual SohcTRgsure Grogp Preumonitis Adenoma Carcinoma
0 (cantrel) Male vS0 (2%) 450 (8%) o350 (O%)
Female 870 (%) 870 (11%) 070 (0%)
. Combined (M + F) 1120 (&%) 12120 (10%) 0120 0%)
50.000 Male 2181 (34%) 8161 (51%) 181 2%)
onamer Female 10176 (18%) 476 (18%) 276 (8%)
Combined (M + F) 31137 (22%) 45/137 (33%) 1387 2%)
$.000 Male 1345 (25%) 485 (22%) 185 (2%)
—_— Female 1778 (2%) 1078 (18%) o7 (0%)
Combined (M + F) 0143 (21%) 14 ™) 17143 (1%)
P 500 Male 1948 (29%) 888 (12%) 66 (0%)
Female 1678 (21%) /78 (14%) 8 (%)
Combined (M + F) /139 (2U4%) 18/139 (13%) 1139 (1%)
50 Male ¥ (e%) &1 1% o (0%
Female 768 (10%) 668 (%) 068 (0%)
Combined (M +F) 11139 (8%) 141839 (10%) w139 (0%)
. - *Total includes animals from seheduled sacrifice (8, 16, 20 mantha period) and spontaneous deaths.
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in either test group. No correlation was observed

eontmlgxwpsoanﬁeeforbothmulnplemhh t
between the incidence of pneumonitie and adenoma  studies showed a baseline incidence for Reprod
or for pneumonitis and carcinoms. These results  adenomas which was nearly identical, i, g One h
are similar to those observed in the single exposure  ppm, 34.4%; at 50 ppm, 34.6%. Pawley V
study. Table 8 pmvxdes an overall summary of theiy ~ w:th equ
50 ppm, 100 days, 1 kr. Again changes attribut- dence of hut.ologmlly proven neoplasms obger.  gpecific-p
able to VC were apparent in the lung only, primari-  in both strains of mice, i.e., ICR and AJ, follw-  gntained
ly pulmonary adenomas. However, the incidence in  single and multiple exposures to VC. The beop,  Edgewod
the induction of adenomas and progression to carci-  tic and nonneoplastic changes observed in thei»  when ini
noma sre considered only marginal and not statisti- lnd/or l of A/ mice following multiple e, were ex]
cally significant. at 50 and 500 ppm are shown in Tn. were car
Comparatively, the potential for development of 10 and u Although other neoplasms and noow  generatic
pulmonary adenomas as shown in Table 7 was great-  plaatic changes occurred variously in all Pemar:  post €xp
er in A/JJ mice following multiple exposures at 500  organs and tissues, the response appeared e A com
ppm than at 50 ppm, i.e., incidence at 500 ppm,  sporadically or was shared by all test groupsie. ~ eramina
74.7%; at 50 ppm, 44. l‘b despite an equivalent  ing controls. Relationship by incidence andsever  control =
totaldouofﬁooo VC. Also, adenomas  to test exposure was not evident. Furtherm»
were induced eu'hest 8 months) following multiple  morphologic deviations were not unlike those s
exposures at 500 ppm. It is also of interest that the  mally observed in lgmg AIJ mice maintained mé:
standard laboratory condi Tabled. St
Table 7. Histological examination of A/S mice at §, 16 and 20
months following multiplé T1-hr) exposures to viny chioride . .
monosmer. Electron Microscopic Results I
ical changes astributable wo In general, these studies indicate that exposc expo-
Number of vinyl chloride monomer to vinyl chloride increased organelle turnover ass:
m“mm"'."‘d Induetion of Progression as loss of volume control (bleb formation) and: Single
of VOM pulmonary adencmas to carcinoma creased lysosomal activity in the liver of rats. The
alterations progressively decreased as recoverya’s
0 (controls) 3190 (34.4%) 390 (3.3%) exposure increased.
lox Soppm' 126 4TS B e Hepatocellular carcinoma was seen in one m- Multph
100 x 50 ppm® 85158 (44.1%) M58 (4.4%) Fischer rat which had received 10 expomm of
%pm Lymphosarcoma was noted in one fem
*Highly signiScant difference in the number of pulmonary ischer rat which had received a single exposures
m;&%wﬂﬂmmm“W"w 500 ppm. Since these were individual cases s CR s
YNo significant difference for pulmonary adenomas (p < 0.14) mmmwmmnnsoooopmu
and cardinomas (p = 0.19) obeerved at the lower multiple  lymphosarcoma and the hepatocellular carcnez ¢, 5.
exposure level are not likely related to vinyl chloride exposure.
Table 8. Multiple inhalation exporure of AJ mice to vinyl chloride monomer.
VC Exposurs . Lung tissue: incidence of response/mumber evalusted
JNE (R
10 x 1 0 Male 043 (O%) 1543 (36%) s (R Edema
Female 24T 4%) 1647 (34%) 347 (6%) Cunges:
Combined M + F) 2% (%) 3190 (34%) 0 O%) Fucal b
10x1 500 Male Ve (O%) 56776 (4%) 1276 (16%) Preum.
Female 050 (O%) 6890 (7%%) 1090 (11%) Brunch.
Combined (M +F) 188 (O%) 124/168 ('M.) 22166 (13%) T
100 x 1 (] Male 3 (W 117% 2% (%) Bronch
Female 45 (M%) 18/45 (M) 04b 0% Bronch
Combined (M + F) B84 (10%) 2084 (35%) 284 (2% Feticul
100 x 1 50 Mals T (5%) 21T (35%) T (%)
Female 581 (&%) 3Bl (4TH) 48] (B
Combined (M +F) V158 (6%) €8/158 (41%) 7158 4B umb
*Total includes animals from scheduled sacrifcs (8, 16, 20 montha period) and spontaneous dexths. Honane
68 Environmental Health Perspectie  October
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Keproduction Carcinogenesis Study

(me hundred and fifty colony rats (Sprague-
‘ueies Wistar) were divided into three groups
v -+ eual numhers of males and females. These
«:e=-5¢-pathogen-free, random bred animals were
¢-amd from the Animal Resources Branch at
jivwind Arsenal. The rats were 12 weeks old
o2 > mitially exposed to VC. One hundred rats
senv exposed as described and the remaining 50
wem carried as unexposed controls. The parental
eervrations of 5-1) W rats were maintained 24 months
net exposure for carcinogenic evaluation,

A eomplete grozs and microscopic pathological
evamsnation of all tissues was performed on each
ecind and exposed animal. Particular emphasis

was placed on examination of brain, lung, and liver
tissues and zymbal gland in the rodent ear. The
livers of randomly selected rats were prepared and
examined by electron microscopie techniques.

Neoplastic and ic lesions were observed
in approximately equal frequency in control and F,
parent generation of Sprague-Dawley/Wistar rats
exposed to 50 ppm or 500 ppm of VC, 1 hr per day,
five days per week for 10 weeks (49 exposures).

The only lesions that occurred in higher frequen-
¢y in the exposed animals than in control rats were
eoginophilic cellular alterations presented as foci/ or
areas. The appearance of these foci was related to
the dosage of VC. The nature of these lesions are of
interest but as yet are controversial, so that no
inference can be drawn.

TaMe 9. Summan of incidence of histologically proven neoplasms observed within tissuss of mice at various intervals following
single or multiple exposures to vinyl chloride monomer.

Number of neoplasms observed (scheduled sacrifice) Total
Exposure number of
Irralation concentration, 8 16 18 20 neoplasms
ex{enure ppm months months months months Totals obeerved
st 11 hre 50,000 5 24 ] 110
5,000 3 18 21 kS
500 1 29 1] a2
50 0 16 16 a2
0 (contrul) 0 14 M 2
M.bipde (1 hr. 500 x 10 12 2 70 14 170
0 (control) 0 2 38 4“0 45
50 x 100 4 16 63 & 1317
0 (control) 1 5 n 3 41

*IUK strain usd in single (1 hr) exposure studies; and A4 mice used in the muitiple (1 hr) exposure studies.

Table 10. Overall sumumary: incidence of nonneoplastic changes and histologically proven neoplasma within the lungs of AJ
mice exposed to vinyl chloride in multiple inhalation exposures.

Incidence of response
Central (0 ppm), Vinyl chloride, 50 ppn,
100 x 1 100 x 1
Tineie response M (39p F «um M @1 F (g3
Lirg thumber evalusted) » “ T 81
Ederma 2
Coungestion 4 1 1
Fucal hemorrhage 2 2
Prneumonitis 5 3 4 b
Bronchio-alveolar hyperplasia 3 3
Unseous metaplasia 1
Bronchic-alveolar sdenoma 1 18 27 38
Bronchio-alveolar esrcinoma 2 3 4
Reticulum cell sarcoma 1
18 18 ] 4

“Numbers in parentheses denote animais per group. Total includes animals from scheduled sacrifice (B, 16, 20 month periods) and

Hpontaneoys deathy,
October 1981
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Discussion

The fact that the severity of carcinogenic effects
of VC had been described by various investigators
like Maltoni (2,5) and Lee et al. (6) to coincide with
doee and length of exposure implies that the total
dosage (concentration x exposure time) may be an
important factor in the carcinogenicity of VC. There-
fore, the inhaled dose was approximated by the
Haber (7) concept. In its simplest form this coneept
states that the dossge, Ct is the product of C
(concentration in milligrams/cubic meters) and ¢
(time in minutes). The total concentration can also
be expressed in parts per million (ppm) and the

R

— o an e

time can be expressed in hours, producing (1,
ppm-hr. Factors for breathing rate and detoxg,
tion can be added. However, this simplified (.
approximation of total inhaled dose is relatiy:
useful, as is, for comparative purposes, :

In his experiments Maltoni (5, 0) exposeq .
and mice as shown in Table 12 to 8 series of dogas.
VC ranging from 50 to 10,000 ppm for 4 hridgy :
days per week for 52 weeks. The results indiet,
questionable carcinogenic effect at 50 ppm or to;
dosage of 52,000 ppm-hr after 185 weeks. In ang.
er experiment (BT3), Sp;lgue-mwley Tats, trer.
ed in 8 similar fashion to BT1 but for 17 weeks o
show after 86 weeks a negative carcinogenic n

Table 11. Overall summary: incidence of nonneoplastic changes and histologically proven neoplasms within the liver and inp
of A/J mice exposed to viny] chloride in myltiple inhalation exposures.

Incidence of response
Control (0 ppm), Vinyl chloride, 500 ppm,
W0 x1 10 x 1
Tiasue/response M (6 F (489 M (78 F(@@r
Liver (number evaluated) * 4 “ o} 2
epatic cell necrosis 4 6 6 13
Lymphoid cell infiltrate 1 1
Hepatic cell lipidosis 2 2
Neutrophil infiltrate 4 1
Bile duet hyperplasia 1
Granulornatous foci 1
Sinuscidal reticulosis 1
Hepatocyst 1
Amylaidosis 1
Angiectasis 1
Hepatic cell adenoma i .
Cholangs . N _ 1 _
11 6 13 16
Lung (number evaluatad) 43 Ly ] 90
1
2
Bronchic-alveolar hyperplasia 2 1 2
Bronchio-alveclar adenoma 16 16 56 68
Br achio-alveolar careinoma - 3 12 10
17 - L] 81
*Numbers in parentheses denote animals per group. Total includes animals from scheduled sacrifice (8, 16, 20 month periods) ;!
spontaneous deatha.

Tuble 12. Maitoni vinyl chloride studies.®

Test Species Results (earcinogenesis), ppm-hr
BT1 RATS Questionable at 52,000
BT3 RATS Negative at 17,000

Questionable at 85,000

Positive at 170,000; 850,000; £,000,000; 3,000,000
BT¢ RATS Positive at 24,600,000
BT7 RATS Negative xt 52,000 and 250,000

i at £20,000

Positive st 2,600,000; 6,200,000; 10,400,000

BT4 MICE Poaitive at 30,000; 150,000, 300,000; 600,000; 1,500,000, 3.600.000__

Environmental Health Perspectives
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sponse at a total dose of 17,000 ppm-hr, a question-
able response at 85,000 ppm and a positive carcino-
genic response at 170,000 ppm-hr and above. In
relative | K ariment BT7, Wistar rats treated with VC at
doses ranging from 50 to 10,000 ppm, for 4 hr daily,
Posedr; | <4 vsweek for 52 weeks in the same manner as
of doses described above show positive carcinogenic affects
«hriday, ' Jiotal dosage of 2,600,000 ppm-hr. The author
3 indicate, ruggests from comparison of the experimental data
m or toy, obtained with two different strains of rats (BTVBTS),
. In anoyt Sprague-Dawley and (BT7) Wistar, that the strain
BLS, trey; seems 10 be a factor in neoplastic response. Based
veeks on) upon neopla:tic lesions observed, the Wistar strain
‘ogenie re was less responsive than Sprague-Dawley. Exper-
iment BT4 with Swiss mice, involving exposure to
o and lag \VC at 50 to 10,000 ppm, 4 hr per day, 5 days per
week for 30 weeks produced carcinogenic effects
with a total dosage Ct of 30,000 to 3,600,000 ppm-hr.

. In the studies of Viola, Bigotti and Caputo (1),
tumors were seen in rats which had been exposed
to 30,000 ppm VC, 4 hr/day, 5 days/week, for 12
months. The total dose (Ct) gf VC was 28,800,000

ppm-hr.

In the studies of Caputo, Viola and Bigotti (8),
rats and rahbits were exposed to VC for 4 hr/day, &
days'week for 12 months at six dose levels. The
exposure to 30 ppm VC or total dose of 48,000
ppm-hr priduced no tumors. Carcinogenic effects
1 were observed at total dosage of 320,000 ppm-hr
1 and above for rats and at 7,800,000 ppm-hr for

i rabbits.

! Keplinger et al. (9) exposed rats, hamsters and
mice to V(. Only the data on mice were sufficiently
complete fir examination of total dose effect. Total
b} dosage of 6,000 ppm-hr and above produced tu-
1 mors in mice. The final report on the rats and
, hamsters i- still unavailable for evalustion.

3 Lee et al. (6) exposed mice and rats to three
levels of VC: 50, 250 and 1000 5 hr/day, b
days'week: for up to 12 months. All tests with a total
dose of 4~.000 ppm-hr and below were easentially

ariods) and

negative for mice. Positive carcinogenic effects were
noted, however, in mice above 78,000 ppm-hr.

The results of our study indicate that a positive
carcinogenic effect in rats may not appear until the
total dose (Ct) of VC exceeds 50,000 ppm-hr. The
single exposure study with ICR mice was negative
at 50 and 500 ppm-hr, borderline at 5000 ppm-hr
but did produce neoplastic lesions in the lung at
50,0000? -hr. The A/J mice exposed to multiple
doses C, i.e., 50 ppm x 100 days x 1 hr or 500
ppm x 10days x 1 br for a total cumulative dose of
VC of 5000 ppm-hr show a significant tumorigenic
response, but only at the higher dose level. .

In our studies Fischer rats exposed to a total
dosage of 50, 500, 5000, and 50,000 ppm VC for 1 hr
showed no chemically induced tumor response. Nei-
ther did the Sprague-Dawley/Wistar rats that were
exposed to 500 ppm VC 1 hr/ day, 5 days‘week for
10 weeks (total dosage 24,500 ppm-hr),

Table 18 summarizes various investigators’ test
results, including our own, on vinyl chloride. The
tests with ICR mice, single exposure to VC, show
an increased frequency of adenomas at total dosage
of 5000 ppm-hr and above. For AAJ mice, repeated
exposures to 50 and 500 ppm VC for a totai dosage
of 5000 ppm-hr shows & similar dose response pat-
tern for adenomas. In general, in terms of total
dosage Ct, carcinogenic effects are seen in the two
mice strains at Ct levels of 5000 to 50,000 ppm-hr.
Thus total dosage for carcinogenicity in mice is in
general agreement with Lee et al. (6) (78,000 ppm-hr)
and Maltoni (5) (between 30,000 and 150,000 ppm-hr)
and other investigators.

There is no doubt that risk is related to length of
exposure and hence total dose. In our discussion
much attention has been focused on the risk of
cancer associated with total dosage of VC. Howev-
er, the multiple exposure experiment at 50 and 500
ppm dose levels with A/J mice for an equivalent
total exposure to 5000 ppm-hr appears inconsistent
with the thesis of total dosage. Indeed, it appears

Table 13, Other vinyl chioride studies.

Authors

Results (carcinogenesis), ppm-hr

Species
Viola. Bigot'1 and Caputo (1)  Rats
Caputo. Viia and Bigotti ()  Rats

:

Keplinger et al. (9) Mice (rats and hamsters)
Lee (6) Mice

Consymer Product Safety ICR mice
Commusaicy, (1979) A/J mice
Fiacher rats

Positive 28,800,000

Negative at 48,000

Positive st 320,000; 1,280,000; 3,200,000; 6,400,000; 12,800,000
Positive at 7,200,000

Positive at 56,000

All tests essentially negative below 78,000 and

October 1981
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from our own data that concentration may be the
dominant factor for acute or low level intermittent
exposures. This result may be explained on the
basis of a number of factors, i.e., metabolism, de-
toxication, DNA repair or a time for tumor devel-
opment for low level exposure beyond the animals’
lifespan.

As i8 evident from Table 13, the two struins of
rats, Fischer (344) and S-D/W, were more resistant
to the adverse effects of single and multiple inter-
mittent exposures of VC.

Our studies are in agreement as to the dose-time
relationship for carcinogenesis related to the VC
exposure. All of the continuous exposure studies
considered collectively indicate that there is a life-
time total dose (C?) for VC. However, from our own
studies with single or intermittent low leve] expo-
sures to VC we believe that concentration may be
the most dominant factor in whether or not carci-
nogenic effects are observed. For single dose stud-
ies with VC in ICR mice, neoplastic lesions were
produced at 5000 ppm, For multiple intermittent
exposures studies with A/J mice the critical concen-
tration for VC was 500 ppm, total dosage 5000
ppm-hr.

Approximate carcinogenic Ct levels of VC based
on data for mice and rats are Ct = 5,000-50,000
ppin-hr, carcinogenic tendencies; 500,000 Ct > 50,000
ppm-hr, definite carcinogenicity; Ct > 500,000
ppm-hr, high incidence of carcinogenicity.

Considerations of Carcinogenicity
of VC: Conclusions

Cancer seems dependent on total dose of vinyl
chloride, especially in life-time exposure studies,
but for short-term exposure the concentration may
be the most critical factor.

One dose is sufficient if dose is high enough. Ty
carcinogenic total dose was 5000 ppm-hr for m
and 50,000 ppm-hr for rats.

There were apparent noncarcinogenic doses
the study.

Mice were more sensitive indicators than rats f»
carcinogenic effects of vinyl chloride.
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Pneumoconiosis in Animals Exposed to
Poly(vinyl Chloride) Dust
by David H. Groth,* Dennis W. Lynch,* William J.

Moorman,* Lloyd E. Stettler,” Trent R. Lewis,* William
D. Wagner* and Choudari Kommineni*

Rats, guinea pigs and monkeys were exposed by inhalation (6 hr/day, 5 days'wesk) for up to 22
months 10 a 13 mg/m® concentration of PVC dust. Autopsies on rats and guinea pigs were
performed after 12 memths of exposure and on monkeys afier 22 months of exposure. Lung
function tests were performed on monkeys after 9, 14 and 22 months of exposure. Aggregates of
ahcolar macrophages containing PVC particles were found in the lungs of all animals. These
sATegaes were more numerous in the monkey lungs. No fibrosis or significant cellular
inhitrates were present in or near these cellular aggregates. No significant effects on pulmonary
function could be demonstrated in the monkeys exposed to PVC. Under the conditions of this
experiment, inhaled PVC produced a benign pneumoconiosis.

Introduction

Approximately seven billion pounds of poly(vinyl
chlonde) (PVC) were produced in the United States
in 1479, There are two major types of PVC produc-
tion processes, suspension polymerization and emul-
sun polymerization, The latter process produces
particles which are respirable and much smaller
than those in the former process. These polymers of
viny] chloride are usually compounded with a vari-
ety of ingredients (e.g., plasticizers, light and heat
sabilizers, piyments and fillers) and processed in
sveral different ways to produce thousands of end
pruduets in common use in our society. About 40%
of PVC is used to make sewage pipes, water pipes
and conduits. It is also used to make construction
s:ding. windnw sashes, electrical wire and cable
in<ulation, packaging films (for meat, etc.), vinyl
fluor tile, wall coverings, phonograph records, shower
curtains, bottles, fabrics for clothes, furniture,
automotive parts and many other products.

e

"Di\'uion of Biomedical and Behavioral Science, Department
o Hn{xh ard Human Services, National Institute for Occupa-
t: 'rald\h:!oe?' a-(,sd Health, Robert A. Taft Laborataries, Cincin-
ran, 3226,
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Chest x-ray abnormalities, respiratory dysfunction
and pulmonary granulomas have been reported in
workers exposed to PVC dust during PVC manu-
facturing and fabrication (1-6). Consequently,
experimental studies were initiated in 1975 to study
the effects of inhaled PVC dust in animals.

Materials and Methods

Test Material

Ten pounds of PVC (trade name Geon 121) were
obtained from Goodrich Chemical Company and
used in this :e?eriment. The manufacturer’s speci-
fications stated a particle size range of 0.5-1.5 um.
Electron microscopic examinations in this labora-
tory confirmed that at least 90% of the particles
were less than 1.5 um in diameter. The PVC was
stored in its covered, fiberboard shipping container
throughout the duration of the study.

Dust Generation and Measurements
PVC powder was packed daily or every other day
into a Wright dust feeder at a pressure of 3000

3
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Ib/in.%, The generated dust was fed into the main-
stream of the inhalation exposure chamber intake
air supply and through a static eliminator before
entering the 160 ft* chamber. Airflow through the
chamber was maintained at 40 ft3/min with a negas-
tive chamber pressure of 0.2 in. water. Animals
were exposed to PVC duat 6 hr/day, 5 days/week for
up to 2214 months.

Four chamber dust sampies were collected each
day by drawing chamber environment air, at s rate
of 10 liters/min for 20 min, through DM 5 um pore
size Metrice! filters with a vacuum pump. In addi-
tion, simuitaneous samples consisting of particles
with an aerodynamic diameter & 7 um (respirable
fraction) were collected with a 10-plate, horizontal
elutriator. All samples were weighed immediately
after each sampling period and the chamber dust
concentrations calculated. Adjustments in the dust
generating system after each sampling period were
made when necessary to maintain a concentration
approximating 10 mg of respirable dust/m® of air.
Daily and grand means (derived from averaging the
daily means) for thertotal and respirable dust frac-
tions were calculated.

Midway through the experiment, two 6-hr cham-
ber air samples were collected on charcoal tubes
while PVC dust was being generated. Those two
samples and the bulk PVC were analyzed for vinyl
chloride by gus chromatography. Samples of dust
that were allowed to settle on Formvar-coated
copper grids placed in the chamber during the PVC
dust generation were examined by transmission
electron microscopy.

Animals

Animals used in this study were male, cesarean-
derived, Sprague-Dawley rats (Laboratory Supply
Company, Inc., Indianapolis, Indiana); male, Hartley
guinea pigs (Sweetwater Farma, Hillsboro, Ohio);
and imported, aduit, male Cynomolgus monkeys
(Primate Imports Corp., Long Island, New York).
The treatment and control foupc esch contained
80 rats, 40 guinea pigs and 10 monkeys. Because of
difficulties in obtaining imported monkeys from the
supplier, the control group of monkeys was re-
ceived several months before the exposed group of
monkeys. They were not randomly assigned, be-
cause the control group was also used for the con-
tro} group in another ongoing experiment. Conse-
quently, at time of first exposure, the mean weight
of the control monkeys was 4219 and that of the
exposed group 3361 g. In the ensuing 222 months,
the controls gained 552 g in weight, whereas, the
exposed group gained 2116 g.

The rats and guinea pigs were quarantined for

"

two weeks and the monkeys were quarantined
one month prior to the initiation of the inhalty
exposures. Stainless and galvanized steel open vy

guinea pigs were housed two to four animals pe
at times. Control animals were hous
cages in separate animal quarters o

air 24 hr/day. The exposed u
also housed in the animal quarters e
6-hr inhalation exposure. Ry
monkeys were fed standard b
(Rodent ; Chow, Gutina
how, and Monkey Chow~Jumbo from Raine
, St. Louis, Missouri). Monkeys were gie
fresh fruit (oranges, bananas or apples) twie
week. Tap water was available ad [ibitum exeey
during the exposure period. Food was availabley
the rodents at all times except during exposm
The monkeys were fad once daily at the cesaation:

the exposure period.

[ gg?
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i
k

o
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Pathology

Within one day after the last exposure day &
the surviving rats and guinea pigs were autopsit
Their lungs were inflated with 10% buffered form:
lin and sections of liver, spleen, heart, iidne:
pancreas, adrenals, thyroid, testis and urinary b
der from each animal were fixed in 10% bufferx

Table 1. Results of pulmonary function tests in mesken
after 14 months sxposure to PVC dust.®

— Growms __
Pulmonary function test Contral  Expoe
RL, em HON /ane 121 = 4.0 821
CL, ml.lan"!)l’:o 29=10 1
TCL, mi 3%/ -0 W::
VC, mi 334 =06 IN:
IC, m} 185 =19 20:%
RV, ml W=l0 ¥l
RV/CL, % 11.3=z2 89:
FeV 0.6FVC, % .7 =58 85:2
PF, mUsec 83=9 W:i
FEF 50%, mlssc 20=9 K81
FEF, 20%, mlasec 648 = 178 BBz
FEF 10%, ml/sec 262 = 14 M0
cV, ml a=9 ozl
ANS100 ml 105208 0602
Viso V, ml 287 =19 19928

\

Data e presented as means = one standard devistee 7
each of the parametars.
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biomE 1 M rophage aggregates in lung of monkey exposed to PVC dust for 22 months. Aggregates are primarily in respirstory

bronchiole a° 1 slveclar duets. (Original magnification 40 x ),

rmalin. Hermatoxylin and eosin stained sections of
vach lobe of each lung and of each of the above
Ussues were prepared for and examined by light
microscopy. Within 48 hr of the last exposure day,
all rurviving monkeys were autopsied and sections
of the 2ame aforementioned tissues plus tracheo-
brunchial and mesenteric lymph nodes, prostate,
stomach, du.-lenum and skin were fixed and pro-
ce»sed in th-- same manner as those for the rodents
with the exceptions that two sections from each
luhe of the lungs were examined, and some of the
ling lissue v as processed for examination by trans-
mission electron microscopy.

Pulmonary Function
Before on:et of exposures and after 9, 14 and 22%

October 1951

months of exposure to PVC dust, the following
pulmonary function tests were performed on fast-
ed, anesthetized (pentobarbital anesthetic)

and control monkeys: total lung capacity C),
vital capacity (VC), inspiratory capacity (IC), re-
sidusl volume (RV), forced expiratory volume in
0.5 sec (FeV®?®), peak expiratory flow (PF), maxi-
mum expiratory flow volume (FEF) at 50%, 25%
and 10% of vital capacity, resistance (RL), compli-
ance (CL), closing volume (CV), Np washout
(AN2/100 ml) and volume of isoflow (VisoV). These
tests were performed with a variable pressure,
whole-body plethysmograph. Means and standard
deviations for all parameters in each group were
caleulated at each interval and comparisons made
between groups using parametric and nonparametric
statistical analyses.
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Fiure 2. Mserophage aggregates in lung of monkey exposed to PVC dust for 22 months. (Magnifieation 385 » ).

Results

The mean total dust concentration in the cham-
bers for the rodents was 13.0 mg/m? (SD = 2.34)
and for the monkeys 12.9 mg/m?® (SD = 4.68). The
mean respirable dust concentration was 10.4 mg/m®
for both the rodents and the monkeys. The mon-
keys were exposed on 464 days for a total of 2818
hr, while the rodents were exposed on 245 days for
a total of 1426 hr,

The vinyl chloride concentrations in the cham-
bers at the two sampling periods were 0.01 and 0.02
ppm. A small nonquantified amount of vinyl chlo-
ride was detected in the bulk PVC.

Electron micrographs of the settled chamber dust
showed individual particles ranging from 0.13 to
1.68 um in diameter and agglomerates measuring
up to 12.8 um in diameter. Although the agglomer-
ates measuring greater than 7 pm in diameter

76

accounted for only 2.3% (5/222) of all the partice
counted, they were estimated to account for men
than 20% of the mass,

Pulmonary Function

A summary of the extensive pulmonary functi:
evaluations indicated some signs of loss of lu:
recoil pressure, probably a result of the animi:
aging process. In most cases, differences were note:
during the second and third testing periods (exp-
sure months 9 and 14) and were indicative of sor
small airway obstruction. At this time, howet¢’
these differences were not statistically sxzmﬁﬂ;
(see Table 1). At the last evaluation (month =
compared with baseline (preexposure) data, the
were no significant differences for any paramete
tested. o

Because of the differences in animal sizes br
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b+t 3 Tra: -uzsion electron micrograph of a macrophage from the lung of a monkey exposed to PVC dust for 22 months. Note
‘te numeria- round and oval, electron dense particles comprising most of the cytoplasmic space. These are the inhaled PVC

furitles,

twern the control and exposed groups for all except
the H-month interval, meaningful comparisons could
te made only ut that time period. At that time, the
meun weight of the controls was 4470 g and that of
the exposed anjmals was 4190 g. The results appear
i Table 1. No statistically significant differences
evisted, ImLirment of respiratory function does
-t appear 1 be indicated under the conditions of
tni» study from exposure to respirable PVC dust.

Pathology

Ten expo-ed and ten control monkeys were au-
tepsied 22° months after initiating expasures. No
fross abnormalities were seen in the lungs or other
organs that could be related to the exposures.
Light micr<copic examination of the lung sections
of exposed animals revealed macrophage aggregates
tFig. 1 and 2) in the alveolar walls, alveoli, alveolar

October 1981

ducts, respiratory bronchioles and around veins.
The majority of the aggregates were 100-200 um in
diameter and some were as large as 475 um in
diameter. Their concentration varied from three to
seven per microscopic field at 100 x magnification.
The tightly packed, large, spherical macrophages
contained colorless cytoplasm which appeared light
blue under phase contrast microscopy. Only a rare
aggregate contained any other type of infiltrating
cells, which usually consisted of a few polymorpho-
nuclear leukocytes. No other lesions that could be
related to experimental treatment were present,
and no metaplasia, interstitial fibrosis, nodular fibrosis
or pneumonitis were present. The tracheobronchial
lymph nodes contained aggregates of the same type
of macrophages described above in the lungs. Trans-
mission electron microscopic examination of the
macrophage aggregates revealed numerous round
particles that do not normally occur in macrophages

"
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Ficure 4. Scanning electron mi
the numerous PVC particles

and were of the same size and shape as PVC
particles (Fig. 3). Analysis of these particles with
the microprobe revealed high concentrations of chlo-
rine (Fig. 4 and 5), thus, further establishing their
identity as PVC particles. A few aggregates of
birefringent particles appeared in the lungs and
high concentrations in the lymph node of both the
exposed and control monkeys. These particles were
identified as mica, kaolin and quartz by the use of
microprobe, electron and x-ray diffraction meth-
ods. The bulk PVC did not contain these minerals.
No macrophage aggregates were present in the
control monkey lungs. No treatment related lesions
were seen in sections of the other organs examined.

The 57 exposed and 64 control rats were autop-

78

of & 5-um section of lung of monkey exposed to PVC dust for 22 months. This photo shewt
ich obscure the cellular outlines of the macrophages in which they are residing.

sied 12 months after initiating exposures. Miro
scopic examination of the lungs of the expose
animals revealed 0-3 macrophage aggregates/miao
scopic field at 100 x magnification (Fig. 6). Thes
aggregates were smaller and much less frequer
than those seen in the monkey lungs. Chromk
pneumonitis, typical for rats, was present witt
equal severity and frequency in the control ax
exposed rats. No treatment related lesions wer
seen in sections of the other organs exami

The 36 exposed and 39 control guinea pigs ¥er
autopsied 12 months after initiating exposures. Ligt
microscopic examinations of the lungs of expo
guinea pigs revealed fewer collections of giant mac-
rophages with clear foamy cytoplasm than thost
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Fioxe 5. Chisnne x-ray map of the same area and magnification depicted in Fig. 4. The white dots indicate the presence of the
element chlorie. Nmnhnthdanmduﬂudh&cmwnmwcwﬁdu.mm;mmmuﬁwdﬂu

PVC particles

s<n in the exposed monkeys or rats. Interstitial
lymphoeytic pneumonis was a constant finding in
me31 of the exposed and control animals, and the
~+erity and incidence were not related to treat-
ment. Few maicrophage aggregates similar to those
sxnn the lugs were present in the tracheobron-
ctial lymph 1odes of the exposed guinea pigs. No

treatment-rc lted Jesions were seen in sections of

the other orguns examined.

Discussion

The monkeys in this study developed a benign,
simple pneumoconiosis resulting from the inhala-

October 1951

tion of PVC dust at a mean concentration of 13

mg/m? for 464 days (2818 hr). The cellular response

visible at 22 months of exposure consisted of PVC-

laden macrophages aggregated into clusters in the
lungs. On the other hand, the lungs of the rats and
guinea pigs contained very few macrophage aggre-
gates and in a much lower concentration than in the
monkey lungs. This difference in degree of cellular
response could possibly be explained on the basis of
fewer PVC particles being deposited in the lungs of
these rodents.

Rodents at rest in the chambers during the day
breathe exclusively through their noses. Monkeys
under the same conditions do not. The rodents in
this experiment had extensive bronchitis and
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Figrre 6. M

acrophage aggregates in the lung of a rat exposed to PVC dust for 12 months. Note vacuolated appearance of «l-
(Magnification 385 x ),

pneumonitis, whereas the monkeys did not. Both  and squamous metaplasia in bronchial epitheliur.
nose breathing and bronchitis are factors which  Although the control rats were free of these di
reduce the percentage deposition of inhaled parti- eases, there were only 10 controls examined. It
cles in the alveolar regions of the lungs. view of the propensity for rodents (contrals) k&
Two studies have been published on the pathologi-  contract acute and chronic pulmonary diseases. the
cal effects of inhaled PVC in rats (7, 8). In one  experimental conditions under which control an
study (7) rats and _ﬁlinu pigs were placedina PVC  mals are kept is extremely important, and shouc
bagging facility. Two guinea pigs and an unstated  be stated in the protocol. No mention of this wa
number of rats were autopsied 2, 4 and 7 months  made in that experiment.
after their continuous residence in the facility. Al- Two cases reports showing granulomas in lung
though the animals developed pulmonary diseases, of two PVC workers have been reported G.
the small number of animals studied and the lack of  Except for the more closely packed macrophagesr
adequate controls makes it impossible to assess the  the lesions shown by Aranaud et al. (5), the mor
significance of the exposure to PVC. In the other phology of the lesion is similar to that seen in o
study (8) rats exposed to high concentrations (97 exposed monkey lungs. Part of the compactness .
gm/m®) of PVC dust in a static air chamber for 1  the cells in their lesion could be explained on the
hr/day for up to 12 months developed bronchiecta-  basis of artifactual compression caused during th
sis, emphysema, purulent pneumonia, lung abscesses  taking of the lung biopsy. No excess collagen ¥&
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nt in the light microscopic pictures of the
;r-anpaﬁomas they showed in their article, although
they did refer to their case as a “case of discrete
monary fibrosis.” Their electron microscopic pic-
wures of the PVC particles in in vitro cell systems
were very similar to what we saw in the macro-
phages in the monkey lungs. The PVC particles
they showed in 2 macrophage from the lung biopsy
appear to be clustered in lysosomes and the indi-
vidual particles are not as dense as the ones we
found in the monkey lungs. That difference might
be related to the different exposure durations and
differing intervals since last exposure. Their pa-
tient was exposed to PVC for 23 years (our mon-
keys were exposed for 22% months) and had no PVC
exposure for 6 years (our tissue was sampled within
4» hr of last exposure). It is possible that some of
the ingredients in the PVC particles in the human
lung were altered and leached out over a period of
time.

Szende et al. (9) reported that the lung biopsy
specimen from a worker who shoveled PVC for one
vear show ed moderate diffuse fibrosis and contained
a granuloma with concentrically arranged connec-
tive tissue fibers. We did not see this in the monkey
lungs.

The apparent difference in response of the lung
tissue from two workers exposed to PVC com
to the monkeys exposed to PVC might be related to
a variety of factors, including differences in the
PYC du=1z. Since various types of emulsifiers and
initiator: are used in making PVC, and since these
are not vompletely removed from the powdered
PVC, they might explain the differences observed.
It would be prudent in the future to obtain more
information on PVC manufacturing processes and
c?;nem of PVC dusts when studying their health
effects.

Mastrangelo et al. (6) published health findings
on empiuyees who were currently working in &
PVC pr.duction factory. Twenty cases of pneumo-
coniosis were found in a population of 1216 workers.
Although the data were not given, the authors
stated that slight restrictive respiratory function
impairnents were associsted with chest x-ray changes
in a sr:all percentage of cases. In our study, no
dufferences in pulmonary function tests could be
detected between exposed and control monkeys
after 14 months of exposure to 13 mg PVC/m?,
Whether any pulmonary function deficits would
have cccurred upon further exposure cannot be

October 1981

ascertained from this study. The lack of any significant
pulmonary function abnormality in these monkeys,
however, does not mean that animals or humans
exposed to other types of PVC dust or mixtures of
PVC dust with vinyl chloride (or a multitude of
other ingredients that might be used in fabricating
PVC products) might not exhibit pulmonary fune-
tion changes.

For the first time, we have been able to show
that a PVC dust generated under controlled exper-
imental conditions is respirable and is deposited in
cell aggregates in the lungs of monkeys, that PVC
particles within macrophages are fairly unique in
appearance, and that their identity can be confirmed
with microprobe analyses. No pulmonary function
deficits were found after 14 months of exposure to
PVC concentrations of 13 mg/m®, thus, confirming
the pathological diagnosis of a benign pneumoconio-
ais,

. The authors wish to acknowledge the aasistance of the follow-
in this project: George Madden, Brandon Barton.
John Clark, David Brewer, Margrit Stoll, Myra Springs, Haze!
tarson, Lea Kalejs, Ardith Grote, John Holtz, Charles Gorski,
Richard Niemeier, Richard Hornung and Patricia Combs.
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Environmental Health Perspectives
Vol. 41, pp. 83-84, 1981

Preliminary Observations of the Effect
of Inhalation of PVC in Man and
Experimental Animals

by J. C. Wagner* and N. F. Johnson*

Attuation has been focussed, both in man and experimental animals, on the offects of
inhalat:on of the gas monomer, vinyl chloride. Recently, note is being taken of the possible
effect~ of the inhalation of the polymer in man. The particles in question are those produced
commdterally as paste polymer or dispersion polymer or having an avernge diameter of 0.15 um,
and accounting for more than 10% of the production in Britain. There are now strict regulations
for the vontrol of the monomer gas, but the particles are regarded as nuisance dust and their
emi-~ic.n is not covered by specific legislation,

Our -tudies on rats, where both inhalation and implantation methods of exposure have been
used, and examination of tissue from human cases exposed to paste polymers, indicate that these
smul! particles can only be regarded as evidence of exposure, and on present evidence there is no
indication of causation of significant pulmonary disease. Techniques have been developad by
which these particles can be demonstrated in ordinary histological preparations and by transmis-

$10n ¢leclron mMicroscopy.

T+ finer particles of PVC known in the United
~u' ~ as disper=1 n polymer, are usually less than

" wm in diameter. During the last five years we
*+.+ conducted « number of preliminary investi
*. *~ using thiz material, and have also observed
**+« »mall particies in the lungs of men exposed to
it type of PVC. and have recovered these parti-
7« frum the lungs and livers of human cases using
“a-vration techriques. A second series of experi-
=+ «.2» has been »turted but no results are available.

Tre recognition of PVC in tissue has been greatly
‘aviated by 2 staining method developed by
W.wn ). Norrally processed histological sections
an »tained with: a Sudanophilic dye, which stains
- particles a iright red. As the tissue has been
i=eessed and .1 lipid removed, only the PVC and
~ 7w other reli: ed plastics will stain, The particles
car. also be ricognized under the transmission
r.x1Ton micro~cope, and the morphological appear-
avs supported by the confirmation of the pres-
emov of chloride when examined by x-ray micro-

aralysis,

,"Meical Resesrch Council, Pneumoconioais Unit, Liandough
b = 1al Penart. Wales, UK.

Oclober 1981

Animal Experiments

Experiment 1

The experimental animals were caesarean-derived,
barrier-maintained rats of the I.C.1. Alderley Park
Wistar strain. Six-week old rats were randomized,
with equal numbers of each sex, and inoculated
intrapleurally by using a previously described tech-
nique (2). Forty-eight animals received 20 mg of
PVC dispersion polymer into the right pleural cavi-
ty. The control animals were inoculated in a similar
manner (Table 1). The rats were allowed to live out
their lives and all are now dead.

Between 12 and 18 months after inoculation, nine
of the animals receiving the PVC died. Of these,
five had tumors of the liver and one had a tumor
originating from the site of inoculation. None of the
other animals injected with PVC, nor any of the
contro] animals, had a tumor of this type. These
tumors were shown to pathologists in Britain and
the United States. It was generally agreed that
they were poorly differentiated sarcomas, and in
three of the animals, the possibility of Kupffer cell
origin was considered. As no other animals devel-

83

uce

057130



Tabie 1. Intrapieural inoculation (rats 6 weeks old).

No. rats Treatment

48 rats 20 mg PVC in saline

24 control rats 20 mg UICC erocidolite in saline
24 control rats 20 mg Min-U-8il (quarte) in saline
24 control rats saline

oped these tumors, two further experiments have
been started. In the first, dispersion polymer from
three British manufacturers was used, and in the
second, freshly produced dispersion polymer from
two sources has been inoculated, as well as similar
material from which all evidence of detergent or
vinyl chloride monomer has been removed. These
investigations are still in progress, but in the first
of these studies, the animals have passed the 18

month period without any occurrence of the tu-
mors.

Inhalation Studies

A group of 48 rats, 24 of each sex, of the same
stock as used in the previous experiments were
exposed in an inhalation chamber to PVC dust, the
apparatus and methods being the same as previously
described (8). The animals were exposed to disper-
sion polymer, at a concentration of 12 mg/m? for 7
hr/day, 5 days/week, for 5 months. There were also
48 nonexposed controls. The cumulative dose of the
exposed rats was 8552 mg/m® (Table 2). Six rats
from each group were killed at the end of the
exposure, and a further six a year after the start of
the exposure. The remaining animsls were allowed

Table 2. Inhalation study.

No. of rats Exposure

48 rats 6 weeks old 22 weeks, 12 mg/m®; cumula-
tive dose 8552 mg/m® -hr

48 control rats Now
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to survive until they died of natural causes.

The PVC particles were present in the mae.
phages within the alveoli arising directly from 1,
respiratory bronchioles immediately after the ,,
posure. The distribution of these accumuyly:
was widespread but less than a third of the prim;-
units were involved. Occasional dust particles ue-
observed in sections from the bronchopulmen:
lymph glands, the Kupffer cells in the liver and-
the spleen. At the end of a year, the dust was =
present in the spleen and around some foci of my
rophages there was evidence of a slight prolifer,
tion of reticulin fibers. This early dust reticuling;-
did not show evidence of progression in any oft,
other animals, some of which survived for ms
than two years after the initial exposure.

Experience with Human Tissue

We have had the opportunity of examining;
limited amount of human tissue. This included th
cases of accepted angiosarcoma of the liver, a m:
with severe hepatic fibrosis who underwent 1 :.
sequent porto-caval shunt and material from peo:
who had been employed in a PVC factory. The
people had either had pulmonary biopsies or

Re
Wc¢
Mo

by (

died of disesses unconnected with their occupstioc: intro
In all but one case we found small amounts of PV; In e
in the lung tissue. In two of three angiosarcom: cami
particles of PVC were found after the maceration: :n dics

the liver tiasue, fasti
At this stage of the investigation, these partic '“h, ( \?i
can only be regarded as evidence of exposure: This
dispersion polymer. Feder
and by
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Results of Sputum Cytology among
Workers Exposed to Vinyl Chioride
Monomer and to Poly(vinyl Chiloride)

by Cesare Maltoni* and Paola Lodi*

The results of systematic cytological sputum examinations of 3,350 Italian VC-PVC industry
workers and of 2,287 workers in other industries at different potential risk and chosen as control

groups are reported.

The results indicate an increase in celluiar abnormalities and dysplasias in the epithelium of
the respiratory tract among VC-PVC workers. These data are in line with experimental resuits
showing that VC produces lung tumory in mice and with early epidemiological evidence among

exposed workers.

introduction

In 1975. it was decided to include the cytological
examination of sputum in the protocol of systematic
medical surveillance of the workers in all the Italian
plastic fact ries exposed to vinyl chloride (VC) and
polvivinyl chloride) (PVC).

This propram was co-sponsored by the Italian
Federation of Unions of Chemical Workers (FULC)
and by the Public Health Service of the Italian
regions wh.ire the factories were located.
~ The deci-ion to investigate cytologically all Ital-
ian VC-PV'C industry workers was taken on the
basis of the following facts: (1) the observation of &
marked increase in the incidence of lung adenomas
in mice ex}.vsed by inhalatory route, to a spectrum
of doses of V'C ranging from 10,000 down to 250
bpm (I-2). (2) the unusual finding of cellular ab-
normalities in a high portion of the lung adenomas
of exposed mice (1-8); (3) the observation of fre-
quent severe abnormalities (squamous dysplasia
and atypica! adenomatous hyperplasia) in the sputa
of a small group of heavily exposed workers (3);
41 the report of some increase in lung carcinomas
among workers from two VC-PVC factories (4);
'3) the finding that the majority of lung carcinomas

--_‘-‘—-—_n__.._.
“Institute of Oneology and Tumor Center, Bologna, Ttaly.
October 1981

e

" observed among exposed workers were not of a

common histotype i.e., giant cell carcinomas (5),

Planning and Methods

The investigation was carried out on workers
from 13 Italian VC-PVC factories located in the
northern, central and southern parts of Italy,
namely, in Villadossola (1), Porto: ers (3),
Bollate (1), Ferrara (1), Ravenna (1), Rosignano
(1), Terni (1), Brindisi (1), Ferrandina (1), Porto
Torres (1) and Cagliari (1).

A total of 3380 workers was examined. These
workers have been and/or are exposed to the
monomer and part of them also to PVC dust. For
comparison 2287 workers in other industries at
different potential risk were examined: namely,
workers manufacturing PVC products, workers in
chemical industries not dealing with plasties, metal
workers, miners and workers in the chromium
industry.

For each sputum examination four cytological
slides were prepared. The smears were stained by
the Papanicolaou technique,

The slides were screened and evaluated indepen-
dently by the pathologists of the hospitals in the
area where the factories were located, then by a
trained cytologist in our institute. All abnormal
emears were reviewed by the senior pathologist of

Cce
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Table 1. Type, sequence and classification of local changes in the genesis of the various histotybes of pulmanary carcinom,

Stage Cyuologe chgay
Normal respiratory epithelium
J’ Noneilisted cuboid epithelium ‘L
. Adenomatous Squamous  —p Basal cell 11, 1141
Initial nonspecific stage hypolphlil mTﬁi «— hmriﬂlm n
Intermediate specific state lde::m Squamous <  Basaloid cell (1111, 113
tous LI,
proliferation dysplasis  —>  dysplasia LIV
1 i.. In Yo Initn

n squamous anaplastie
Tumar stage 2 ;I; ¥ IVandV

Invasive ive Invasive

Clinical tumor —SAISDOMA..____,, carcinoma

.

Table 2. Classification, characterization, distribution by classes and code of sputum cytology findings.

Cell character
Class Type* Degree  Quantity Code
Not ®
performed .
1 Norma! epithelium (LRE, URE, OCA) 1,2 3 o
Histocytes 1, 2
111 Normal epithelium (LRE, URE, OCA) 1,238 ©
Histocytes 3
11 Squamous metaplasia LRE +/++ 1,23
Hypersecretive mucous cells
1111 Squamous metaplasia LRE +++ 1,23 o
Adenomatous hyperplasis LRE
11111 Mild stypical adenomatous b ia LRE 1
Mild squamous ia L 1 (]
Mild dysplasia URE, OCA 1
(D-II1  Mild atypieal adenomatous hyperplasia LRE 28
Mild squamous dﬂhﬁ LRE 2.8 06
Mild dysplasia URE, OCA 2,3
1 Well defined stypical adenomatous hyperplasia LRE
‘Well defined squamous dysplasia LRE o
HIIV g.n ypical et “’hoc?u-punA LRE
- rave at; tous i
Grave squamous dysplasis LR 08
Grave dysplasia URE, OCA
v Adenocarcinoma
Suspected  Squamous carcinoma ®

Undifferentiated carcinoma
v Adenocarcinoma
Squamous carvinoma 10
Undifferentisted carcinoma
Nat 1

g

*LRE = lower respiratory epithelium: URE = upper respiratory epithelium; OCA = oral aavity.
8 Environmental Health Perspectit®
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idence of various types of cytological changes in sputa: comparison of results among VC-PVC workers and workers

Tobw 3 It of the reference groups.
— Cytological changes
Non- Hyper-
eval secretive
uable mucous  Squamous Squamous + Atypical
cases Cases  cells and meta- metsplasia Adenoma- adenoma- _
n without squamous  plasia  with horn tous hyper- tous hyper- Squamous Dyspiasia

syf- ithelial metaplasia LRE pearis plasia piasia  dysplasia URE,
No ﬁr;lentﬁvll- egmuu LRE+/++ +++ LRE LRE LRE LRE OCA

of mate- uable

- cae- rial) cases No. % No. % No. % No. % No. % Noo. % Noo. % No. %
SITVC S 2 B8 T 912 U 1 81 W8 T 27 W 30 % 15 29 &6 4 17
vy sty

SO ) 79 M3 99 289 253 788 86 105 1 03 74 216 4 12 4 12 1 03
2T Joe 130 889 165 18.6 604 669 & 93 3 03 227 255 8 09 10 L1 - -
Ve e CRem-

ra tathest

e tem 24 3 20 T3 48 109519 % 143 1 05 5 24 - - 6 28 - -
M We 18 354 47 138 24 707 41 116 1 08 5 167 b5 14 4 L1 1 03
i w2 152 9 59 89585 6 454 1 06 7 46 6 39 28 184 - -

et

Wreretran VOV andchmnnummdunnumdmtexpoudwnmm
N ¢ expursed 1 @ hrown risk

Tate § Distribution. by classes of cytological ehmm in sputa: comparison of results among VC-PVC workers and workers of

the refarence groups.
Not Classes
evaluable
No  tases Eval 1 I-II Il < I an-ann 41 n-v v v
of .nzufficient uable
- Cur- material) cases No. % No. % No. % No. % No. % No. % No. &% No. ® No. %
& memof X 22 2558 799 812 708 27.5 B0 9%0.4 211 86 21 08 M 13 7 02 - - . -
R AYE
Poomaae 42 TH 43 99289 135 9.8 102297 4 12 1 08 1 03 1 08 - - - -
PR
"v-"h;‘:f 10w 130 BED 1G5 186 390 448 313 852 &8 07 6 0.7 -« - & = = - = =
AT . Chem-
ra rdutmest _
l-"'?urkm 24 -] 210 73 M8 102456 28133 6 28 - - 1 05 - - - - - -
Morem LA 48 354 47 138 20 621 22281 206 1 O3 1 03 1 083 - - - -
® memoof 1= 28 152 9 59 6 415 51336 18118 2 18 5 83 4 26 - - .- -
——
.‘.'lf.-'.l".\'

4reor than VU-I'VC and chromium industries and not exposed to a known riak.
"Nt expused 1 kmown risk,

Table 3. Distribution of classes I1{II1) and over among VC-PVC workers and the workers in reference groups.

Classs Classes Classes
g 1), % 1111, D11, % 1, 11V, %
% sens of VC-PVC industry 30.4 Y] 15
FVC manufacturers 297 1.5 0.6
® Shers of vancus chemical industries 35.2 14 -
¥e'aj workers 13.3 28 05
Xsers B1 0.9 0.6
% ers in chromium industry 33.6 18.1 5.9

October 1981
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the same institute. A joint critical reevaluation was
carried out for those cases where there was not full
agreement.

The same criteria of classification of the lesions
and their distribution by classes were adopted by
all pathologists.

Such criteria are based on our knowledge of the
loca! cytological changes and of their sequence in
the genesis of the various histotypes of pulmonary
carcinomas (Table 1).

The list of the most relevant changes correlated
with environmental and occupational exposure,
their distribution by classes following qualitative
and quantitative parameters, and the code, are
given in Table 2. This list takes into account not
only cells from the pulmonary tree, but also cells
from the upper respirstory tract and oral cavity.

Results

The number of valuable cases, the distribution of
the cytological changes and the distribution of the
results expressed by classes in the group of work-
ers in the VC-PVC industries and in the control
groups, are given in Tables 3 and 4, The incidence
of dysplastic changes is particularly high in the
plastics industry workers when compared to the
other control groups, with the exception of chro-
mium workers, which can be considered a positive
control. The situation is well illustrated by the
distribution of classes 11-(11I) and above (Table 5).

It may be stated that, in relation to the incidence
of respiratory cell abnormalities, the workers in the
VC-PVC industries can be placed halfway between
chromium workers and other groups.

A finding which deserves attention is the occur-
rence of atypical cells in the oral cavity and upper
respiratory tract in 44 workers (17%) among VC-PVC
workers (Table 3).

The results were highly homogeneous in diff..
ent factories, suggesting that variations in clims:,
which may affect the incidence of common Phe.
mopathies, is not a determining factor,

The difference in the distribution of the patholy ?

ical findings was not dependent on tobacco smy
ing.

Conclusions

The results presented are consistent with expe.
imental data and early epidemiological evidence ¢
the potential oncogenic effects of VC exposure o
the lungs.

Furthermore, our data suggest a possible onc
genic risk for the upper respiratorv tract whe
should now be explored by proper epidemiclogic
investigation.

Much remains to be done to clarify the pr
played by the monomer and by polymer dustz
determining the observed cytological changes. O
data are now being re-examined, on the basis of the
complete exposure history of single worken, «
better establish the role played by PVC partic:
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Vol. 41, pp. 89-84, 1981

Observations of the Site-Specific
carcinogenicity of Vinyl Chloride

to Humans
by Peter F. Infante*

A review of epidemiologic studies of workers exposed to vinyl chioride (VC) was conductad.
Somv of these studies comprised small cohorts and thus were insensitive in the evaluation
of carcinogenic response for sites that do not demonstrute & high relative risk. Other larger
studic~ used methodology and design that preciuded an interpretation of the results. Such
himitations were scknowledged by some authors.

Use of restrictive gdisease rubrics also lesd to the submerging of sites that would have
deman-trated significant excesses. For axample, some investigators analyzed data for liver
cancer deaths with the board category of digestive system cancer deaths, while others combined
data for ONS cancer deaths with the broad cateogry of “other and unspecified cancer,” and most
studie~ analyzed information for lymphatic and hematopoietic system cancer deaths with all
dats cvombined, Only four of eight studies reviewed could demonstrate a significant excess of liver
cancer among VC-exposed workers—a site confirmed in humans by 1974. In contrast, five of
eight «{udies appear to demonstrate a significant excess of CNS cancer mortality. Workers
expo-cd to VC also demonstrate a significant excess of mortality for lung cancer, while the data
for 1y mphatic and hematopoietic system cancer are suggestive. Interpretation of cancer of the

latter systems may have been clarified if investigators had not analyzed their data by broad

disca-c classifications,

I= 190, shorly after vinyl chloride (VC) was
2= eliced into commerce, VC toxicity was re-
i+ =+l in experimental animals (1). Over the next
* v decades, study throughout the world indicated
"' employment in the VC industry was associated
».% a wide range of toxieity in humans. This
¢ vty has included nonmalignant pathologic ef-
“=ts or symptoms, involving (but not limited to)

» tened, liver. central nervous system (CNS),
-=* <« and blood (2).

~tween 1970 and 1974, experimental bioassay
™ netrated VC-induced cancer in multiple or-
so~including the liver, brain, lungs and lymphatie
*+em 4, 5). This carcinogenic response has been

o™ v of Careincen Identifieation and Classification, Health

"4 ant Prograris Occupational Safety and Health Adminis-

e Us I‘\'h---"-'nen't, of Labor, Washington, D.C. 20210.

T EShPes~e.lin this paper do not necessarily represent
= vt the Uscupatsonal Safety and Health Administration.

Yietoher 1981

observed in several species, given a wide range of
doses, by various routes of administration.

Between 1978 and 1977, several epidemiologic
studies were undertaken to assess the site-specific
cancer risk among workers exposed to VC, For this
presentation, findings of these studies will be
limited to an assessment of cancer of four organs or
organ systems in humans. These same sites are
known to be associated with nonmalignant VC-
related disease or symptoms in humans and cancer
in experimental animals.

Liver Cancer in Humans

Table 1 shows a summation of data from the
epidemiologic studies as related to liver cancer.
Some authors did not present site-specific analyses
for liver cancer deaths. Therefore, the most specific
information available is presented.

Waxweiler et al. (5) conducted a cohort study of
workers who had been exposed to VC in the U.S,

uceC
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Tabie 1. Epidemiologic study results of VC-axposed workers as related to biliary and liver or digestive sYstem cancer duy,

Deaths -
Investigation Site Observed Expected SMR
Waxwailer et al. (5) Biliary and liver B
Total ¢ohort 7 0.6 1se
Lateney > 15 yr 7 0.4 1606
Byren et al. (&) Liver and pancreas
Total eohort 4 0.97 Nk
Latency > 10 yr 4 0.68 e
Fox and Collier (1) Liver
Total cobort 4 1.64 U4t
Plant #2 > 15 yr 3 0.13 208
Seven other plants 1 1.51 %
Monson et al. (9) Biliary and liver
. Total dum G ) 8 0.7 1.0
'sbershaw affey (#) Digestive organs
Total cohort 19 B+ W { ™%
exposure,
> § yr employment 11 7.5 151
Buffler et al. (208
Ort ot al. (117
FE ]
EEH g9 Digestive organs
Total echort 2 40.8 n
Latency > 20 yr 9 13.6 0
% < 0.01.
by < 0.05.

“Proportional mortality study risk ratio.
4No liver cancer identified among 8 cancer desths.
*No liver cancer identified among 20 cancer deaths.

for at Jeast five years and who had achieved a
period of ten or more years gince initial exposure
(latency). On the basis of seven liver and biliary
cancer deaths that fit the cohort deflnition, the
study demonstrated an 11-fold to 16-fold excesgive
%k‘eo{duthﬁl-‘omunmafuﬁlmlmong

xposed workers. These findings represent an
underestimate of the risk because seven additional
individuals who died from liver/biliary cancer at the
plants being studied were not included in the
analyses. Of these latter seven cases, four individu-
als diagnosed with liver angiosarcoma were still
alive at the study cut-off date, while two individuals
who died from biliary cancer had incomplete infor-
mation on length of exposure to VC. A seventh
individual did not fit the study cohort definition as
he was exposed for only three years. He died from
liver angiosarcoma 17 years after his initial expo-
sure to VC.

Byren et al. (6) conducted a cohort study of all
Swedish workers ever employed in positions where
exposure to VC could have occurred. The investi-
gators combined deaths from cancer of the liver and
pancreas because they believed that there was

some overlap in reporting. There were for
liver/pancreatic cancer deaths observed, compare
to 0.77 expected (p < 0.02). An additional dest
from liver angiosarcoma was identified as havig
occurred after the study cut-off date and thus v
not ineluded in the study.

Fox and Collier (7) studied U.K. worken &
posed to VC. In eight factories studied, the
observed a total of four liver cancer deaths ¥
compared to 1.64 expected. Three of these desth:
occurred in factory 2, where only 0.13 wouid have
been expected (p < 0.01). The suthors stated thatt
was difficult to identify angiosarcoma of the live
from death certificates (the usual method o
identification), since some of these deaths wer
classified as primary, some as secondary ive
cancer, and others were not certified as cance’
deaths at all.

The results from the Fox and Collier stud:
probably represent an underestimate of the o
served risk of death from cancer for the followin
reasons: (1) 75% of the study cohort was employe¢
for less than ten years; (2) only 8% of the cobor
was employed for more than 20 years; and (3) ev¢
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rye those who completed 20 years of service, the
quthors stated that “because their service has only
ncently been completed, the follow.up period is too
cort to evaluate the carcinogenic effect of VCM.”
Ths statement obviously applies to the liver as well
s to other sites.

Monson et al. (8) conducted a proportional mor-
ahty study of 161 deceased workers from two
plants where VC was used. These plants were also
sudied by Waxweiler et al. (§). They observed
eght deaths from liver and biliary traet cancer
versus 0.7 expected; the risk ratio was 11.0.

Tabershaw and Gaffey reported the results of a
whort study of workers exposed to VC in 33 U.S.
industrial facilities. The authors did not analyze the
data separately for liver and biliary cancer. Thus,
deaths for these causes are accounted for in the
category of digestive organ cancer. As noted in
Table 1, for the total cohort there were 19 deaths
from digestive organ cancer and 21.7 expected. For
the highest exposure cohort, with more than five
vears of exposure, there were 11 digestive organ
cancer death= observed versus 7,5 expected. None
uf the obser ations are sutistica’lly significant.

However. the risk of liver cancer in this cohort is
submerged by including data for this cause of death
i the analy:is with digestive organ cancer desths.
Of the 19 digestive cancer deaths, the authors
nuted that zeven were from liver cancer. Two of
these liver cuncer deaths were listed as angiosarcoma
according to the diagnosis on the death certificate.
An addition:! four deaths from liver angiosarcoma
were identified in this cohort by the time the study
was published in 1974. Two of these deaths had
been categurized by death certificate diagnosis as
primary liver cancer, and two had been certified
under causes of desth other than cancer, ie.,
cirrhosis of t~e liver and hepatoma.

This study again demonstrates one of the inher-
ent limitations of epidemiologic studies (incorrect
diagnosis in relatively rare causes of death) that
result in an underestimate of the relative cancer
risk. An ad.litional factor, indicated by the authors,
that may have led to an underestimate of the risk in
this study was that the group with no vital status
determination, 15% of the population, began their
exposure ten years before the group for whom
followup was completed. As a result, some individ-
uals with Junger latency periods were omitted from
the study. In addition, 57% of the cohort actually
studied had less than 15 years of latency. Because
of the healthy worker effect, the authors appropri-
ately stated that SMRs higher than expected may
be warthy of attention even if they are not statisti-
cally significant.

Buffler et al. (20) and Ott et al. (11) did not
October 1981

observe any liver cancer deaths among eight and
twenty deaths, respectively, in their studies.

An unpublished study conducted by Equitable
Environmental Health (12) reported the mortality
of a cohort of workers from 37 U.S. industrial
facilities. This study included data for the facilities
studied by Tabershaw and Gaffey (9). Data were
not analyzed separately for liver cancer. However,
the category of death from cancer of the digestive
organs, which includes liver cancer deaths, indi-
cates a deficit of mortality. As shown in Table 1,
even for those individuals who had achieved 20 or
more years of latency, the SMR was only 70. It is
somewhat unusual to observe such a deficit of
mortality among workers who had achieved such a
long latency period.

Brain Cancer in Humans

Brain cancer also has been associated with expo-
sure to VC. A summary of the results of mortality
studies is shown in Table 2. Although the number of
cases upon which observations were based are
small, Waxweiler et al. (5) and Byren et al. (6)
demonstrated significant excesses of brain cancer.
The relative risks were five and six, respectively.
Waxweiler et al. (5) also noted an unusua! distribu-
tion in the cell type of brain cancer. Of 10 brain
cancer deaths identified among the VC-exposed
workers, nine (90%) had a histologic diagnosis of
glioblastoma multiforme. The tenth case had no
confirmation of cell type. The authors contrasted
this high proportion with that of the Yale autopsy
series in which 33% of primary in ial neo-
plasms were glioblastoma multiforme.

Fox and Collier (?) observed two brain cancer
deaths as compared to 3.7 expected for the entire
cohort. For those cohort members categorized as
having high exposure, one brain cancer death was
observed versus 0.4 e ed. Monson et al. (8
demonstrated a fourfold risk of brain cancer.

Tabershaw and Gaffey (9) categorized brain can-
cer with “other and unspecified causes of cancer
death;” therefore, it is not possible to determine the
actual brain cancer risk identified in this study.
Since the Tabershaw and Gaffey study (9) was a
subset of the EEH study (12), the latter study was
used to estimate the expected number of brain
cancer deaths in the former study under the as-
sumption that the age distributions were similar.
The proportion of expected brain cancer deaths
from “other and unspecified cancer deaths” in the
EEH study (12) was then applied to the expected
from this same category in the Tabershaw and
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Table 2. Epidemiologie study results of VC-exposed workers as related to central nervous system,

Deaths —
Investigation Site Observed Expected SMR leve-
Waxweiler et al. (5) Bruin and CNS T

Total cohort 3 0.9 .3 To"
Latency > 15 yr 3 0.6 488 L
Byren ot al. (6) Brain b
Total cohort 2 0.3 a1z T
Fox and Collier (7) Brain o
Total cohort 2 8.7 85 v
Highest exposure 1 0.4 78 Hie
Monson et al. (5) Brain ot
Total deaths 5 1.2 0 '
Tabershsw and Gaffey () Other and unspecified T'.:.:.'
Tota) cohort 17 11.8 155 Hie
Highest axposure, :
> 5 yr employment 7 s 204 ’
All exposure levels Brain 6 (XY 250 BN
Buffler et al. (10 {:‘,
Otetal (D All nites other than S
Total cohort . digestive and respiratory 6 6.8 >t et
Total cohort ‘ Brain 2 0.7 %6 Tot.
EEH (2 Brain and CNS EEH
Total cohort 12 5.9 203 Tot.
4p < 0.05. ::
mortality study riak ratio. Low
‘Estimaged. _
9No brain cancer identified among 8 cancer deaths. '1}'*
Gaffey study (9). As a result, 2.4 brain cancer Table
deaths were estimated to have been expected and Lung Cancer in Humans —
compared to six observed in the study. This difference As shown in Table 3, Waxweiler et al
is significant. observed 11 lung cancer deaths as compared to5. Invest
Buffler et al. (10) did not identify any deaths from  expected (p < 0.005) for cohort members who —_
brain cancer in their small cohort. Ott etal. (11)did  achieved 15 or more yesrs of latency. The suthon o
not analyze their data separately for brain cancer,  also noted what sppeared to be an unusual distrit: For g
but rather included brain cancer deaths with cancer  tion in the histologic types of lung cancer. Of éig- Monse
deaths from “all sites other than digestive and histologically confirmed lung cancer cases, fie Taber.
respiratory.” Therefore, using an analytical tech-  were c::ﬂuiﬁed as large cell undifferentiated, av Hur:
nique similar to that described above, the propor-  three were categorized as adenocarcinoma. Thes EEH
tion of expected brain cancer deaths among “all  cell types are different from those usus}ly As0C Late
sites other than digestive and respiratory” fromthe  ated with s cigarette smoking etiology, i.e., sm- _—
EEH study (12) was applied to the expected in the  cell undifferentiated and epidermoid carcinoma:. .
study by Ott et al. (11). As shown in Table 2, there With the exception of the study by Fox a: ,,'j:
was a resultant estimated 0.7 brain cancer deaths  Collier (7), the remaining studies show excess nx
expected as compared to two observed. The excess  of lung cancer ranging from 7 to 200%. Howese!
risk is estimated to be about threefold. The EEH  the reservation expressed by Fox and Collier (:).+ As
study (12) also demonstrates a significant excess  mentioned earlier, sbout the short period of follows: Buff
brain cancer among workers occupationally ex-  limits the interpretation of their study. This & dose-
posed to VC. In summary, the data for brain cancer  cern is supported by the observation that the 5\“ and h
appear to be more consistent between studies than  for total mortality was only 75, 75% of what wou- goriz:
the data for liver cancer, although the magnitude of  be expected on the basis of comparison w U was y,
the excesgive risk is not as great for brain cancer.  standard population. with
92 Environmental Health Perspectiv® Octob
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Tabie 3. Epidemiologic study results of VC-exposed workers as related to respirstory system cancer deaths.

Deaths
- et gATION Site Observed Ew SMR
S atneuer ot al (3) Respiratory
* ra (ohOM 12 1.7 156
ey 2 153 1 L N 194*
5~ el 16 Lung
" ea rohomt 3 1.8 168
# v ard Collier (7 Lung
'.‘ ;. cuhn®t 46 51.2 90
et eXpOSUTE 2 3.7 54
Wearetal (8) Lung
" -al deathe 13 19 1.6°
= e meaw and Gaffey (9) Respiratory
7 ‘o cvhort % my 112
E.o" et eXPUAUTE,
3 yr employment 12 8.5 14
cmeeral ot Lung
T ‘a tvhort 5 1.7 one*
1. ¢ evpusure duration 4 1.06 381
=+ = pxpusure duration 0 0.45 —_
eal D Respiratory
T ‘e ovhort . 7 5.8 121
ViH Respiratory
T a evhort 45 “us 107
K &" st exposure 7 5.1 141
Mol am exposure 19 17.0 116
L. w expusure 19 22 2
LA Y%

“Imoertional morality study risk ratio,

Tubie 4. Epidemiuiogic study results of VC-exposed workers as related to lymphatic and hematopoietic system cancer deaths.

_Desths

I+ eetigation Site* Observed Expected SMR
Roveler et al. 1 %) (200--205) 4 2.50 159

Lateney > 153 - (200-208) 3 1. 176
¥ vard Colber (7, (200-207) 9 9.01 100
¥ (8 (200-205) [ 8.4 1.5
e mkaw & Gaffey (9) (200-208, 206} 6 6.08 106

H.cheit exposure, > 5 years

employThent 4 1.84 m

LEH (1) (200-208, 205) n 10.56 12

Latency > 2 vears 4 .10 138

*Ir:ermationa) (lassifieation of Diseases, 7th Revision.
Irternational (lassifieation of Diseases, Sth Revision.
Propurtional mortality study risk ratio.

Az shown in Table 3, data from the EEH (12) and
Buffler et al. (10) studies suggested a qualitative
dime-response relationship between VC exposure
ad lung cancer risk. However, retrospective cate-
F-nzation of high, medium and low exposure, as
vas used in the EEH study (12), must be viewed
with caution because of the subjective nature of

Ukctober 1951

judgment. The study by Buffler et al. (10) is
particularly noteworthy; within a small cohort of
only 464 workers, a fourfold risk of lung cancer was
observed. When the investigators examined the
effect of smoking, under the extreme assumption
that those with unknown smoking habits were
smokers, the data still demonstrated a significant
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excess of lung cancer (5 observed versus 1.98
expected.)

Cancer of the Lymphatic and
Hematopoietic System in Humans

Table 4 summarizes data on cancer of the lym-
phatic and hematopoietic systems among workers
exposed to VC. The relative risks for various
studies ranged from 1.0 to 2.2, and none of the
results demonstrated a significant exceas. Although
somewhat suggestive, the data need to be further
analyzed by latency period and exposure levels
combined. Analysis of data separately for lym-
phatic cancers and leukemia might also lead to
meaningful observations.

Summary

In summary, epidemiologic evidence demonstrates
that the carcinogenic effects of VC in humans
extend beyond the liver. The brain and lung should
also be considerdd target organs. Some studies
indicate that the lymphatic and hematopoietic sys-
tems are also involved. These observations in
humans are supported by studies demonstrating
the induction of cancer of these same sites in
experimental animals.
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Environmental Health Perspectives
Vol. 41, pp. 95-99, 1981

German Investigations on Morbidity and
Mortality of Workers Exposed to

Vinyl Chloride

by H. Weber,* W. Reinl,* and E. Greiser?

Two studies on mortality and morbidity of workers exposed to vinyl chloride monomer (VCM)
which have been carried out on behalf of the Ministry of Labour, Health and Social Affairs on

Northrhine-Westphalia are reportad.

Vinyl Chloride Mortality Study

The aims of this study were to determine stan-
dardized mortality ratios (SMR) for male workers
expoied to VCM, using the mortality rates of the
West German male population as reference, to
study the SMRs of a cohort of workers of the
chemical industry comparable concerning age dis-
tribution and observation period but not exposed to
VCM and to determine the SMR of a cohort of
workers in PVC-processing plants.

The study was designed as a historic cohort
study, covering the period from the beginning of
the VCM- and PVC.production in all of the German
plants till the end of 1974.

Table 1 shows the main characteristics of the
three cohorts investigated. Only Germans and
Austrians were included in data analysis because of
insufficient mortality data on various foreign na-
tionals employed in German factories. To deter-
mine the mortality rates of Austrians, West Ger-
man rates were used. To calculate expectations of
total mortality, the mortality rates of the adequate
‘ears have been used. To calculate ex tions of
specific causes of death for all years before 1968,
the rates of 1968 have been used; for the following
vears the rates of the corresponding years. Follow-
ing the procedure applied by Tabershaw (1),

“Staatlicker Gewerbearzt, Ditsseldor!, W. Germany.
*Diabete~ Research Institute at the University of Diaseldor,

a?\'u&wn of Medical Statisties and Epidemiology, Dusseldor?,
- trmany,

October 1981

weighting of observed cases of specific causes of
death according to unknown causes of death has
been done with weighting factors calculated sepa-
rately for three observation periods (up to 1959,
1860-1969, 1970-1974) as well as for six age groups.

In all of the cohorts, follow-up rates have been
near or above 90%. The percentage of causes of
death that could not be investigated due to loss or
deletion of death certificates varied from 7.3% to
13.1%. To calculate age-standardized mortality ratios
of specific causes of death, weighting has been done
according to the procedure used by Tabershaw and
Gaffey (1) to compensate for unknown or unidentified
causes of death,

Table 2 displays total mortality as well as some of
the relevant specific causes of death. It can be
observed that the otherwise observed “healthy
worker effect” cannot be demonstrated in the
German cohorts exposed to VCM or employed in
PVC-processing plants.

In the VCM cohort there are significant eleva-
tions of SMR of malignancies of the lymphatic and
hematopoietic tissues (ICM 200-208), and of malig-
nancies of the GI tract (ICD 150-159). The latter is
due to the paramount elevation of SMR of tumors of
the liver (ICD 155). :

It must be noted that there is a modest elevation
of SMR of tumors of the liver also in the cohort not
exposed to VCM nor employed in PVC-processing
plants. No obvious explanation for this observation
can be offered. In addition elevated SMRs for
ischemic heart disease (ICD 410-414) can be found
in all of the three cohorts. Due to methodological
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shortcomings of the study no assessment of cardio-
vascular risk factors has been made. Therefore
these results are of minor interest,

When subdividing the VCM-exposed cohort ac-
cording to time of exposure there is a clear-cut
increase of the SMR of liver tumors with time
(Table 3). This seems to be highly suggestive of &

time-response pattern. As it has been impossible:
determine concentrations of VCM retrospectii
due to technological and methodological probler.
no dose-response pattern can be established, Hy,
ever time of exposure seems to be the best av,
able guess for dose.

Subclassification according to observation peris

Table 1. Characteristics of study cohorts.

Group I, VCM/PVC Group 11, reference Groyp 111, PVC
production i

group processing

Population (Germans + Austrians) 7.021 4.910 4.007
Man years 73.734 76.029 52,896
Follow-up completed till 12/31/74, % decensed 9.2 89.8 2.1

Obesrved L)L) 417 360

Expected 435 533 380
Uninown causes of death

No. 0 4 47

%® 7.3 11.3 13.1
Total mortality (SMR) 9% k] 95
Foreigners (excluding Austrians) 882 nl 1.454

Deceased ¢ 6 (] 10

Table 2. Standardized mortality ratios. )
VCM/PVC Reference PVC
_ production group processing

ICD 8 Cause of death Obs. SMR Obs. SMR Obs.  SMR
Total mortality a4 1) 417 ¥} 360 %
140-209 All malignant tumors ) 112 83 88 62 B
140-199 Malignant tumors of organs ™ 108 ks 83 60 ®
200-209 Malignancies of lymphatic and hematopoetic tissues 15 2140 6 o 2 LTI
150-158 Malignant tumors of GI traet and peritoneum 44 149° 0 n 15 %
155 Malignant tumars of the Liver 12 1528° 4 401+ 3 It
191 Malignant tumors of the brain 2 162 2 184 5 5%
4" -414 Ischemic heart dissase 9 e 115 131* ] 138
410 Acute myocardial (] 114 8 120 €9 ue
800-49 Accidents 61 13* “ ] 2 110

1Beyond 96% confidence intarval (£).

bBeyond 39% confidence intarval (f)

Table 3. Standardized mortality ratios by duration of exposure.

ICDh 8 Cause of death

Duration of exposure, months

< 12 13-16 61-120 > 121

Obs. SMR Obs. SMR Obs. SMR Obs. SMR

Total

mortality 88 88 138 102 e & 10 %

140-199  Malignant tumors of organs [} 74 20 -] 2 116 k)| 113

200-209  Malignancies of lymphatic and hemstopoetic tissues 1 2 4 188 5 287 5 8

150-159  Malignant tumors of GI trmet and peritoneum 3 10 12 18 13 i 17 1@

155 Malignant tumors of the liver 0 - 2 & 3 ses» 7 uX
19 Malignant tumors of the brain [\] - 0 - 1 350 1 a3

9% Environmental Health Perspectives
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Tabie 4. Standardized mortality ratioa by period of observation.

(D& Cause of death

Observation period
To 1958 1960-69 197074 Total
Obs. SMR Obs. SMR Obs. SMR Obs. SMR

419  Malignant tumors 12 180 2 8 194 108 414 95
a2 Malgnancies of lymphatic and

hematopoetic tissues 1 147 9 5 168 15 214
1elsd  Malignant tumors of GI traet and peritoneum 8 b1 4 13 ™" 4 bt 45 149
1% Malignant tumors of the liver 1 1282 ] R3¢ 8§ 264 12 1523
191 Malignant tumors of the brain 1 557 0 - 1 2 162
Bevond 855 confidence interval.
'Bo\ond 997 confidence interval,

_Table §. Standardized mortality ratios by age.
Age group
<24 25-4 35-44 45-54 55-64 > &5 Total

P& Cause of desth Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR
Total
merality 10 & 46 n & 14 9% 101 108 80 90 108 414 %
thelw  Malymant tumors of urnxb 0 - 4 Ml 13 182 19 141 2 ™ 21 100 ™ 103
Jsudly Mahgrancies of lymphatic

and hematopoetic tissues 0 - 2 1M 4 N3 4 24 3 1@ 2 197 15 2140
l'oe139  Maliymant tumors of Gl

tract und peri 0 - 3 897 10 365" 10 145 10 8 12 140 6
1% Maligmant tumars of

the liver 0 - 0 - 8 6865 o - 3 g4b 3 1664 12 15280
1 Mabymant tumors of

the brain 0 - 0 - 0 - 1 24 1 0 - 2 182
‘Bevond 95'° confidence interval.

‘Beyond % confidence intarval.

Table 6. Groups for subdivision of laboratory examinations.
Lrap Specification

Al VCM/PVC production

All PVC procesaing

Bl \L“WCMMWCM
work capacity loas

R VCMPVC m and PVC processing,

1 work capacity loas » 20%

cn
I

Table 7. Bromsulfalein retention.®

VCMPVC PVC

Production Processing

Table 8. Bromsulfalein retention.®
Germans
and
Austrians Foreigners
Retention normal 17 30
Retantion abnormal n 2
Total 50 5
‘Chi square, = 6.25 (p < 2.5%),

Table 9. Bromsuifalein retention.*
Work caps- Work capa-

city loss  city Joas

< 20% > 20%

Retention normal 28 21
Retention ahnormal o 10
Total 7 3t

Retention normal 41 8
Retention abnormal a2 2
Total 73 -]

*Chi square, = 8.08 (p < 1%),
October 1981

Chi square, = 9.81 (p < 1%).
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(Table 4) reveals a rather inconsistent pattem:
malignancies of the lymphatic tissues (ICD 200-209)
are significantly elevated in the sixties only, whereas
SMRs for tumors of the liver increase till the end of
the study period. This might be referred to differ-
ent latency periods for both kinds of malignancies,
but other causes might likewise have contributed to
these results. However, it has to be reported that
the number of angiosarcomas confirmed histologi-
cally in the Federal Republic of Germany in pa-
tients previously exposed to VCM has actually
come to 17 in contrast to mere 4 at the endpoint of
the mortality study (12/81/1974).

The distribution of SMRs by age (Tabie 5)
demonstrates an obvious susceptibility of males
aged 35-44 for malignancies in general as well as for
malignancies of the liver,

The data base for the German morbidity study
consists of all of the reports of suspected cases of
occupational disease due to VCM or PVC produc-
tion or PVC processing. The reference population
for these reports has to be defined as the total

NORMAL £ 1.0
PATHOL, > 1.0
MG/DL
15
1.0 -

T

VCM-/PVC PRODUCTION  YCM=/PYC PRODUCTION
AND PVC PROCESSING  AND PVC PROCESSING
WORK CAPACITY LOSS  WORK CAPACITY (0SS
LD 3 1

¢ ———— e s

NORMAL < 12 Mgy -

PATHOL. 2 120 Moy

| e

Yemr T J
- I

(Y31

VCM-/PVC PRODUCTION  VCM=/PVC PRODUCTION
AND PVC PROCESSING AND PVC PROCESSING
WORK CAPACITY L0SS WORK CAPACITY LOSS
4D% 20

Fiounk 2. Vinyl chloride morbidity study: oral glucose toler-

ance tast, 120 min after loading (normal 120 mg/dl).

X-3

pes s

VCM-/PC PRODUCTION VEM=IPYC PRODUCTION
AND PVC PROCISSING AND PVC PROCE SING
WORK, CAPACITY LOSS WORK CAPACITY LOSS

<Ns F ¥ 1]

o am —— e

—————

o o

B - e e

.y

Ficure 1. Vinyl chloride morbidity study: total bilirubin (nor-  Figure 8. Vinyl chloride marbidity study: reticulocytes (nor:
mal 1.0). mal 16%).
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i ulation in 1974 in the above mentioned
;r:;hc:gs?ofe.. 6,500 workers in VCM or PVC
production and 42,800 workers in_PYC processing
'as given by the German Association of Plastic
Producing Industries). Till the end of 1974, 269
reports of suspected cases of occupational disease
had been received. As there has been no consistent
«: of examinations performed on each of the cases,
numbers of observations for vmous variables ana-
hzed vary according to examination method per-
formed. Insofar as the results of this study are of
much lower validity than those of the mortality
study, one should regard them as hints for further
mnvestigations. .

Four attempts to subclassify observation on the
4 eases have been undertaken (Table 6). Only
those results showing significant differences when
applving f-tests or chi-square tests are so classified.
Amazingly none of the more sensitive lab examina-
tions of liver functions showed a marked difference
n all of the subclassifications besides bromsulfalein
retention. In this instance there is a significant
difference w hen subdividing™»y VCM/PVC produc-
uon versus processing (Table 7), as well as by

October 1981

nationality (Table 8) and most pronounced when
subdividing by extent of work capacity loss (Table
9). This latter result, however, must be expected
when an effect of exposure on liver function is
anticipated. An impairment of the excretory liver
function is suggested by elevated total bilirubin
values in the subgroup with work capacity loss
greater than 20% (Fig. 1). There seems to be an
impaired giucose tolerance in this group, although
observed in a amall subsample only (Fig. 2), as well
as a lower number of reticulocytes (Fig. 3). The
thromocyte count in both groups was the same.
These results, however, lead to no sensible inter-
pretation, as all results attempts failed to standard-
ize the methods applied for thrombocyte counts by
various laboratories.

1. Tabershaw, 1. R., and Gaffey, W. R. Mortality study of
workers in the manufacture of vinyl chloride and its poly-
maers. J. Occup. Med. 16: 508-518 (1974).

2. Bailar, J. C. Significance factors for the ratio of 3 Poisson
variable to ita expectation. Biometrics 20 839-843 (1964).
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Environmental Heglth Perspectives
Vol. 41, pp. 101-108, 1981

Epidemiologic Study of Vinyl Chloride
Workers: Mortality through
December 31, 1972

by W. Clark Cooper*

A population of 10,173 men, employed in 37 plants, was identified as having worked for at least
one year in jobs involving probable exposure to viayl chloride monomer (VCM) prior to January
1, 1973, Of the 9677 men whose vital status was determined, 707 were known to have died. For 699,
death certificates were obtained. The standardized mortality ratio (SMR) for all causes was 99,
that for all malignancies was 104. The only type of malignancy found in significant excess was in
the category of malignant neoplasma of the brain and other parts of the nervous system; 12
deaths occurred where 5.9 were expected, for an adjusied SMR of 203. There were slight but
inconclusive upward trends in all malignancies, and for malignancies of the respirstory tract,
digestive tract, and central nervous sysiem associated with reportied levels of maximum exposure
to VCM. When groups in whom less than 20 years had elapsed from the first exposure were
compared with those with 20 or more elapsed years, and 23 or more elapsed years, no significantly

different SMR's were detectad for major primary sites of malignancy. Plans for an updated study
of mortality, to include deaths in the period 1973-1979 are briefly discussed.

The epidemiologie studies of vinyl chloride work-
ers summarized in this report were carried out
during the period June 15, 1973 through December,
1976 by Tabershaw-Cooper Associates, Inc., and
Equitable Environmental Health, Inc., for the
Manufacturing Chemists Associstion (MCA) (now
the Chemical Manufacturers Association).

An initial report, dealing with 8,384 workers
from 34 plants, was prepared May 8, 1974 (1). A
summarized version (2) was published in 1974. The
study population was subsequently increased and
follow-up was improved. After an interim report in
1976 (3), a final report based on 10,173 workers was
prepared in January, 1978 (4). In all of these studies
the cbservation period ended December 31, 1972

Participating Plants
In mid-1973, the MCA identified 43 plants in the

United States, belonging to 19 companies, which
either produced vinyl chloride monomer (VCM) or
used it in the production of poly(vinyl chloride)

*2150 Shattuck Ave., Suite 401, Berkeley, California 84704,
October 1981

(PVC). Of these, 34 were included in the initial
study; four were excluded because they had been in
operation less than 5 years, one had stopped
production in 1966, and in others information on job
histories or exposures was deficient. Three plants
were subsequently added to the original 34, so the
1978 report included 37 plants. Of these, 11 pro-
duced only VCM, 18 produced only PVC, three
produced both, and five plants produced homo-
polymers and copolymers, with or without VCM
and PVC,

The geographical distribution of those in the
study, as shown in Table 1, indicates a dispropor-
tionate number of workers from the South, particu-

Table 1. Geographical distribution of 10,173 vinyl chloride
workers in 1978 report.

U.S. males Waorkers in
Region (1970), % study, &

Northeast . 25.9
North Central . 18.4
South A 64.8
West . 0.9
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larly from the East South Central and West South
Central States. The South, with 30,9% of the total
U.S. male population in 1970, supplied 64.8% of the
study population.

Of the plants participating, the one which had
first begun operations with VCM had done s0 in
1835, the most recent was in 1968. Four plants had
begun in 1942 or earlier, 13 in 1952 or earlier, and
27 in 1962 or earlier.

The Study Popuiation

The objective was to include all male employees
whose work had involved exposure to vinyl chioride
for at least one year prior to December 31, 1972,
The designation of jobs which involved exposure to
VCM was made by staflf members at individual
plants or by a corporate industrial hygienist. In
approximately two thirds of the study population,
TCA staff copied personnel records on individuals
who were identified as having been in exposed jobs.
In the remaining portion of the population, detailed
information on expored individuals was provided by
plant personnel. The methods used in doing this are
described in the complete reports cited earlier.

Study Period

The period of time in which the work-force of a
plant was included in the study depended upon the
date it began making or using VCM and also upon
the earliest date when personnel records were
complete for all employees, if that was later than
the foregoing. This was done to eliminate periods
when there was differential record retention of
workers terminated, deceased, or retired. The end
of the study period was December 3], 1972.

Estimates of Exposure

In each plant, every job and location with VCM
exposure was graded in terms of probable expo-
sure. Originally, a job history form was designed in
the expectation that the exposures could be quantified
in parts per million. This proved impossible in
practice. However, for each plant, jobs and loca-
tions involving the highest exposures could be
classified as “high”, and other jobs classified as
“medium” or “low” relative to the “high”. It is
recognized that this subjective classification is of
questionable validity in eategorizing the past and
present exposure of a given worker, From the
number of months spent in jobs with classifications
of 3 (high), 2 (medium) and 1 (low), a number of
exposure categories were developed for use in later

102

Table 2. Bases for development of VCM exposure categern

Criterion Tm |
Duration of exposed employment Momths
Interval from beginning of exposure to end of Momy,

obeervation
Estimated maximum level to which an individual ~ Higt '

was exposed for at least 12 months, Medn

classified as high, medium, or low. Lw .
Intagrated or camulative exposure, crediting 1

1 for each month at low, 2 for each :

month st medium and 3 for each manth s !

at high exposure to VCM i
Exposure index (EI) = Cumulative score/sverage |
number of months ‘

!
analyses. As shown in Table 2, individual exposare *
in various papers were classified in a number ¢
ways, including the maximum level at which
individual had been exposed for at least 12 month:
an integrated or cumulative exposure, and = !
exposure index based on the cumulative som ;
divided by the number of months. !

Follow-Up :

As is customary in historical prospective studies '
all who had left employment were traced whe
possible. Methods included form letters sent b:
mail and usé of retail credit follow-up. For the fr
report, there was insufficient time to utilize Soci
Security Administration records, but for subs
quent reports such follow-up was used.

In the first, or 1974 report, 85% of the stud:
population was located; for the final or 1978 repor.. !
the percentage had been increased to 95%. ;

The mortality calculations were based only o
those who were successfully traced, which is equir
alent to assuming that mortality among those n:
found was the same as among those who wer
found. This usually, but not always, results in som
overestimation of mortality.

Calculation of Standardized ;
Mortality Ratios ;

Each worker in the study, i.e., everyone who
vital status was ultimately known, was considere
to have been under observation from the date
which he attained a year of exposed employment &
from the date when his plant’s records were cof-
plete, whichever came later. Observation period
ended December 81, 1972, or on the date of deatt -
whichever occurred first. ‘

Observed deaths were classified by cause accort
ing to the 7th (1955) revision of the Internatiofs

Environmental Health Perspectiv® |

uce
057148

A

(la
dea’
cau

tor
197

obt
dis®
obt
cal

eac

Ch
Ing

SE

If:

at
sla
the

Re

W
U
de.

for

eXx:
34
re.
th

Ta
1]

N
N
%!
N

To




Clssification of Diseases. The expected number of
deaths by cause were calculated by using age and
ause-specific mortality rates for United States
malez with the same birth years and age distribu-
uon for the vears 1950, 1955, 1959, 1965, 1967 and

470,
l Deaths for which death certificates could not be
ohtained were assumed to have the same cause
dstribution as the death certificates that were
obtained. Appropriate increases were made in
calculated SMR's.

The statistical significance of the deviation of
cach SMR in the study population from an expected
value of 100 was tested by a method derived from
Chin Leong Chiang (5). The formula for determin-
ing the standard error of the SMR was

SE 100 x SMR
3 No. expected deaths

1¢an observed SMR differed from 100 by more than
1. standar errors, it was regarded as significant
at the 3% level; if it differed by more than 2.57
standard errors, it was regarded as significant at
the 1% level. SMR’s based on fewer than five
ubserved deaths were usually not tested for signi-
ficance.

Results

Table 3 summarizes the numbers of individuals,
success of follow-up, person-years and deaths in
successive phases of the study. The number of
draths per 1000 man-years of observation, which in
general reflects the age distribution of the work
furce, sugge=ts that the proportion of older individ-
ual: increased in the study population as it was
e\panded and follow-up improved. Even so, the
3. deaths per 1000 man-years indicates that a
relatively young population was being observed;
the U.S. male population 20 and above has about 11

Table X Numhers of individualy, success of follow-up, person-
Sears. and deaths analyzed in successive phases of the study.

Report 1, Report 2, Report 8,
1974 1976 1978

Q° of men 8384 9,100
M. found 7128 8,74
Y found 85% 96%

No deaths 452 [
o tertificates 828 511
Teial maneyr TISE6 94221
Deazhs 1000 man-yr 82 5.57

October 1981

deaths per 1000 man-years. Some publizhed occu-
pational epidemiologic studies will show 20 or more.

Duration of Exposure to VCM

In the first report, only 15.2% of those studied
had begun exposure prior to 1950 (22 years before
end of the observation period). In the third report,
33.4% had had 20 or more years for observation
since exposure began. This resulted from finding
more early employees by improved follow-up, and
the inclusion of an oider group from one plant in the
augmented population.

Standardized Mortality Ratios

Standardized mortality ratios (SMR's) for selected
causes of death are shown in Table 4, based on the
352 deaths analyzed in Report 1 and the 707 deaths
analyzed in Report 3. Results in the first report led
Tabershaw and Gaffey (1) to conclude that vinyl
chloride may be associated with cancer of a number
of sites, notably digestive cancer, respiratory can-
cer, cancer of other and unspecified sites (primarily
those of the central nervous system) and lympho-
mas. This was based not on statistically significant
excesses in each category, but upon apparent trends
when different levels and durations of exposure
were compared.

With the enlarged study group, the SMR for
malignancies in the entire population dropped slight-
ly, as did the SMR’s for malignancies of the buccal
cavity and pharynx, digestive tract and respiratory
tract. However, tumors of the brain and central
nervous system, when examined separately, still
appeared to be in excess.

A number of analyses were done in the third
report in an attempt to sharpen the focus on work

ex .

ere appeared to be a slight but definite trend
in the SMR’s for all malignancies, malignancies of
the digestive tract, the respiratory tract, and for
other and unspecified sites with increasing levels of
estimated maximum exposure (Table §). However,
the numbers of expected deaths were relatively few
in some categories and the groups differed widely
in age distribution as manifested by deaths per 1000
person-years.

To reduce dilution of the study population by men
whose exposures had begun only recently, a sepa-
rate analysis was carried out on those whose expo-
sures to VCM had begun 20 years or more prior to
1972, and on those whose exposures had begun 25
years or more prior to 1972 (Table 6).

Another analysis was made of a population of
men who had worked in plants producing only PVC
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(where VCM exposures were presumably high),
whose exposures had begun 20 years or more be-
fore the end of the study period and who had been
reported as having medium or high VCM exposures
for a year or more (Table 7). This group experi-

enced 210 deaths where 249.7 had been expecteq
The pattern of mortality from malignancies was na
appreciably different from that of the total stug,
group.

In summary, increasing the study population and

Table 4. Observed and expecied deaths (O/E) and standardized mortality ratios for selected canses (SMR's adjusted for miaging

certificates).
1974 Report 1978 Report
Cause (ICD Mo, 7th Rev) Q/E SMR (v} 7 SMR
All causes 352/467 ™ 077795 o
All malignancies (140-205) ™ 110 139/141 14
Buccal and pharynx (140-148) 52.84 189 55.19 102
Digestive (150-15% 1921.7 ] 29/40.8 ]
Respiratory (180-164) 4544.3 112 25/23.9 107
Other and unspecified (190-199) 1ML 155 2/20.2 147
Brain and CNS (188) — - 12/5.9 2039
Leukemia and aleukemia (204) mn 85 98.65 143
Lymphomas (200203, 205) 6/6.06 108 1110.38 112
Major cardiovasc. renal
(330-334, 400488, 592-5i4) 155207 80s 3477388 96
Cirrhosis liver (581) <= 15.6 21 14726.5 56¢
No. of workers 7.128 9,877
Person-yr 71,846 120,203
Significant at 1% level.
bSignificant at 5% level.

Table 5. Obwerved and expected deaths (O/E) and standardized mortality ratios for selected causes as related to maximum level
of reported exposure to vinyl chloride monomer (SMR's adjusted for missing death certificates),

Reported maximum exposure VCM
Low Medium High
Cause (ICD Mo, Tth Rev) OFE SMR OFE SMR [v1) A SMR
All malignancies (140--206) a7 98 56/58.5 109 1818.5 12
Digestive (150-159) 14/20.9 7 1/15.8 (1] 54.4 m
Respiratory (160-164) 19/22.2 ” 191171 116 5.1 141
Other and unspecified (190-199) 18,9 119 137.5 180 427 15
No. of workers 4,928 3,021 1,731
Person-yr 58,741 39,927 21,535
Deaths/1000 parson-yr 6.16 6.6 3.9

Table 6. Analysie of deaths based on time from beginning of exposure to end of study period (SMR's adjusted for miﬁlum

certificates).
< 20 yr >20yr > 25y
Cause of death
(1CD No. 'tth revision) No. SMR No. SMR No. SNR
All causes 156 ™ 549 ) 298 %
All malignancies (140-205) 3 95 108 107 ) 14
Digestive (150-159) 8 2 2 0 18 M
Respiratory (160-164) 8 20 1 116 22 100
Other and unspecified (190-199) [ 108 2 162 13 146
Leukemia (204) 3 155 (] 137 4 137
Cardiovaseular.renal €8 84 e ” 211 105
SSignificant at 1% Jevel.
104 Environmental Health Perspectives
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—nroving follow-up did not strengthen the sug-
nfr:d a.gsociations between VCM exposure and
-aigmancies other than those caused by hepatic
anposarcoma, as will be pointed out later, and a
«;peested association with tumors of the brain and
entral nervous system.

Tadle 7. Death- in plants producing only PVC, based on

sarhers whose first exposures began before 1952, and who

aad medium or high VCM exposures (SMR's corrected for
missing death certificates).

a. of death

10 No, Tth revision) O/E SMR
A cader 210/249.7 M
A, =alignancie- 1140-203) 48/46.04 108
Teestne (13-139) 9/13.63 70
b--piratory (16=164) 1714.75 122
+r=vr and unstecified (190-199) 10/ 6.33 167
we wis of liver (381) 6/7.95 80

o ctificant at 17 level, R

Angiosarcomas

Nine angiosarcomas are known to have occurred
in the U.S. during the study period, i.e., prior to
12/31/72. As shown in Table 8, eight of these were
found in the study, but only three were coded as
angiosarcoma on the death certificate. However,
four others were coded as tumors of the digestive
tract. Unfortunately, two were coded 230x so as to
fall out of the category for malignant tumors of the
GI tract, and one was coded as cirrhosis of the liver.

As shown in Table 8, the angiosarcoma which
was not found was in a man who had died in 1961.
We have not determined how he failed to be in the
study population. The years of exposure for the
eight cases ranged from 4 to 28 years, while elapsed
time from beginning of exposure to death ranged
from 16 to 24 years.

Tumors of the Central Nervous System

The 12 tumors of the brain had been diagnosed on
death certificates as follows: glioblastoma multiforme,
4 (1 confirmed by autopsy); astrocytoma, 2 (2 au-

Table 8. Angiosarcoma deaths and data on YCM exposures.

Time from
First Year of first exposure Total yr Est. max. Age at
ICI No* exposed death to death, yT exposure exposure death
[ 5A-02 1965 197 16 14 High 38
a4 1949 1968 19 18 High 43
45 1944 1964 20 20 High 52
47 1944 1968 4 4 Med 4%
-10 1946 1970 4 2 Low 70
-1 1851 1968 17 17 Med 80
12 1949 1960 20 20 High 50
-16 1950 1969 19 4 High 41
L - 1961 Not in study group

*NJmber useo) in registry periodically prepared by J. Stafford, Imperial Chemical Industries Ltd.. Plastics Division.

Table 9. Summary of brain tumor deaths (1CD No. 205) and data on VCM exposures.

Time from
First st exposure Total yr Age at
Case no, exposed Yr of death to death, yr exposure Max. exposure death
1 1958 1972 14 b Low 67
2 1967 1972 5 5 Low 4
3 1967 1968 1 1 Med 54
+ 1941 1958 17 6 Med 61
3 1950 1970 20 8 High 43
6 1956 1971 16 3 Med 2]
[ 1947 1871 24 2 Low 57
& 1945 1963 18 18 High “
4 1949 1971 22 21 Low 58
10 1947 1971 % 23 High 49
n 1935 1956 21 18 Low 55
12 1935 1987 2 - Low 57
{ktober 1951 105
uce
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topsies); ependymoma of the 4th ventricle (autop-
8y); “malignant brain tumor” or “carcinoms of the
brain,” 5 (with no autospies). This group is cur-
rently being made the subject of more rigorous
review. The information obtainable from our re-
cords, summarized in Table 9, is insufficient to
prove or disprove a cause-and-effect relationship
between occupational exposure and these tumors.

Conclusions

A study of 707 deaths in a population of 9677 men
who had worked for one year or more in jobs
involving exposure to vinyl chloride and whoee vital
status had been determined as of December 31,
1972, did not show a significant excess of deaths due
to malignancies. There did appear, however, tobe a
significant excess of tumors of the brain and central
nervous system, based on 12 such desths. There
also continued to be slight but inconclusive trends
toward higher SMR's for deaths from digestive
tract and respiratory tract tumors associated with
maximum levels of past exposure, No striking changes
in malignancy patterns were apparent when analy-
ses were directed toward individuals in whom 20 to
25 years had elapsed since first exposure. The
results suggest that, except for a proven associa-
tion with hepatic angiosarcoma and a strongly sug-
gestive association with central nervous system
tumors, vinyl chloride probably is not associated
with significant excess cancers of other sites.

It should be emphasized that the epidemiologic
study summarized in this report was planned, the
populations defined, and analysis under way before
cases of hepatic angiosarcoma had been diagnosed
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in workers exposed to vinyl chloride (6). An upds,
is scheduled with inclusion of additional death
the cohort during the years 1973 through 1979, i
study can be improved by a separate analysi ¢
data from the plants which began operations befi
1960, and by separating, insofar as possible, exy.
sures to vinyl chioride monomer, polyvinyl ehj.
ride, and various copolymers. 1t is also hoped th
criteria for defining exposure and for rating lewe.
of exposure can be improved to permit better int.
ces of integrated exposure.

This study was begun June 15, 1978 under a contract betwee

the Manufacturing Chemists Association, 1825 Connection A:

i D.C. (now the Chemical Matufay

‘sbershaw/Cooper Associates, Inc i vy

continued under later contracts with TCA and with Equitse
Environmental Health, Inc.
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Epidemiology of Hepatic Angiosarcoma
in the United States: 1964-1974

by Henry Falk,*t John Herbert,* Steven Crowley,* Kamal
G. Ishak,t Louis B. Thomas,** Hans Popper ! and Glyn

G. Caldwell*

1 nationwide survey of hepatic angiosarcoma (HAS) in the United States during the years 1964
through 1974 identified 168 cases. Of these, 42 cases (25%) were associated with known etiologic
fa: tors, such as vinyl chloride monomer exposure during preparation of poly(vinyl chioride), use
of Thorotrast in angiography, exposure to inorganic arsenic, and treatment with androgenie-
anabolic steroids; 128°tases (75%) are of uncertain etiology. HAS most often affects males (ratio
of approximately 3:1), peaks in the sixth and seventh decades of life (somewhat exrlier than other
surcomas of the liver) and appears to occur more often in the industrislized Northeast and
M dwest (although reporting artifact may be s factor). There is an extraordinary relative risk for
p Ivivingl chioride) polymerization workers; there may also be other chemical-industrial
as-ucistions that require further investigation. Prospective epidemiologic studies of HAS should
be considered as a means of identifying other causative factors (e.g.. chemicals or drugs) related

to HAS,

Introduction

This repor: is an overview of the nationwide
hepatic angio~arcoms (HAS) case-finding study for
the years 191-1974 conducted by the Centers for
Inweaze Control (CDC).

At the start of this study, three causative factora
tad been e tified for HAS: vinyl chloride mono-
mer (VCM) (1, 2), Thorotrast (8), and inorganic
anenic (J). The recently discovered association
tetveen VCM and HAS has served as a stimulus
fur this inve-tigation, and multiple epidemiologic
*'udies of pc.vvinyl chloride (PVC) polymerization

“Chroni¢ Di--..ses Division, Center for Environmental Health,
terters for Div .se Control, Public Health Service, U.S. Dept.
!Health and H_.man Services, Atlanta, Georgia 30333,

“Author to v - um reprint requests should be addressed.
,:Detartmer: .f Hepatic Pathology, Armed Forces Institute
<" Pathology. W'.:~hingten, D.C. 20012,

**Laboratur; of Pathology, National Cancer Institute, Na-
i 2l Instituty - of Health, Bethesda, Maryland 20014.

t¥irauton La oratory for Liver Disease, Mount Sinai Sehool

;.-'.ivdlcim o the City University of New York, New York

October 1951

workers exposed to VCM have since demonstrated
very high relative risks for the development of
HAS (5, 6). Thorotrast is a colloidal suspension of
thorium dioxide, a radioactive alpha-emitter with
markedly prolonged radiologic and biologic half-
lives, which was used for carotid angiography and
liver-spleen scans in the period 1930-1955. The
thorium dioxide is sequestered by the reticuloendo-
thelial system, primarily in the Kupffer cells of the
liver; radiation injury to adjacent cells iz the
presumed carcinogenic mechanism. Epidemiologic
studies of Thorotrast recipients have shown very
high relative risks for the development of HAS as
well as hepatocellular tumors (7, §). The association
between arsenic and HAS is based on data from
several small autopsy series in German vintners in
the 1940s and 1950s (4, 9), which demonstrated an
increased incidence of liver disease, including HAS.
These workers were exposed to inorganic arsenical
pesticides during:pplication of the pesticide and
also by drinking beverages prepared from the skins
of the sprayed grapes. Subsequently, HAS cases
were reported following long-term ingestion of
Fowler’s solution (potassium arsenite) (10, 11) and
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srsenic-contaminated well water (7¢). Individual
cases suggesting associations between HAS and
hemochromatosis (13) and copper exposure (14)
have also been reported.

Earlier reports from this study reviewed cases
asgociated with single causative factors (15-18),
including androgenic-anabolic steroids which we
fee] are implicated as a fourth cause of HAS (19). In
this paper, we present an overview of the case.
finding effort, placing the known causative factors
and cases of idiopathic origin in perspective.

Methods

Information relating to cases of HAS occurring in
the United States during the years 1964 through
1974 was solicited by C%C in a variety of ways:
(1) announcements were placed in seven medical
journals; (2) a mailing was sent to all pathologists
in the country; (3) separate mailings were sent to
all state epidemiologists, major tumor referral
centers, and statewide tumor registries; (4) & desth
certificate review for International Classification of
Diseases (ICD), Eighth Revision, Code 197.8 (liver
tumors, unspecified primary or secondary) for the
period 1966-1973 was conducted with the assistance
of the National Center for Health Statistics (NCHS)
and the 50 state health departments (Code 155.0,
primary liver tumors, was not reviewed because it
would have been impractical to obtain the much
larger number of certificates in this category and
because it was felt that the majority of cases of
HAS listed 2s such on the death certificate would
have been coded as 197.8); (5) arrangements were
made with the Armed Forces Institute of Pathol-
ogy (AFIP) to include cases in their files (1943-1875)
in the review; (6) & number of cases were identified
from industrial surveys of PVC polymerization
workers and others potentially exposed to VCM;
and (7) permission was requested to include the
previously published cases of HAS occurring in
1964-1974.

The evaluation procedure for each identified case
was as follows: Initially, permission was requested
to review the appropriate pathologic specimens (all
submitted non-AFIP case material was reviewed at
the National Cancer Institute’s Laboratory of Pa-
tholegy by H. P. and L. B. T.). Following confirmation
of the diagnosis, the local physician was notified,
and, with his permission, the nearest of kin was
identified and contacted. Consent was obtained to
review medical records, and a questionnaire was
administered by telephone to obtain detailed oceu-
pational, residential, and chemical exposure histo-
ries. In selected instances, friends, employers,
previous physicians or others were also interviewed.,
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In all, approximately 350 submitted cases we
reviewed by the pathology review group, son
outside our requested time period of 196415,
Pathologic specimens were obtained for review
approximately 95% of cases, many of which wen |
considered by our pathology panel not to be Hi: i
Since survival after diagnosis is very brief m
many cases were only diagnosed at autopsy, v
have included all 168 confirmed cases with dex °
during 1964-1974 in the study group. |

The above effort is essentially a case review :
Subsequently, the 22 432 death certificates obtaine
from the review of Code 197.8 were used to am
out a case-control study of occupation as recorde .
on the death certificate in the following manne °
Death certificates were sought for all 168 confirme
HAS cases; 166 were available. Controls wen
sought from among the 22,432 death certifieates it
ICD Eighth Revision Code 197.8 (liver tumer. -
unspecified primary or secondary) that had bee ;
obtained in the HAS case-finding effort (see above. -
certificates of confirmed HAS cases were exclude |
from the contro} selection process. Although death
in Code 197.8 might not represent the ideal contry. .
group, the rationale was that these deaths resulte
from a broad variety of tumors of multiple site:
metastatic to the liver or represented cases whict
were diagnostically uncertain; it was therefor
unlikely that any single diagnostic category woul
predominate or that the occupational listings wout
be heavily biased by any single group of cases.

Up to four controls (as many as were available
were matched to each case & 30 years of age onth
basis of the following criteria: age (=6 years), sex
race, county of residence, and year of death (!
years), One hundred thirty-five cases were success
fully matched (79 of these had 4 matched controk.
the overall ratio of controls to cases was approg- |
mately 3:1). Individuals who could not be matched
were primarily young females and residents ¢
sparsely populated counties.

A combined occupation and industry' coding scheme
was developed to accommodate all listings recorded
on the certificates and to group listings on the bast
of potential hazardous exposures. The data wer
analyzed by Rothman's method for matched group
with muitiple controls per case (20).

Results

Our study identified 168 desths from confirmed !
HAS during the years 1964 through 1974. For thé
rare tumor, the best sources of case identificatiot
were the pathologists, with the largest number ¢
cases identified through the single mailing to &
pathologists and the second largest number of cas&* .
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8§ e dentified through pathology referral centers (par-  certificate survey (these latter cases were not
some ticularly the AFIP). gonﬁrmed by pathologic review). HAS has a strik-
+1974, Table 1 summarizes the results of the death ing male preponderance of approximately 3:1; this
lew in certificate review portion of the case-finding effort  is not true for other hepatic sarcomas. HAS also
1 were and points up some of the inadequacies of using this ~ appears to occur more often in younger age groups.
HAS, method in epidemiologic studies of uncommon tu- The higher proportion of males than females with
ef and mors. Only 42% of the cases initially identified on  HAS first appears in the 40- to 49-year-old group
3¥. we the death certificate as HAS were confirmed as  (Fig. 2) and is associated with a younger peak age
death such on pathologic review; 50% of the cases were for males than females, although the mean age for
, confirmed not to be HAS. Furthermore, only 23%  female HAS cases (50.1 years) is lower than that for
eview, of all the total cases in our study during the years  males (57.9 years). These findings are not solely
tained 1966-1973 would have been identified by the death  related to the VCM-induced cases among polymer-
carry certificate search alone. It can be seen that an ization workers. The male preponderance is aiso
corded epidemiologic study based only on a death certificate  present in the Thorotrast, arsenic, and androgenie-
-anner. search of Code 197.8 would have been quite inadequate.  anabolic steroid associated cases, as well as in the
Jrmed Figure 1 compares age, race and sex data for the  idiopathic cases (Table 2). Cases with known etiolo-
were confirmed HAS cases in our study with 131 cases of gy, however, have a younger age distribution than
ates in non-angio hepatic sarcoma identified in the death  idiopathic cases (Table 3), with a mean age of 51.0
,“{)nef;? years compared to 57.6 years for the idiopathic
n cases,
Table 1. HAS cases, CDC survey: death certificate review—
Jove), ode 197.8 (Sth revision ICD), 19661973 Table 4 presents the 168 cases of HAS by year of
luded : ! death and etiologic status. The VCM-, Thorotrast-
eaths Length of reg?:_‘;'m 1978, 172 of 1970) and androgenic-anabolic steroid-associated cases
1.5 years 1] . N ;
‘):]tt?;’l T:til number of death certificates reviewed 22,432 were more comumaon dunn‘ the latter part of the smdy
sites Sarcoma: of the li;r!eAr.s death certificate d.ia¢noou:" 26.1%)
hich m’\‘;m ) 2 :11:7%) Table 2. HAS cases, CDC survey, 1964-1974; sex ratios,
efore Fibrosarcoma ) :: gsg.g; iolegic
9 Sarroma (type unspecified . :
Vo _d Sluom: (other types) 204w Male Female  Ratio
s. Tol 206 Viny! chloride 12 0 az:0
able) Final pat* slogic diagnoses of 74 cases 15 5 (3:1
identificd on death certificate as HAS Arsenic 4 2 (2:)
n the Confirn.ed HAS 3 wew) Androgenic-ansbolicsteroids 8 1 (8 : 1)
Bex, Confirm.ed not HAS 37 (50%) ,
(=3 No pathology available _Scem ?ﬂmmu sthi : sg 2 ;: };
CesE
trols;
roXi-
ched bt - 0
s of 34 wAS (Weu30) By — AL
R, == o
weme “ TE - 8 () “
PdEd nd oveER S4cHS- 13 W) »4
basis o] T om0 sacous oue i
were . - -
oupé i T el i
’ 204 v 204
144 q
04 104
med
. T.hj! 3 Lo
mc:; e 10-19 $0-29 30.39 40-48 $0.50 40-88 TO-T® WO+ TR ;;TnTao-u'n.u %0-08 7.7 ®0e
ar‘n ASE SROUP (YEARS) AL shour (YEARD)
:, e Ficune 1. Hepatic angiosarcoma (HAS) cases compared with  Figurr 2. Hepatic angiosarcoma cases, by age group and sex:
non-angio hepatic sarcoma cases, by age group: U.8., 1964-1974. U.S., 1964-1974
r October 1981 109
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Table 3. HAS cases, CDC survey, 1964-1974: age distribution
for cases of known cause and for idiopathic cases,

Known etiology Idiopathic

Age, yr No. % No. %

0-9 1(2 2(2
10-18 0(=-) 409
20-29 0(-) 1(D
30-39 4 (10 8(6)
40-49 8 (19) 18 (15)
50-58 2 (52) %19
60-89 4 (10) 39 (31)
70-79 3D 21 a7
»80 0{~) 8(8
Total 2 128

period. For the VCM- and androgenic-anabolic
steroid-associated cases, this is due to the rels-
tively recent introduction of these causative agents.
For the Thorotrast-induced cases, however, this
pattern was an unexpected finding. Based on the
originally calculated latent period of approximately
20 years (£1), the general impression was that such
cases would be diminishing by 1975. However, the
number of cases appeared to still be increasing as of
1974, apparently due to an increase in cases having
relatively low-dose ang'iomﬁhic procedures and
prolonged latent periods (16). The arsenic-associated

Table 4. HAS cases, CDC survey, 1964-1974: distribution by causative factors and year of death.

cases (including five adults with a history of pro
longed use of Fowler’s solution and one child wity
environmental exposure) occurred primarily during
the earlier years of the study and may represent
the tail end of a larger problem in previous yean.
The number of idiopathic cases was low during the
first few years of the study (perhaps related to poer
recall by pathologists, and to the fact that the death
certificate search started with 1966). Case num-
bers, however, remained steady for most of the
study period except for a spurt in 1974. The latter
occurred right after the original report and the
attendant publicity of the first cases of VCN.
induced HAS (January 1974) and may be related s
improved diagnostic evalustion. Review of the
idiopathic cases occurring in 1974 demonstrated s
large number of elderly cases with no evidence of
clustering in a particular exposure setting.

The HAS mortality rate for the entire United
States during the study period was 0.75 cases per
107 population per year. Crude mortality rates by
region, based on county of residence at time of
diagnosis (Table 5), suggest & somewhat higher
incidence in the Northeast and in the industria
portions of the Midwest. There was also an increase
in the mountain region, although this is based ona
very small number of cases. The rates were low in
farming states and in the South; however, since

1964 1965 1966 1967 1968 1989 1970 1971 1972 1973 1974 Toa
Jdiopethie 4 10 ] 13 12 18 1 12 13 n 18 1%
Vinyl chloride 1 - - - 3 2 1 1 - 3 1 12
Arsenjc 1 - 1 2 1 - - - - 1 - [ 1
Thorotrast - - - 1 2 2 3 2 4 1 5 -1
Androgenic-anabolic steroids - - - 1 - - - 1 - 1 1 4
Total 8 10 10 17 18 17 15 18 17 17 25 168
Table 5. HAS cases, CDC survey, 1944-1974: distribution by region. i
No.ofcases  No. of idiopathic cases ‘
Region States Pop. 1970 (HASNOyr.)  (idiopathicHASN0YT) |
1. New Engiand ME, NH, VT, MA, RI, CT 11,847,188 12 (0.92) 9 (0.69) )
2. Mid-Alantic NY. NJ, PA 37,152,813 38 (0.93) 28 (0.68) %
3. E.N. Central OR, IN, IL, MI, W1 40,252,678 35 (0.79) 30 (0.68) :
4. WN. Central MN, LA, MO, ND, 8D, NB. K8 16,324,389 10 (0.56) 9 (0.50) ’
5. S. Atlantic DE, MD, DC, VA, WV, NC,
SC, GA, FL 30,671,387 23 (0.68) 15 (0.44)
6. E.S. Central KY, TN, AL, MS 12,804,552 7 (0.50) 1 (0.00)
1. W.S. Central AR, LA OK, TX 19,322 458 12 (0.56) 10 (0.47
8. Mountain MT, ID, WY, CO, NM, AZ,
UT, NV 8,283,588 10 (1.10) 7 (0. .
9. Pacifie WA, OR, CA, AK, HI 26,525, 744 21 (0.72) s
Total 203,184,742 168 (0.75) 126 (0.56) '
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hiv wy .. eases are diagnosed only after referral to  study that groups with chemical exposure may be
V ?hil?jr ’ = h‘-‘::"p:w and tumor centers, it is possible that  at higher risk, raise the possibility that some of the
Timarily g, "% poral rates could be artifactual. o idiopathic cases may be related to presently
may repre, '} cymmarize this portion of the study, it i8  unidentified environmental or occupational expo-
Irévious ye,. cearvnt that HAS has a strong male preponder-  gures.
low during .~ _that it appears to occur more often in younger This study and that of Baxter et al. (25) confirm
related . rroups than other sarcomas of the liver, and the limited diagnostic reliability of death certificate
that the g, s +here may be geographic differences which are  diagnosis of HAS and the need to assess a variety of
3). Case p. -e.2ted simply to the distﬁ::tior; thYciM associ- Tabie 6. - stk
I most of " i cases (the largest number of which were in Occupation as recorded on certificate, cane-
¥74. The la:?. :;--.:::iw and West Vli‘re%inil). As part of ge control study, CDC HAS marvey, 1964-1974.
3port ang ¢, /. w-up effort we looked at occupstion in the G ro po—
ses of V(y »all cel;'liﬁCate case-control study. Table 6 shows IN-185) (N =-421)
7 be relateq -+, the case-control ratios were elevated only for :
-eview of v+ last two occupational categories. The first of Professional, technical, 6 o
>Monstrateq , ree (#7) shows a highly significant difference for m bmind 5 2
) E\'idenct- ¢ .. mical workers that is entirely related to expo- Sales, 'hw trade 3 2%
‘tting. o= 1 VCM: all 10 cases were PVC polymerization Clarical 9 13
entire Uni s racrs, The last category (#8) combined a large Communieations 1 5
).75 cases o + =her of laburing groups with potential exposure Fw- insurance, real 0 )
ity rates - a variety of chemicals; included are laborers, Business, store awhers,
e l;“ time (- -.chimsts, maintenance workers and other;. The 5 u
what highe- a~xiation of this heterogeneous grouping of occu- Service workers 8 36
he indusllzna :auons with HAS is not statistically significant, nor Housewife, homemaker 18 52
0 an increas + neviewing the individual decupational data from ﬁmlml' ‘“"mi  cabied g 12
& based on; s+ interview~ with family members were we able ’ ' % ==
were low . vlentify a specific chemical, plant, or process asa Agricuttural ¢ 4 (35%) B4 (56%)
vever, sine sawsative factor. Nevertheless, taken together with stock, feed, m’"' 'i"") ) 2 (5%)
s+« earlier findings, this association suggests that Mining 1 (1%) 8 (2%)
« mc chemica! exposure or industrial factors may Transport 4 (3%) 21 (5%)
x related to « portion of the idiopathic cases. Such Mc‘:"m"a"" “"‘(“"“"‘ 2 a% 9 (2%)
974 Tow o asociation would not be unreasonable; machin- mmmf“m 2 13
—_—— ~t», e.g., arc potentially exposed to trichloroethyl- Lumber, logging, wood
lls I‘S +~v 1an exper mental hepatocarcinogen that is strue- products 0 3
- s wurally related to vinyl chloride), inorganic arsenic ;_l“ﬂfl' I:.d 0 5
5w and nitrosari'nes (which have been identified in » beverages, tobacco, 0 .
B | rating fluid~ and are a known cause of HAS in Textiles 3 9
L™ aumals) (22, 23). Paper, printing 1 5
— Rubber/plastics 1 2
Automobile 0 _3
Discussion Chemical 10 G ‘ grl?:;
pathie caver A particularly intriguing feature of HAS is that Machinist-metal cutter . PRV
JAS 107y, there are nuw four probable causes of this tumor, Machine operators 0 8
. and yet about 75% of the cases are of uncertain Forgers, molders, casters 1 3
‘8';‘3{ ctiology. Given that the HAS cases associated with Painters 1 4
0.85: the four quite distinct etiologic factors (VCM, m‘:‘”" water works, power : :
0.50) Thorotrast, arsenie, and androgenic-anabolic ste- ypre— custodians 9 20
roids) share a common morphologic progression to Construction 1 2
6'-0‘;)' HAS which is indistinguishable from that of idio- Heavy equipment operstors 2 6
o4 rathic cases (24), it is likely that additional causal ;‘I!P“f services ; g
factors are (or will be) associated with HAS. In this echanics = =
LY sudy, the male preponderance, the younger age n @% 7: (19%)
158 distribution, the possible geographic relationship ‘ p=01
-56) with industrial portions of the country, and the  “iSrtistical analysis for casecontrol study with multiple
suggestion from the death certificate case-control  matches (#0).
tives October 1981 m
ucce
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sources of data in order to identify cases for studies
of rare tumors such as HAS.

The Thorotrast data are instructive because the
initial estimate of the latency period has lengthened
with time; recent cases have been in individuals
who had relatively low-dose procedures but pro-
longed latent periods (16). This accentuates the
need to continue evaluation of VCM exposed groups
for the possible appearance of a similar pattern.
The time frame covered by our study is perhaps too
early to detect a sizable number of cases with
relatively low VCM exposure either in occupational
or environmental settings. In addition, Thorotrast-
induced HAS was noted approximately 10 years
before Thorotrast-induced hepatocellular tumors
were recognized; given the identical morphologie
appearance after VCM exposure, involving mixed
hyperplasia of sinusoidal cells and hepatocytes, and
the occurrence of hepatocellular tumors in experi-
mental animals exposed to VCM (£6), we need to
continue to follow-up VCM-exposed cohorts for the
possible appearance of hepatocellular tumors.

Cases of HAS associated with various factors
have previously been reported (14, £7, £8); individ-
ual cases associated with hemochromtom prior
radiotherapy, chloroprene exposure and chemother-
apy with urethane were also noted in this study,
but we have not discussed them in detail here,

It would appear valuable to continue epidemiologic
studies of this rare tumor. This might enable early
detection of additional etiologic factors for this
diseaze, such as the various structural analogs of
vinyl chloride (e.g., vinyl bromide and vinylidene
chloride) which have had industrial use. However,
because of the difficuity and time involved in
establishing adequate surveillance for rare tumors
such as HAS or mesothelioma, it would be best to
¢: .ablish a singje framework for studying & number
of rare tumors or marker ilinesses at once. One
would then be able, e.g., to survey pathologists or
other groups at a smgle time to obtain information
on a variety of such conditions.

HAS is 8 rare tumor with at least four probable
causes and undoubtedly others that have not yet
been identified. Ascertainment of the range of
causative agents for HAS, as well as for more
common tumors, presents a challenge to epidemiol-
ogists.

We acknowledge the support of Clark W. Heath, Jr., Matthew
Zack, Joyce Cannon, Robert Albin, Alice Little and Carolyn
Forrester of the Centers for Disease Control; Paul Leaverton of
the National Center for Health Statisties; Irving J. Selikoff of
the Mount Sinai School of Medicine; Norman C. Telles of the
Bureau of Radiclogic Health; and Donsld M. Austin of the
California Tumor Registry. We particularly sppreciate the
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support of the many physicians, pathologists. and tumor ree-
trars who provided information and participated in the ™
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The British Hepatic Angiosarcoma

Register
by Peter J. Baxter*

A register of British cases of primary hepatic angiosarcoms (HAS) was established in 1974 to
manitor the occurrence of cases from 1963 onwards, Details of cases dying in 1963-77 have boen
obtained. Thirty-five cases were agreed as HAS by » panel of liver pathologists, and occupational
and medical information was obtained in the majority of these. Two cases were attributable to
VCM exposure, and eight others had received intra-arterial Thorotrast. In 1978-79, two more
cases were confirmed in VCM polymaerization workers.

Introduction *®

In 1974, the Health and Safety Executive em-
barked upon a mortality study of all workers in
Great Britain who had been exposed to vinyl
chlorid in the manufacture of vinyl chloride (VCM)
or polyivinyl chloride) (PVC), and a register of
British cases of primary hepatic angiosarcoma (HAS).
The mcality study embraced over 7000 people,
and an ::nalysis of deaths up to the end of 1974 has
been | iblished (). The main finding was four
certifiedd cases of liver cancer, two of which were
histolo.ically confirmed HAS. An update of this
analysi- has been postponed while, with the collab-
oratior; of the factories concerned, exposure data
are being refined to take into account job changes
and eaposure to PVC dust. A mortality study of
PVC fabricators was considered, but remains in the
plannirg stage. The register is also the basis for a
case-cuntrol study of occupation for those cases
occurring from 1974 onw @).

To d-termine the annual occurrence of HAS and
to moitor its incidence, cases dying in 1963-73
were reviewed as well as those occurring after this
period. Information on cases for the 15 years
1963-77 has now been obtained and will be outlined
?)ere. Further details may be found elsewhere (3,

THea'h and Safety Executive, 25 Chapel Street, London,
NWI 50T, England. Present address: Chronic Diseases Divi-
#n. <oecial Studies Branch, Center for Disease Control,
Atlanta. Ga. 30333,

October 1981

Methods

Cases were identified by a search of death
certificates in seven appropriate categories of the
International Classification of Diseases for a diag-
nosis of HAS (or one of its synonyms). Hospital
pathologists and cancer registries were requested
to report cases, as were the medical departments of
factories manufacturing VCM or PVC. Some cases
were identified from publications, When available,
histological material was sought for all the reported
cases and submitted to a panel of three liver
pathologists (Drs. P. P. Anthony, R. N. M.
MacSween and P. J. Scheuer), who reviewed the
slides independently and without knowledge of the
prior diagnoses. For control purposes, histological
material from other liver cancers was included. For
those cases by the panel as HAS, the full
medical records were sought and further informa-
tion, for example, occupational histories and alcohol
consumption, was obtained when possible by inter-
view with the next of kin.

Results and Discussion

Eighty-eight cases were reported from all sources.
The panel agreed the diagnosis in 32 cases and
three more were agreed from among the controls.
In half of the confirmed cases the diagnosis had
been recorded on the death certificate, but the
remainder would have been missed if reliance had
been placed upon death certificates as the sole
method of ascertainment. At least some clinical and
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necropsy details were obtained in all but two pa-
tients. Occupational histories were obtained in
91%, the occupation recorded on the death certificate
being accepted for the remainder.

The annual numbers of both reported cases and
those agreed by the pane) increased after 1975, so
that in 1977, 12 cases were reported, 10 of which
were agreed by the panel. Between 1968 and 1977
an average eight cases per annum were reported
and three per annum were agreed by the panel, the
population of Britain during this period being about
50 million. The observed increase in incidence was
almost entirely due to 10 cases of known etiology;
eight were patients who had received intra-arterial
Thorotrast (a colloidal suspension of thorium diox-
ide), and two others had been VCM polymerization
workers. Plotting on a map the last places of
residence of all 35 agreed cases revesled a cluster of
six Thorotrast cases in or around Edinburgh,
where the use of Thorotrast in neurological diagno-
sis had been greater than at any other British
center. One hundred and nine patients who had
received intra-arterial Thorotrast in Edinburgh
during 193348 have been followed up in detai] (5);
about three quarters of these patients have died, 13
(17%) from liver tumors. Histological material for
review by the panel was available in nine of these.
In those cases dying in earlier years, the tumors
were predominantly cholangiocarcinomas, but later
cases were ill HAS, confirming that the recent
emergence of Thorotrast-induced HAS in Britain is
a real increase in incidence and not an artifact due
to under-reporting of cases occurring in the past.

Twenty-eight of the 36 cases were males; one
female infant died aged 8 months. For idiopathic
cases, the male:female ratio was 4:1. Adult cases
were assigned to one of the Registrar General’s five
social classes according to the occupation on the
death certificates. The social class distribution was
unremarkable, except that the only cases in social
classes one and two were four men, all of whom
were designated as electrical engineers. In fact, six
out of the 28 males had worked in the electrical
industry at some time, a figure in exceas of any
other industry. Three other men had been em-
ployed in workplaces where PVC was fabricated,
but the occupational histories were inadequate to
confirm that these men had worked with PVC. One
other male case had lived for six years before his
death within a half mile of a plant manufacturing
PVC. Occupational exposure to arsenic did not
appear to be a factor in any of these cases.
Arsenical drugs were commonly prescribed in Brit-
ain in the past and, in a few sreas, even until the
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early 1960’s. However, one case only was uSpectc:
to have clinical evidence of chronic arsenical intoy.
cation, but nail and hair analyses for arsenic wen
negative and the medical records were inadequs,
for verifying the use of arsenical drugs. None ¢
these cases was recorded to have taken androgy:.
steroids (6), but one woman had taken an estrog,:
preparation for several years. Alcohol did p;
appear to be an important factor in the majority
cases, only four men having a history of hes-
consumption. '

In its age distribution, clinical presentation u

rognosis, HAS resembled primary liver carcinom.
4). Upper inal pain and a hepatic m.
were the commonest presentation, and extraheps:i
metastases were found in 23% of cases only. Fa.

cluding the Thorotrast cases, and for men only, th

median interval between the onset of sympton.
and death was six months for those aged unde
sixty years, and only six weeks for those aged six:;
and over, a difference which was statistically high':
significant. Hemochromatosis was not evident i
any of the cases.

In 1978-79, two more cases of HAS have beer
confirmed in polymerization workers, and anothe:
case has led to speculation that hydrazine derivi
tives, such as phenelzine, may induce angiosarcom:
in man (?), It is too early to predict the full impar:
of past industrial exposure to VCM in Britain ané
at least until the picture becomes clearer th
monitoring of HAS should continue.
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Effectiveness of Federally Required
Medical Laboratory Screening in the
Detection of Chemical Liver Injury

by Carlo H. Tamburro* and Richard Greenberg*

The increasing concern of industrialized societies over the potential health hazard of synthetic
chemicals in the occupational environment has led to goverment requirements for
laboratory screening of workers. The specific tests for such screening programs are most often
selected on the bais of medical experience which utilized them in symptomatic or hospitalized
populations. Required screening tests for hepatic injury including cancer in vinyl chloride
workers has been systematically and prospectively studied-in an industrisl population working
with synthetic rubber and plastics. Approximately 1300 employees were studied over a five-year
period. A cohort of 969 male employees, for the purposes of analysis, were divided into a
“standard” and “nonstandard” population based upon the absence or presence of significant
medical disease (including liver disease). A subcohort of 120 individuals was further identified
based on availabiliity of liver biopsy. Evaluation of federally required studies included alkaline
phosphatase (AP), y-glutamyl transpeptidase (GGTP), alanine aminotranserase (ALT, SGPT),
aspartic aminotransferase (AST, SGOT) and bilirubin (BR). Also studied were indocyanine green
clearance (1CG) and radioisotopic liver spleen scans (L-8 acans). The GGTP provided the highest
positive predicted value as a screening test for identifying “nonstandard” individuals (individuals
with all types of medical disease) followed by 1CG, AST. ALT, L.S scan, AP, and BR.

In the identification of asymptomatic liver disense the GGTP had the least specificity due toa
high false positive rate, while the AP provided the highest specificity. The ICG clearance
however, provided the best combination of positive predictive value and sum of specificity and
sensitivity, The AP provided additional increase in specificity as a follow-up study. There was no
evidence that any of the other federally required tests added any sdditional benefit and did add
significant increase in the false positive rate. These studies support the need for evaluating
screening tests as to their semsitivity, specificity and positive predictive value, in asymptomatic
individuals, before they are made established requirementsa.

Introduction

Industrialized societies throughout the world
have becomc inereasingly concerned over the poten-
tal health hazard of synthetic chemicals in the
ccupational environment. Governmental regula-
tons have increased the number and types of
medical lal.oratory screening required for a large
\ariety of halogenated hydrocarbons as well as
o'her potential environmental hazards. The pri-
mary objective of these screening programs is to

: “Liver Re-carch Center, Division of Digestive Disesses,

“panment of Medicine, and Department of Community Health
24 Cancer Center. University of Louisville Sehool of Medicine,
Loawsville, Kentucky 40201,

October 1981

reduce disability, morbidity and mortality in work-
ers, especially as related to serious low-grade
health hazards. In general, screening programs are
instituted because of the presence in the work
environment of a suspected or proven environmen-
tal toxin or carcinogen, which has the potential of
producing low-grade injury over long periods of
exposure.

Most screening studies are directed toward the
detection of abnormalities in certain body systems.
The specific tests are frequently selected on the
basis of medical experience which utilized them in
symptomatic or hospitalized populations. Prior expe-
riences utilizing nonspecific multiphasic heaith sur-
veillance screening and maintenance have not proven
to be cost effective except under certain limited
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conditions (1). The cost effectiveness of such tests,
however, in the determination of medical screening
requirements, has played a limited role due to the
potential seriousness of these occupational agents.
Little attention has been paid as to whether the
effectiveness of federally required screening pro-
vides the best or, more importantly, a necessary
benefit when applied to asymptomatic and other-
wise healthy worker populations.

The discovery in 1974 of hepatic toxicity and
cancer formation in vinyl chloride workers provided
the opportunity to systematically and prospectively
study the effectiveness of federally required and
federally recommended medical screening proce-
dures for the detection of chemical liver injury,
including cancer development (2). Table 1 lists the
federally required medical screening procedures
since 1974 for environments utilizing vinyl chloride
or polyvinyl chloride. Table 2 lists the federally
recommended studies for these same environments.
This paper will present a preliminary assessment of
the effectiveness of these federally required studies
in the accurate detection and identification of chem-
ically induced liver injury due to halogenated hydro-
carbons, especially vinyl chloride.

Materials and Methods

The industrial population studied consisted of
approximately 1200-1400 employees of a chemical
plant whose two major products were synthetic
rubber and plasties. The industrial plant had been
in operation for over 35 years and had a predomi-
nance of male employees (96%), approximately
80-87% of the work force being white, 11-12%
black, less than 1% of other racial origins. Turnover
of the plant was approximately 10 to 15% per year
wi'h 65-70% of the work force having worked five
years or more at the plant. Employee ages ranged
from 18-65, with a mean of 52 years.

A cohort consisting of 969 male employees who
worked continually from June 1, 1976 to May 31,
1977 was, for purposes of this analysis, divided into
a “standard” and a “nonstandard” population. These
designations were given on the basis of a review of

Table 1. Federally required studies for vinyl chloride workers.

History and physical

< 10 years as vinyl chloride worker.—(annual)

> 10 years as vinyl chloride worker—(semiannual)
Biochemical studies

SGOT (AST)

SGPT (ALT)

GGTP

AP

TB
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Table 2. Federally recommended (not required) atudies

Hepatic studies S
LDH isoenzyme

Total protein

HProuin electrophoresis

i ic scan
Kidney dysfunction (urine examination)
Albumin

RBC
Exfolistive abnormal cells
system

FEV,
Chest x-ray (PA snd laters))

[

all present standard medical data on each empl;.
ee, including the federally required studies. Othe
screening studies of the medical surveillance pn.
grams were not utilized in the classification
overall medical status because, at that time, ther
clinical usefulness was unknown or controversiy
All studies were performed on an annual bas:
those individuals with ten years or more of emplo:.
ment were examined and screened semiannualy
Compliance with medical screening studies durr;
the five-year study period showed a continuoi
participation in the history and physical examin
tions by over T6% of the work force, laborator:
tests and chest x-rays by 86%, and liver-splet:
scans by 85%. Seventeen percent failed to underg
at least one history and physical examinaticz.
9% did not have any of the radiclogical studies. -
and only 4% failed to have laboratory stude
during this period. Approximately 40-50% of thes
individuals who did not undergo an examinatio:
claimed to have been examined by their privae ,
physician. .

A subeohort of 120 individuals was further identified
based on the availability of a liver biopsy performe
for medical reasons, both related and not related
their work. .

The term “standard” is used for those individual:
who, based upon the best medical opinion, demor-
strated no evidence of any significant medic
disease, occupational or nonoccupational in ongwt
The “nonstandard” population inciuded all other
not included in the standard population.

The subcohort population was divided into those
individuals with and without histological evident
of liver injury and further subdivided into these
with and without histological features characten: .
tic of chemical injury. N

All employees had individual work historef |
These consisted of a standardized job classificati”
for all jobs within the plant since its opening ané?
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nnk ordering of exposure for 22 different sus-
pected or potentially hazardous heptatoxic chemi-
@ls used within the work place (3-5). The agents
were rank ordered on the basis of the intensity of
exposure for each of the job classifications for each
of the years that the plant was in operation. From
this detailed work history, a cumulative exposure
ran month ration (CERM) was determined for each
employee for each of the 22 chemicals. All histologi-
cal material was i as to the presence or
absence of liver disease, and to whether the abnor-
malities were consistent with chemical or non.
chemica! injury. This classification was conducted
double blindly by three experienced physicians,
two pathologists, and a hepatologist (6), without
knowledge of any medical data, exposure or work
history.

Results

Although 50 or more biochemical screening tests
were performed during this study period, this
paper will limit itself to,the evaluation of the
federally required studies, the indocyanine green
tlearance (ICG) study at the 0.5 mg/kg dose (7, 8)
and radivisotopic liver and spleen scan (9). The
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Qs AST ALT SITE
TESTS

Ficure 1. Positive predictive values of acreening testa in
identif: ation of medical disease in an asymptomatic working
popu]'s'.lion (N = 969), All those screening tests with positive
predicive values of greater than 70 are shown except for
indire.: bilirubin (due to high number of congenital indireet
hypert.ilirubinemia) and trigiyceride determination. Above
::;:'_l'-a_ri‘nndthemphmnnm%;lmm{w

it vity specificity of each test. nerally follow
the tame ranking. Y Y :
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bepatic
workers suspectad of having liver disease: (SGPT) alanine
aminotransfersse (ALT) (GGT) y-glutamyl i

transpeptidase,
8GOT aminotransferase (AST), (Alk. Fhos.) alka-
line ph tase, (ICD) isocitric dehydrogenase (ICG) Indo-
cysnine Green claarances at 0.5 and 5.0 mg/kg dose.

federally required biochemical studies include alka-
line phosphatase (AP), y-glutamyl transpeptidase
(GGPT), alanine aminotransferase (ALT/gGPT),
bilirubin (ALT/SGPT), and the aspartic amino-
transferase (AST/SGOT).

The positive predictive values of these screening
tests in identifying medical disease (including liver
disease) in this asymptomatic working population
are shown in Figure 1. The GGTP provided the
highest positive predictive value as a screening test
for “nonstandard” individuals. It also provided the
highest sensitivity and specificity sum shown in
brackets. The predictive value of the other tests, in
decreasing positivity were ICG, AST, ALT, liver
and spleen scan, AP, and bilirubin.

Further evaluations were conducted on the
subcohort population in whom we had both histolog-
ical and biochemical data concerning hepatocellular
damage. If one looks at only those individuals who
received liver biopsies for suspected liver disease
then one would find the percent of positive tests as
illustrated in Fi 2. The ALT (SGPT), GGTP,
AP and AST ( demonstrate a very high
degree of sensitivity in identifying individuals with
hepatic disease. As shown on the right, ICG
clearances at the 0.5 mg/kg level provide a similar
degree of sensitivity to SGOT and AP. The higher
dose ICG clearance (5 mg/kg) appears to provide
the most sensitivity for latent hepatic disease.
These findings are consistent with the general
medical experience with hospitalized patients.

Sensitivity alone however is not an adequate
indicator of a test’s screening value, especially
when used in asymptomatic individuals. More appro-
priate evaluation of these tests’ value as sereening
instruments are shown by their sensitivity, specificity
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Fiure 8. Sensitivity and specificity of various biochemical
screening tests and their sensitivity and specificity sum
values (S & S) based on 78 with biopsy documentation of their
hepatic status and all of the biochemical scresning studies
listed. All screening tests with S & S sums less than 110 (e.g.
bilirubin and isocitric dekydrogenase, are not illustrated.
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and sum values shown in Figure 3 in the biopsied
subpopulation. Here again, y-giutamy! transpeptidase
and ICG clearance (0.5 mg dose) show the greatest
sensitivity for identifying individuals with liver
disease. However, GGPT had the least specificity,
reflecting its high incidence of false positives.
Specificity increased with the use of AST, ALT,
and 1CG clearance. The alkaline phosphatase pro-
vided the highest specificity, suggesting that mild
or low grade chronic hepatic injury due to environ-
mental agents may be activating hepatic AP syn-
thesis in the absence of biliary tract obstruction or
cholestasis. The ICG clearances, even at the low
dose (0.5 mg/kg), clearly remains the test with the
best combined sensitive and specific screening study
for detection of individuals with subclinical hepatic
disease.

This subeohort biopsied group was further exam-
ined on the basis of the histological interpretation of
their liver biopsies and their work exposure to vinyl
chloride. All biopsied individuals were subdivided
into three groups: 19 with histological evidence
consistent with chemical liver injury; 30 with histo-
logical evidence of liver disease, nonchemical liver
injury; and 29 with normal liver biopsies. Each of
the histological subgroups were further subdivided
based on their vinyl chloride exposure, on a scale of
1to 4 (Fig. 4).

The chemical liver injury group contained the
highest percentage of individuals with the highest
average rating (CERM) for vinyl chioride expo-
sure. In contrast, with those with liver disease,
nonchemical, and those with normal livers have a
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Figure 4. Correlation between the histologic findings on b.-
biopsy and each individual's average total vinyl ehios
exposure based on their average CERM (Cumulative Exp.
sure Rank Months) ratings. Rankings: 1 = lowest poss:s
exposurs; 2 = minimal exposure, low levels; 3 = moder-
expuu_n;c = worked in areas subject to occasiony) by
excursions, or frequently high and/or had intimate coms-

more even distribution of individuals relative u
their degrees of vinyl chloride exposure.

In our previous studies we noted that almost
individuals with histologically specific lesion ¢
vinyl chloride injury or angiosarcoma had a to
average CERM rating of 3.5 or greater. T

S . 5. ———r &

P CECECE

asterisk in Figure 3 indicates the percentage of |,

individuals in each of the three histological group
with exposure ratings of 3.5 or greater. Again, th
chemical liver injury group have the highest per-
centage of individuals with the high exposur
ratings. This further supports previous work (. v
identifying focal hepatocellular hyperplasia as the
earliest histological characteristics of chemical injury
in liver disease.

A study of the frequency with which these test:
are positive among those individuals with liver
disease, based on their histological findings (chem
ical versus nonchemical), provides additional data
supporting the clinical observation that an increased
AP has a greater specificity for chronic liver injury.

Figure 5 shows the ratio of the proportion of
positive screening tests in those with histological

chemical liver disease divided by the proportiono

positive tests in those whose disease is not of
chemical origin. All tests, independent of they
sensitivity and specificity for liver injury, wer

more frequently abnormal in the presence of

nonchemical, subclinical liver injury, except for
AP. In contrast, AP was far more frequently
abnormal in those individuals with chemical liver
injury, which tended to be more chronic than scute
and generally less severe,
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Ficrae 5. Frequency with which biochernical tests were abnor-
mal 1n those with different type®of hepatic injury expresses
as & ratio: (CLI) chemical liver injury, (LD) liver disease,
tonchermcal.

Discussion

This preliminary systematic review of the posi-
tive predictive values and the sensitivity and
specificity of federally and some non-federally
required tests for chemical workers provides the
first scientific and biological basis for the selection
of medical screening tests for liver injury in occupa-
tional environments. Although these commonly
used medical tests have been found by elinical
experience to be effective as diagnostic tools in the
symptomatieally ill or hospitalized population, little
clinical work has been done to determine their
ability to accurately separate biological variations
from early latent or underlying disease in asymp-
tomatic individuals. Tests which provide very high

false-positive rates (decreased specificity) such as .

GGTP, interfere with the screening process identi-
fication of the high risk worker by the extra time
and cost required for repeat testing, the decreased
productivity for the employer, the employees’
increased anxiety, and by the loss of confidence in
the effectiveness of the testing program by both
emplovees and employer. Determination of the
sensitivity and specificity of screening studies for
asymptomatic individuals is essential if effective
recomriendations are to be made & federal require-
ment. This evaluation process also provided the
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best means of developing effective triage protocols
for the screening program. For example, in this
particular population of industrigl workers, we
have shown that the assezsment of hepatic function
is best accomplished by low dose ICG clearance (0.5
mg/kg). The ICG clearance is somewhat a more
complicated technique (i.e., injection of substance
and repeated blood sampling) but requires only 10
min to perform, and needs only one needle stick. In
exchange it provides the best singular acreening
test for latent hepatic injury. If adequate medical
facilities are not easily accessible, then ALT should
be substituted. If either ICG clearance and/or ALT
studies are found to be abnormal, an AP should be
done and a di work-up instituted to deter-
mine the etiology (11).

The rationale for these recommendations is based
on the actual study of chroni¢c subacute chemical
injury in an asymptomatie population, not preselected
because of signs or symptoms. Therefore the test's
ability to correctly differentiate disease from
nondisease or one type of injury from another is
more accurately determined. Chemical and envi-
ronmental agents of low toxicity tend to produce
repeated or persistent injury which accumulates
over time. Tests which measure overall functional
capacity quantitatively or semiquantitatively, rather
than measuring acute low-grade injury over time
are more likely to detect changes. For this reason,
clearance or tolerance studies provide the best
means for identifving latent hepatic disease, while
enzyme studies like ALT, GGPT, and SGOT usu-
ally reflect acute cellular injury of higher grade or
degree and cannot accurately reflex accumulative
damage until very late in the disease process. Tests
which provide information concerning the progres-
sion or nonprogression of injury will be far more
helpful to the practicing occupational physician.
They provide himher with a better capability to
discern between nonoccupational and occupational
disease, and the best available reaasurance for the
worker of his or her safety while allowing the
greatest possibility for continued productivity and
employment.

Finally, these data provide a sound scientific
basis upon which to modify federal requirements.
The removal of specific testing requirements which,
with field experience, prove not to have any significant
positive predictive value, or effective sensitivity
and specificity will aid in reducing overall cost and
help maintain continued compliance by industry
and workers. There may be theoretical reasons to
maintain or continue some of the present federally
required screening studies, but these reasons should
be separately identified and not be confused with
the purposes of the more effective test in the
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detection of occupationally related liver injury.
The capabilities and limitations of any new tests
or old tests for new acreening purposes in detection
of other potential occupational hazards, should be
validated before making them a required screening
procedure. This would lay the foundation for sys-
tematic determination of effectiveness of screening
procedure against a proven standard. Unvalidated
federal requirements provide the worker and
employer with a false sense of security and safety
by what is believed to be effective monitoring.
More importantly, such a situation can lead to delay

in effective correction of cause and disease preven-
tion.

Conclusions

Biochemical screening for hepatic injury in asymp-
tomatic chemicsl workers can be done most effec-
tively by the use of liver specific clearance studies.
ICG clearance provides the best combination of
positive predictive value and sensitivity and specificity
for functional hepatic testing at the present time,

None of the prestfit federslly required studies
provide any significant degree of senasitivity with-
out marked reduction in specificity in asymptomatic
individuals,

The ALT (SGOT) is the most useful unonm
Federal tests presently required and the
phosphatase may provide additional specificity as a
follow-up study in those individuals with positive
ICG or ALT screening studies.

There is no evidence that any of the other federal
studies add any benefit and strong evidence that
they significantly increase the false-positive results
in wel] individuals.

All screening studies should undergo evaluation
s to their positive predictive value and sensitivity
and specificity in asymptomatie individuals before
becoming permanent or established requirements.
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=w: | Poly(vinyl Chloride) Processes
Chapter |3
and Products
1 Tambyrry
* productus *
@ 1 by R. N. Wheeler, Jr.
hell, E. ¢
‘tection and
“Vention ane Poly(vinyl chloride) resins are produced by four basic processes: suspension, emulsion, bulk and
burgs, E4 solution polymerization. PVC resins are usually relatively dust-free and granular
with varying degrees of particle porosity. PVYC emulsion resins are small particle powders
L. G. ant containing very little free monomer. Bulk PVC resing are similar to suspension PVC resing,
of a demor though the particles tend to be more porous. Solution PVC resins are smaller in particle size than
program i suspension PVC with high porosity particles containing essentially no free monomer. The variety
ract #Ny] of PVC resin products does not lend itself to broad generalizations concerning health hazards. In
ontrol and studying occupational hazards the particular PVC process and the product must be considered
ada, Mary. and identified in the study.
ure indices !
gemisma Poly(vinyl chloride) is a ubiquitous part of our i generated by the reaction. This is removed by
'_;,'f’,,;": ) environment today, in that it appears in clothing,  cooling the vessel. As the monomer is converted to
,ﬁom‘: upholstery, flooring, wire insulation, food contain-  polymer duﬁn& the reaction, the rate of reaction
1974), ers. phonugraph records and an almost infinite slows down; thus, after some optimum reaction
¢ raner variety of other items. Despite this wide applica- time, the unconverted remaining monomer is re-
Lo chle tion and the size of the industry there is little public  moved from the reacting mass by heat and vacuum
Ireenbery understaning of the term. A part of this confusion  and the resin (PVC) is recovered as a dried white
ive indics. stems from the human inclination to abbreviate powder or as a liquid latex or solution. This
erology 73 terms—thus, we say PVC when discussing poly-  polymerization reaction may take place in pure
ivinyl chloride) resins, poly(vinyl chloride) latexes,  monomer, in a solution, in a water-monomer emul-
“"",f‘: ','r poiy(viny! chloride) compounds, poly(vinyl chioride)  sion or in a water suspension of monomer. The
B o, fim and so forth. This confusion has been accentu-  nature of the polymerization process determines
liver and ated by governmental regulators, who define PVC  the nature of the subsequent recovery process, and
Ann XY a a2 pol. nier containing any amount of vinyl chlo-  the nature of the resin particles produced. Current-
s detec. ride. On t:.king these two factors into account it has  ly there are four basic vinyl chloride polymerization
5 US9) become almost impossible to distinguish what is  techniques which give use to the following four
meant when the term PVC is used in the various  processes: (1) suspension polymerization, (2) emul-
media. In order to study possible PVC industry- sion polymerization, (8) bulk polymerization, and
related health problems one must know something  (4) solution polymerization.
of the various processes and products to properly Suspension polymerization is the major process
evaluate study results. Many study results can  used for the manufacture of PVC resins and is used
have signiicance only if the source and composition  for about 82-85% of U.S. production (Fig. 1). It
of the P\'C is stated. involves the charging of one or two parts water and
Manufacture of synthetic resins from vinyl chlo-  one part vinyl chloride monomer or comonomer
nde and nther monomers involves reacting these  mixture to an agitated reactor along with initiator
Monomers in agitated pressure vessels in the pres-  and suspending agents such as poly(vinyl alcohol).
ence of a2t alysts and converting these liquids and/or  The mass is reacted at 50-85°C until about 85-90%
Fases to solid resins. A considerable amount of heat  of the contained monomer is converted to resin.
—_— The resin-water n:lxxthure is heatz:ll. sometimes
*Union Carbide Corporation, P. 0. Box 8361, Charleston,  under vacuum, until the unconverted monomer is
West Virinia 25308, oo South substantially removed. The resin is then removed
ves October 1981 123
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from the water and dried in rotary, flash or fluid

relatively large suspension resin particle, whi

bed dryers by exposure to heated air. The dried  retaining monomer from the manufacturing \
resin is transferred to storage silos, whence it is  cess, results in a product that has excellent han |
shipped to fabricating plants in bulk containers or  dling properties such as bulk flow. Recep .
in paper bags. If only vinyl chloride monomer is  improvements in monomer stripping technolog,
reacted, the product is PVC homopolymer. If a  have resulted in most PVC suspension homopolyme -
monomer such s vinyl acetate is mixed with the resins containing about 10 ppm residuai vin:
vinyl chloride then a PVC copolymer is produced. chloride monomer at the time of shipment while the
The advantages of the suspension resin process  residual vinyl chloride monomer in most copoly. !
are its high productivity per unit reactor volume, mers ranges from 25 to 200 ppm at the time o |
its flexibility with regard to polymer composition  shipment, 5
and resin particle characteristics and the granular The stress on residual monomer content at the .
nature of its product. The relatively large resin  time of shipment in the preceding paragraph i '
particles (50 to 150 um) cause problems in removing ful. Vinyl chloride monomer is not solubk
unconverted vinyl chloride monomer. The mono- in the PVC nor is it absorbed or adsorbed in the :
mer tends to diffuse slowly from the center of the  resin particle. It is entrapped, and, given an -
resin particle to the surface, where it is removed by  opportunity, it escapes to the ambient air, Heating -
the monomer recovery operation; thus removal tends to sccelerate this escape. PVC resinina |
often is incomplete. In the past, residusl vinyl bulk-container loses its residual monomer at a rate
chloride monomer concentrations in suspension PVC  of 25 to 50% per month. PVC resin in a paperbaz
resins ranged as high as 2000 ppm by weight until  loses its residual vinyl chloride monomer at an
improved methods were developed in response to  approximate rate of 75% per week. Once the |
recognized need for lower residual levels. residual monomer is gone, there is no source of :
The process produces a wide variety of products,  monomer from the PVC resin, i.e., the resin does :
each of which presents different monomer release not decompose to yield significant amounts of '
characteristics as well as differing suitability for  monomer. If heated, the resin gives off hydrogen
particular fabricating operations. As a generslrule,  chloride and turms black. Thus a year-old PVC resin
small particle size resins have lower residual mo- contains almost no residual monomer; on heating
nomer than large particle size; porous particle until it blackens it will always give off hydrogen
resins have lower residual monomer than nonpo-  chloride. PVC resin fabricating operations driveoff
rous particle resins; and resins containing little or  the free residual monomer in the first heating step.
no comonomer have lower residual monomer than  thus the probability of a toxic response from vinyl
resins with significant amounts of comonomer. The  chloride monomer contained in the vinyl fim ot
MONOMER
Ve MONOMER RECOVERY N i
AlR
WATER s ‘
r 1}
SUSPENDING ALD )
STRIPPER ]
INITIATOR /O DRYER ‘
[ 4 V '
REACTOR REACTOR
2e DEWATERING PVC RESIN ===
‘ K]
. ' l
WATER
Ficure 1. Suspension pelymerization procesa.
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moldings produced is remote.

All PVC processes have a problem with reactor
svstem fouling to some degree. The conversion of 2
bquid monomer to & high molecular weight solid
polymer while contacting reactor walls, baffies and
« forth results in the deposition of some of that
wlid polymer on surfaces. This deposition or foul-
ing interferes with the reactor operation so that
periodically it has to be removed. In earlier times,
this was removed manually by a man working in a
shutdown reactor. These reactor cleaners were
exposed to very high concentrations of vinyl chlo-
nde monomer (several thousand ppm). It was
within the group of men in this cleaning operation
that the excess of angiosarcoma was observed by
Creech (1). More recently, techniques to minimize
fouling and techniques for cleaning such as solvent
washing and hydroblasting have reduced or elimi-
nated the need for reactor entry and cleaning.

Emulsion polymerization is the second most wide-
h used process for the manufacture of PVC resins
and comprizes 10~12% of total U.S. production. One
of the important things to understand about emul-
sion polymerization is that it is nod a single process
but a large family of processes, each producing
specialized products that are defined or specified in
terms of performance in a particular application. In
the interest of brevity, the two major process
families will be discussed: the water-soluble initiator
system and the oil-soluble initiator system (Fig. 2).

In the water-soluble initiator system, one to two
pants water. one part monomer, 0.01 to 0.03 parts
syrfactant and water-soluble initiator (a redox
s\item or a persuifate salt) are charged or fed to an

= MONOMER
VC MONOME RS . RECOVERY
WATER #w
suanc‘rm't—u-l ~ 4
INITIATOR ==

REACTOR = %==%—| REACTOR

/

agitated reactor and reacted at 30-60°C to form a
synthetic latex. The reactor agitation must be
sufficiently vigorous to emulsify the monomer-
water mixture but not so vigorous that the latex is
coagulated. When 80-85% of the monomer is con-
verted to polymer, the latex may be gently stripped
of the unconverted monomer with heat and vacu-
um, or it may be subjected to s second initiator
treatment and reacted to essentially 100% mono-
mer conversion. The product of this polymerization
may be simply filtered and shipped to consumers as
a latex for coatings, mastics, and the like, or the
polymer may be recovered as a dry resin, Recovery
techniques vary. The most commonly used is sim-
ply spray-drying of the latex, though aome resins
are recovered by coagulating the latex and dewa-
tering with subsequent drying of the coagulum
(resin),

In the oil-soluble initistor system, one part
monomer containing an orgunic peroxide is erlsified
in one to two parts water containing 0.01 to 0.03
parts surfactant. The resuiting emulsion is reacted
at 30-60°C to form a synthetic latex. Approximate-
ly 80-80% of the monomer is converted to polymer.
After reaction, the latex is gently heated and
vacuum-treated to remove the unconverted mono-
mer. After stripping, the latex may be shipped as a
product though most of it is converted to a dry
powder by spray-drying. The basic difference be-
tween the oil-soluble initiator process and the
water-soluble initiator is that the size of the emulsified
monomer particle determines the resin particle size
in the oil-soluble initiator process, while polymer-
ization technique determines the resin particle size

Afn
[ A[
— BAG MOUSE
{ DRYER
}
PVC RESIN

i

PVC LATEX

Ficune £ Emulsion polymerization process.
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in the water initiator process. The resin particles
formed during emulsion polymerization range in
size from 0.05 to 2 um. In the course of recovery
and drying these may be agglomerated to particles
as large as 30 um. For some uses the agglomerates
may be ground to a median particle size of about 2
pum. The small particle size results in rapid loss of
regidual vinyl chloride so that the resin contains
about 1 ppm free monomer as produced. Because of
handling problems, nearly all the resin is bagged,
letting the smail amount of monomer retained
escape easily before it arrives at a fabricating plant.

Nearly all dried emulsion process PVC resin is
utilized by paste or dispersion fabrication tech-
niques, The resin, pigments and other additives are
stirred into plasticizer, yielding a thick viscous
liquid plastisol. This plastisol is spread on a cloth or
a paper or poured into molds. The coated mold or
cloth is heated, causing the resin and plasticizer to
fuse into a solid forming the finished plastic article.
In this fashion, the small manufacturer or the
producer of elaborate shapes or highly styled items
can make a product with a minimum capital invest.
ment.

The emulsion polymerization process, in addition
to the reactor fouling problem noted for suspension
polymerization, has less flexibility with regard to
changes in process conditions. Each change in
reaction, stripping or drying has an identifiable
effect on product properties and quality. Some of
these properties are well known, and quality tests
keep them under control. Others are not well
known and are recognized when customers com-

plain. Emulsion process resins cost more to pr,
duce, and plant operators tend to be very conservativ
in the approach to process changes. Because of thi:

difficulty, emulsion process plants tend to em; ¢

more vinyl chloride monomer to the ambient air per
pound of resin produced. In Europe particular
there have been reports of worker dermatitis fron
surfactants and possible pneumoconiosis from resi

dust inhalation in the emulsion process plants (2.;) ;

Bulk polymerization is the third major process i
terms of volume for the manufacture of PVC resin:
but supplies only about 5% of U.S. production (Fig.
3). The process involves the charging of vim
chioride monomer and initiator to a first-stage
polymerizer, where about 10% of the monomer
converted to polymer. This bateh is then transfer

red to & second-stage polymerizer where addition! -

monomer, and sometimes initiator, are added. The
polymerization is continued until about 80-85% of

the container monomer is converted to polymer. |
The unreacted vinyl chloride is removed by hest °
and vacuum and the finished resin product tran :

ferred to storage bins for later shipment to fabrieat.

ing plants. The absence of water in the polymerization |

stage eliminates the need for the drying step ad
provides some economy in capital and operating
COSta.

The advantages of the bulk process are its
simplicity, the uniformity of the resin particle size.
the high porosity of the resin particles and the
purity of the polymer (no soaps or suspending aids.
The disadvantages are: less flexibility in product
mix (homopolymers only) than the suspension pro-
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Ficure 8. Bulk polymerization process.
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¢ and poorer removal of residual VCM. These
xk process resins are generally directly competi-
ine with suspension process PVC homopolymers.
The relatively large porous resin particles (50 to
130 ym) tend not to retain monomer, thus removal
rresidual VCM is theoretically easy. The transfer
+heat from the reactor wall to the resin particle
4 stripping is poor thus offsetting the advantages
cuned by the high particle porosity in removing
residual VCM. In the early 1970s, residual VCM in
w33 type of resin was of the order of 1000 ppm when
rmoduced, but more recently these resins have less
«xan 50 ppm in residual VCM when produced.
Solution polymerization is a process unique to
{'nion Carbirde Corporation and accounts for about
 of the total resin produced (Fig. 4). Vinyl
cwloride monomer, comonomer, solvent and initia-
wr are fed to & continuous resctor system. The
wiymer formed is soluble in the reacting mass so
+=at the reactor product is a viscous resin solution.
Thi= solution is distilled to remove the unconverted
vyl chloride monomer, and the resin product is
neovered by treating the resin solution with water
and drying the product. The resin particle is very
wrous, is always a copolyme?, is free of soaps and
«uspending «gents, has 2 median particle size of 75
»m and contains less than 0.2 ppm residual VCM.
Manufacturnig investment is high, and the product
inds ite greatest use as a coating material, i.e.,

paints and lacquers, that utilize its good dissolving
qualities. It is used in relatively small quantities,
;nufk is nearly always shipped in bags rather than

In addition to the basic PVC resing described
earlier, there is a wide variety of resin powders,
pellets, liquids and latexes in commerce that fall
under the general designation of PVC. These are
chemically or mechanically converted PVC resins
such as post-chlorinagted resins and compounded
resins containing plasticizers, stabilizers and the
kike. As a genera] rule, the additional processing
has removed essentially all of the residual VCM and
agglomerated the dusts. Converted PVC resins
have no involvement with problems related to vinyl
chloride monomer exposure.

Conciusions

Poly(vinyl chioride) resins are produced by four
basic techniques: suspension, emulsion, bulk and
solution polymerization.

The variety of PVC resin products does not lend
itself to broad generalizations concerning hazards
to worker health.

In evalusting occupational hazards, the PVC
process, the PVC product and other materials
present must be considered before valid conelusions
can be reached.
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Vol. i1, pp. 129-136, 1981

Worker Exposure to Vinyl Chloride and

Poly(vinyl Chloride)

by James H. Jones*

The National Instituie for Occupational Safety and Health (NIOSH) in early 1974 began
industrial hygiene studies of viny) chloride exposed workers. Three VC monomer plants, three
V( polymerization plants, and seven PVC fabrication plants werg surveyed. VC polymerization
plant workers and workers in one job category in VC monomer plants were exposed to average
ievel- above 1 ppm. The highest sverage exposure was 22 ppm. NIOSH health hazard evajuation
studies since these initial surveys have primarily shown nondetectable levels of vinyl chioride. A
N1OSH control technology study in 1977 showed that exposure levels in VC polymerization plants
had heen drastically reduced but exposure levels above 1 ppm were still found in several cases.

¢S

introduction

Tre National Institute for Occupational Safety
v {Health (NJOSH) began studies of vinyl chloride
Ve - early in 1474 following a report of increased
+ -ence of angosarcoma of the liver among VC
~vesed workers, A part of this work included
= trospective cohort mortality and industrial hy-
ovne studies of the VC polymerization industry.
A.-.. NIOSH ¢ontracted with Bendix Corporation,
laneh Support Division, to conduct industrial
*;cene studics in the VC monomer production
=+ isstry and the polyvinyl chloride (PVC) fabrica-
% industry. These industrial hygiene studies
scre done to document the levels of VC exposure
wJming in industry st that time. Three VC
= numer plants, three VC polymerization plants
a1 zeven PV'C fabrication plants were studied. In
s!dition to the VC industry-wide study, NIOSH,
ttrough their health hazard evaluation (HHE)
i7oram has sampled for PVC at 34 other plants,
yrmarily VC f{abrication operations. Also a study
- ducument cuntrol methods utilized in the plastics
rdustry was performed under contract by Enviro
Centrol. This study included work at five VC
j~hmerization plants (1-36).

_'E’““i"_ﬂ of Furveillance, Hazard Evaluations and Field
' shes, Natior.s! Institute for Occupational Safety and Health,
¥7% Columbiz Parkway, Cineinnati, Ohio 45228,

October 1951

Industry-Wide Study

VC Monomer Plants

One of the VC monomer piants sampled used the
acetylene-hydrogen chloride process, the older pro-
cess for making VC, and the other two used the
ethylene dichloride pyrolysis process. It was not
possible to asseas the difference in worker exposure
between the two processes because the plant using
the acetylene-hydrogen chloride process was oper-
ating at only 10% capacity during the surveys in
December 1974,

As can be seen in Figure 1, only the job of loader
shows exposure substantially above 1 ppm., VC
exposure for this job was being reduced, at the time
of the surveys, by the redesign of tank car hookup
systems and the use of air-supplied breathing
apparatus while the tanks cars were connected or
disconnected.

VC Polymerization Plants

Three VC polymerization plants were sampled,
Located at these plants were three suspension
resin operations, three dispersion resin operations,
one mass resin operation and one solvent resin
operation. As can be seen in Figure 2, suspension
and dispersion resin operations had the highest
exposure levels. Within plants the reactor area
operators and helpers had the highest exposures.

129

ucc
0571174




1
Iy ',l‘ Plant 1
D Plant 2
LR \\\' Plant 3
J I Ranre o€ 8 hr. Ty
15 L
£
E
f
- n
5Bt
4
E)
3 \\ ]
KR |
\ 13
n \\
, . Lab Tech lLoader untemance merator

Ficung 1. lnmmdrmguo{VCexpoﬂnuhVCmmmpmdmionphm.

ey b ———— ——

N A A
D Susnension "olvmeriiac.on
-( B Nisnersion Polvmerizar, on

0 m‘hu Palvmerization

m Sslvent Molvmerizatinr

I Manre of 3 Wy, Tratg

¥ Canceniration
L]
L[}
2
T
1
—

A

" Reactor Reactor Nryer
Aren Aren Area
fmerator e lner fneratar

Aamper Maintenam ¢

Figune 2. llwulndnnmofVCupmuminVCpolywiuﬁonphnu. !
Environmental Health Perspectives

uce
057175

P\

we
sio’
sur
hat
she

sef

sur

FETIFEEET

Oc



ives

pVC Fabrication Plants

In the seven PVC fabrication plants samples
were collected in calendering, compounding, extru-
«on, molding, and plastisol operations. All expo-
wres were quite low with calender operators
having the only exposures above 1 ppm. Figure 3
chows the relationship of VC exposure between the
segments of the PVC industry. As would be ex-
pected, VC polymerization had the highest expo-
sures and PVC fabrication the lowest.

Changes in Exposure Since 1974

We have no information generated by NIOSH
and know of none in the literature on how VC
monomer plant exposures have changed since 1974,
although it would be expected that the single “high”
exposure category, loader, has had exposure reduc-
tions.

Information on how well VC polymerization plants
were able to reduce exposures since 1974 was
obtained during the control teehnology study. This
wformation is in the form of company personnel
sampling data for VC over a period of time. At the
first plant. a mass polymerization plant, the per-
centage of personnel samples below 1 ppm has gone
from 2% in 1974 to 78% in 1976 (Fig. 4). At the
second plant, 2 suspension and dispersion polymer-
uation plant, the percentage of personnel samples

below 1 ppm has gone from 0% in 1974 to 65% in
1977 (Fig. 5). At the third plant, a mass polymer-
ization plant, VC exposures are given by job for the
period October 1974 to May 1975 and then for
January 1977, In Figure 6, it can be seen that
exposures dropped substantially, in most cases by a
factor of almost 10. VC exposures at the fourth
plant, a suspension polymerization plant, are given
for both 1975 and 1976. As seen in Figure 7, in most
cases a two-fold drop in ex levels occurred.
Although the percentage drop is lower than the
third plant, the final exposures are about the same.
At the fifth plant, a dispersion polymerization plant
(Fig. 8), VC exposures are given by job for the
period May 1975 to December 1975 and then for
January 1976 to September 1976. Again reductions
were sufficient to bring exposure averages to the
same approximate level (less than 1 ppm) as the
preceding two plants.

PVC fabrication plants had exposures predomi-
nantly below 1 ppm in early 1975 when the industry-
wide study was done. In addition to this work,
HHE’s have been conducted at 26 PVC fabrication
plants beginning May 1974 and ending in April
1978, Detectable levels of VC were found in only 10
plants with only 1 plant of the 15 sampled since
April, 1975 having detectable levels. At that plant
sampled in March, 1976, the highest level found
was 0.38 ppm.

PVC dust exposures were also briefly examined
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during the industry-wide study. Total dust concen-
wrations were determined, Because it was felt that
PVC would be the primary constituent of the dust,
o analysis for PVC was performed. Respirable
samples were not collected because it was felt that
the static charge on PVC particles would cause
malfunctioning of the normally used sampling equip-
ment, such as nylon cyclones. A few samples were
examined by optical microscopy. In these sampies
all particles had diameters less than 7 um, and 90%
of the particles had diameters less than 2.5 um. The
samples examined were from dispersion resin oper-
ations.

This result was expected, since dispersion resins
generally are in the range of 2-10 pm in diameter.
suspension resins, the major resins in terms of
production. are generally much larger, about 100
»m in diameter. The sampling results dispiayed in
Figure 9 show that dispersion resin bagging had by
far the highest exposure, averaging 8.6 mg/m®. We
save no information on whether PVC dust expo-
sires have been reduced since 1974.

It appears, based on tv.- information that we
currently have that the PVC fabrication industry
*ai achieved good control of VC exposures. The VC
whmerization industry was making big strides in
antrolling exposures, but we have no information
t tell if they have continued to lower exposures
since 1977. We have no information on exposure
reductions in the VC monomer production indus-
iry. but it appeared that only one job category was
ugnificantly above the standard in 1974.
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Mortality Among PVC-Fabricating

Employees

by Leonard Chiazze, Jr.,* and Lorraine D. Ference*

The results of a cross-sectional mortality study of 3847 deaths occurring among current and
furmer (white) employees of 17 PVC fabricators during 19641973 are presented. Sex-race-caune.
specific proportionate mortality ratios (PMR's) were computed by using two separste standards:
one, the U.S. mortality in 1968; the second, U.S. mortality for the individual years 1964.1973. In
addition, a case-control analysis. based upon 44 breast cancer deaths among white female
employees, is presented. PMR's are significantly different from unity for all cancers, and for

cancers of the digestive system among both white males and white females. Although observed
deaths significatfly exceeded expeciations for cancer of the breast, a subsequent case-control
analysis reveals no statistically significant relative risks for breast cancer.

introduction

In March. 1974, Organization Resources Coun-
«!urs (QRC) was requested by representatives of
i'VC producers who are members of ORC'’s Occu-
ratichal Safety and Health Standards Group, to
ary out a study of health risks to employees
 rking in the PVC fabricating industry. After
~nsidering a number of alternative study designs,
r was decided that a cross-sectional mortality
sudy would best meet the need for providing
nformation as rapidly as possible. Details regard-
g reason: for selecting this type of study, the
atual study design and results of the inquiry have
heen reported previously (1).

In the original report, proportionate mortality
ratios werv calculated according to the method of
Guralnick (.2) and by using the sex-cause-age specific
distribution of deaths among U.S. whites in 1968 as
the basis for determining expectation (8). For the
current report, we have analyzed the data using the
Mantel-Hacnszel procedure both for determination
o' PMR’s and in order to test whether PMR's differ
significant’y from unity (4, 5). In addition, PMR’s
are presented using two separate standards as the
basis for expectation.

*Drvision of Biostatistics and Epidemiology, Georgetown Uni.
‘ersity School of Medicine, 3750 Reservoir Road, N. W,
Washingtor, D.C. 20007,

October 1981

A follow-up to the cross-sectional mortality in-
vestigation, utilizing deaths among white women
for whom the underlying cause of death was cancer
of the breast, was undertaken (6), and results of the
case-control analysis will be presented.

Materials and Methods

Although alternative study designs were consid-
ered, several factors led to the decision to carry out
a cross-sectional mortality study. First, the pri-
mary study objective was to determine relatively
quickly whether any angiosarcoma deaths could be
identified among the study group and this was best
accomplished by examining causes of death among
relatively recent decedents. Second, it would not
have been possible to identify clearly and com-
pletely (if at all) the cohort of workers necessary for
a historical cohort mortality study within a reason-
ably short period of time. As a result, the study was
based upon 4336 deaths which occurred during the
years 1964-1973 among active or retired employees
of 17 companies engaged in PVC fabrication (Table
1). This report will be restricted to the 3847 deaths
among whites, since the number of deaths for most
causes among nonwhites was quite smail, making
interpretation of cause specific mortality difficult at
best.

Since the population at risk could not be deter-
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Table 1. Distribution of deaths among empioyess of 17 PVC
fabricators by race and sex, 1964-1973.

Sex
Race Total Male Female Unknown
Total 4336 3676 658 2
White 3847 3252 596 0
Nonwhite 198 174 4 0
Unknown 291 251 39 2

mined, mortality rates as measures of risk could not
be calculated. Rather, results are summarized in
terms of proportionate mortality ratios (PMR)
calculated according to the method of Mantel-
Haenszel (5), Two separate standards have been
employed. The first is the sex-cause-age specific
distribution of deaths among U.S. whites in 1968
(1968 Standard). A second standard employs the
sex-cause-age specific distribution of deaths among
U.8S. whites in each of the years 1964-1973 (1964-1973
standard). Cause.specific PMR’s based upon the
1968 standard are.adjusted for age, race and sex.
Cause-specific PMR's based upon the 1964-1973
standard are adjusted for year of death as well as
for age, race and sex.

The Mantel-Haenszel procedure for assessing the
statistical significance of a difference between the
observed and expected numbers of deaths for a
specific cause requires the construction of a series
of 2x2 contingency tables as shown in Table 2,
Separate tables are constructed for each level of the
factor(s) to be adjusted for. If, for example, we
wish to compute a PMR for all decedents for cause
X, adjusted for age (five age groups) and year of
death (10 years: 1964-1973), i.e., 1964-1973 stan-
Jard, we would have 50 2 x 2 tables: age < 35, year
of death 1964; age < 35, year of death 1965; . . . ;
age < 65, year of death 1973, Observed deaths and
expected deaths are summed over the 50 separate
2 x 2 tables to produce a PMR for cause X, adjusted
for age and year of death. The resuiting age-year of
death-adjusted PMR compares the number of deaths
from cause X observed in the study group to the
number of deaths from cause X expected in the
study group, if the proportion of total deaths

Table 2. Construction of 2 x2 contingency tables.

Number of deaths in group 1,
attributed to
Total
Specified cause Other causes deaths
Study group A, C, Ny
Standard B, D, Ny,
Total M n M, n Tv
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ascribed to cause X was the same, age group by ag.
group and year by year, as for the comparix;
group.

The statistical significance of the PMR (a test ¢/
the hypothesis that the PMR is 1.0 against th
alternative that the PMR is different from 1.0);
evaluated by using the Mantel-Haensze! continui;
corrected chi with one degree of freedom, je.

g  (ZAi- IE@A) | ~ P

Xun™ = 3 Var A.‘ 1
where
Var 4, = Ny NgM\ Mo,

TT. - 1)

E(A;) = Expected value of A, = (M;; N,,J/ T,

The case-control analysis is based on 44 death:
among white females in the study with cancer of i
breast as the underlying cause of death. Control:
were drawn from desths due to diseases of the
circulatory system and accidents, and matched by
age plus or minus five years and company,
possible. Forty of the cases were matched on bot
criteria and four on the basis of age alone. The bas:-
for the case-control analysis, then, is the 44 brea=
cancer deaths and 134 matched controls distributet
among eight of the 17 companies.

Results

Proportionate Mortality Ratios

Cause specific PMR’s adjusted for age are pre
sented for white male and white female employee:
in Tables 3 and 4. For Table 8, expected numbersof
deaths are based on the cause-sex-age specific di+
tribution of desths among U.S. whites applied 0
the study group. For Table 4, PMR's are adjusted
for year of desth as well as race, sex and age
Statistically significant departures from unity i.e.
PMR = 1) are evalusted by using the Mantel
Haenszel continuity corrected chi-square with one
degree of freedom. Causes of death for which the
calculated chi-square indicated a statistically S,
nificant excess or deficit at the a = 0.05 level &
significance are indicated in the table. It is imper
tant to remember that when carrying out 8 largt

number of significance tests, some number will tur
out to be significant on the basis of chance alont

When dealing with a large number of tests o

PMR’s, it may be more appropriate to consider th
Mantel-Haenszel test as a screening device rat
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groupb, , ., pving it & strict probabilistic interpretation.  cancers (Table 3). Among white females, PMR's are
confpi‘,:’_ ;.:\::fse caveats, we see that based upon the  significantly different from one for all cancers, di-
) <= :andard. among white males there are statis-  gestive cancers, breast cancer, urinary cancer and
1R (a teus o ';,gniﬁcam PMR’s for all cancers, digestive  other and unspecified cancers. In contrast to white
again.t ;.. N .y respiratory cancer and other and unspecified  males, the PMR for urinary cancer among white
frum 14,
2l contjp,. -
N vau 3. Observed deaths and cause specific proportionate mortality ratios (PMR) for employees of 17 PVC fabricators by sex
eedom, 1, tabe 3. “ (white only), 1964=1973 (expectations based on U.S. mortality, 1948).
- Male Female
ICD_A' fith Obasarved Obeerved
" v of death Rcmn deaths PMR deaths PMR -
) 000-999 w52 1.0000 [™) 1.0000
et 140-209 0 L1308 18} 1.32860
Kecal eavity and pharynx 140-149 1 0. -
rgesUve OFga peritoneum  150-159 202 1.3058 53 151340
‘f:;:-:hm ns snd 151 a " 1.3000 8 1.6228
. Large mtestine 158 7 1.9688* 24 1.5785*
Nor Bectum 154 26 1.2280 B 2,0822
Liver 153 6 1.4306 0 -
44 degns Pancreas 157 87 l.;:? ; };:g
atr. . .
her and unspecified digestive 152, 156, 158, 159 20 1.3861 .
ncer of 1. ug;:mz::\- iystem 160-163 2068 1.1647* 12 1.0119
. Co’“rly:- hr\'n; FE] 161 9 1.0886 0 -
es of th, Traches. bronchus and hung . ul)ﬂm m; 1.1704 x% 1.0788
:}f:: at, Breas 174 0 - u Lamioe
v emale gerscal organs 180-184 - - 1 8282
d on be:; it i 180 - - 5 0.6827
hass Carpue 181, 182 - - 6 1.2911
4. Jregs Ovary . 183 —_ - 7 0.6T14
stribyte Other 184 - - 1 -
) b Male genita. organs 185-187 @ 0.7998 - -_
Prostate aé“sv 4} 0.8223 - -
Other 186, ) - — -
Unnary organs 188-180 g i gg 1: 2.9296*
188 . -
mr 189 17 }mg "l 3.4535%
Brain and nervous system 191-192 16 . -
ﬁmmas 200-208, 208, 200 g ‘1).% sl; 1.1900
are pre- ukemias 204-207 X -_—
'lplO\'peeg Other and unspecified cancers 170-173, 190, 193199 ™ 1.61%2° 2 1.9584*
- 13 s -
nbers of Dabetes 20 o 0.8655 10 0.6540
sifie dis- Duseases of circulatory system 890458 1990 1.0516% o 0.9087
nlied to Heart dicease (390-398), 402, 404,
djusted (410-429) 1486 1.0625 188 0.9009
nd age Rheumatic heart disease 298308 16 0.6873 7 0.7502
tv . Hypertenzive disssss 400404 % 1.0876 3 =
Y (Le., Ischemic heart disense 410-413 1381 1.0599" 158 0.8644
Mantel- Myocardial infaretion 410 96 1.10400 9 0.9638
ith one Cerebrevascular disesse 490438 290 0.9913 65 0.9133
Jch the DiO\her circulatory 450-4?3 12 (l)a: 1.8, (1)2&‘?.
v eig. reaset < respi system 4605 . .
Iy e Currhosis . f uv:rm il 57 Q 0.6675 3 -
evel of Cholelith...<is, cholecystitis
ITPOT . A ‘;)ng. chc langitis 574-6”73 18; 5 1018 ‘: . 1—
3 ident-. poisonings and vialence 800! . 7007 .
il fﬁ,.' gecidenu - 900-949 1: g.;o‘g 3; 1.3969
uicid 950-950 . -
:"°‘r‘:r AD other causes Residual 29 1.0410 51 11500
h1%-J
i~ the ‘PMR s mificantly different from one st a = 0.05.
o
’-ctim October 1981 139
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fernales is high and, although based upon only 11
deaths, is statistically significant. On the other
hand, in contrast to the observation in white men,
the PMR for respiratory cancer among white women
is very cloge to unity. Similar to the observation in
white men, mortality from cirrhosis of the liver is

— e, e e

low, but the corresponding number of obeen, e

deaths is quite small.

Among both white male and female em
diseases of the circulatory system account fyr, |

large percentage of total deaths.

observed numbers of deaths are close to expeny

Tabie 4. Observed deaths and cause specific proportionate mortality ratios (PMR) for amployees of 17 PYC

Ployew

Inmhm’

fabrientors by u
(white only), 19641973 (expectations based on U.8. mortality, 1964-1973),
Maje Female
ICDA &h Observad Obaerved
Cause of death Revision desths PMR deaths PMR
Al caupes 000-000 3252 1.0000 505 1.0000
All eancer 140-200 670 11567 181 1.298
Buccal eavity and pharynx 140-149 15 0.8340 3 -
Digestive organs and peritoneum  150-150 212 12667 58 LAy
Stomach 151 41 1.9084 ] 1.6541
Large intastine 158 4 13289 U 1.5490
Rectum 154 28 13164 8 218
Liver 185 (] 0.9801 0 -
Pancreas .3 157 3 1.1202 7 1.1461
Other and unspecified digestive 152, 156, 158, 150 ) 13139 6 14548
Respiratory system 160163 208 - 1.1155 12 0.9100
Larynx 161 9 1.0563 0 -
Trachea, bronchus and lung 162 14 1.1264 12 0.9787
Other 160, 163 I - 0 -
Breast 174 0 —af, — “ 13348
Female genital organs 180-184 - — 1% 0.8161
Cervix 180 - -_ 5 0.6869
Corpus 181, 1&2 - - 6 L%
Ovary 183 — — 7 06397
Other 184 -— - 1 -
Male genital organs 185-187 2 0.7687 —- -
Prostate 186 41 0.7964 —_ -
Other 188, 187 1 - -_ -
Urinary organs 188-189 37 1.0042 11 2.8085
Bladder 188 20 0.9884 4 —
18 17 1.2517 7 3008
Brain and nervous system 191-192 16 1.1267 4 -
Lymphomas 200-208, 208, 209 “ 1.3528 9 1.1944
Leukemiag 204-207 19 0.8019 1 -
Other and unapecified caneers 170-173, 190, 188-199 ™ L5975 25 1.9564
Other causes
250 ] 0.8993 10 0.678
Disesses of circuistory systam 390-458 1980 1.0538* 27 0.913¢
Heart disesse (390-398), 402, 404,
(410429 1495 1.0600* 188 0.9085
Rheumatic haart disease 390398 16 0.7080 1 0.8008
Hypertensive dissnse 400-404 ] 1.1541 3 -
Ischemic heart disease 410413 1381 10612 188 0.852
Myocardial infaretion 410 898 11148 93 0.9962
Cerebrovascular disease 430438 290 1.0011 & 0.9184
Other cireulatory 450458 0 1.5062¢ 8 1.2
Disesses of respiratory system 460-519 14 0.6853" 17 0.6546
Cirrhosis of liver N @ 0.6438° 3 -
Cholelithiasis, tholetystitis
and cholangitia 5T4-575 7 1.1536 3 -
Accidents, poisonings and violence  500-989 187 0.6981° 46 L3
Actidents B00-949 134 0.7084* 37 1.3266
Suicide 950-98¢ 3 0.7084* 2 -
All other causes Residual 9 1.0246 57 11197

‘PMR significantly different from one a1 a = 0.05.
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Table 5. Distribution of 44 breast cancer deaths and 134 matched controls by exposure category.

—_— Breast cancer, cases Matched control

L Number % Number %
27 61.4 87 T2.4

s ure

e able exposure 6 136 17 126

# o bi¢ expOSULe 0 0 4 3.0

*prse EXPOSUTE 2 4.5 6 4.5

* sw exposure 2 205 20 15
L 100 134 100

p——

~hough statistically significant.

Pesults based upon the 1964-1973 standard are,
- general, consistent with those on the 1968 stan-
-.rd (Table 4). There are, however, some notable
~weptions. In general, the PMR's based upon the
j94-1973 standard are lower than those based
.on the 1968 standard. Further, the PMR for
nepiratory cancer among white males is not sig-
rcantly different from one when based on the
1»i-1973 standard. Among white women, the
MR for other (noncancet} respiratory deaths
r significantly below unity based on the 1964-1973
standard.

Case-Control Analysis

Comparion of cases and controls on a variety of
variables where information was available, includ-
ing length of employment, ever married versus
never married, and child-bearing history, reveals
no statistically significant differences (p > 0.05)
;b;:;een cases and controls for any of these vari-

Review of employment histories for cases and
controls revealed a wide variety of jobs ranging
from office and clerical work to production jobs such
as bench inspector, press operator, trimmer, as-
sembler and sweeper. The wide range of job con-
tent and Jocation made it impossible to determine
precisely whether there was PVC exposure in every
case, or the precise length of that exposure. There-
fore, a subjective ranking system was developed to
classify exposures. Work histories were reviewed
with plant personnel and PVC exposure potential
was categorized into five classes—no exposure,
improbable exposure, possible exposure, definite
exposure and unknown exposure. This classification
scheme enabled some definitive exposure statement
15!; 80% of the cases and 92% of the controls (Table

After matching by age and company, 38 matched
sets of cases and controls were developed from the
4 cases and 134 controls. There are fewer matched
tets than cases because, in six instances, it was

October 1983

necessary to combine cases of similar age within
the same set in order to have at least one eontrol
per matched set. The Mantel-Haenszel procedure
was used to derive a summary estimate of relative
risk and to test for significant departures from
unity (4, 7). In this procedure, each of the 38 sets
can be viewed as a 2x2 contingency table. Thus,
the ith set can be represented as in Table 8.
Relative risk is defined as the ratio of the proba-
bility of dying from cancer of the breast among
women exposed to PVC to the probability for women
not exposed. Estimates of these individual proba-
bilities are not available from a case-contro] study.
However, a measure of estimated relative risk from
case-control studies as suggested by Mantel and
Haenszel has been calculated as in Eq. (2). To
assess whether the departure from unity of an
observed relative risk is too great to have occurred
by chance alone, a summary chi-square test cor-
rected for continnity was performed using the
Mantel-Haenszel procedure. The calculated chi-
square must be 3.84 or larger in order to conclude
with 95% assurance that the observed relative risk
did not differ from unity by chance alone.

R = 3, (ADT)Z, (BC/T) 2)

Combining the five exposure categories into two
may be accomplished in a variety of ways, resulting
in several possible relative risk measures as shown
in Table 7.

None of the calculated relative risks, including
the second shown which treats anything other than

. no exposure as definitely exposed, are statistically

Table 6. Representation of ith set.

PVC exposure
Yes No Total
Cuses A, B. N, i
w Cl D i ’!'
Total M, My T,
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significant; i.e., they may have occurred by chance

and urinary organs among white women em

e em m——

e . o
alone. Similar analyses were carried out on a  is higher than that for the total U.S. Theg]e\:: i oﬁ?
company-by-company basis. None of the relative  however, several reasons why definitive intene. |  asor
risks so caleulated is significantly different from  tation is difficult. Factors meant to suggest s, @ iarype
unity. proportionate mortality analyses must be interpn ¢ eust

t;d cnutimmli11 hav; been reviewed previously (5., ,  «ater
owever, while these results must be interpre,. @ 10 mist
Discussion and Summary with caution, they appesr to be consisten, vy,
The cross-sectional mortality study was designed ~ previously studied workers and suggest the ne: !
with two objectives. The first was to determine if  for some continuing investigation (1). ‘
any angiosarcoma deaths had occurred among em- One such follow-up investigation has been pn- ‘ e
ployees of the PVC fabricators under study. Since  sented here in the form of a case-control stuc. - M
no angiosarcoma deaths were found among the involving the 44 breast cancer deaths. On the ba: &
employees studied, the first question has an un-  of a case-control analysis, estimates of relative n., LA
equivocal answer. A secondary objective was that  were derived but none of these relative risk os, i A
of examining the distribution of deaths by cause  mates is significantly different from one, althous | S
among the employees under study. Implicit in that  such results must be interpreted with caution, - 3
objective is the question of whether or not that Absence of a statistically significant relative ris, u
distribution is, in some sense, unusual. There is no  does not demonstrate that there is not an exce. ! »
unequivocal answer to the latter question. Whether  risk of death from breast cancer among wome | ‘ ";
or not an observed distribution of causes of deathis  employees with PVC exposure. In fact, whens "
unusual clearly relates to the standard or compari-  statistically significant relative risks are found. its | X
son population as welas the analytic methodology  pertinent to ask what the chances are of detectr; | 5L
(8). This is illustrated by the observation that there  an increase of a given magnitude from the availah. :‘
are PMR's which are significantly different from  data. Using the method described by Walter 1. .
unity on the 1968 standard and not on the 1964-1973  we have subjected each of the relative risk e, '
standard. However, it seems much more important  mates (Table 7) to a least significant relative nn :
to focus on the large area of agreement betweenthe  analysis under the conditions that we desire %% '
two standards rather than on the few areas of assurance that & risk of such magnitude, if o
disagreement. served, did not occur by chance alone and &/ |
On the basis of the PMR analyses, there are probability of detecting the least significant relatne
statistically significant excesses in total cancer mor-  risk if it exists.
tality among both white males and white females Even in the case where all but no exposurean
when compared to the distribution of deaths for the  counted as exposed, the smallest relative risk whe |
total United States specific for color and sex and  could be detected from these data is nearly 31 .
adjusted for age. Excesses in cancer mortality ap-  Nearly 200 cases and 200 controls would have bez |
pesr concentrated in cancers of the digestive sys- necessary to detect a true doubling of the nsi
tem and, in particular, in cancers of the intestine under the specified conditions. Given the sampk
for both men and women. In addition, there is a  size in this study and the percentage of contrul: ,
suggestion that mortality from cancer of the breast  exposed (a percentage which was unknown at the !
Table 7. Relative risk (RR) and least significant relative risk (LSRR) estimated for contrasts of various exposure categort
combinations. :
RR (Relative risk) LSRR (Leant signfiar: |

Contrast Number of cases estimate® relative risk) estimate'

Definite exposure vs. no exposure 2 1.81 6.

Definite + improbable + possible + unknown
eXPOSUre Vi. NO eXposire “ 1.94 2.92

Definite + possible exposurs vs. no + .
improbable exposure 35 0.624 5.2 1

Definite + possible + unknown exposure vs. |
no + improbable exposure “ 2713 341 i
*None of the relstive risk estimates are statistically significantly different from unity (p > 0.05).

true relative riak would have to be at least this large to have an 80% assurance of detection (i.¢., power = 0.80) with atype!

ertor of 0.06 (i.e., @ » 0.06).
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<art of the study), it would be possible to detect
-, very large increases in risk. There seems
< anable assurance, therefore, that such very
pe increases in the risk for breast cancer do not

among these PVC fabricators, but no such

:_\:;mem can be made for possibly smaller increases

= risk.
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Mortality and Cancer Rates among
Workers in the Swedish PVC

Processing Industry

by Gustavo Molina*, Bo Holmberg*, Stig Elofsson?,
Lars Holmlund,* Rein Moosing,* and

Peter Westerhoim**

Personnel lists frem four PVC-processing industries were collected on production of employess
with st least three months of employment at the beginning of 1945 and the last day of
employment December 31, 1974. Of 2073 persons, 103 could not be followed up, because they had
moved abrosd. The remaining persons comprise the cohort of 1970 individusls who were analyzed
and compared with the national population with respect to mortality from various diseases and
cancer morbidity.

The death risk from myocardial infarction is elevated in the cohort. This elevation is most
clearly apparent in the subcohort which had at least two years of exposure time and where the
analysis was directed at circumstances chronologically close to the time of exposure. The
myocardial infarction risk related to vinyl ¢hloride exposure is discussed in relation to earlier
studies on the vascular effects of vinyl chloride. An indication of an elevated risk of morbidity
and mortality from tumors in the digestive organs is also present. However, this is not
statistically confirmed. A few future follow-ups of the present study are necessary in order to

clarify any possible elevated risk of tumors in the PVC-processing industry.

Vinyl chloride has been shown to cause sclero-
dermia, Faynaud's phenomenon, acroosterolysis,
liver damage and liver cancer (hemangiosarcoma)
(1) in workers exposed to vinyl chloride monomer
(VCM). This has been shown in studies (2, J)
performed at com&mien which fabricate poly(vinyl
chioride) (PVC). In animal experimental studies it
has been reported that inhalation of VCM causes
magg-nam tumors in different organs in rodents
t4-6).

In Sweden, in 1974, two cases of liver heman-

*Occupa:ional Toxicology Unit, Department for Occupational
Medicine, Labor Medicine Division, Department of Occupational
Safety, Bcx 100, 26 Stockholm, Sweden.

__*Statisr,cal Institution, Stockholm University, Box 6701, 118
8 SGmek!'.v Im, Sweden.

*Group for Applied Statistics, Karlbergsvagen &, 113 35

Stockholm,, Sweden. e

“*Bureau of Statistics, Department of Weifare, 106 30 Stock-
holm, Sweden.
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giosarcoma were diagnosed in employees at a
company engaged in the processing of VCM and
PVC (7). Later another two cases occurred at the
same factory.

Studies on other forms of cancer (8, 9) suggest
that VCM-exposed workers in the PVC fabricating
industries may possibly run an elevated risk of
contracting forms of cancer other than hemangio-
sarcoma in the liver. Earlier, an excess mortal-
ity from cardiovascular diseases was also observed
(10) in employees in the PVC manufacturing indus-

The present retrospective cohort study was per-
formed for the purpose of determining the pattern
of morbidity and mortality in the PVC processing
industry. The PVC processing industry, generally
speaking, has had a lower level of exposure to VCM
than the fabrication industry. In the Swedish PVC
processing industry, at present, about 5000 persons
are employed in production.
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Material and Methods

Information for the study was collected from four
PVC processing companies. The four companies all
used PVC which, after additions of various chemi-
cals, is heat-treated for fabrication into floor cover-
ing, lace, pipes, and food packaging.

Data Collection

The following data were collected from the per-
sonnel lists at the companies: personal number,
name, beginning and end of exposure (year and
month) and class of exposure.

In order for a person to be included in the original
cohort, at least three months of employment was
required in the period beginning in 1945 and the
ending December 13, 1974. The exposure was
clasgified as follows: class 3 (high), work in the
mixing department; class 2 (medium), heat treat-
ment machines; and class 1 (low), other production
departments. .

The collected data were transferred to punched
cards and magnetic tape for statistical processing.
The magnetic tape was coordinated with the na-
tional total population and the so-called death tapes
for the 1961-1976 period and checked against the
cancer registry by the Central Bureau of Statistics
(SCB). The personnel numbers which could not be
recovered at this time were checked by the national
taxation office. The original cohort included a total
of 2,073 persons. Of these, 103 persons (5%) dropped
out, 70 or whom had moved abroad, 5 were found in
the missing persons register of the tax office, and
28 could not be traced.

Study Cohorts

For the statiatical processing, the results of the
cohort of 1970 persons were divided into a number
of subcohorts (study cohorts): (1) all persons with at
least three months of exposure (follow-up time from
the beginning of exposure and through 1976); (2) all
persons with at least six months of exposure ex-
cluding those who stopped before 1961 (follow-up
time from beginning of exposure but no earlier than
1961 and through 1976); (3) all persons with at least
six months of exposure and where the exposure
began no earlier than 1961 (follow-up time from
beginning of exposure and through 1976); (4) all
persons with at least two years exposure (folow-up
time from two yesars after beginning of exposure
but no earlier than 1961 and through 1976 but no
more than ten years after exposure stopped); (5) all
persons with at least two years exposure (follow-up
time from ten years after exposure began but no
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earlier than 1961 and through 1976).

The two latter named study cohorts were chx:
in order to study whether any differences existec -
the death cause pattern with respect to when (.
deaths occurred after the beginning of exposyn
The first of the study cohorts was intended to s
light on possible causes of death which occur 1
tively early, e.g., accidents caused by the job. T,
second was intended to shed light on such de;:
causes as occurred after a longer time had passe:
Tumors caused by occupational exposure, for o
loum,:ale, often have a long latency period, 510y

NEeT.

—
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Resuits

The original cohort was relatively young at the
beginning of exposure, The age distribution in th
different exposure classes is given in Table 1. Ore
finds various dissirnilarities between the exposun
classes. In class 1 (Jow), 41.7% were younger thrr
35 years at the beginning of exposure; in clas?
(average), 47.7%; and in class 3 (high), 50.6%. Then

Table 1. Age distribution in original cohort at beginning ¢

e et e - ———— i — Ty Sl =

eXposure
% in esch exposure class
Age 1 2 3 3
< 19 1.6 20 88 21
2024 7.5 14.6 14.3 92
25-29 13.5 15.7 214 .4
30-34 18.1 15.4 17.0 183
26-3% 17.0 13.2 10.7 )
4044 13.7 12.6 9.8 133
45-49 111 126 89 1.3
50-54 30 78 5.4 e
5b-50 51 39 1.8 [hi
80-84 28 20 1.8 24
> 8 0.7 0.3 0.0 0.6
No. of 100% 100%: 100% 105%%
persons (1501) (387 (112 (1970

Table 2. Distribution of exposure time in the original cohort

% in each exposure class

Montha 1 2 3 13
) 131 0.3 0.0 10.1
6-28 384 8.4 89 313
%N 25.0 17.4 10.7 ne
80-119 15.3 457 15.2 ne
> 120 8.2 %3 65.2 15
100% 100% 100% 100%

(M = 1510) (M = $57) (AT = 112) (N = 1
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Table 3. Observed and anticipated number of deaths ss of December 31, 1976.

s

No. of deaths

Approx. 95%
por Nymber Observed Expected Ratio O/E confidence interval
oy 1303 53 56.5 0.95 = 0.26
e 2 256 ] 21.9 0.64 = 0.34
‘o cased 112 6 10.3 0.70  0.47
Lo das 13 un 73 87.8 0.84 =019
Yable 4, Obsered and anticipated number of desths from +
rertain causes during the 1969-1976 period in those with at %
wwt sis month- of exposure incln:ling those who stopped deaths *+v gbsarved
before 1961. = suticipated
14
Ob- Ex-  Ratio .
served pected O/E .
¥..imant tumors 140-209 17 14.0 1.21 -
ro-lve Organ tumors 150-159 8 4.9 1.63 L
anvascular dizenses VI 2 243 0.91 s
¥ cardal infarction 410.90 15 20.0 1.49 '
Crdents, swicide, ete. XVII 13 9.2 1.42 oL -

'R

‘F.-k ealeulaird from the beginning of expoaure but no eariier
“war 196]. Study cohort 2 (1771 persons).

uere also di-similarities in the length of exposure
#1:h respect to exposure class (Table 2). However,
¢ should be noted that the table includes cases
ahich were still under exposure at the final date for
erirance into the cohort (December 31, 1974), for
ahich reason, a certain bias toward short exposure
uimes is found. Regardless of this, exposure class 3
nas longer exposure times on the average.

The cohort as a whole reveals no noteworthy
increase in the total risk compared with the na-
tional average, nor is there any indication of this in
the subgroups making up the study cohort.

Study cot.ort 1, which includes everyone with at
least six m: nths of exposure and with caleulation of
the risk from the beginning of exposure, is some-
what remai kable in that the anticipated number of

deaths is sizmificantly higher than that observed up

el HED WA WS WIS VI WN
Ficure 1. Cumulative desths (in percent); (V) observed: (V)
anticipsted. Expected value ealculated from beginning of
exposure. Study cohort 1 (1970 persons). The perventage for
a given year was calculated as 100 (number of persons dying
through year in question divided by the number of persons
beginning exposure up to and including the year in question).

to 1964 (Fig. 1). This is commented on further in
the discussion, Study cohort 2 (Tables 3 and 4; Fig.
2) includes persons with at least six months of
exposure, excluding those who stopped before 1961,
The risk calculation is made from the beginning of
the ex| , but no earlier than 1961 and up to the
end of the follow-up time (1976). The observed
number of deaths is somewhat lower than expect-
ed, much lower in exposure class 2, Classes 2 and 3
are relatively small and are sensitive to random
deviations in this type of analysis. In order for
random deviations not to influence the results, the
classes were combined. This is true of all study
cohorts. This distribution with respect to the van-

Table 5. Ob-erved and anticipated number of deaths as of December 31, 1976 in those with at Jeast six months of exposure
beginning no earlier than 1961.*

No. of deaths
Approx. 95%
Cohort Number Obsarved Expectad Ratio O/E confidence interval
Exp. class | 1139 43 4.2 1.04 = 0.31
Exp. lagy 2 u7 4 1.7 0.34 = 0.34
Ezp. clage 3 2 1 1.8
Exp. clase 1-3 1428 I} 5.7 0.88 =035
*Ruk calculation from beginning of expesure. Study cohort 3 (1428 persons).
October 198) 147
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calculsted through 1961, Study cohort 2 (1771 persons). of exposure N-

Percentage for s given year ealculatad as in Fig. 1. FIGURE 4. Observed death risk per year at different papo =
thne after beginning of exposure expressed in perver: ¢ (Y
ing anticipsted risk in those who began expus ar

corresponding
« ' ancicipated in 1961 or latar. Study cohort 8 (1428 pervons).
dnth) e robasartved
i Table 6. Observed and anticipated number of deaths frea

. crriain causes during the 1968-1976 among those with i lest X
j . six months of exposure beginning in 1961 or later® D,
! » o Ob- Ex- R =
» - - served pected OL o

' = Malignant tumars 140-209 9 97 0w

vee wen wre wrs gilu_ﬁve organ tumors {,50-150 4 13 1>
Ficunx 3. Cumulative deaths (in percent) of those who began “"ymmwmmo g :2 ;?i ‘l’; a
exposure in 1960 or later, Study cohort 3 (1428 persons). Accidents, suicide, ete. xvu 1 7.3 1'51 '
Percentage for a given year caleulated as in Fig. 1. * i ) ' of
*Risk calculated from the beginning of exposure. Study cohc= ¥
3 (1428 persons). ;‘

ous death causes is shown in Table 4. The observed
and anticipated number of deaths during the 1961-1968 ,
period is relatively small, only a few cases, and the  cohort 3 (Tables 5 and 6; Figs. 3-5) which pertain: n
death cause classification was modified as mentioned  to those who began working in 1961 or later b w
earlier in 1969, for which reason 1961-1968 periodis  which otherwise satisfy the same criteria as study | d
not discussed separately. By and large, the picture  cohort 2, displays a similar picture. mn
is the same there as for the 1969-1976 period re- An analysis of study cohort 3 according to for a
ported on. From Table 4, one sees that the ob- mula B (Figs. 4 and 5) indicates that the annual risk
served number of deaths, especially those from  during the first year of exposure is somewhat lower m
tumors of the digestive tract, myocardial infarction  than the anticipated one, but that after about ten o
and accidents, is somewhat higher than anticipated.  years, an increased risk occurs so that the observed o
However, the differences are not significant. Study  risk becomes higher than the anticipated. de

Table 7. Observed and anticipated number of deaths from certain causes during the 1965=1976 among those with st least tvs n
yaars of exposure.®

Observed Esxpected Ratio O/E

Malignant tumors 140-209 5@ 7.4 (8.9 0.56% (1.01)
Digestive organ tumors 150.150 2 4 2.6 (3.2) 0.78° (1.21)
Cardiovascular diseases V11 15 (16) ' 12.7 (15.8) 1.18° (1.01)
Myocardial infarction 410.90 11 (12) 5.4 (8.6) 2.03° (.8
Accidents, suicide, ete. XV11 4% 4.6 (§.1) 0.57% (0.97)

*Risk calculated from two years after beginning of exposure and no more than five years (10 years) after end of exposure. S
col::rt 4 (1155 persons).

< 0.06.
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Table 8. Observed and anticipated number of desths from
certain causes during the 19691976 in those with at least two
years of exposure,®

Ob- Ex-  Ratio
served pected O/E

Aalignant tumors 140-208 9 60 151
Dngestive organ tumors 150-159 4 2.2 1.85
Cardiovascular disesses V11 12 111 1.08
Myocardu) infarction 410.90 8 45 1M
Acadents. suicide, ete. XVII 2 25 0.79

Risk calculated from 10 years after beginning of exposure.
Stody cohort 5 (680 persons).

Table 9. Observed and anticipated number of deaths from
cancer during 1961-1976 in those with at least six months of
exposure excluding those who stopped before 1961.*

Ob- Ex-  Ratio
served pected O/E

Maiignant tumors (total) 51 “46 L4
Digestive organ tumors (150-159) 11 85 129

*Risk colculated from beginning of axposure but no eariier
than 1961 Study cohort 2 (1771 persons).

In study eohort 4 (Table 7) which concerns time
during ongoing exposure or a relatively short time
after the end of exposure, i.e., “short-term per-
spective.” one sees an increased death risk from
myocardial infaretion. Other causes are somewhat
lower here than expected.

In study cohort 5 (Table 8), finally, one finds an
indication of an increase in the death risk as regards
tumors. but also for myocardial infarction. The
differerces between the observed and anticipated
numbers are not, however, statistically confirmed
at the 5% ievel.

The result with respect ©» mortality can be sum-
marized as follows. In the study cohorts, overall,
one finds no noticeable increase in mortality, On the
other hand, there are indications of a shift in the
death cause pattern compared with the national
average. This shift is expressed primarily in the
fact that the number of myocardial infarctions is
noticeably higher during ongoing exposure or within
i relatively short period of time after the end of
exposure. There are also indications that the death
from tumors can be elevated among persons with a
long latency period (Tables 7 and 8),

In the question of cancer morbidity, there is no
certain increase in study cohort 2 (Table 9 and Fig.
6). In the question of tumors of the digestive or-
gans, in the same study cohort, 11 cases were
observed as opposed to an anticipated 8.5. The

October 1981
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Figure 5. Cumulative survival probability (in pervent) of those
who began exposure in 1961 or later and have at least six
months of exposure. Study cobort 3 (1428 persons).
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Ficure 6. Cumulative rates of cases of all cancer (in percent).
Study cohort 2 (1771 persons). The percentage for a given
year was calculated as 100 (number of persons diagnosed
through year in question divided by the number of persons
beginning exposure through year in question).

difference is not statistically verified. One of these
eleven tumors was liver cancer (ICD 155.0).

Discussion

A noteworthy finding which arises in the analysis
of the total cohort mortality (Fig. 1) is that the
number of deaths at the beginning of the observa-
tion period (1947-1964) is significantly lower than
one would expect in relation to the national aver-
age. This difference is so great that one cannot
directly consider it to be randomly conditioned, nor
can it be entirely ascribed to the so-called healthy
worker effect. Theoretically, of course, the possibil-
ity exists that the selected cohort, in the question of
mortality and the factors which influence said mor-
tality, deviates from the general population. A more
credible possibility is, however, that the personnel
register that was available at the company involved
at the time of this study was incomplete in the
matter of hirings during this early period. A per-
sonnel register which, in the mid-1960s, was purged
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of persons who began employment before 1960,
could lead to the difference mentioned above. The
companies involved reported that such a purging
did not occur, so far as they knew.

If such a purging (thinning out) nevertheless
occwrred, this would have resulted in the elimina-
tion of persons with a long observation time at the
time of follow-up. In the present study, the risk
calculations were limited to beginning no earlier
than 1961. This means a limitation of the analysis to
pertain to the group of employees who were living
at the beginning of 1961 and where the risk of an
elimination is positively eliminated. This limitation,
however, signifies a weakening of the analysis,
since parts of the cohort with long follow-up times
are excluded. Basically, this weakening signifies a
poorer possibility of discovering an elevated inci-
dence of cancer if one exists.

The myocardial infarction mortality (ICD 410.90)
is elevated in the cohort. This elevation occurs most
clearly in the category of the total cohort which has
at least two years of employment time and where
the analysis was ed at the period of time
following two years after the beginning of employ-
ment and extending to no more than five years after
the beginning of employment. Therefore, this in-
volves that fraction of the mortality from myocar-
dial infarction which chronologically is relatively
closely connected to the time of employment. It is
impossible on the basis of such observations to
draw conclusions that the elevation was caused by
exposure to vinyl chloride. The observed increase
in myocardial infarction mortality is, however, so
striking that it, in combination with the known
facts about the toxic properties of vinyl chloride,
must be given consideration. There are no reasons
to assume that varying diagnostics, standards or
practices in filling out the death certificates alone
could provide an explanation. A natural conclusion
is, therefore, that if one disregards the possibility
of a random local phenomenon, the increased fre-
quency is to be ascribed either to selection of indi-
viduals susceptible to the risk or an outbreak of risk
factors in the close environment of employees. A
combination of these two circumstances is, of course,
also possible theoretically.

In this connection, it should be noted that many
risk factors for myocardial infarction are environ-
mentally conditioned in the fact that they constitute
part of the lifestyle of the moder social environ-
ment in an industrialized country, Cigarette smok-
ing, physical inactivity, overweight and high blood
lipids constitute environmental factors which are
related to social behavior. It is a well known fact
that the risk of coronary vascular disease in the
heart varies, inter alia, with the total load of risk
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factors. Among other risk factors, one cap 4,
name hereditary characteristics and high bloog e
sure. In this connection, there is reason to recoll
that the causal network of coronary disease is m;
tifactorial and that the disease has an environm:
tal relationship in the broad sense. There is 4.
reason to recall the aspect that the total risk p.
creases when several risk factors, known or .
known, are allowed to collaborate (11, 12).

It has not been possible to establish the distrib.
tion of such already known risk factors for corona-
disease in the cohorts studied with respect to v
national population in general. Therefore, no o
tinued analysis of the matter of the causal relatis
ship between close environment and heart dissa.
mo;bidity can be made within the limits of th.
study.

Exposure classes 2 and 3 constitute subcohor.
that are too small, in the present study, toallos,
meaningful discuasion of the myocardial infaretic:
risks relative to the various exposure levels in th
processing industry. In this connection, one shou':
also consider the circumstance that the exposun
classes in this study are based on interviews wi
the employees directed at the work environmem
the time in question some 10 to 15 yeurs ap
Therefore, this involves an environment which ha-
subsequently undergone changes. Objective clas.
fication criteria in the matter of exposure, e.g..¢
the form of environmental measurements, do &'
exist. The distribution into exposure classes is. fu:
this reason, fraught with uncertainty.

In animal experiments, it has been found that ti-
toxicity picture in rodents chronically exposed i
VCM involves the blood vessels. Besides hemar-
giosarcoma in the liver and the other organs . !
the inhalation of VCM is also believed to cauv
development of telangiectasis () in the liver of mict
which can lead to death from hemocoele. Change:
in the sinus cells have been observed in liver bic-
sies in VCM-exposed workers (19). Capillary change
in the skin of the fingers have also been obserec
(14-16), both in VCM-exposed workers with othe’
vascular-involved diseases, such as acroosteoly::
Raynaud’s phenomenon, and sclerodermia, and &
VCM-exposed workers without such diseases. A
over-representation of deaths from cardiovasculs:
diseases has also been observed in & study on th
PVC-fabricating industries (10). Animal expenme.
tal and previous medical studies of VCM-expesec
populations therefore support the assumption th'
the increased risk of myocardial infarction obsere
in the present study could possibly be ascribed &
VCM exposure. e s

As regards the mortality and morbidity fro°
tumors, the results are uncertain. There are cera~
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R .acations of an elevation, but the differences are Cancer Res,, 31: 516-522 (1971).

. aatistically confirmed. One can think of two 7. Byren, D., and Holmberg, B. Two possible cases of
e~ <h (1) in reality, there is no increase angiosarcoma of the liver in & group of Swedish vinyl
lee [ -ncibibties here: ¥ chloride-polyvinyl chloride workers. Ann. N.Y. Acad. Sci.,
n - «ne risk of tumors; (2) there is indeed an in. 246: 249-250 (1975).
ner w~ased risk of tumors. The results neither confirm 8. Monson, R. R., Peters, J. M., and Johnason, M. N.
al. . » efute this. Tumors do not occur until after a Proportional mortality among vinyl chloride workers. Lan-

i ¢ lateney period. The majority of the persons o o B0 ﬁ(g":w Gaffey, W. R, Mortality study of
. -:luded in the study did not begin their exposure workers in the manufacture of vinyl chioride and its

“-:il the 60's and 70’s and therefore could not be golym J, Occup. Med., 18: 509-518 (1974).
by “iowed for a sufficiently long time. An accurate 10. um D...::dn;hohn.c l-:ulu:: A, andoy'suudwh‘r;cl;‘
an * Jow-up of the present cohort during the coming ortality mw"' ‘l"’“P wedish
th “.e-vear periud should bring greater clarity into :.','dl:.z fmw Eoviron. Heshth Perspeet.
or, s 11. RCP and BCS. Prevention of coronary heart disease.
on Inthe present connection, it is of interest that in Report of joint working party of the Royal College of
2 Jrecently published momhty sft’%dy (17) on ailmost ghyuucrun ;fh London '1': 2&:»;_ g;it(xlsh h G Society. J.
™ iyu deaths in the American PVC-processing in- 9y ysicians,

Latry. an overrepresentation in cancer mortality }:,bb,:;‘,:mx theimaen, L. and perke, L Risk factors
n spears to exist (all cancer), especially gastrointes- disease and other causes. Am. J. Cardiol. 35: 514-522
Va +a} cancer 1n both sexes, (1976).

13. Popper, H., and Thomas, L. B. Alterstion of liver and
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Epidemiological Study of
Pneumoconiosis in the ltalian
Poly(vinyl chloride) Industry

by G. Mastrangelo,* B. Saia,* G. Marcer* and G. Piazzat

Among 121¢ workers employed in a poly(vinyl chioride) production factory, 20 cases of
preumoconiosis were found. None of these workers had had previous exposure to organic or
inorganic dusts; 731 had been expossd to PVC dust (employed in drying, sacking and blending of
polymer) and 485 had been exposed to monomer alone. Chest x-ray films were rend by two
independent physicians utilizing the ILO/UC Pneumoconiosis Classification, 1971, X-ray
sbnormalities wery gharacterized by limited profusion, irregular type and low gravity; in a small
percentage of cases these were associated with slight restrictive respiratory function
ments. All 20 workers with PVC.induced pneumoconiosis had been exposed to high PVC dust
pollution for at least five years. Mild nonspecific alterations (profusion of 0/1 class) were found
both in the group exposed to PVC dust and in the group exposed to VCM alone. Such changes
(observed in 388 cases, 31.9% of the whole population), are related mainly to age and smoking

habits, and the role of exposure is minor.

We examined the working population of plants
truducing  poly(vinyl chloride) (PVC) in Porto
Marghera, Italy; 1216 workers had no previous
dust exposure, Of these 731 were exposed to PVC
dust polymer alone while 485 were exposed to vinyl
chioride m..nomer (VCM). In the drying, sacking
nd blending departments, PVC dust concentra-
tions were over 10 mg/m® of total dust in about 60%
of the samples, wheress in the polymerization
drpartments no concentration over 10 mg/m’® was
“und. In the samples taken, particles with diame-
ers of 1 um to 6 wm constituted 4.5 to 30.9% of
‘otal dust weight.

Al the workers had chest x-rays according to

ILO standards and a spirographic examination. -

Chest x-ray films were read by two independent
physicians utilizing the ILO/UC pneumoconiosis
dassification, For statistical analysis, a consensus
reading was used,

Clanuto di Medicina del Lavoro, Universith degli Studi
l-_fQO\"l. Via Facciolati 71, Padua, Italy.
Clstituto i Radiologia (I Cattedr) Universith deghi Studi
Fadova. Via Giustinian 3, Padua, Italy.
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Table 1 shows that there are no significant
differences in age and smoking habits, but the
exposure duration is higher in the workers not
exposed to dust.

Table 1.
No.of %of Age, yr  Exposure, yr
Group subjects smokers (mean = SD) (mean = SD)
Exposed ™ Ty M7 z88 6.1z4.0
to PVC dust
Not exposed 485 68.7 85785 B8z 45
to PVC dust
Table 2.
PVC dust Age distribution of cases®
exposure, yr <0y 340yr 41-50yr >H0yr

<5 - - -
5-10 - 22.4) 15.9)
>10 - %3.8) 2(9.5)

*Values in parentheses are percentages of subjects with PVC
pheumoconiosis in esch class of age and exposure.

58.3)
809.0)
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In 20 subjects we found chest x-ray changes of at
least class ] according to the ILO/UC classification.
The mean age of this group was 44.9 = 5.2 years
and the mean length of exposure was 11.6 = 5.4
years. Sixteen subjects (80%) were either smokers
or ex-smokers,

Table 2 summarizes the distribution of cases in
relation to age and length of exposure. In all age
groupa there is an increase of disease prevalence
associated with the increasing length of exposure.

In the case of the x-ray changes, 16 subjects had
class 1/0 profusion, 2 cases class 1/1, 1 case class 271,
and 1 case class 2/2. Irreguiar opacities were
prevalent: 10 were type s, three were type t, six
were type p and one was type r. They were
diffused, mainly over median lobe areas.

A chest x-ray of a worker exposed to PVC dust
(Fig. 1) for 15 years shows a gross reticular
pattern: profusion is class 2/2, type t. In the right
hemithorax of the same subject (Fig. 2) there is a
mottled reticular pattern. Figure 3 is an enhanced
view of the right hemithorax showing the mottled
reticular pattern more clearly.

Another case df PVC induced pneumoconiosis
can be seen in Figure 4. The worker was exposed to

J e
o ———— o —

PVC dust for 20 years. A fine, dense retic;
micronodulation is evidenced. Profusion is clag: 2
type p-s. Figure 5 shows the right hemithors; ¢
the same subject; pin-point opacities can be see;
In spite of age and the considerable exposure. 1
majority of cases were in a low profusion categw
indicating the slow evolution of the disease. Alip,
worked in high air-borne dust level environmex,
(mostly drying and sacking) for at least five yen
None of the 20 subjects was in 2 group unexpae
to dust and none had experienced previous occus,
tional exposure to organic or inorgunic dusts. &,
considered the alterations to be PVC pneumocsr, .
sis.
In 388 subjects (31.9%) we found slight cher
x-ray alterations consisting of linear or irrepus:
vanishing opacities or both, classified as class 4}
the remaining 808 subjects were class 0/0.
Table 3 reports the total population distributi-
excluding 20 subjects with PVC pneumoconios:
Results are presented in & two-way table: exc
entry reports the number of observations. Sample
are classified according to age and PVC dur
exposure: PVC + represents presence, and PY(.
absence of PVC; x-ray + indicates the group wi:

Ficure 1. Chest x-ray of a worker exposed to PVC dust for 15 years. Profusion class 22; type t.
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Ficuzk 8. Enhanced view of the right hemithorax of Fig. 2,
showing the mottled reticular pattern.

alternately held constant. Age is a most important
factor. When exposure is held constant, 33.2% of
the x-ray changes are shown to depend upon age,
when age is held constant, 6.5% are shown to
depend upon exposure.
able 5 summarizes the distribution of the cases
according to smoking habits in workers exposed
and not exposed to PVC dust.
Table 6 shows that chest abnormalities are
significantly influenced by both risk indicators.

* Preumocy,
d slight o
' OF rpe,
d as cla,:;‘
§00, '
'n distriby,
’ummnilpl.
table: a
ms. Samy,.
PVC 4.
» and PV(
" gToup wy
Fiane 2 Richt hemithorax of the same subject s in Fig. 1.
tiss 0 1 profusion. To assess the influence of both
=k indicators we performed a two-way analysis of
vanance for proportions.
Table 4 shows that both age and exposure were
«wnificant factors influencing x-ray abnormalities.
The square ¢ a multiple partial association coefficient
fr qualitatis e data was calculated to measure the
degree of a-sociation between the dependent vari-
able (x-ray hanges) and each of the two predictor
variables (age and exposure). Age and exposure are
Table &
_Age distribution of subjects
<30yr 3N 40yr 41-80yr >Hyr
PVC «
Yny - 2 ] 123 k]
Xoray - 133 w7 108 17
Xray - 17 45 55 15
Xeray - 1ne 158 67 9
Lo October 1981

Table 4.

Source of Degrees of Sum of Mean
variation freedom  squares  squares F
Age 3 30.9713 10.3238 53.581°
PVC dust

exposure 1 0.7848  0.7843 4.08°
Interaction 3 0.9882 0.3204 1.72
Error 1188 2279408 0.1919

*p < 0.01.

p < 0.05.
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FiGURE 4. Chest x-ruy of a worker exposed to PVC dust for 20 years. Profusion class 2/1; type p-s.

Table §. YL

Tabie &,
Degrees of Sum of
freedom  squares
1 7.8850

1 1.7847
1 0.1028
ne2 251.9125

[ DR : i
Ficuns 8. Right hemithorax of the same subject as in Fig. ¢
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when exposure is held constant, habitual smoking
» responsible for 17.1% of the changes. When
smoking habits are held constant, exposure to PVC
dust is shown to be responsible for 8.9% of the
y-ray abnormalities. _

Our epidemiological study confirms experimental
wd pathological data already reported regarding
e effects of PVC dust. Lung changes are directly
relsted to PVC dust exposure, whereas VCM
exposure alone fails to cause these changes. There-
fore. we believe that pulmonary changes are not
rachogenically similar to other vinyl chloride in-
duced abnormnalities, that is fibrosis of the liver,

October 1981

mm;rMem-ﬁke skin changes, and peripheral vas.
In our study there was only a 1.6% prevalence of
pneumoconiogis in the total population, but in the
workers exposed to effective risk of pneumoconio-
nis (731 subjects) the prevalence rose to 2.7%.

Apart from 20 cases of pneumoconiosis, mild
nonspecific alterations (profusion of (/1 class) were
found in the group exposed to PVC dust and in the
group exposed to VCM alone. Such changes are
related mainly to age and smoking habits, and the
role of exposure is minor.




Excess Lung Cancer Risk in a Synthetic

Chemicals Plant

by Richard J. Waxweiler,” Allan H. Smith,t Henry Falk:

and Herman A. Tyroler**

A standardized mortality ratio of 1.49 for respiratory system cancer (42 observed deaths versus

2.2 expected, p < 0.01) was observed

a cohort of 4306 males employed at a synthetic

chemicals plant since its startup in 1942. Upon review of pathologic material, the excess was
found to be limited to adenocarcinoma and large cell undifferentinted lung cancer. Many of the
workers had been exposed to vinyl chloride, as well ma to chiorinated soivents, poly(vinyl
chioride) (PVC) dust, scrylates and scrylonitrile. To evaluate the association between lung
cancer and occupational chemical exposures, detailed work histories for ench cohort member
w ere combined with exposure ratings for each of 19 chemicals for ench job for each calendar year
since 1842, A serially additive expected dose model was then constructed which compared the
doses of the chemicals observed for the lung cancer cases to the doses expected based on
<ubcohorts without lung cancer individually matched to the cases. PVC dust appeared to be the
most likely etiologic agent (» = 0.037). Time trends of PVC dust exposure indicated a potential

latent period of 5-1¢ years before death.

Introduction

QOur previiusly published (1) retrospective cohort
mortality s'udy of workers exposed to vinyl chlo-
ride monomicr (VCM) at a synthetic chemicals plant
demonstrat~d an excess risk of death from respira-
tory system cancer in addition to the already
recognized association between VCM exposure and
angiosarcoma of the liver (£-10). Preliminary re-
view of the lung cancer cases indicated they were
all adenocarcinomas or large cell undifferentiated
tumors—an unusual histologic distribution, .

_ Although lung tumors have been induced exper-
imentally by exposure to VCM (2), the epidemiologic

*Industry-wide Studies Branch, Division of Surveillance,

Hazard Evojuations and Field Studies, National Institute for
Occupatior.a} Safety and Health, 4676 Columbia Parkway, Cin-
emnati, O :0 45226,
*Departrent of Community Health, Wellington Clinical Sehool
of Medicire. Wellington Hospital, Wellington 2, New Zealand.
iDivision of Chronic Diseases, Center for Environmental
Health, Centers for Disease Control, Atlanta, Georgia 30333,
"Depariment of Epidemiology, School of Publie Health,
;_r;sl\':mt_\- of North Carclinse, Chapel Hill, North Cardlina
514,
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data are suggestive but equivocal. Two ecchort
studies found no excess lung cancer risk (4-6). In six
other studies, elevated lung cancer riske were
found overall or among subcohorts; however, few of
these excesses were statistically significant due to
moderate excess risks and/or small numbers of
cases (7-9, 11-13).

Because of the uncertainty in the literature
regarding the association between VCM exposure
and lung cancer and because of the diversity of
occypational chemical exposures experienced by
the lung cancer cases in our previous study (1), we
decided to evaluate our cohort further to determine
whether or not lung cancer was associated with
VCM or with other chemical exposures. Thus, the
following research had three objectives: (1) by
using a retrospective cohort design, to determine if
our previously published excess lung cancer risk
among employees exposed to VCM at this synthetic
plastics plant also existed for the total plant popula-
tion (2) by using a case-comparand study, to de-
termine whether an excess lung cancer risk of a
particular histologic type was in force at the plant
and (3) by using a serially additive expected dose
model, to test whether one or more particular
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chemicals used at the plant were associated with
either the excess risk of all or of a specific histologic
type of lung cancer,

Methods and Results

Retrospective Cohort Study

The population at risk for the retrospective co-
hort study consisted of the 4806 males ever em-
ployed at this plant from its opening in 1942 until
December 31, 1973. In the absence of individual
data on race, everyone was assumed to be white
because the company indicated that less than 2% of
the population had been nonwhite. Date of birth
and detailed work histories at this plant of all jobs
and dates worked by each individual were coded.
By follow-up of all study members from the first
date hired at the plant through December 31, 1978,
it was determined that 4174 were alive and 559 had
died. The 73 (1.5%) persons lost to follow-up were
considered alive threughout the study. The 16 (3%)
deceased persons for whom no death certificates
could be located were assumed dead, cause of death
unknown. A modified life table analysis (NIOSH)
was used to obtain person years at rigk of dying by
five year age and calendar time periods. United
States white male death rates specific for five year
age and calendar intervals were used to calculate
the expected deaths and standardized mortality
ratios (SMR's). SMR’s were tested for statistical
sigzen"iﬁcmce using the Poisson distribution (one-
sided).

The cohort was young; by December 31, 1973,
only 30% of the cohort, if alive, would have been
over 54 years of age. However, 63% of the cohort
had been hired before 1954 and thus had the oppor-
tunity to achieve 20 years’ latency.

Two separate analyses of the cohort were made.
Initially, all members were considered at risk from
their first date of employment at the plant. This
analysis yielded 556 observed and 550 expected
deaths (Table 1). Risk of death due to malignant
neoplasms of the central nervous system (SMR =
209) and respiratory system (SMR = 149) were
both significantly elevated. A second “over ten-
year latency” analysis was carried out by beginnl’i‘n‘g
person-years at risk only after an individual
achieved the tenth anniversary of his first date of
employment at the plant. Results similar to those in
the first cohort analysis were found but with slightly
higher SMR’s. Respiratory system cancer had an
SMR of 156 based on 39 observed cases. Because
our previously published analysis (1) of just the
presumably VCM-exposed workers at this plant

160

Table 1. Observed and expected deaths among chemical pluy

worker cohort.
Cause (ICDA-7 Code) Obeerved Expected SNp
All causes 856" 3502 0
All malignant neoplasms
(140-208) 109 92.5 118
Digestive system (150-159) U 25.6 ]
Respirstory system (160-164) 42 282 W
Central nervous system (193) 8 43
Lymphatic and bematologic
(200-205) 9 11.4 k]
Other cancers 2 20 109

*Five persons, including three of the original 359 deaths, we=
hot incladed in the ecobort analysis bacause of missing won

5 < 0.01
% < 0.05.

also found an SMR of 156 after 10 vears latencr.
these resuits indicate an excess lang cancer risk ne;
solely due to VCM exposure.

Case-Comparand Study

The second objective of this study was to deter.
mine whether an excess risk existed for a particular
histologic type of lung cancer. Because no historica!
data exist on histology-specific lung cancer inci
dence or mortality rates and because histologic
classification is somewhat variable between pathol-
ogists and over time, a case-comparand design wa
chosen to accomplish the second objective.

Medical records and pathology reports were ob
tained on all deceased members of the cohort whase
death certificates mentioned cancer or respiratory
disease. For 45 cohort members, primary or un
specified lung cancer was reported on at least oneof
these three records. A few persons who died after
December 31, 1973, the cohort ending date, were
included. Of the 45 cases, 42 were born in Kentueky
or an adjacent state. Histologic material was re
quested, The worker case group consisted of the
of the 45 deceased individuals for whom histologic |
speAc.imem were available, the 1 !

a comparison group, the lung cancer cases
(comparands) most closely preceding and succeed:
ing the chemical plant worker case in the chronolog:
ieally ordered hospital pathology logs were selected
that matched in age at diagnosis, sex, race, and
county of residence. For four cases, only one ma
comparand could be found.

Histologic material was reviewed by a panel of
pathologists unaware of the employment histone:
(case versus comparand status) of the decessed.
The histologic type distributions, according to the
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ministration classification scheme (14),
oo~ O between the cases and comparands.

T+ results of the majority opinion of the pathol-
. -anel are listed in Table 2. The panel found a
. eantly (p < 0.05, chi-square) higher percent-
% ¥ large cell undifferentiated (type 4) cancers
o - the worker cases than among the community
- =+arands (307 vs. 10%).

K. using the SMR for respiratory system cancer
“13% 1n the retrospective cohort study and the
.<ned and expected histologic distribution of
-2 cancer deaths based on the case-comparand
+.1,. Table 3 demonstrates the calculation of his-
. & specific lung cancer SMR’s (column C). If the
” cases for which histologic specimens were avail-
. are consiiered representative of all 45 lung
-+ o Cates, it appears the excess lung cancer risk
. -vars limited to types 3 and 4, adenocarcinoma
.1 large cell undifferentiated, with the greater
-.» due to the latter. Approximately 13.5 of the
.4~ excess lung cancers among the plant workers
» uld be due to sdenocarcinoma and large cell
- iferentiated carcinoma. ¢ *

I: appears that there is a histology-specific ex-
~~ lung cancer risk among workers at this plant
o1 that this differential distribution of cell types is

et Ad

Table 2 Case and matched comparand histologic distribu-
tiona.

not an artifact of the geographic region nor of the
pathologist’s techniques. The fact that this risk
oceurs for adenocarcinomas and for large cell undif-
ferentiated lung cancers makes it very unlikely that
it is due to cigarette smoking.

Serially Additive Expected Dose Model

The third objective was to test whether any
presumed occupational chemical exposures were
associated with the excess lung cancer risk at the
plant. It was decided to analyze the previously
mentioned cohort dats in a serially additive ex-
pected dose (SAED) model (10), obtaining for each
lung cancer case the observed and expected doses
of each chemical, conditional on certain characteris-
tics. The purpose of the SAED model is to compare
the observed ex of each case in a study with
the exposures of fellow workers close to the case in
year of birth, and in age at commencement of work
at the company. If the total work force in the plant
under study is referred to as the cohort, then each
case can be thought of as belonging to a subcohort
of workers with approximately the same year of
birth and age at commencement of work in the
plant. In each year that a case worked at the plant,
his exposure ¢an be compared with that of the other
members of his subcohort who were working in that
year,

Company personnel compiled estimated exposures
on a scale of 0 to § (5 being the highest exposure) for

Veterans Ad- M.T each of 19 chemicals (Tal;le 4). Each job was n}
i i Community  gijgmed an exposure rank for each calendar year o
Hutologie type d"‘&‘:““‘ “:::" m&"’“’ the study (Table 5). These exposure data were then
; linked with work histories identifying the jobs each
Epdermoid 1 6 (22%) 15 (30%) worker had in the plant and the calendar time
imu cel undr:‘:ennﬁltld : g %} }: g:; involved. The analytical method is based on esti-
Adenocarcino . - mating exposure dose by multiplying the exposure
grrecelundferentisted 4 8 (B0%) 5 (0%)  1eyg) by the number of days worked at that level.
Total 77 (100%) 50 (100%)  These “doses” are accumulated over a calendar
year for a case to yield the observed dose and for
Table 3. Histologic specific lung cancer risk among plant personnael,
— Histologic distribution
Histologic Excess cases among
Qbaerved Expectod specific SMR those pathologically Tota) excess
(A) @ C = 149 (A/B) reviewed (Dp cases (B
Toul 100% W%* 149 8. 14.8°
Epidermoid 2.2% 0% 110 0.6 0.9
Small cell 2.2% 0% 110 0.8 0.9
Adenocarcinoma 25.9% 28% 138 1.9 8.2
Large eell 29.6% 10% “l 6.2 10.3
D= 1T 4)- 278 x 100149).
E = (45 4)~ 45 B x 100148),
‘Specific cell types do not add up to total because of “other” type lung cancer among comparands.
October 1981 161
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®
his subcohort to yield an expected dose for each  were assessed; seven of the chemicals were, however ne
year that a case works. The methodology has pre-  excluded from the formal analysis because so fex of
viously been described in detail elsewhere (10). persons were exposed to them at levels 3, 4 and; §f
In addition to testing the total-dose hypothesis, (Table 6). . n
the SAED analysis facilitates examination of the The SAED model analysig resulted in the b g
observed and expected doses for each year of served minus expected cumulative dose differences &
exposure before death. Exposures to 19 chemicals  per case in Table 7. The differences for PVC dug
are striking in comparison with the other expo P
sures. For the large cell undifferentiated cancer ;:
Table 4. Exposure ratings used to classify jobs. and sdenocarcinomas combined and for large oo |
: undifferentiated cancer by itself, the differencesin g
Rating Exposure exposure to PVC dust are three to four times a ‘
0 No exposire large as those estimated for vinylidene chloride, the z
1 Minimal exposure to low levels (chemical in building—
mhlbly ur‘l:s' different Ooor;nd dust level, D
warks on . Table 6. Froquency of job categories having at least
2 ip“m"d"m i:mminuml ure g'“h around the chemical, but of exposure greater than specific exposures lcv;:'m
Y curions matmally eovoee s bt No.ut each expomreleva_ | if
occasional spills, leaks, or dust exposure 1 2 8 4 3 o
may oceur) p
4  Works in areas where ievel is high (exposure levels in  Acrylic acid 13 4 3 0 0 v
the area are frequently high; might consider that some  Acrylamides 14 4 4 0 o st
risk is involvedsif chemical is very toxic) Acrylonitrile & 23 13 6 | a
5 Intimate contact, skin or high inhalation (such as poly  Acetylene 20 17 10 8 1 !
cleaners in earlier years handling sturry) Acrylates ®» 0 2 8 2 p
Bisphanol A 7 2 0 0 0 e
Butadiens n 1B 8 5 1 8}
Caprylyl chloride 2% 9 6 6 3 h:
Table 5. Chemical exposiire ratings spacific for job identification  Chiorinated solvents 0 18 7T 4 4
number and calendar year for & given chemical. Chlorosthy] vinyl ether 2 6 4 1 0 8
Diethyl maleate 4 6 0 0 0 th
Chemical #1, Expogure ratings Mercurie chloride 15 7 5 $ 3 b
job identih- Methanol 21 4 2 2 P
cation number 1942 1948 1944 1945 1946 1973 Phenol 2 1 o0 o0 o
Toluene 2 0o o 0 o
i [} 0 0 2 2 2 Vinyl chioride 55 w 20 21 4
2 5 5 5 5 5 5 Vinylidene chloride 20 4 8 5 2 1.
3 2 2 1 1 0 0 Vinyl scetate 2 18 10 o0 0 &
. . . . . . PVC dust 8 2 19 9 6
. . . . . . *E.g., for acrylic aeid, employees could have worked io 13 -
s K} 4 4 1 1 1 different job categories that had exposure levels of ane or highet
in at least one calendar year between 1942 and 1973,
Iy
Table 7. Obsarved minus expected cumulative dose differences per lung cancer case.
A
Pathologically Adsnocarcinoma
Chemical All ling cancers reviewed cases and large cell Large coll
A
Acrylonitrile —£52 402 448 -128
Acetylene «358 -289 291 167
Acrylates -2 -251 -83 -339
Butadiene -3%0 =207 406 2 L
Caprylyl chioride 547 =258 -270 -1139
Chiorinated soivents -968 472 -150 8
Mercuric chloride =507 —428 =211 62
Methanal ~430 -618 456 -1078 -
Vinyl ehloride monomer ~1428 ~195 2 207
Vinylidene chloride -341 210 804 1528 i
Vinyl acetate =707 480 =217 328 ¢
PVC dust 768 2448 3225 4326
162 Environmental Health Perspectives
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how next most evident chemical. The significance levels  of VCM that could have permeated throughout the
.Seoue;' °, of the larger of these differences are found in Table  plant.

{ 4’0 : M 8for the total cumulative doses and also for cumula- Potentially confounding variables are age, sex,

r4and§ gve doses until 10 years before death. Statistical  calendar year, race/ethnicity, migration, urban res-

n the ob significance was observed only for exposure to PVC  idence, cigarette smoking and socioeconomic status

iffere ¢ dust. (SES). In the retrospective cohort study, age and

OVC dug Latency analysis for PVC dust (Fig. 1) shows a  calendar year cannot confound because they are

ner -~ pesk for the difference between observed minus  adjusted in the results. All persons in the study are

e N empected dose during the period 5 to 16 years male and 98% are presumed white. White male

}".genc'; vefore death. As the diagnosis of the disease of rates were used for comparison to control

,nme:e. interest becomes more narrowly defined as a patho- ose potential confounders by subject category re-

< times in bgically homogeneous entity, the dose difference  striction. Ethnicity and migration (both inter- and

‘oride u:: per case increases, yet the implied latent period  intracountry) effects are considered minimal for all

‘ ’ stays constant. three study designs because 42 of the 45 cases were

born in Kentucky or an adjacent state. Urban resi-

dence is mainly sssociated with an excess of

oy | Discussion epidermaid and small cell undifferentiated lung can-
evels. The first objective of this study was to determine  cer (15) rather than the histologic t, of lung
re Jevel if the excess lung cancer risk among employees  cancer found in excess in this study. Excess lung

exposed to VCM also existed for the total plant  cancer risk is associated with low socioeconomic
population, including those persons not exposed to  status (16, 17), measured either by education (rela-
VCM. The retrospective cohort mortality study  tive risk of 1.2 for persons with fewer than eight
showed that respiratory system cancers occurred  years of school) or by occupation (relative risk of 1.3
spproxiriately 50% more frequently among the em-  for laborers). Since the cohort consists of a mixture
ployees of the entire plant than would have been  of socioeconomic status levels, there is probably
expecte based on age, sex, race, and calendar year  insignificant confounding due to SES at the plant
specific United States death rates. A similar excess  considered as a whole. Furthermore, recent infor-
had been previously shown to exist among the
subcohort of employees exposed to VCM (1), Thus,

4 3

CONOCORWO~AMNOBDEAS &
QOIQJ-OO!QWOQ&NNON'—HOO

the exce s lung cancer risk at the plant appeared to
be indej.endent of VCM exposure unless one hy- | =L
pothesized that it was due to extremely low levels HE
A PVE Dust
*300p= : [ ERY- ————All Luny Caneer
5 .t wwpuncasType 3 v &
Table 8. Pm““’ value of wM t-tasla of cumulative .-..'. r\. .: sesvsenTypg &
difference. batween observed and expected doses for lung o g H
cancer cases. : f ]
“ked ir 13 :
s arhi 10 or more '!OO‘-: .
or higher Total  years before l i H
(all yoars)*  death . Y
All cases (N = 45) ’ ;: :
PVC dust 0.188 0.253 :
All patholcgically reviewsd g“" H
ol cases (N = 27) :
PVC dust 0.026 0.047 wo ki
Aﬁmemnﬂhnﬂn
v & 13)
, PVC dust 0.087 0.081 o
, Vinyl:dene chloride 0.287 0.333
: cell (N = B)
. PVC dust 0.068 0.177 50 b= 11
Chior:nated solvents 0.360 0.438 (N
Vinylidene chioride 0.201 0.522 \ , T
100
“Twelve chemicals were tested for each hing cancer group, ' 10 » 20 "
thus, ander an assumption of'independam of tests, one would vours Buters Deacn
£Xpact one test to be signifieant st the 0.08 level. Ficure 1. Observed minus expectad dose differences per case
< 0.05. among lung cancer cases for PVC dust.
. ectives Octaber 1981 163
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mation indicates that these risk gradients may be
partially due to smoking patterns (18, 19), which
would affect epidermoid and small cell undifferenti-
ated lung cancers.

The second objective of this research was to
determine whether an excess lung cancer risk of a
particular histologic type existed. The case-comparand
study showed that there was an excess of adenocar-
cinomas and large cell undifferentiated lung cancers
among the cases occurring among plant employees
compared to other lung cancer cases from the same
community. Because the pathologists reviewed both
sets of slides without knowing which were those of
plant employees, it is unlikely diagnostic biases

Histologic specimens were more difficult to find
among the cases which died earlier and which were
older on the date of death. However, community
comparands were matched with the cases on age
and date of diagnosis and had to have specimens
available themselvesrhence a biased ascertainment
by histology between cases and comparands would
be unlikely. The choice of community comparands
makes it unlikely that a community wide pollutant
was responsible for the excess risk at the plant for
types 3 and 4 lung cancer. Consequently, it can be
inferred from Table 3 that the excess lung cancer
risk in the cohort was limited to adenocarcinoma
and large cell undifferentiated cancer. Adenocarci-
nomas, accounting for a minor proportion of this
excess risk, have been shown to be weakly, if at all,
related to cigarette smoking (14, 20-22)

Large cell undifferentiated carcinoma of the lung
is the only major histologic type that has appeared
to be unrelated to cigarette smoking. Thus, cigs-
rette smoking was probably not a major confound-
ing variable. However, the role of smoking as a
promoter or i cannot be ruled out. Nev-
ertheless, the conclusion of this phase of the inves-
tigation was that an excess risk occurred among
plant employees for types 8 and 4 lung cancer,
especially type 4.

The third objective was to test whether one or
more particular chemicals used at the plant were
responsible for either the excess risk of all lung
cancer or of the types 3 and 4 or just type 4 lung
cancer. The SAED model was specifically devel-
oped for this objective.

The major hypothesis was tested for each chemi-
cal in the SAED model by using the one-sided ¢-test
of the observed minus ex cumulative doses
over all years before death and ten or more years
before death (Table 8), PVC dust was the only
chemical that was statistically significant. These
results suggest that an excess of types 3 and 4 lung
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cancer exists at this plant and is related to py(
dust exposure.

The suggestion of PVC dust being a lung cap.
ogen is biologically plausible. Almost all PVC pr.
cles produced by the emulsion system, one of 3,
systems at this plant, are in the respirable ra.
(23). These particles could settle in the lungs a;
conceivably by themselves cause lung cancer |-
fact, one case of supposedly PVC dust-induced pre,
moconiogis has been found in a worker (24),
pulmonary granulomas (25, £6) have been induc
in animals exposed to PVC dust. In a large prop:.
tional mortality study of 4341 deaths that occurn
among PVC fabricators, persons expected to b
exposed to VCM and PVC dust demonstrated
slight (PMR = 117) excess lung cancer risk (2;),

VCM gas is easily inhaled, and possibly would be
in contact with tissue only a short time before bein;
either exhaled or absorbed into the bloodstrean
However, VCM becomes entrapped in the P\(
dust and can be released slowly over time. Thu:
PVC dust particles in the lung may slowly releas
VCM to small adjacent areas of the tissue, prolong
ing the contact time of that chemical to tissue. I/
this latter hypothesis is true, then it begs th
question of why almoast all of the liver angiosarcoms
cases occurred among polymer reactor cleaners wh
received extremely high VCM doses while the lung
cancer cases occurred frequently among the les:
heavily exposed workers. In fact, there was x
relationship between VCM and lung cancer in thi-
analysis; yet, one would expect the lung to be the
major route of entry for VCM regardless of the
cancer site,
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Review of Pulmonary Effecté of Poly(vinyl

Chioride) and Vinyl Chloride Exposure

by Ruth Lilis*

The contributions of several recent reports to the definition of pulmonary effecta of PVC dust
inhalation are reviewed. Granulomatous reaction, with inclusion of PVC particles in macro-
phages and histocytes, and associated interstitial pulmonary fibrosis have been found to lead to
exertional dyspnoea, diffuse micronodular chest radiographic opacities and restrictive pulmo-

nary dysfunction.

The effects of vinyl chloride (VC) monomer (gas) on proteina and the i
mechanisms triggered by the altered protein are possible mechanisms for the development in
some cases of ipierstitial pulmonary fibrosis secondary te VC exposure.

Vinyl chloride. a confirmed carcinogen, has been associated with, among other malignant
tumors, & significant increase in the incidence of lung cancer. The magnitude of this effect has

not yet been completely evaluated.

Several recent reports (1-3) have contributed
new observations on pulmonary disease in vinyl
chioride (VC)- and poly(vinyl chloride) (PVC)-
exposed patients,

Earlier reports, a few even preceding the
identification in 1974 of vinyl chloride as 2 human
tarcinogen (with hemangiosarcoma of the liver the
marker tumor, but most probably not the only
tumor). had centered on the rather unexpected
occurrence of pulmonary radiologic abnormalities
(4-8) or pulmonary function impairment (4, 9-12) or
had ind:cated dyspnea as a prominent symptom (11,
13) in VC and/or PVC exposed workers.

The radiologic pattern first described in 1975 (5)
was es:entially that of reticular-linear and/or nodu-
lar (small rounded) opacities, involving both lungs,
predominantly in the lower zones.

Pulmonary function abnormalities reported have
been both restrictive and obstructive dysfunction
with diffusion defects and arterial dessturation in
some cases.

Three recent reports, one a case report (1), the
other two epidemiologic surveys (2, 3), seem to
identify PVC dust as the etiologic agent in s

“En-ironmental Sciences Laboratary, of Com-
munity Medicine, Mount Sinai School of Medicine of the City
‘L‘n#ei-ogg of New York, One Gustave Levy Place, New York,
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peculiar type of pulmonary fibrosis associated with
a ulomatous reaction.

Xertional dyspnea, diffuse micronodular chest
radiographic abnormalities and restrictive pulmo-
nary dysfunction, were the main characteristics in
the case of PVC pulmonary fibrosis associated with
granulomatous lesions (1).

Electron microscopic examination of lung tissue
showed giant multinucleated cells containing a
nonhomogeneous material in their cytoplasm, which
was identified to be PVC (7). A similar pattern was
reproduced by incubation of human macrophages
obtained by bronchial lavage, with PVC powder:
absorption of PVC particles in the cytoplasm was
rapid, with thinly granular lysosomal material de-
posited aguinst the PVC particles. )

Similar histologic lesions had been previously
described in a human case (4) and in an experimen-
tal study in guinea pigs and rats (14). In another
experimental study, intratracheal administration of
PVC dust in rats (15) has been shown to result in an
increase in the activity of lysosomal enzymes,
interstitial fibrosis and granulomatous lesions sur-
rounded by fibroblasts, reticulin and collagen fibers.

An epidemiologic study of a large group of
workers exposed to PVC and VC (2) detected 20
cases of “typical pneumoconiosis,” i.e., chest x-ray
changes consisting in irregular opacities or
micronodular shadows of at least class 1 profusion,
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according to the ILO U/C Classification. All these
cases were found among PVC exposed employees.
The pattern of radiologic abnormalities described is
very similar to that reported in the case in which
the lung biopsy revealed fibrosis and granuloma-
tous reaction, with inclusion of PVC particles.

The same study reported the presence of less
marked radiologic abnormalities, of the linear-
reticular type, in 2 much larger proportion (32%) of
the population examined; these changes were pres-
ent both in VC monomer exposed and in PVC
exposed employees. While the prevalence was
higher in smokers than nonsmokers, 65 of the 388
x-rays with linear-reticular opacities were found in
persons who had never smoked.

In ancther large epidemiologic study (), expo-
sure to respirable PVC dust was found to be
associated in a proportion of exposed workers with
the presence of small rounded opacities on the chest
radiograph and a decline :n mean ventilatory capac-
it [

y.

The question of pulmonary effects due to vinyl
chloride monomer continues to be of great interest.
The multi-organ effects of vinyl chloride include the
peculiar syndrome of acroosteolysis, scleroderma-
like skin changes, vascular changes affecting the
arteries, arterioles and capillaries of hands and
fingers, liver and spleen capsular fibrosis, liver
fibrosis, abnormalities of the sinusoidal vessels in
the liver, and portal hypertension. Ward (16) inves-
tigated the immunologic status of 58 workers from
a VC polymerization plant. The findings included
hyperimmunoglobulinemia, eryoglobulinemia, cryo-
fibrinogenemia, in vivo complement activation via

the classie pathway, with C, and C; conversion and .

an increase in the B cell lymphocyte population.
Immunofluorescent examination of skin, muscle
and lung biopsy specimens revealed the presence of
circulating immune complexes, with deposition on
the vascular endothelium and occlusion of small
vessels. Immunoglobulin, complement and fibrinogen
deposition in the subintimal regions of the vessel
were found in aress with subintimal fibrosis and
luminal occlusion. '
Grainger et al. (17) have accumulated evidence
suggesting the following mechanism: the vinyl
chloride metabolite cyclic chlorethylene epoxide, an
alkylating agent with high biological activity binds
to IgG producing structural conformational changes
that promote aggregation of IgG molecules. The
modified IgG may also become antigenic. The IgG
aggregates are cryoprecipitable and may initiate
complement activation. Precipitation of IgG aggre-
gates by cold leads to complement activation,
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platelet aggregation and conversion of fibrinogeny
fibrin with polymerization. Occlusion of smal| ves
sels results, and ischemia stimulates new collage:
biosynthesis.

Similar abnormalities of the immunologie statu.
were found in another study of 22 workers exposs
to vinyl chloride, with Raynaud’s syndrome and, ¢
some cases, acroosteolysis. Latent ervoglobulinems,
was detected in 18 cases, with increases of immuny.
noglobulins, IgA and IgG (28).

Circulating cryoimmunoglobuline are a prom:
nent feature of idiopathic pulmonary fibrosis (s
and increased IgG levels have been shown to be
characteristic for bronchoalveolar lavage fluid ¢
such patients.

Interstitial pulmonary fibrosis is a possible effec;
of vinyl chioride exposure. The occurrence of more
dramatic and specific sbnormalities in other orpar
systems—liver, spleen and peripheral circulation—
has probably prevented more focused attention or -
pulmonary effects of vinyl chloride in the past. |

Long-term effects of vinyl chloride include well
documented carcinogenicity. Lung cancer has be
found to occur with an increased incidence i
several mortality studies (20-22). Abnormalities ir
sputum cytology tests have been found to be mon
frequent in VC/PVC-exposed workers than in other !
chemical industry employees and in smokers (22
In experiments on mice, Suzuki (2}) has describec
h lastic changes of the alveolar lining cells and
pulmonary tumors in the majority of exposed
animals. The ultrastructure was thought to indicate
that the tumors originated in type 11 alveolar celi~
Alveologenic tumors were also described in seven!
other experimental studies (£5.27). Interestingly.
other known carcinogens, such as polycyclie aro-
matic hydrocarbons, nitrogen mustard and chro
mates, produce pulmonary tumors in experimental
mchhnah similarly, originating in the type 11 alveolar

The effects of viny] chloride-poly(vinyl chloride:
exposure on the respiratory system of exposed
workers seem to indicate two patterns of nonmalig-
nant effects: a granulomatous reaction to PV(
dust, with inclusion of PVC particles in macre
phages and histocytes and associated interstitia
fibrosis, and an interstitial pulmonary fibrosis due
to vinyl chloride monomer effects on protein mole
cules and the immunologic mechanisms triggered
by the altered protein. o

The long-term carcinogenic effect, with a significan:
increase in the incidence of lung cancer, also is of
concern, although the magnitude of this effect ha:
not yet been completely evaluated.
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1970 through 1978. The annual incidence rate for
this period was also 0,25, almost double the expect-
ed rate of 0.14 per million in the United States (8).
There are several possible explanations for these
observations. New York is more industrialized than
many other states, and it is ible that the
exposed cohort might be larger. Incressed recogni-
tion and reporting of this entity might also be a
factor. Finally, relatively few workers have been
exposed for a long time to high levels of vinyl
chioride monomer.

As Fox and Collier (17) point out, more than half
of the people who have ever been exposed to VCM
in the manufacture of PVC in Great Britain are
currently employed in the industry; approximately
75% of men who have been employed in the
industry have been employed for less than 10 years;
only 8% have been employed for 20 years or longer;
approximately half the persons who have been
exposed to VCM have been intermittently exposed;
and only 10% of those who have been constantly
exposed have befn exposed to high concentrations.

Thus it is pessible that we are only beginning to see
the full impact of industrial exposure to VCM. This
suggestion is supported by the observation of
Monson et al. (18) that the relative frequency of a
cancers appears to be increasing with time in viny|
chioride workers, )
Other factors must also be considered in examin.
ing the frequency of ASL in our society. Working
conditions in the manufacture of PVC have un
doubtedly been influenced since the early 19405,
This was largely due to the recognition after 1857
that exposure to high concentrations of VCM ap
cause acro-osteolysis (19) and Raynaud-like phe
nomens, and in the early 1970s that high concentn.
tions of this chemical increase the risk of dying from
ASL (6). A reasonable assumption is that earfjer
workers were probably exposed to higher concen-
trations of VCM than those who entered this
industry during the last decade. Interestingly, it
has recently been suggested that the age at diagno-
sis and latency period for ASL might be increasing
(15). If verified, these preliminary observations

Table 1. Angiosarcoma of the liver (ASL) in residents of New York State (excluding New York City), 1970-1978,

Other tumors
Yeur
of ASL Exposure Year of
Case Age Race® Sex diagnosishistory® Metastatic site Type Site  diagnosis
1 60 w M 1970  Direet, VC Adrenal, omentum -
2 % w F 1970 Posaible, VC  Kidney, scalp, dura -
3 45 w M 1970 — Bone, adrenal -
4 18 B F 1970 —_ Spleen, lymphk nodes —
5 56 w F 197 - Spleen, omentum, adrenals, —
lymph nodes -
§ &8 w M 19 - - Lymphosarcoma Ileum 1355
7 412 w F 9 - Lungs, adrenals, sidn —_
8 3. 0 F 1972 Possible, VC  Heart, brain, lungs, adrenals —_
9 m-w M 1972 - Splesn, marrow, lymph nodes —_
10 64 w F 1973 Direct, AS -_ Fibromyxolipo- Knee 1968
[ Y
Mesenchymoma Liver 198
11 o w M 1978 Direct, ‘n.oé, Brain, lymph nodes -
12 [ w F 1978 Possible, V Spleen -
13 [} w M 1N -— Spleen, pancreas, adrenals, Transitional Bladder 190
brain, bone, lungs, lymph nodes  cell carcinoma
14 5 w M 1978 - - -_
16 11 w F 1974 Possible, VC  — -
16 45 w M 1974 -— — -_—
17 a2 w F 1974 —_ - -
18 as w M 1978 Dirwet, VC -_ —_
19 kz w M 1976 - -_— i
2 4“4 w M N - Spleen, brain, lungs, duodenum -
21 54 w F 1977 - -_— -
= -] w M 1977 - - -
-] a3 w F 1978 - - -—
% 46 w M 1978 - - -_
W = White; B = biack, O = oriental. )
*VC = vinyl chioride, PVC = poly(vinyl chloride), As = arsenic, ThOy = thorium dioxide; possible = lived within
one mile of VC or PVC factory.
208 Environmenta! Health Perspectives
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«ght be of great importance in evaluating the
wossibility that lower doses of VCM might be
uwociated with ASL after a prolonged latency
riod.
‘m,.\pm from the risk of ASL associated with
ndustrial exposure to VCM, the possibility exists
+12t nonoccupational exposure might also be asso-
aated with ASL. Block (20) has suggested that this
tizorder might result from chronic low level expo-
are to this chemical. Landrigan and Heath (£2)
found cases of ASL among workers at two poly(vi-
nvl chloride) fabrication plants and in residents
iving nearby. A study in New York State (16)
found that five individuals with ASL (but no
apparent occupational exposure to VCM) lived in
closer proximity to polymerization and fabrication
plants than their matched controls. In a study of 10
patients with ASL in Wisconsin (22), one patient
bved near a chemical company that made plasties
and resins. These observations might be fortuitous
and must be tempered by the preliminary evidence
suggesting that no excess of ASL is found among
PVC fabricators (11). At present there is no conclu-
sive evidence associating this tumor with nonoceu-
pational exposure to VCM. However, this issue and
a closely related one—that chronic low dose expo-
sure might be associated with an increased risk of
ASL—require further evaluation. To fully appreci-
ate the potential magnitude of this issue, one must
consider both residential proximity to plants and
other potentinl sources of public exposure. Esti-
mates have been made that 4.6 million people live
within five miles of United States monomer and
polymer production facilities (25). During the years
of uncontrolled emissions, it was calculated that the
average exposure level to this population was
approximately 17 PPB (29). Household use of
serosol products in enclosed spaces, even in short
30-sec bursts, could result in air concentrations of
VCM as high as 400 ppm which can persist several
hours af.er spraying (8, 10).

The Eiologic Spectrum of Vinyl
Chioride

_Reference has already been made to the associa-
tion between VCM and acro-osteolysis, Raynaud-
like disorders and ASL. It is also clear that this
agent can induce nonmalignant liver disease. In
Russia a form of chronic hepatitis was found in
approximately 25% of VCM workers (24). In addi-
tion, Thomas et al. (25) documented the occurrence
of portal hypertension associated with hepatic fibrosis
(Banti's syndrome) in a study of the hepatic tissues
obtained from 20 workers with industrial exposure.
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Of great concern is the growing evidence sug-
gesting that the spectrum of disorders associated
with VCM might include certain other neoplastic
diseases, pneumoconiosis and possibly excess feta)
loss. Several mortality studies have been conducted
in recent years. Monson et al. (18) found an
apparent excess of Jung and brain cancers. A slight
excess of digestive tract, lymphatic and hematopoi-
etic tumors was also observed. A historical pro-
spective mortality study of 8384 men who had at
least one year of occupational exposure to vinyl
chloride demonstrated that cancers of the digestive
system (primarily ASL), respiratory system and
brain and lymphomas occurred more often than
expected in those members with the greatest
estimated exposure (26). Similar results were ob-
served by Waxweiler et al. (27) in a retrospective
cohort study of workers from four plants engaged
in the polymerization of viny] chloride for at least 15
vears. Although observed numbers in each of these

studies are quite small, the strength of these
observations lie in their consistency. In addition
inhalation studies by Viola et al. (28), Maltoni (29)
and Neplinger et al. (30) have demonstrated that
this chemical induces adenomas and adenocarcino-
mas of the lung, neuroblastoma of the brain,
lymphoma and various other tumors in a variety of
animal species. Two other studies are notable for
the different resuits obtained. A mortality study of
over 4000 deaths among current and former em-
ployees of 17 PVC fabricstors from 1964 through

1973 found an excess of cancers of the breast and

urinary organs among white females (31). Fox and

Collier (17) studied 7000 men who were at some

time between 1940 and 1974 exposed to VCM and

found no evidence to support the hypothesis that
cancers other than those of the liver are associated
with this agent.

Vinyl chloride inhalation or PVC might cause
sbnormalities of pulmonary function and chest
x-rays (32, 33). Szende et al. (84) was the first to
describe pneumoconiosis due to PVC. Although
PVC dust appears to be the major offender, Lilis et
al. (32) showed that inhalation of this agent induced
less severe respiratory function abnormalities than
simultaneous inhalation of VCM and PVC. In a
more recent study of 1216 PVC production work-
ers, 20 cases of pneumoconiosis were found. Dura-
tion of exposure was about 12 years, on the
average, and never less than five years (35). This
study also suggests that pulmonary changes are
directly related to PVC dust, while VCM exposure
alone fails to cause these changes (35).

Available evidence also suggests that VCM is
mutagenic (36), and workers appear to have an
excess of chromosomal aberrations in lymphocytes
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when compared to nonexposed controls (7). Selikoff
(38) found that fetal death rates among wives of
VCM workers ranged from seven to 14 per 100
pregnancies. Infante et al. ($9) conducted a case-
control study of the pregnancy outcome among
wives of workers exposed to VCM and found a
significant excess of fetal loas in the exposed group.
While suggestive, these observations require
verification, particularly in view of the many fac-
tors known to influence pregnancy outcome.
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Review of Experimental Carcinogenesis

by Compounds Related to Vinyl Chloride

by Kenneth C. Chu* and Harry A. Milmant

The experimental carcinogenesis results on six compounds related to vinyl chioride are
reported. Vinylidene chloride, given by inhalstion, was earcinogenic in male CD-1 mice, male CD
rats, Sprague-Dawiey rats and male Swiss mice. Trichlorosthyiene, given by gavage and
inhalation, was carcinogenic in the BSC3F1 mice. When given by gavage, perchloroethylene was
carcinogenic in the BSC3F1 mice, and dichloroethane was carcinogenic in Osborne-Mende! rats
and B6C3F1 mice. Dibromoethane. given by gavage and inhalstion, was carcinogenic in B4CIF1
mice, F344 rats and Osborne-Mendel rats. Finally, epichlorohydrin was carcinogenic in male

Sprague-Dawley rats agd, BSCIF1 mice.

introduction

Since the carcinogenicity of vinyl chloride (VC)
was demonstrated in experimental (1) and epid-
emiclogic studies (2), data on the potential carcino-
genicity of vinyl chloride structural analogs and
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Vinylidene chioride
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HH
1,2-Dibromcethane
D8e

related compounds have been increasing. This paper
will attempt to review the experimental carcinoge-
nicity data on a number of these compounds, while
another paper (§) will discuss the epidemiologic

results.
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Results

Vinylidene Chloride (VDC)

A summary of some of the carcinogen bioassays
of vinylidene chioride is given in Table 1. The
strongest evidence of a carcinogenic effect was in a
bioassay involving Swiss mice performed by Maltoni
et al. (4, 5). In this study, 24/150 dosed male mice
had kidney turnors as com to 0/190 in the
controls. In the study by Lee et al. (6, 7), dosed
CD-1 mice and CD rats had two or three liver
angiosarcomas. Since this type of tumor was in-
duced by vinyl chloride in humans and rodents and
the study was terminated after only one year, the
results are viewed as biologically significant. In an
inhalation study in Sprague-Dawley rats by Maltoni
et al, (4, 5), increases in mammary gland tumors in
the dosed animals were reported. However, these
inhgidences did not follow a dose-response relation-
ship.
In contrast to these positive studies, a number of
nonpositive two-year carcinogen bioassay studies
have been reported (6-9). Most notable is this initial
report that preliminary evaluations of vinylidene
chloride in a two-year National Toxicology Pro-
gram (NTP)/NCI bioassay of Fischer 344 rats, given
at 2-10 mg/kg of body weight and of B6C3F1 mice,
given at 1-5 mg/kg of body weight, did not indicate
any significant increased incidences of tumors in the
dosed animals as compared to controls.

Trichloroethylene (TCE)

A summary of some of the carcinogen bigassg:
of trichloroethylene is reported in TablegZ. In Beésah
mice, this compound, given by gavage, was found
to be carcinogenic, inducing hepatocellular tumer.
(10). In confirmation of this finding, an inhalatior
study in B6C3F1 mice, performed by Biotest Lab
ratories, gave similar results (11).

Bioassays of TCE were nonpositive in two strains
of rats, the Sprague-Dawley and Osborne-Mende!
(20-12). Additional NTP/NCI carcinogen bicassays
are under way in five strains of rat and the B6C3F)
mice to examine species and strain differences.

Tetrachloroethylene (Perchloroethylene)
PCE

The carcinogen bioassay results of testing PCE
are given in Table 3. In B6C3F1 mice, this com-
pound, given by gavage, was carcinogenic inducing
hepatocellular tumors,

tudies in two strains of rats, Osborne-Mendel
and Sprague-Dawley, produced no carcinogenie ef-
fects (18-14). Additional carcinogen bioassays in
four strains of rats and the female B6C3F1 ice are
currently underway at NTP/NCI.

1,2.Dichloroethane (DCE)

The experimental carcinogenicity results of test-
ing DCE are given in Table 4. In B6C3F1 mice, the

Table 1. Bloassays of vinylidene choride (VDC).

Sex

Dose
PP
or mg/kg”

Dosing period Group Target site (tumor
(duration), wk  size incidences)!

M

s
oSREEBcRoBoliaf

033855

52D(52)
s202
52Dxs2)
ﬂD(ﬁ_!)
52Ixlife)

-
SEILLIZEVLLILELALXARE

—
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Table 1 (cont,)

Dose Dosing period Group Target site (tumor
bioacx Sex ppm (duration), wk  aize incidences)? Reference
IOi.:_q:‘ . " ot mg /kf
n B6C3f)
vas foup:
nhah[u”.

2st Laby,

g

Kidney (4, 5)
(24/150 0/190)

N8&C

S2Dlife)
52Dlife)

0 strain. : Gav 52Dlife)
2Mendy) (Olive oil)

)ioassa_\-;
B6C3F)

neces.

NSC
52D life)
‘Yiene) 52Dlfe)

&Pﬂi_lc)
(108)

(108)

ng PCE
& com.
nducing

Mende)
2nic of-
3avs in
uce are

(108)

(108)

78D(104)
T8IX104)
(100

Fat. Spr-Daw

(100)
52D(10.1)
530(10.1)
62D104)

. 52D(104)

R I I R T L N L L R 3

25
10
0
25
10
0
20
10
§
0
20
10
5
0
-
0
25
0
10
2
10
2
0
)
1
0
)
1
0
5
2
0
%
25
0
200
100
60
0
200
100
L)
0
zoo;xoo
200-100
0
100
w
0
100
75
0

!Chin = Chinese hamster; F344 = Fischer 344 rat; Spr-Daw = Sprague-Dawley rat.
°C!l§' = gavage; Inhal = inhalation.

Unit=. ppm for inhalation; mg/kg for other routas.

NSC = Not shown 10 be carcinogenic.

“Preliminary resuits.
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compound, given by gavage, was carcinogenic, in-
ducing lung tumors in both sexes and mammary
gland and uterus tumors in dosed female animals
(15). The chemical was also carcinogenic in Os-
borne-Mendel rats, giving forestomnach tumors and
extrahepatic hemangiosarcomas in both sexes, sub-

Table 2. Bioassays of trichloroethylene (TCE).

cutaneous fibromas in the males and mamman
gland tumors in the females (15). i

In contrast, a preliminary report by Malton; ;.
indicated that DCE was not shown to be carcing
genic in an inhalation study with Swiss mice ang
Sprague-Dawley rats. Since there were strain ang

Route Dose, Dosing period Group Target site (tumer
Species/Str* (vehicle)® Sex mgkg  (durstion), wk size incidences’ Reference
Mouse BSC3IF14 Gav M 2339 78I(90) 50 Liver, hepatocellular 10)
(Corn oil) 110: g (31/48 26/50 1/20)
F 1789 78DX90) 50 Liver, hepatocellular
869 - - 50 11/47 4/50 0/20)
0 - 20
Mouse BSC3F1¢ Inhal M 600 ppm (104) 100  Liver, hepatocellular un
300 ppm - 100 (4397 31/100 28/95 18 99)
100 ppm " 100
0 . 100
s F 600 ppm (104) 100  Liver, hepatocellular
300 ppm ‘ 100 (1399 954 4/100 699
100 ppm - 100
0 * 100
Rat, Osb-Mdl Gav | 1097 T8I(110) 50 NSC (10
(Corn oil) 549 . 50
0 - 20
F 1097 T8IX110) 50 NSC
549 "t 50
0 . * 20
Rat, Spr-Daw Gav M 250 52Dx(140) 3 NSC U
(Olive ol) 50 " 0
0 " 0
F 250 52D(140) 30 NSC
50 - - 30
0 T 30
Rat, Charles River? Inhal M 600 ppm (104) 100 NSC un
300 ppm " 100
100 ppm " 100
0 * 100
F 600 ppm 104) 100 NSC
300 ppm - 100
100 ppm - 100
0 " 100
Rat, Marshall Gav M 1000 (110) 50  Assay still in progress
(NCD (Corn oll) wg " g 8.2
F 1000 (110) 50  Assay still in progress
500 ’ 50
: 0 . 50
Rat, ACI Gav M 1000 10 50  Assay still in progress
(NCI) (Corn oil) 500 ’ g 8t. 2719
0 .
F 1000 (110) 50  Amuay still in progress
500 - 50
0 - 50
Rat, F3ud Gav M 1000 (110) 50  Assay still in progress
(NCD (Corn oil) 500 i g St. 78
o Ls
F 1000 (110) 50  Assay still in progress
500 : 50
0 . 50
214 Environmental Health Perspectives
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Tuble 2 (cont.)
- Route Dose, Dosing period Group Target site (tumor
s (vehicle)® Sex mgkg  (duration), wk  size incidencesf Reference
1z, Osb-Mdl Gav M 1000 (110) 50  Assay still in progress
xch (Corn oil) 500 " 50 St 12779
0 " 50
F 1000 110 50  Assay still in progress
500 " 50
0 N 50
Pat. August Gav M 1000 (110) 50  Assay still in progress
\Ch {Corn oil) wg : gg St. 1079
F 1000 (110) 50  Assay stil in progress
500 * 50
0 * 5
Pa:. BEC3F1 Gav M 1000 (110) 50  Assay still in progress
\Ch (Corn oil) 0 N 5 St
F 1008 (110) 50 Assay still in progress
- 50

Gav = gavage, Inhal « inhalation.
™NSC = Not shown to be carcinogenic.
“With 0.09% epichlorohydrin.

'R

dose differences as well as route of administration
differences between the NTP/NCI and Maltoni stud-
jes, the causes of the differences in the experimen-
1l results are not readily apparent.

1,2-Dibromoethane (DBE)

The results of some carcinogen bicassays on DBE
are given in Table 5. In bioassays on B6C3F1 mice
and Oshorne-Mendel rats, DBE given by gavage
wis carcinogenie, inducing multiple tumors in each
species and sex. There were not only chemically
induced tumors at the site of application (forestomach
tumors) Lat also tumors distant from the site of
application (lung tumors in mice and extrahepatic
hemangiosarcomas in male rats and hepatocellular
tumors in female rats) (16).

In addition, a BP!-!elmmm'y' i analysis of an inhals-
tion study of DBE performed by NTP/NCI indi-
cates that nasal cavity tumors were found in dosed
rats and dosed female mice. Furthermore, elevated
incidences of lung tumors were found in the dosed
mice a: well as elevated incidences of mammary giand
tumors in dosed females of each test species. Meso-
theliomas were also induced by DBE in male rats.

Epichlorohydrin (EPC)

. The bioassay results on epichlorohydrin are given
in Table 6. Recently, this compound, given by

October 1981

sF344 = Fischer 344 rat; Osb-Mdl = Osborne-Mendel rat; Spr-Daw = Sprague-Dawley rat.

inhalation, was found to be carcinogenic inducing
nasal cavity tumors in male rats (17). In addition,
experiments by Van Duuren (18-19) indicated that
EPC was an initiator in a two-stage study and
induced local sarcomas by subcutaneous injection.
addition more comprehensive epidemiological stud-
ies involving the manufacture, production and use
of these compounds should be undertaken.

A summary of some of the bioassay results for
each compound by species/strain is given in Table 7.

Discussion

The data on these compounds can generate some
interesting points for discussions, such as the prob-
able mechanism of some of these compounds, the
controversy over TCE results and suggestions for
future action.

In the first case, studying the summary table
indicates that the compounds (DBE, DCE, and
EPC) which are proposed to alkylate directly, gave
forestomach tumors when given by gavage or
cavity tumors when given by inhalation while the
compounds which are proposed to require meta-
bolie activation did not produce these types of tu-
mors. One can envision that these compounds, due
to their alkylating ability and their ability to induce
site of application tumors, are direct-acting carcin-
ogens. Two of these former compounds, DBE and

21%
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Table 3. Bioussays of perchioroethylene (PCE).

Route Doge, Dosing period Groyp Target site (tumor
Species/Str* {vehicle)® Sex mghkg  (duration), wk  sige incidences)t Reference
Mouse B6C3F1 Gav M 1072 78Dx90) 50 Liver, hepatocellular 19
(Corn oil) 536 . 50  (27/48 32/49 2/20)
0 " 20
F ™m 78IX90) 50 Liver, hepatocelular
3“6 .- 50 (19/48 19/48 0/20)
L] - m
Rat, Osb-Mdl Gav M 941 711X110) 50 NSC s
(Corn oil) 471 - 50
0 o 2
F 9 T1IX110) 50 NSC
474 b 50
0 rr 2
Rat, Spr-Daw Inhal M 600 ppm 52D(135) 9 NSC (14)
(Corn i) 300 ppm . g
0 . -
F 600 ppm E2DX188) 86 NSC
800 ppm " 9%
0 °" 9
Rat, Sherman Gav M ™ (108) 50  Asmay still in progress
(NCD) (Corn oil) 3 " 5 St 27
0 b 50
F 750 (108) 50 Assay still in progress
375 - 50
«B 0 L] 50
Rat, Wistar Gav M 750 108 50  Assay still in progress
(NCD) (Corn il) 375 - 50 8. 1178
0 " 50
F 750 (108) 50  Asaay still in progress
375 " 50
0 " 50
Rat, Long-Evans Gav M 750 (108) 50  Assay still in progress
(NCD (Corn oil) 3% " 5 St 778
] - 5
F 750 (103) 50  Assay still in progress
a7 - 50
0 “ 50
Rat, F344 Gav M 750 (108) 50 Assay still in progress
(NCI) (Corn oil) 375 " 3 St. 978
0 .
F 750 (108) 50  Assay still in progress
s - 50
Rat. B6CSF Ga F 0 a %
. 1 v 200 103) 100 Assay still in progress
(NCD) (Corn oil) 100 " 100
50 . 100
25 ’ 100
0 - 100
‘F344 = Fischer 344 rat; Osb-Mdl = Osborne-Mendel rat; Spr-Daw = Sprague-Dawiey rat.
Gav = gm!; Inhal = inhalation.
*NSC = Not shown to be carvinogenic.

DCE, also induced tumors distant from the site of
application. This fact may be an important point in

the controversy over TCE.

This controversy stems from the fact that the
results on TCE indicated that the mice studies
were positive while the rat studies showed the

216

chemical did not produce a carcinogenic effect. There
have been several explanations. It has been postu-
lated that epichlorohydrin, used as a stabilizer v
the TCE tested, is responsible for the positive
effect, not TCE (21). The NCI Technical report on
TCE (10) indicated that there was 0.09% EPC in

Environmental Health Perspectives
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Table 4. Bioassays of 1,2-dichlorvethane (DCE).

Route Dose, Dosing period Group Target site (tumor Ref-
Species. Strd (vehicle)® Sex mgkg  (duration), wk  size incidences) erence
Mouse, B6C3F1 Gav M 195 T8D(91) 50 Lung 13)
(Corn oil) o7 v 50 (1548 147 019)
0 20
F 299 T8I(01) 50  Lung (1548 7/50 1/20)
149 : 50 Mammary gland (7/48 950 0/20)
0 20 Uterus (547 549 0/20)
Rat, Osb-Mdl Gav M % 68D(110) 50  Forestomach (950 3750 0/10) 15
(Corn oil) a0 - 50  Hemangiossrcoma (7/50 9/50 0/20)
0 20 SQ Fibroma (6/50 550 0/20)
F [ ] 60D(98) 50 Mammary gland
4 (110) g (18750 1/50 0/20)
H .
Mouse, Swiss Inhat M 250150 ppm (life} %0 NS¢ (12)
50 ppm " 90
10 ppm ’ %0
5 ppm " 90
0 ’ 180
F  250-150 ppm {iife) 90 NS¢
50 ppm * 90
10 ppm ‘ 90
5 ppm * 90
0 y 180
Rat, Spr-Daw Inhal .= M  250-150 ppm (life) 90 Nsc! (19)
50 ppm ’ 80
10 ppm ° 90
5 ppm . 90
0 * 90/180
F  250-150 ppm (life) %0  Nsc¢
50 ppm " 0
10 ppm " 90
5 ppm " 90
0 y 90180

*0sb-Mdl = QOsborne-Mendel rat; Spr-Daw = Sprague-Dawley rat.

'Gav = gavage: Inhal = inhalation.
*NSC = Not shown to be carcinogenic.

the TCE. The doses of TCE were about 2000-1000
mg’kg of body weight, corresponding to less than 2
mg’kg of body weight of epichlorohydrin. If epich-
lorohydrin is the active agent, one might expect
forestomach tumors from a gavage study because of
its alkylating ability. However, the target site in
the mice is the liver. In addition, if epichlorohydrin
is the carcinogen, then why are the results negative
in the rat? Direct-acting carcinogens, like epich-
lorohydrin, are less likely to show such a species
difference than compounds which would require
metabolic activation, such as TCE itself. Thus, an
dternative explanation is that there is a species
difference reflecting some type of metabolic or tar-
get site sensitivity difference between the species.

The answer may be forthcoming. NTP/NCI is
testing TCE without EPC in the B6C3F1 mice and

October 1981

five strains of rat. If EPC is the active compound,
the mice study should not show a carcinogenic
effect. However, if TCE is the active agent then
the B6C3F1 mouse study should be positive. The
results in the rats will also give insight into whether
there is a species or a species/strain difference for
TCE. Similar types of studies are also underway
with PCE. In addition, Maltoni has indicated that
he has started bioassays on TCE with B6C3F1 mice
and Swiss mice.

With the possible resolution of the TCE issue,
there still remains the differences in experimental
results involving vinylidine chloride (VDC). The
results in VDC may indicate that there are impor-
tant species and strain differences. As a conse-
quence, this compound may be an ideal candidate
for studying species/strain differences systematical-
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Table 5. Bioassays of 1,2-dibromethane (DBE).

Route Dose, Dosing period Group  Target site (tumor
Species/Str* (vehicle Sex  mg/kg (duration), wk site incidences) Reference
Mouse B8C3F1 Gav M 107 S3IX78) 50 Forestomach (29/49 45/50 0/20) 8
(Carn oil) ﬁg .- : Lung (10/47 4/45 0/20)
F 107 58IX90) 50 Forestomach (28/50 46/49 0/20)
(-4 . 50 Lung (6/48 11/43 (v20)
0 (80) 2
Rat, Osb-Mdl Gav M 41 34D49) 80 Forestomach (33/5045/50 0/20) (6]
(Corn oil) 38 4D 50 Hemangiosarcoma
0 63) 2 450 11750 020)
F » 44D(61) 50 Fummmom)
n s 50 Liver,
0 (63) 2 (5/48 147 (v20)
Mouse BE6CSF1 Inhai M 40 ppm (103) 50 Lung (1946 348 041
(NCD) lg ppm : g
F 40 ppm (108) 50 Nasal cavity (6/50 0/50 0/50¢
10 ppm - 50 Mammary giand (8780 14/50 2/50)°
0 . 50 Lung (37/50 5/49 /49
Rat, F344 Inhal M 40 ppm (108) 50 Nasal cavity (28/50 20/50 0/50)
(NCD) 10 ppm * 50 Mesothelioma
0 " 50 (26750 7/50 1/50)*
s F 40 ppm (108) 50 Nasal eavity (29/50 20/50 (/50
10 ppm * 50 Mammary gland
0 . 80 (24/50 29/50 450

SF344 = Fischer 344 rat; Osb-Mdl = Osborne-Mendel rat.
%Gav = gavage; Inhal = i
‘Preliminary resuits.

Table §. Bioassays of epichlorohydrin (EPC).
Route Dosing period  Group Target site (tumar
Species/Strt (vehicle) Sex Dose (duration), wk  size  incidences) Reference
Rat, Spr-Daw Inhal M 100 ppm &D(life) 140  Nasal cavity (mn
30 ppm (life) 100 (15140 2/100 0/100 0/80)
0 . lgg

Mouse, ICR/Ha 8C F lmgin0lml (life) 50  Local ssrcomas u
Swiss vﬂyw (2/50 O/50)
Mouse, ICR/Ha 8C F 1mgin0.05ml (lite) 50 Local aarcomas us
Swiss trﬁ;wh (7750 1/50)
Mouse Skin 1mgin0.1ml 1 dose 30  Injtiator (18

acetone then (10/30 3/30)

2.5 g phorbol 58D

myristste’
Mouse, C3H Skin - 1Br (life) 40 NSC (20)
Mouse, ICR/Ha Skin F 2mgin0lm  57DGD 50 NSC s

acetone Swk
Mouse, ICR/Ha IP 1 mg in 0.06 ml (64) 30 NSC (18)

tricaprylin

wkly

-Daw = Sprague-Dawley rat.
"Igr = intraperitoneal injection; SC = subcutaneous injection; Skin = skin painting.
*NSC = Not shown to be carvinogenic.
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Table 7. Summary of bivastay resuits on vinyl chloride analogs and related compounds for some tumor sites.

PCE DCE DBE ECH

Ve vDC TCE
0- SD Rat-G  m-CD-1 Mouse-1
i Mouse-l'  m-CD Rat.l
' Rat.]*
tumors Mouse-I*

L Rat-I*

Mammary Mouse-I* 8D Rat-]

fland tumors

females)

Kidney tumors m-Sw Mouse-1

Hepatocellular B6C3IF1-G

tumors B8C3F1-]

Forestomach

umors

Nasal cavity

tumors

Local sarcoma

NSC F344 Rat-G* OM Rat-G
B6C3F1-G¥ 8D Rat-G
Wis Rat-1 CR Rat-]
Ch Harn-1
8D Rat-W
SD Rat-]
SD Rat-G

m-OM Rat-G  m-OM Rat-G

B6C3P1-G B6C3F1-G
B6C3F1.G®

OM Rat-G F344 Rat-I’
B6C3F1-G B6C3F-I°

B8CSF1-G 1-OM Rat-G
m-OM Rat-G  OM Rat.G
B6CIF1.G
F344 Rat-I®  mSD Rat-|
£-B6CSF1-1®
£ICR/Ha Sw
Mouse-SP

OM Rat-G SD Rat.1
8D Rat-G 8w Mouse-I

‘Effect seen in at least two strains.
*Preliminary results on NTP/NCI studies.

. In addition, the differences in the NCI and
Malton: studies on DCE could be the source for
additional research.

From an examination of Table 7, the compounds
with positive results in muitiple species yielding
multiple tumor sites are the direct acting carcino-
gens, DBE and DCE. (EPC has not been tested
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Review of Epidemiologic Study Results
of Vinyl Chloride-Related Compounds

by Rosanne Apfeldorf* and Peter F. infante*

Epidemiologic study resuits addressing the carcinogenicity of six compounds related to vinyl
chloride (vinylidene chioride, trichloroethylene, perchioroethylene. carbon tetrachloride, ethyi-
ene dibromide and epichlorohydrin) are reviewad.

The study results suggest an increased carcinogenic risk among workers exposed to epichlorohydrin
and to dry cleaning and degreasing solvents. Although several studies report no significant excess
of cancer mortality, an evalustion of the desigh of these investigations demonstrates that these
negative cohort studies consisted of populations of insufficient sample size and latency to permit
any mesningful concjusions regarding carcinogenic risk. Therefore, experimental studies must
be relied upon to determine whether several of these substances pose 2 potential earcinogenic
risk 10 humans. Available evidence indicates that all of these substances have demonstrated a
carcinogenic response in experimental animals and most are mutagenic in experimental test

Systama.

Introduction

In the early 1970's, bicassays demonstrated the
mduction of cancer at muitiple sites in experimental
animals exposed to vinyl chloride (VC) by several
routes of administration. Subsequently, epidemiologic
studies confirmed an excess cancer risk of multiple
sites among individuals employed in operations
using VC (1). As a result of these observations,
attention was focused on the toxicity of structural
analogs of vinyl chloride, This review will present
information on the potential for human exposure
and the carcinogenic risks associated with exposure
to these substances.

Magnitude of Exposure

Studies of occupstional groups exposed to six
VC-related substances have been conducted. Esti-
mates of the annual production, number of worker
exposures derived from 1972-74 National Qccupa-

*Office of Carcinogen Identification and Classification, Health
Standards Programs, Occupational Safety and Health Adminis-
tration. U.S. Department of Labor, Washington, D.C. 20210.
The opinions expressed in this paper refleet those of the authors
and are not necessarily those of the Occupational Safety and
Health Administration.
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tional Hazard Survey data and current OSHA
permissible exposure limits as 8-hr time-
weighted averages (TWA), for levels of occupa-
tional exposure to these substances are presented
in Table 1. These substances are produced in high
volume, and exposures involve large numbers of
workers. As some of these substances were not
produced in relatively high volume until the 1950's
(2), the latency period required for the statistically
sensitive evaluation of any potential cancer risk in
1f:he exposed indivrigualsfhu not ygtdli)e%n u:;hieved
ornhrgepropo on of exposed indivi :

Table 2 presents occupations and industrial uses
for six substances structurally or industrially re-
lated to VC. Epichlorohydrin (ECH) is used in the
manufacture of epoxy resins and has been used as
a chemical stabilizer in trichlorcethylene (TCE) and
in plasties. Vinylidene chloride (VDC) is used in the
manufacture of copolymers and fibers. Ethylene
dibromide (EDB) is used in the manufacture of
petroleum products and as a pesticide. TCE, per-
chlorvethylene (PCE) and carbon tetrachloride (CCl,)
are used in metal degreasing operations. Although
TCE and CCl, have been used as dry cleaning
solvents in the past, PCE is the major dry cleaning
solvent in use today.

Experimental evidence now demonstrates that
many of the compounds structurally and industri-
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ally related to viny! chloride are carcinogenic (3).
Many of these substances are also mutagenic (4, 5).
Bicassay study results have demonstrated the
induction of tumors at multiple sites as a result of
exposure to EDB and CCI,. Cancers of the respira-
tory tract have been induced in experimental ani-
mals exposed to EDB and ECH. Liver cancers
have been induced in animais exposed to VDC and
EDB as well a8 to the industrial solvents TCE,
PCE and CCl,.

While these experimental studies were being
conducted, the Interagency Regulatory Liaison
Group (IRLG) was drafting documentation guide-
lines for epidemiologic studies (6). Also during this
time, hearings on OSHA's cancer policy were
proceeding, with much emphasis given to the role
of nonpositive epidemjologic studies in qualitative
risk assessment. The epidemiologic considerations,
expressed in the IRLG guidelines and discussed in
the OSHA cancer policy (7) will be used in this
paper to assess the methodology and results of
several epidemio}ogic studies of populations poten-
tially exposed %o one or more of the structural
analogs of vinyl chloride.

Epidemiologic Study Resuits

A study of workers exposed to ECH was re.
ported by Enterline in 1978 (8). These data were
analyzed by using the NIOSH life table program (9)
and are presented in the summary data table (Table
8). Members of the cohort were employed for more
than one quarter of a year any time between 19481y
1966, and followed through the end of 1977. Ex-
pected numbers of deaths were based on U.S. age,
sex, race and calendar time-period specific rates.
Ninety-four percent of the employees had achieved
a minimum of 15 years of latency. Fifty-one deaths
from all causes were observed, and 82 were expect-
ed. Thirteen deatha due to cancer were observed
compared to 14.2 expected. Though not statistieally
significant, a doubling of the lung cancer risk was
observed among individuals who had achieved a
latency period of at least 15 years since first
exposure to ECH. For the entire cohort. eight lung
cancers were observed when 4.9 were expected.
These data suggest that workers exposed to ECH
may be at an increased risk of lung cancer, but
further follow-up is necessary to in order to achieve

Table 1. Estimates of U.S, annual production, number of workey exposures, and OSHA time.weighted averages for VC and

structural analogs.
Annusl U.S. Estimated number of

Carcinogenic substance production, Ib x 10*  worker exposures  OSHA TWA, ppm*
Epichlorohydrin (ECH) 220¢ 85,000 5
Vinylidene chloride (VDC) 200% 6,500-58,000 None
Trichloroethylene (TCE) 800° 282,000 100
Perchloroethylene (PCE) " 500,000 100
Carbon tetrachloride (CCl,) 704* 160,000-2,000,000 10
Ethylene dibromide (EDB) o 8,000-660,000 20

Vinyl chloride (VC) kil 27,000-2,200,000 1

SInternational Tyade Commission sstimates.
PITWA = 8.hr time-weighted average.
1978 estimates.

4Year not available.

*1979 stimates.

Table 2. Industrial uses and potential occupations with exposure to six carcinogenic substances.

Substanes® Major uses Major accupational exposure industries

ECH Manufacture of epoxy resins, surface active agents,  Assemblers, machinists, painters, chemical workers
and other chemieals

hje ™ Manufacture of copolymers and modacrylic Sbers Chemical workers, plastics workers )

TCE Metal degreasing, organic salvent Chemical workers, metal workers, textile processing

PCE Drv cleaning and textiles, metal cleaning, chemical Dry cleaners, chemical workers, textile workers, metal
manufacturing workers

cQ, wal ical manufacturing, grain fumigation, organie Chemical workers, grain fumigators

vent
EDB Fumigant, fuel additive, organic solvent Chemical workers, petroleum products, exterminators
and fumigators
sSee Table 1.
222 Environmental Health Perspectives
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2 more sensitive estimate of the carcinogenic risk in
humans. Several factors should be considered in
evaluating these data. Some cohort members had
been employed in the manufacture of isopropyl
sleohol (IPA), This process has been associated
with nasal sinus cancer, but the data to date have
not demonstrated an excess of lung cancer among
workers employed in the manufacture of IPA. In
sddition, the size of the cohort was small, and the
sverage age of the cohort members during the
followup period was only 48 years. The young age
of the cohort is reflected in the low SMR of 63 for
the entire cohort. Nevertheless, the data appear to
be consistent with results of experimental bioassay
which demonstrate ECH-induced cancers of the
respiratory system.

Shellenberger et al. (10) reported on the mortal-
ity experience of 553 white male employees poten-
tiasfly exposed to ECH for at least one month
between October 1957 and November 1976. Ex-
pected numbers of deaths were based on death
rates for the Texas white male population for 1960
and 1970. Cause-specific observed and expected
deaths and standardized mortality ratios for the
entire cohort and for a subcohdrt employed in at
least one job with a TWA of greater than 1 ppm

were calculated. Twelve deaths were observed
among cohort members, compared to 20.7 expect-
ed. No specific cause of death was in excess. Only
two cancer deaths were observed compared to 3.5
expected. This cohort has not been observed for a
long enough time period, as only 13% of the cohort
had a latency of 15 or more years since employment.
Ott et al. (11) reported on the mortality experi-
ence of 138 employees exposed to VDC at any time
between 1942 and 1968 and followed through 1973,
Mortality among the exposed group was compared
to the expected based on U.S. white male mortality
rates. Five deaths were observed, compared to 7.5
expected. Only one cancer death was observed,
compared to 1.1 expected, Clearly, the sample size
is too small to allow any meaningful conclusion.
Axelson et al. (12) reported on the mortality
experience of 518 male workers exposed to TCE in
the 1950’s and 1960’s and followed through 1975.

Eleven deaths from cancer occurred in the total -

cohort when 14.5 were expected. Among the
subcohort who had achieved at least 10 years since
first exposure, 9 deaths from all cancers were
observed compared to 9.5 expected. The number of
deaths from tumors are too small to analyze by site

specific risk.

Table 3. Observed and expected desths from studies of workars exposed to selerted halogenated hydrocarbons.

Sub- Total deaths Total cancer deaths Site-specific cancer deaths
snce  Study Os. Exp. SMR Obs. Exp. SMR Site Obs. Exp. SMR
ECH Enterline () 51 8.7 63 13 142 9N Respiratory 8 52 1M
Brown and Rinsky () Lung ] 9 183
Digestive 2 34 58
Lymphatic 2 19 108
Subcohort > 15 yr -] “us ™ 12 8.9 185 Lung 7 35 200
ECH  Shellenberger (10) 12 2.7 58 2 35 &
VOO O 5 .5 67 1 11 9 Respiratory 1 0.8 833
Subcohort, > 15 yr 2 26 T 1 0.5 200 Respiratory 1 0.2 500
TCE  Axelson (19) 49 a0 D 1 s ™ h
Subcohart > 10 yr 8 7.6 106 3 1.8 167
latency, high
exposure
EDB o (15) ] °oE 11 7 68 121
Subcohart » 18 yr 8 218 19 6 43 10
latency
TCE  Blair G9* 330 30 - v 619 1.8 Lung bronchus 17 10.0 1.7
PCE X Carvix uteri 10 4.8 21
ca, Kidney 2 1.0 20
Skin 3 0.7 4.3
Leukemia 5 22 23
Digestive 25 18.0 1.4
TCE  Bhir (u» 1292 1292 - 4 227 109 Esophagus 10 5.4 1.9
Liver 10 6.1 1.6
Lung « 58,7 1.1
Digestive 86 2.8 1.2
*Relative risk.
October 1981 223
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Mortality patterns among dry cleaning and laun-
dry workers, potentially exposed to CCl,, TCE,
PCE and petroleum solvents, were studied by Blair
et al. (I13) and analyzed by the proportionate
mortality method. The age-, race- and sex-specific
cause of deaths for persons in the U.S. between
1957 and 1970 served as the comparison. A significant
excess of cancer mortality was observed, with 87
cancer deaths observed and 67.9 expected. Malig-
nancies of the respiratory system, skin and uterine
cervix were significantly elevated. Because these
workers were exposed to multiple substances known
to be carcinogenic, it is diffieult to attribute this
excess to one substance.

Blair (14) recently reported the results of a
proportionate mortality study of workers in the
metal polishing and plating industry. These work-
ers were potentially exposed to various metals,
corrosive and csustic alkaline solutions, and sol-
vents such as TCE and PCE. Mortality patterns
among white male metal platers who died between
1951 and 1969 wege compared with expected num-
bers based on cause-specific proportionate mortal-
ity for U.8. white males. Excess cancers of the
esophagus and liver were present in the study
population. Excess cancers of other organs, such as
lung and digestive system, were not statistically
significant. As with the dry cleaner population,
exposures to more than one substance known to
induce cancer experimentally do not allow the

determination of any specific etiologic factor.

Ott et al. (15) reported on the mortality experi.
ence of 161 men exposed to EDB. Expected deaths
were calculated from the U.S. white male genersl
population. No excess of total deaths or total
malignancies occurred. Of the total cohort, 8%
achieved a latency of at least 15 vears since firgt
exposure. The number of cancer deaths in this
study is too small to permit any valid inferences
regarding the carcinogenic risk of the EDB exposed
workers.

Of the substances reviewed, only the studies of
workers exposed to ECH and to dry cleaning and
degreasing solvents suggest an elevated risk of
cancer. The excess liver cancer in the studies by
Blair et al. (18, 14) is noteworthy in view of
experimental study results demonstrating the in-
duction of liver cancer with the same industrial
solvents to which these workers were exposed. The
remaining studies report no significant excess of
cancer mortality. However, it is apparent that each
of these “negative” cohort studies did not consist of
a sufficient sample size and latency period to permit
any meaningful conclusion regarding carcinogenic
risk. The probability of identifying an excess cancer
rigk in the study population, if in fact it is present,
is referred to as the power of the study. The power
for the cohort studies reviewed was calculated
based on the methods of Cutler et al. (16) and
Beaumont and Breslow (17). Table 4 shows the

Table 4. Observed and expected nurmbers of cancer death latency, minimum number of cancer deaths needed to insure siatistical
significance at the 0.05 level (one tailed-test) and the statistical power to detect a 1.5 relative risk.

Minimum no. Probability of
of deaths required concluding that
to conclude that  study population rate
Expected no. study population exceeds comparison
of desths at rate exceeds population rate when1t
Observed comparison population comparison is actually 1.5 times
Substance Investigators Site of cancer deaths rate population rate? a8 high {power)®
ECH Enterline (3), All cancer 13 14.15 2 0.52
Brown and Rinsky Lung cancer 8 4.92 10 0.26
(9) Greater than All cancer 12 8.92 15 0.38
18 yr latency Lung cancer 7 3.48 8 0.21
ECH Shellenberger (10)  All cancer 2 3.50 8 0.21
vDC Ot an All cancer 1 11 4 0.12
Greater than All cancer 1 0.5 3 0.09
15 yr latency
TCE Axelson u9) All cancer 11 14.5 2 0.53
Greater than All cancer ) 9.5 16 r 40
10 yr latency
EDB Ottt %) All cancer 7 5.8 11 0.29
Greater than All cancer 6 4.3 9 0.24
15 yr latency

*If the minimum number of cases is observed, the probability of incorrectly concluding that the study population rate exceeds the
comparison population rate. whec(:R l& fact 1t does not, is less than 0.05.

bCaleulated as: 21 -9 = 2n*t

=1)=Z* where R = relative risk, Z* = upper 100a perventile of unit normal distribution,

Z1-® = ypper 100 (1 - 8) percentile of unit norma) distribution, and n = expected number of cases.
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apserved and expected number of total cancer of
ung cancer deaths, the minimum number of deaths
needed to observe the respective significant ex-
cesses and the resultant power to identify a 50%
merease in the risk. The data are caleulated for the
total cohorts and the subcohorts with 10 or more or
150r more years since initial exposure, as indicated
in the studies. In order to conclude that the rate of
ancer in the study population is greater than the
rate of eancer in the control population, the number
of observed cancer deaths must equal or exceed the
minimum number of deaths required, as calculated
using the Poisson distribution. The power calcula-
tions were based on the ability to detect an increase
of 0% in the overall cancer risk of the study
population, i.e., a relative risk of 1.5. [Criteria
established by OSHA (7) for adequate sensitivity
and specificity of an epidemiologic study require the
sbility to detect a relative risk of 1.5 in site-specific
cancer risk.] The power of each study was deter-
mined by using the expected number of cancer
deaths generated by the respective comparison
population rate. The power to detect a 50% increase
in total cancer mortality *for the entire cohort
ranges from 0.12, as shown for the VDC study of
Ott et al,, (11) to 0.52 for the Enterline study of
ECH (8) and 0.58 for the Axelson study of TCE
(12). These caleulations clearly illustrate that the
probability of detecting a 50% increase in total
cancer mortality was rather low. For the cohorts
with 10 or more or 15 or more years of latency, the
power to detect a difference is even less. If the
more appropriate site-specific cancer risk is consid-
ered, the statistical power to detect a difference is
still lower, These latter data are not presented.
Further calculations from data in Table 3 ilius-
trate the site-specific insensitivity of these studies.
Given the expectation of 0.2 respiratory cancer
deaths as reported in-the VDC analysis (11), an
observed risk of tenfold would be required to
achieve statistical significance. However, this would
still be based on only two deaths from a common
malignaney, Axelson et al. (10) outlined several
limitations of their analysis of workers exposed to
TCE. A twofold risk of total cancer mortality would
have been required to demonstrate a statistically
significant excess in their study population, the
magnitude of which is rarely observed in cohort
mortality studies. The authors concluded that “the
cancer risk to man from TCE can by no means be
ruled out from this study, particularly with regard
to uncommon malignancies such as liver cancer.”
The authors further stated that had one case of
liver cancer been observed, the relative risk for
cancer at this site would have been 3.4 for the total
cohort and 25.0 for the high exposure subeohort. As
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stated by OSHA (7), the group of exposed subjects
must be large enough to permit detection at Jeast a
50% increase in site-specific cancer incidence in
comparison to the control population. Cohort mor-
tality studies such as these do not meet these
criteria and therefore lack the sensitivity and
specificity to detect an excessive cancer risk.

Conclusion

Although experimental studies have now demon-
strated the carcinogenicity and mutagenicity of VC
related compounds, in general, epidemiologic stud-
jes available for review do not allow for the
assessment of carcinogenic risk among humans
exposed to these substances. This conclusion is
based on the observation that all of the cohort
studies reviewed lacked sufficient statistical power
because of the small sample sizes. Furthermore,
individuals were not followed over an adequate
period of time to allow cancers to become clinically
manifest.

Although information presented indicates that all
of the substances studied are high production
volume chemicals with large estimated numbers of
exposed workers, the number of workers available
for study who have achieved an adequate latency
period is small, The retention of personnel records
containing the information neceasary for epidemiologic
study of health hazards is not a requirement in the
United States and adds to the problem of insufficient
sample sizes available for study. On the basis of
these observations, it is apparent that qualitative
carcinogenic risk of a specific chemical substance to
humans must be estimated through the conduct of
experimental studies.
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Policy Perspective
by Dale Hattis*

Introduction

The papers presented in this conference repre-
sent & considerable expansion of available informa-
tion on the hazards of vinyl chloride, poly(vinyl
chioride), and vinyl bromide. There are also useful
reviews of previously available literature on a
broad range of other alkyl and viny! halides. In this
sesgion, the focus shifts from the often slow and
deliberate process of expanding what we “know”
about carefully circumscribed questions in VC/PVC
toxicology/epidemiology to what at first glance will
seen a much more speculative process. Judge-
ments must be made about appropriste priorities
for regulation (“public health intervention™) and for
new research—and for purposes of making such
judgements it is important not only to understand
what we can be said to know today about a
restricted set of well-researched hazards, but what
is ultimately likely to be true and worth knowing
about the whole range of alternative hazards which
could be the targets of research and regulatory
efforts,

For purposes of setting regulatory policies, we

*Center for Policy Alternatives, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 02139.
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Needs for Public Health Intervention and
Needs for New Research on Vinyl Halides
and Their Polymers: A Public

Considerstion of needs for public health interventions and new research requires comparative
assessmants of the hesith benefits that are likely to result from alternative uses of limited
reguistory and technical resources. This paper briefly examines regulstory and research
priorities in the light~of recent information on the carcinogenic hazards of vinyl chioride and
alkyl and vinyl halides related to vinyl chloride, the respiratory-system hazards of poly (vinyl
chloride), and the reproductive hazards of vinyl chloride. Spacific suggestions sre made for
relatively promising types of efforts in these areas.

need to ask, “Where is there likely to be a relatively
large amount of harm occurring which is likely to be
relatively easily preventable by using the intervention
tools at hand?” Some of the modes of intervention
available either to OSHA or EPA for addressing
different kinds of problems include: conventional
OSHA time-weighted-average exposure limits for
specific air contaminants, enforced by industrial
hygiene inspections (best adapted to hazardous
exposures which are concentrated in a few estab-
lishments with relatively large numbers of workers

exposed per establishment, for most productive use -

of limited industrial hygiene inspection manpower);
limitations on the manufacture or sale in interstate
commerce of specific chemicals or formulations for
specific high-hazard uses, under the Toxie Sub-
stances Control Act (best adapted to hazardous
ex;osuru which occur in dispersed locations in
industry as a result of the use of specific industrial
chemical products, e.g., degreasing and dry-cleaning
solvents); efforts to redirect dosage away from
unusually sensitive subgroups of workers or pre-
vent effects by preventive medical surveillance,
mandated in OSHA standards; and “generic policy”
standards (e.g., the recent generic OSHA carcino-
gen policy) designed to facilitate standard-setting
and stimulate “voluntary” corporate action in ad-
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vance of standard-setting for a range of hazards
deemed to pose similar types of issues for public
policy.

For purposes of assessing priorities for research
relevant to public health, we need to ask, “Where is
there an opportunity to significantly reduce uncer-
tainties in the benefits of candidate public health
intervention measures, using the research tools at
hand?” The relevant research tools here include not
only toxicological and epidemiological research into
likely health effects, but alzo technological research
on control methods and innovative development of
safer industrial processes.

The present paper will attempt to address these
questions of regulatory and research needs in the
light of recent information on three topic areas that
are the subjects of this conference: the carcinogenic
hazard of viny! chloride, and alkyl and vinyl halides
related to vinyl chloride, the respiratory-system
hazards of poly(vinyl) chloride and the reproductive
hazards of vinyl chloride. Through the details of
these separate subjects, there is one theme that
will emerge—both scientists in considering research
opportunities and policy makers in considering
public health interventions need to structure their
efforts to have the widest possible application.
Policy makers must seek sensitive points of lever-
age in the world, where a limited intervention may
be expected to produce substantial health benefits
for a large number of people. Scientists must seek
the critical experiments which contribute to the
establishment of generalized rules or principles,
with application to the widest possible set of
questions of public health significance.

Carcinogenic Hazards of Vinyl
Chioride and Related Compounds

Does the information that has become available
over the last few years suggest that a new round of
publie health initiatives to further reduce the even-
tual incidence of vinyl chloride cancers is likely to
achieve greater heaith protection benefits than
alternative uses of the same technical, standard.
setting and enforcement resources? In order to give
an affirmative answer to this question, it would be
necessary (though not necessarily sufficient) for us
to draw two conclusions from available information
about vinyl chloride: (a) that there is a substantial
chance that long-term exposure to vinyl chloride at
the current standard level of 1 ppm poses an
appreciable risk, and (b) that a new round of
OSHA standard setting and enforcement would

228

lead to substantial reductions in current average
worker exposures to vinyl chloride.

With respect to the first question, I think there s
substantial basis for concern that the current 1 ppm
vinyl chloride standard may pose an appreciable
carcinogenic risk to workers. As part of a 197
retrospective assessment of the benefits and costs
of the original OSHA 1 ppm standard (1), my
colleagues and I made projections of likely human
risk based on the available data from Dr, Maltonj's
BT1 (rat) and BT4 (mouse) results (2), an assump-
tion of linear dose-response kinetics at low doses,
and four alternative sets of rules for translating the
rodent vinyl chloride dosages to equivalents for
human workers. (Basically, the four alternative
rodenthuman extrapolation rules arose from the
four permutations of the choice between expressing
dosage as milligrams/body weight vs. milligrams/body
surface area and the choice of whether or not to
divide the rodent dosage by 35 to adjust for the
35-fold difference between rodent and human
lifespans.) These projections suggested that a year
of worker exposure to vinyl chloride at the current
OSHA 8-hr limit of 1 ppm might be expected to lead
to an additional cancer risk from all tumors of
between| x 10 and 8 x 1072 for the four different
extrapolation rules. Even the lower of these figures
implies that some tenths of a percent of workers
exposed over an appreciable portion of a working
lifetime at the standard level may expect to develop
an occupationally related cancer; if one of the more
pessimistic (higher) extrapolation rules should prove
more nearly correct, the ultimate toll might well be
in the tens of percent for long-exposed workers.

On examination of the more complete anima
carcinogenesis data presented by Dr. Maltoni, it
agpem that projections of roughly the same order
of magnitude would be made based on the more
recently available information. The one poasible
exception is the appreciable excess of mammary
cancer which appears to persist at relatively low
exposure levels.

Data from studies in humans modify this picture
slightly. The preliminary epidemiological informs-
tion which is available to date does not seem to be
indicating as large s risk among workers exposed to
vinyl chloride in the past as might be expected
under the more pessimistic extrapolation rules
from the animal data. For example, the best guess
one might make from the dsta of Dr. Weber for
German chemical industry workers with and with-
out exposure to past high levels of viny1 chloride i
that the vinyl chloride workers appear to show 2
excess of deaths from all malignancies amounting t0
something like 6% of the total deaths which have
occurred so far in that cohort. It should be stressed,
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of course, that because of the decades-long latency
period for most occupational cancers, it is likely
‘tat the final percentage of past vinyl chioride-
exposed workers who develop occupational cancers
will be higher than that observable among the
deaths which have occurred to date.

In sum, prudent people in both government and
ndustry must consider that a real chance re-
guins that chronic worker exposure at the level of
the current 1-ppm standard may carry an appre-
cdable cancer risk. As new production and control
{echnology become available over the coming years
there should be a regular, continuing program to
mplement superior processes and reduce worker
exposure as far below | ppm as is technically
feasible. Available data suggest that the Swedish
PV polymerization industry is now operating with
average worker exposures in the range of 0.2 to
0.3 ppm (3). My impression from talking with
OSHA industrial hygienists and from the observa-
tion that as of 1976-77 over 90% of vinyl chloride
samples from OSHA inspections were in compli-
ance with the 1 ppm standard (4), is that this
kind L?fS performance may also be being achieved in
the U.S. '®

I think it is doubtful, however, that a new round
of formal OSHA standard-setting on vinyl chloride
would represent the most productive use of the
agency's limited resources at this time, Even with-
i the family of alkyl and vinyl halides which have
been discussed at this conference, there are mate-
rials which,even if they prove to be some orders of
magnitude less potent as carcinogens than vinyl
thloride, are likely to yield greater public health
benefits from intervention. The PVC polymerizs-
tion industry has several thousand workers, ex-
posed to vinyl chloride on average in the range of
tenths of a2 ppm. Because of the major pressures
placed on the vinyl chloride/poly(vinyl chloride)
production industries over the past several years, it
seems unlikely that there are still many available
but unexploited techniques for making further
order-of-magnitude reductions in exposure. On the
other hand, the number of workers in the dry
cle)aning im:\l;l:tt:'y 1;‘ in the hundreds of thousands
3}, and available data indicate ex to
chloroethylene in the high tens and {ow hundrem
ppm (6). Metal degreasing operations may offer
another similar picture with respect to exposure to
trichloroethylene. Solvent and chemical intermedi-
ate uses of ethylene dichloride and pesticidal and
fuel additive uses of ethylene dibromide may also
place substantial numbers of people at risk in
situations where many of the relatively easy tech-
nical measures to reduce exposures have not yet
been implemented. Even though the available data
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on the carcinogenicity of some of these materials is
not as conclusive as for vinyl chloride, and relative
potencies are highly uncertain, the dangers of
widespread cancer and related risks and likely
untapped opportunities to control exposures sug-
gest that they should be placed relatively higher on
OSHA and EPA priority lists for public health
interventions than vinyl chloride.

After this extended discuasion of intervention
priorities it will perhaps not be surprising that I see
the importance of further scientific work on vinyl
chloride primarily in terms of its potential to
produce generalizeable lessons for quantitative
animal-to-human extrapoiations, to advance under-
standing of the dynamics of metabolism of precur-
sor substances to active carcinogenic intermediates,
and to provide a set of reasonable technical expec-
tations relevant to future risk assessments for
chemicals related to vinyl chloride.

The epidemiological observations on worker groups
with previous exposure to vinyl chloride elearly
need to be pursued in future years. However, in the
future, much more disaggregated data should be
made widely available for analysis using different
approaches for separately assessing the effects of
duration of exposure, calendar year of exposure,
age at which exposure occurred, relative level of
exposure and years of follow-up relative to the
years of exposure. Because of the observed “satu-
ration” of some vinyl chloride tumor responses
observed in animals (£), it is important not simply
to assume in analyzing the epidemiological data
that high-level short-term exposures will have the
same effects as Jow-level long-term exposures that
deliver the same total dose,

Epidemiological observations on the large work-
er groups exposed to dry cleaning solvents have
already yvielded tentative indications of excess can-
cer incidence in some cases (7). Further ongoing
epidemiological work on these populations is clearly
of major importance. In grepmtion for possible
positive findings in these efforts, I think it would be
prudent now to foster creative technological devel-
opment work to understand the options for alterna-
tive dry cleaning/degreasing solvent systems and
equipment to make large reductions in worker
exposures, should that be eventuaily called for.

Finally, further observations in animal systems
should seek biochemical explanations for the ways
in which the quantitative vinyl chloride carcinogen-
ic response changes with dosage, animal strain and
bodily tissue. Given such knowledge, comparative

studies with other alkyl and vinyl halides may
provide better quantitative guidance on likely car-
cinogenic dose response curves for this whole
family of related chemical agents.
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Respiratory-System Hazards of
Poly(vinyl Chioride)

The elegant study presented by Dr. Seaton,
supported by the studies and case reports of other
workers, indicates quite clearly that long-term
exposures to fine PVC dust (leas than 5-10 um in
size) can lead to chronic declines in standard
measures of lung function. In considering public
health interventions based on these results, I would
suggest again that two questions be asked: (a) do
the present data give us reason to suspect that fine
PVC dust is much more hazardous per umit of
exposure than other miscellaneous organic and
inorganic dusts with comparable partical size rang-
es that are not regulated under OSHA's “nuisance
dust” exposure standard, and (b) how extensive is
the PVC dust problem likely to be relative to the
problem posed by other particulates.

Taking the latter question first, it appears from
the presentation of Dr. Wheeler on poly(vinyl
chloride) processes®and products that PVC prepa-
rations with predominantly small particle sizes are
mainly produced by a relatively small sector of the
industry that uses the “emulsion” polymerization
process. Given this, and the possibility that even
for this sector of the industry in the future, much of
the material could be marketed in wet form now
that the dust hazard is becoming recognized, it
seems likely that a coercive intervention aimed
specifically at fine PVC resin producers and con-
sumers might yield relatively small benefits.

On the other hand, the problem of exposure to
miscellaneous “nuisance” dusts in general is clearly
common in many different industries, I think it is
likely that a general reappraisal of policies and
standards with regard to miscellaneous particulates
in respirable size ranges might well lead to significant
long term benefits in thTe p;eu}rledntion of chronic
pulmonary impairment. To an a rropnn&e
database for such a reappruisal, I wou.r suggest
that in conjunction with the next round of NIOSH's
National Occupational Hazard Survey, there should
be a cross-sectional survey of lung function among
workers exposed for many years to various kinds of
respirable particulates (controlling, of course, for
past smoking habits and other relevant factors).
Based on the results of such a survey and other
relevant data, policy-makers could determine what
regulatory distinctions should be made between
different kinds of fine particulate matter. At the
very least, it seems likely that the term “nuisance”
as applied to miscellaneous dusts should be done
away with if, as I suspect, there is a general
observation that long term exposures to fine par-
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ticulates i8 associated with an increased rigk of
impaired lung funetion.

Before leaving this subject I would like to make
one additional plea to researchers doing epidemio-
logical work on potential chronic respiratory haz.
ards. For purposes of policy analyses on possibie
standards, it is vital that data be presented not only
in terms of average losses in lung function among
populations as related to exposure and age charay-
teristics, but also in terms which allow the full
reconstruction of the population distribution of lung
function values as related to exposure and age.
Potentially important changes at the tails of popu.
lation distributions of lung function may be ob-
scured unless the basic regression analyses which
determine average effects are supplemented by
presentations which reveal what is happening to
subgroups which for other reasons have better or
worse lung function than average.

Reproductive Hazards of
Vinyl Chioride

For this area too, it seems to me that an effort to
resolve the general issues posed by reproductive
hazards in the workplace and set a “generic policy”
standard will be likely to have greater long term
public health benefits than an attempt to promul
gate a standard which is narrowly focussed on the
reproductive hazards of vinyl chloride. There are
some very important general issues which need
resolution, and the educational effects of the policy-
making process alone could have substantial wide-
spread beneficial effects through changes in current
practices in industry.

Beyond the reduction of exposures—which should
be pursued to the maximum extent feasible—
designi:g appropriate medical surveillance and com-
pensated removal programs for workers exposed to
reproductive hazards is a very delicate and contro-
versial subject. Many women, in particular, are
justifiably fearful that newly won employment
opportunities may be eroded and that attempts to
eliminate women with child-bearing potential from
employment in specific jobs have the effect of
reinforcing the old notion that women's primary
function in society is to make babies. Cases of resl
abuse in company medical removal policies have
been alleged in the lead industry in which some
women have apparently felt forced to choose be
tween their jobs and undergoing sterilization oper-
ations.

Adding to the concern of women over unequal
treatment has been the fact that male mutagen
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ks have not received the same level of attention
* yith respect to medical removal as have female
reratogenic risks. Exposure of reproductively ac-
uve males to mutagens is thought to generally pose
greater mutagenic risks than exposure of females,
because male reproductive cells divide continuously
throughout life, whereas female reproductive cells
do not usually divide after birth until fertilization.
In epidemiological studies of mutation rates for
point mutations, mutagenic risks generally show a
dtronger positive correlation with paternal age than
xith maternal age (8).

1 believe that with care and senasitivity to these
issues, it is possible to design medical removal
protection programs which reduce teratogenic and
mutagenic risks while not infringing on individual
rights or other social values. A reasonable general
approach could include a full and frank disclosure to
all exposed workers of the known and suspected
mutagenic and teratogenic risks of the substances
with which they are working. Removal, with eco-
nomic protection, at the worker’s option, should be
iriggered by the intention of the warker to have
children. sufficiently in advance of conception to
allow the substance(s) of concern to be eliminated
from the body before the critical events which oceur
in esch sex. For prevention of mutagenesis in
males, reduction of the body burden of the sub-
stance of concern to the desired protective level
should occur some months before conception, to
allow sensitive postspermatagonial stages in the
development of sperm to be purged from the
system. Return to the previous job can be safely
permitted after conception is confirmed, provided
that precautions are taken against transport of the
hazardous substance home on the worker’s cloth-
ing. For prevention of teratogenesis in pregnant
women, reduction of the substance of concern to the
desired protective level should occur prior to con-
ception. Return to the previous job should probably
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wait either until the completion of the pregnancey or
the completion of lactation, depending on an as-
sessment as to whether the substance poses haz-
ards to the child by way of the mother’s milk.

In conclusion, I would like to reiterate, that in
considering priorities both for public health inter-
ventions and for research, it is often helpful to step
back a few paces from the immediate problems at
hand. With careful consideration of the generic
issues posed by specific problems related to vinyl
chloride, I think both scientists and policy makers
alike can direct their efforts toward projects with

ter payoff than would be realized by straight
orward extensions of previous efforts.
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by Richard M. Stern*

introduction

The uze of welding as a technology for the joining
of materials occurs worldwide, engaging of the
order of 0.2-2% of the working population in typical
industrialized countries. The major processes have
been in universal use for of the order of 50 years,
and materials and hence exposures have been
shown to be, under similar circumstances, compa-
rable throughout the world. The technology is
extremely labor-intensive, labor accounting for
#0-90% of production costs for all but the most
modern automatic proceases. However, new pro-
cesses with higher productivity having an increased
range of applicability are continuously being intro-
duced. Since these demonstrate typical doubling
limes (in terms of their absolute use) of 7-10 years,
depending on the details of the economic growth in
the individual country, some processes which cur-
rently account for significant worker exposure were
relatively rare 20 years ago.

The nature of the technology is such that, when-
ever an arc is struck, the resulting high tempera-
ture which melts both work piece and consumable

“The Danish Welding Institute, 2600 Glostrup, Denmark.
October 1981
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process-Dependent Risk of Delayed
Health Effects for Welders

In most industrialized countries large numbers of workers are expossd 10 welding fumes.
Although the general pattern of welders’ health may not significantly differ from that of workers
in other dusty industrial occupations which demonstrate elevated incidence of respiratory tract
diseases with long iatency periods. the extremely wide range of subsiances at potentially high
concentrations produced by various welding technologies may give rise to undetactad process-
specific high-risk working conditions: (“hot spots”). The origin, prevalence and range of
magnitude of such hot spota, especially for cancer of the respirstory tract, is discusesd, with
emphasis piaced on the assessment of risk resuiting from exposure to Cr(V]) and Ni accompany-
ing the use of various technologies for the welding of stainless and high alloy steels. The wide
varigtion of health effects found within the industry, however, indicates the need for » standard
protocol for future epidemiclogical studies, na wall sa for the development of suitable
methodologies for experimental risk assessment.

wire or rod produces significant amounts of vapor-
ized metal and (where present) slag formers and
flux, which condense in the rising plume of heated
air to form a high local concentration (upwards of
100 mg/m®) of a complex mixture of gases, oxides
and other compounds, whose chemistry is deter-
mined by the technology, materials and welding
parameters used in each case.

The possibility of high, localized concentrations
of & wide variety of biologically active substances
which in turn have a wide range of toxicity [e.g.,
Oy, NO,, Cr(VI), V, As, Mn, Ni, Be, Cu, Na, K, 8i,
F, Pb] represents a potential source of health risk
to significant numbers of workers throughout the
world. The magnitude of actual risks which occupa-
tional exposures represent are however largely
unimown and uninvestigated. Since the fume con-
centrations of various substances vary & millionfold
from process to process, and since individual expo-
sure can depend to a large extent on job situation,
one can anticipate that the average risk arising
from welding, for a given welder, or any given
welding population, and therefore for the welding
industry as a whole, is not homogeneous but is
made up of a range of process and job-specific risks
whose order of magnitude could be estimated by a
proper risk assessment (1, £), based on knowledge
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of the range of process and job specific exposures
involved.

The observation of a wide range in the nature and
degree of health effects among welders using sim-
ilar technologies in different localities, and between
local users of different technologies indicates that a
number of variables determine exposure and hence
actual risk, even within a given welding process.
Any sattempt to reduce occupational health risk
must therefore be based on an understanding of
these parameters, and the way in which they might
affect the nature of the material produced (e.g., the
chemistry of the consumables), the rate at which
fume is generated (e.g., the values of the welding
variables; voltage, polarity, current, arcing time),
the local fume concentration (e.g., type of ventila-
tion) or the background exposure (e.g., workshop
mix of technologies and applications).

Welders could be used as suitable model popula-
tions for studies of process or occupation dependent
risk provided one has a knowledge of: (a) the
magnitude of available populations and their distri-
bution among various technologies, (b) the types of
exposures appropriste to these subcohorts and
(c) the techniques necessary to estimate the origin
and magnitude of risk accompanying each class of
exposure. One useful approach to establishing the
necessary methodology is to attempt to identify
specific job situations which might be associated
with high degrees of excess risk, i.e., process-
dependent “hot spots.”

Distribution of Welding
Populations

Types of Processes

There exist approximately 20 major technologies
within the welding industry which are used on ten
major classes of materials providing the possibility
for of the order of 5000-10,000 different working
environments due to the possible variations in com-
position of workpiece, consumables and welding
variables.

Manual metal arc welding (MMA) uses short
lengths of electrode coated with a complex material
which provides for flux, slag and protection from
oxidation through its melting and decomposition.
Ten major electrode producers, each offering 100
different electrodes, which can be welded with three
types of polarity (AC, =DC), on several types of
joints, account for 3000-5000 separate exposures
which differ from each other by a factor of two or
more in the absolute concentration of at least one of
the 14 major chemical constituants of welding fume.
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Metal inert gas welding (MIG) uses a continuoys
wire electrode and an inert gas (e.g., argon) which
provides s shield against oxidation. For some elasse
of materials, an active gas (e.g., CO,, O,) is mixed
with the inert gas to provide better surface proper-
ties (MAG process).

Tungsten inert gas welding (T1G) uses a nonmekting
electrode and occasionally extra filler material,

Gas welding uses an oxy-acetylene or similar
flame to melt the work piece,

Submerged arc welding (SA) uses a fully auto-
mated process where the arc is maintained undera
covering of powdered flux.

In spot welding, material iz joined by local resis-
tive heating (provided by a transformed current
pulse) under electrode pressure.

Cutting, burning and air (arc) gouging are pro-
cesses involving the preparation of work pieces and
are frequently performed by welders, their assis.
tants, or special workers within the same trade.

The major classes of materials are: mild steel
(MS), an alloy of iron, carbon, silicon, and oecasion-
ally molybdenum or manganese; stainless and high
alloy steel (SS), containing iron, nickel, and chro-
mium, and oceasionally cobalt, vanadium, mangs-
nese, and molybdenum; aluminurm (AL), either pure,
or as an alloy with magnesium, silicon and/or occa-
sionally chromium.

Distribution of Welders

Worldwide distribution of welders among the
different technologies and their applications is difficult
to determine directly because the average number
of welders per firm is smalil (of the order of ten), and
a large fraction (30-50%) of individuals exposed 1o
welding fumes are not full-time welders but are also
employed in allied trades. The best indirect method
of estimating national welding populations is t¢
determine the local use of welding consumables and
assume 500 kg of electrodes and 2500 kg of wire per
man-year for MMA and MIG welding. respectively.
Unfortunately the competitiveness of the marke!
for electrodes tends to make such information s
trade secret, but from unpublished trade figures 1
is possible to estimate the distribution in more
common categories, as is shown in Table 1.

Two countries, Sweden and Germany, have re-
cently conducted detailed surveys of their welding
industries. The results presented in Table 2 show
that there exist wide international variations in the
relative distribution of weld ing activity by technot
ogy and material. In general, however, the five
combinations, MIG/MS, MIG/SS, MIG Al, MMA/MS.
anclldMMA/SS account for between 60-70% of al
welders,
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Table 1. Distribution of welders by country for various processes

! R

Coumtry Process

No. of welders

]

Stainless steel Other

sweden, 1974° MMA
Holland, 1978°
Japan, 1978
L“:lk 19764
Germany, 1970°
Norway, 1978°
Great Britain, 1
Spain, 19760
France, 1978
US.5.R.. 1980
iweden

Halland

Jspan

L.S.A.

Germany
LS8R

Sweden Sub.
Holland Arc

Japan
LU.SA.
Germany

Sweden

MIG+MAG+TIG

Holland
Japan
U.S.A
Germany

18,600
31,300
350,000

5,400
3,500
80,000

33339

13,000
1,200 (1)

10,000 (M
1,600
9,000

»
—

588888888

=~
-5 S=a%

10,000

<

§838% 8

3,100

1,900

Eags

55 @ 8

*Data of Ultvarson (3).

*Data of van der Sluis (4),

Dats of Masumoto et al. (5).

Data o;.leﬂerwn (2;6 o
*Data of Flemming Soasenheimer (7),
Estimated.

Process-Specific Welders’ Exposure

Each technology produces a unique type of aero-
sol, of which 80-90% of the chemistry is determined
by the composition of the consumable material,
which is chosen to be metallurgically compatible
with that of the work piece. To a first approxima-
tion, five combinations of the escribed
above with various materials provide upwards of
0% of the total exposure, listed in order of
complexicity of fume composition as follows:
(a) MIG/AL: aluminum oxide, ozone; (b) MIG/MS
(MAG M8): ferric oxide, manganese, silicon, cop-
per, nitrogen dioxide; (¢) MIG/SS: same as M1G/MS
plus nickel, chromium, ozone; (d) MMA/MS: same
as M1G/MS plus sodium, potassium, molybdenum,
fluorine, titanium, caleium, aluminum; (¢) MMA/SS:
same as MMA/MS plus chromium, nickel, vanadi-
um. (Approximately 40% of MMA/MS welding is
performed on plates coated with shop primer, pro-
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ducing in such cases an additional 1-5% organic gas
due to the pyrolytic decomposition of the epoxy or
other polymer binder: welding fumes are otherwise
usually free of organic material. Cutting and goug-
ing provide high exposures to the oxides of iron,
carbon and nitrogen and occasionally to zine, tin,
lead, and/or barium).

The amount of fume {produced per unit time de-
pends on the choice of welding parameters (cur-
rent, voltage, wire dimensions, ete.) and the weld-
ers’ exposure is additionally influenced by the actual
job situation and degree of ventilation and/or fume
exhaust provided. The approximate cumnulative dis-
tribution of workplace exposures to total fume for
the major technologies is shown in Figure 1. Shop
background levels (BG) are also given.

The curves shown are only valid between 15 and
85% and appear to be representative for the trades
indicated, data from Sweden, Denmark and the
U.K. agreeing to within about a factor of 2. The use
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Table 2. Distributions of Swedish welders by process and material.®

No. of welders

Process Total Miid steel Stainless steel Al Other
MMA 25,585 16,854 5,896 1.496 1,339
MIG + MAG 9,148 6,232 1,554 1,141 176
TIG 4,216 1.541 1,529 913 233
Gas 3,828 2,762 4 325 a7
Sub. Arc =3 540 210 k] |
Total 43,550 27,92 9,708 3,807 2,006

*Adapted from Ulfvarson (3). The German data, although unavailable for publication in detail (#), indicate that. while in 1980 the
total number of welders has remained essentially unchanged from 1570 (see Table 1), there has been a reduction of about 25% in the
number of MMA/MS welders and a corresponding increase in the number of welders using semiautomatic metal-gas techniques in thy
decade. Note that in Sweden the ratio of MMA to MIG/MAG/TIG welders is aproximately 2:1, while in Germany it 1s currently 1.1,
Similarly 9% of the Swedish welding population works on aluminum alloys while only 3-4% of German weiders are engaged in these
processes. The data generally agree with estimates made based on consumable sales in the individual countries, assumng
spproximately 500 kg electrodes and 2500 kg wire per man year of MMA and MIG/MAG weiding, respectively.
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Ficure 1. Cumulative distribation of working place exposures
(%) va. fume concentration (8 hr aversge) (mgm®) for
stainless steal and aluminjum welding (in Sweden) and
shipyard w (in Denmark), including background levels
(BG), Eberally from Ulivarson () and Beck
Hansen (9).

of point extraction will reduce the average levels by
approximately a factor of two to three (§). Note
that for some applications a significant fraction of
welders is exposed above 5-10 mg/m®: levels above
100 mg/m® have been occasionally reported.
Because of tocal variations in consumable compo-
sition and distillation effects in the arc which can
cause enrichment of the fume by as much as a factor
of 100 for volatile components, it would be ex-
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tremely difficult to make an a priori prediction of
exposure to the individual elemental components of
the fume based only on a knowledge of the process
technology and work piece composition. Fortunate-
ly, however, a great deal is known about the amount
and chemistry of welding fumes produced from
individual electrodes and processes, and the varia-
tions thereof. A comparative study of MMA/MS
fumes produced under standardized conditions by
Danish, Dutch, British and Swedish welders (10)
shows that locally, a welder or group of welden
produce an amount of fume per unit time for a given
electrode which varies by less than 3% within 93%
confidence limits, when well supervised, and which
varies by less than 18% (95% limits) when unsuper-
vised. National average fume production rates vary
by 3% from each other, when corrected for differ-
ences in the welding parameters actually used.
Variations arise because a given electrode can be
welded over a range of currents and voltages. Use-
ful welds can be produced over a range of current of
a factor of two, resulting in factor of two variation
in burning rate and hence in specific fume produe-
tion rate. Similarly, fume production per unit elec-
trode length is proportional to arc length (and there
fore voitage) which also can vary by a factor of two.
Hence absolute fume production rates (and there-
fore concentrations and exposures) at maximum
currents and voltages are approximately four times
those at minimum values of the welding parame
ters. In addition, extreme variations in welding
parameters can result in a variation of about *40%
in the relative concentration of the major fume
components: Trace elements (< 1% concentration)
can show much larger variations.

The results of laboratory measurement (10)
total fume and elemental concentrations resulting
from the welding of a series of representative t
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Table 3. Average concentrations of important toxic substances for a representative selection of welding processes,

— Steady-state conen in 10 m?, 3.5 kW, 25 sec per air exchange, t = 1 sec
Ozone
coten
(20 em
from are,
t= 1sec), Otone, Fume, NO,, Cr(VI), Ni, As. Cu. Pb, Mn,
ppm* ppm®  pgm? ppm wgm®  ugm®  pgm?  ugm®  ugm® gt
Tl 0.1 00 5000 03 °¢ 106 15 2 200 150 800°
Celing limit 0.3 0.3 1.0
Petess
1251, A, MIG/MS 0.22 0.8 x 10 15000 0.12 1.5 15 1.5 30 1.5 470
1251, A+ COp, MAG/MS 016 0.8 x 10 17000 0.015 0.5 1.5 0.5 50 3.0 1700
1251, CO,. MAG/MS 056 2.8 x10° 12000 0.048 0.5 1.5 1.2 48 4.0 840.
FF1. CO;. MAG/MS' 088 4.2x10° 28000 0.28 1.0 5.0 2.0 T 8.0 4000
3RS17, MIG/SS 031 58x10* 5000 028 35 250 0.5 0 5 350
18.15, A, ALMIG 0.39 7.1 x10° 22000 0.14 20 0.5 — 1 4 -_—
Is.04. A, ALMIG 0.72 3.3 x 10 22000 0.11 0 0 — — -_— —
1801, A, AIMIG 0.88 - 25000 0.08 4 1 - - — —
OK 48.15. MMA/MSE —-— — 10000 0.02 2 - 5 10 3 350
P 316, MMA/SSP - —_ 10000  0.02 800 80 —_ 80 8 2%
PK 46.16, MMA/MSh - - 10000  0.02 (] 1 3 %0 3 500
'Rem’\:;ofﬁmvillmuhinlhnguﬁmnmﬂntt;ndmhﬂﬂnhthmvﬂwbyuﬁc&udﬂ-w:t = halftife in standard
welding fume.
’Cﬁ:nlated!?l\:'nc)sl?nrm(r-:mm)aﬂy:nwﬁdkvehwﬂlbcuchrbyamdz-&
‘Proposed NIOSH limits for carcinogens.
*Change in 1980 from 5000. s
fLox hydrogen.
Rutile-basie.

nologies produced under comparable, standard con-
ditions (3-5 kW) are presented in Table 3. The
values are the estimated steady-state concentra-
tions to be found in a 10 m® volume with an air
exchange every 25 sec, Ozone concentrations de-
pend on the haif-life for this reactive substance,
which is in turn determined by the amount and
nature of the fume present. For the sake of simplic-
ty, it will be assumed that these few processes are
representative for the industry, and these fumes
an be considered as surrogates for those compris-
ing the major exposures of welders.

By combining the data of Figure 1 with those of
Table 3. it iz possible to estimate the relative frac-
tion of welders engaged in a particular trade whose
exposure will exceed a given Threshold Limiting
Value (TLV), and who by definition can be consid-
ered to be at “administrative risk.” The fraction of
populations at administrative risk for different sub-
stances, as & function of technology and material
are shown in Table 4. In general, the majority of
exposures to other elements do not exceed the
respective TLV values provided the TLV for total
fume is not exceeded.

The estimates of Table 4 are based on the aver-
age elemental concentrations of the surrogate weld-
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ing fumes listed in Table 3. If one considers all the
common consumable types within each major cate-
gory, which are available industry wide, then a
given elemental concentration for a class of fume
can vary by a factor of three from these “average”
values. In spite of such variations, examination of
available data (1-8, 11) such as presented in Table 3
permits separation of welders into cohorts having
nvenge:’xtgoanmwhichanbeexpecudwbe
distinet with respect to the presence or absence of
certain characteristic substances, and hence which
might result in unique health risks. ‘

The Health of Welders

Pneumoconiosis and Siderosis

The extremely rich literature of case histories,
health surveys, and hygienic measurements in the
welding industry has recently been catalogued (£).
The generalized risks of welding are indicated by
reports of cases of accidental death due to electric
shock, and oceasional acute and sometimes fatal
intoxification due to inhalation of high concentra-
tions of Cd, ozone and oxides of nitrogen, and
manganese; metal fume fever due to exposure to
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Table 4. Estimated fraction of welders at administrative risk, defined as those exceeding the TLV for various substances -y
function of the process.”

Welders at risk. &

Mild Stainless

Substance TLV  Source Process steel stee] Aluminym

Total fume, pg/m* 5000 NIOSH MMA® (] 45

Ni, ugm?* 15 NIOSH proposed, 1980 75
(carcinogenic)

Cr (VD), ug'm® 10  NIOSH, probable, 1980 %
(carcinogenic)

Mn, pg/m? 800 NIOSH, in effect, 1960 10 5

NO, ppm 0.6 NIOSH proposed, 1981 10 20

Tota) furme, ug/m? 5000 NIOSH aceapted MNIG 8 %

Ni, ugm* 15 NIOSH proposed, 1980 30
(carcinogenic)

Cr (VD), ugm?® 10 NIOSH, probable, 1980 75
(careinogenic)

Mp, pgm? 800 NIOSH, in effect, 1980 €0 5

NOs, ppm 0.6 NIOSH proposed, 1961 20 )

Oy, pPm 0.1 Accepted 2 2 L]

Total fume, ug/m? 5000 NIOSH accepted TIG 8 1

Cr (VI), ug 10 NIOSH, probable, 1980 B
(carcinogenic)

Mn, ug/m? 800  NIOSH. in effect, 1980 5

NO;, ppm . a 0.6 NIOSH proposed, 1981 §

Oy, ppm 0.1  Accepted 2 20 1

*Derived from Table 3 and Figure 1. The fractional populations shown to exceed TLVs can only be estimated; the relative fradtions
given are therefore uncertain 1o about 20% (with an absolute uncertainty of no less than 5% for the small values).

®Approximately 40% of all MMA/MS welders work on primed

plates and sre therby exposed to organic guses of unknown TLV

having concentrations ranging from 1 to 5% of those found far inorganic solids.

Zn, Cd, Pb, Sn, and/or Cu appears to be common.
Some risks are, however, obviously process-
dependent: e.g., exposure during the welding of
stainless steel in confined spaces to high concentra-
tions of fume containing water soluble Cr(V]) has
been reported to lead to acute and chronie chrome
intoxification, dermatitis and asthma (12-18).

It is difficult at present to estimate the absolute
incidence rates of these acute effects, since case
reports are isolated and must be interpreted in
terms of the 3-4 million man-years of welders’ expo-
sure accumulated annually in the countries whose
literature is commonly cited. One might therefore
examine epidemiological studies of welders in the
hope of determining the absolute level of health
effects. Several recent cross-sectional studies would
appear to be based on sufficiently large local popu-
lations of welders to permit some quantitative de-
termination of the effects of chronic exposure to
welding fumes in several different localities and job
situations.

A survey of the occurrence of (legally defined)
pneumoconiosis (silicosis, asbestosis and silico-
asbestosis) during the decade 1966-1975 has been
conducted for the maritime-construction complex

240

La Spezia which has a total work force of approxi-
mately 12,000 individuals, among whom are an
undatermined number of welders (19). The relative
cumulative incidence (in percent of all 951 cases) vs.
exposure (in years) for the entire work force is
shown in Figure 2. Approximately 50% of the total
cases occur within 26 years exposure. The relative
cumulative incidence for those 143 individuals
identified as electric and gas welders is shown for
comparison. The median response for this subcohort
was at 23 years exposure. Since welders perform
their activities throughout the maritime complex,
they are exposed (as bystanders) to the same gen-
eral atmosphere as the average work force, and
therefore should have the same general pattern of
disease, superimposed upon which is the effect, if
any, of their specific welding activity. Since how-
ever neither asbestos nor crystalline silica appear
in welding fumes, this incidence of asbestosis and
silicosis among welders can only be due to bystander
exposure. From Figure 2 it can be seen that the
effect of welding would appear to be to accelerute
by approximately 10% (i.e., 2-3 years) the onset of
the pneumoconiosis characteristic for La Spezia, 8
detected among the welding population. Since the
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Fitre 2. Fraction of total incidence of pneumoconiosis (%) vs. length of exposure (vears) for the total worldoree in La Spezia as well
# for the welding subpopulation. Also thown is the fraction of total incidence of small round opacities (1 mm or greater) vs. length

of exposure (veary) for British shipyard weiders.

relative size of the welding population appears to be
winewn. the absolute incidence rate for their pneu-
moconiosis cannot be compared with that of the
general shipyard population. It is however difficult
1o imagine that the numbers of welders with
silicosis asbestosis compared to the entire group
(143951 = 15%) could be different from the ratio of
welders to total exposed employees, without there
being a significant variation in the respective inci-
dence patterns. This conclusion is justified by the
observations of a contemporaneous clinical study of
randomly selected shipyard workers in Trieste which
shows that welders exhibit a lower incidence of
pleural changes (lesions and calcification: 1037 =
3%, 2 137 = 1.5%) than the average of all shipyard
employees (63/556 = 11%, 26/556 = 4.4%) who in
peneral exhibit a 10-20 fold excess incidence of
bronchopneumopathies compared to the general popu-
lation (20).

In 2 second article (21), diagnostic chest x-rays
from 661 British shipyard welders were examined
by a panel of three readers to determine the abso-
hite incidence of small round opacities of class 0/1 or

October 1981

higher (i.e., larger than 1 mm: “siderosis”) as a
function of welding exposure. The relative cumula-
tive incidence for the 51 positive cases is plotted on
Figure 2 as well. It can be seen the data follows a
lognormal distribution, with approximately a 10
year median delay in detection of siderosis for
British welders compared to the detection of pneu-
moconiosis in Italian welders, and that the low
exposure tail ap to be missing. The British
welders also worked in all sections of the shipyard,
uting a wide variety of processes, mostly MMA,
but including MIG and TIG techniques (apparently
absent in the La Spezis work experience).

The absolute cumulstive incidence for siderosis
vs, length of exposure among the British welders is
shown in Figure 3: Data for a cohort of 220 (East)
German welders (22) is shown for comparison. After
the average length of employment of 17 years,
approximately 1.6% of the British welders exhibit
detectable x-ray mottling (caused by the local ac-
cumulation of welding fumes (mostly Fe;0,) having
4 high x-ray opacity). Doubling the exposure time
results in a tenfold increase in incidence. The inci-
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Ficure 3. Fractional incidence of amall round opacities (% of total cohort) va. length of exposure (vears) for British shipyand

welders, and for siderosis for (East) German shipyard welders.

dence of other anomalies, and of grade III siderosis
(opacities of 3 mm or greater) is also shown for the
total population. The (East) German welders show
a considerably different pattern of incidence of sid-
erosis, with approximately 45% demonstrating de-
tectable x-ray mottling after an average exposition
of approximately 14 years: the incidence of grade
III siderosis after this exposure is 1%.

Since the British welders are estimated to have
exposure of approximately 5 mg/m®, one can con-
vert the length-of-exposure data to cumulative ex-
posure (mg/m? years), as is shown in Figure 4. For
comparison are shown the cumulative incidence
data for silicosis for gold and for coal miners (29),
since they represent the classic case of a lognormal
dependence of cumulative incidence on total expo-
sure. Average exposure levels in the East German
shipyard would have to be 25-35 mg/m® for the
incidence vs. cumulative exposure data to be com-
parable in the two cases.

The absolute incidence rates for siderosis for the
British and (East) German shipyard populations
were 400/100,000 and 1500/100,000 cases/man-year,

42

respectively, The two studies are comparable how-
ever only if similar age distributions exist in both
shipyards. British welders form a homogeneous
group, having started work at age 17 with a univer-
sal apprenticeship, while the (East) German weld-
ers, who have an average age of 36 (compared to 34
for their British colleagues) commenced their work:
ing exposure at the average age of 23, some 6 years
later, and presumably have some other type of
early working experience. (The Italian working
experience is very similar to that of the East Ger-
man group.) The striking variation in siderosis inc
dence between the groups may have a number of
origins: there is most likely a significant difference
in exposure in the shipyards studied, but there
might be significant differences in lung retention
the two cohorts due to age or genetic factors. It is
also possible that criteria for reading thoracic x-rays
may vary from country to country. )
The siderosis discussed above, as found in ship-
yard and other welders is usually described 2
“benign”, the x-ray mottling regressing after cess
tion of exposure in most cases (24). Some smaller
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shipyard Ficure 4. Fractional incidence of small round opacities (% of total cohort) vs. cumulative exposure to welding fume (mg/m?) (years)
: for Brit:<h shipyard welders (assuming 5 mg/m® average fume concentration). Similar lognormal behavior is found for coal miners
and gold miners, each with a istic median exposure.
fraction of welders exhibits complex welder’s pneu-  cohort in one English shipyard exhibits approxi-
le how- moconiosis characterized by irreversible changes mately 8% abnormal thoracic x-rays (2% siderosis,
in both meluding fibrosis (17, £5) which may be due to  0.5% cancer, 3% tuberculosis, 4% other) while the
‘eneous specific welding exposure, particular individual sen-  cohort of a German shipyard exhibits 50% siderosis
univer- stivity, or may be an expression of a bystander  after the same length of employment is most prob-
1 weld- effect similar to that seen for the La Spezia welding  ably an expression of different degrees of exposure
*d to 34 population. to similar materials: productivity, areing time, and
r work- Most shipyard welding is done on primed plates  electrode dimensions are probably higher, and ven-
6 years of mild steel. Stainless steel welding is usually tilation poorer, in the East German yard, although
ype of perform=d in shops dedicated to such activity. In  this supposition can only be verified by direct mea-
rorking one clinical study of 95 welders employed in an  surement. On the other hand, the fact that 92% of
st Ger- lalian metalworking shop using a wide range of  welders in a workshop with mixed exposures to
si8 inci technolcgies on both mild and Ni- and Cr-rich alloy mild and stainless steels have abnormal thoracie
nber of sieels, for those welders with more than 10 years  x.rays, together with a high incidence of squamous
‘erence experience only 8% show normal thoracic x-rays, metaplasia is more likely a reflection of the pres-
- there 3% have normal respiratory function, and only 8%  ence of metals such as Cr and Ni in the fumes from
1tion in do not exhibit chronic bronchitis: all demonstrate  alloy steels, usually absent from the mild steels
s Itis squamous metaplasia of varying degrees (£26). used in shipyard construction.
x-rays bol-Zx:um'.mn;ion of the cross-sectional studies described
) above und others published in the literature of the :
n ship- past decade indicates that each subceohort appar- Pulmonary Function
bed as ently exhibits a health pattern characteristic for its Cross-sectional studies of pulmonary function,
* cessa- own local working environment, to which a number  which should be more sensitive than clinical x-ray
smaller of factors contribute. The fact that the welding  surveys for the detection of the effects of exposure
ctives October 1981 243
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to welding fumes, are also difficult to interpret
because of two major confounding effects: smoking
and population dynamics (e.g., worker self selec-
tion). The effects of smoking and age on ventilatory
function of the general population have been stud-
ied in detail (27). In studies on welders (25), no
statistically significant differences between welders
who smoked and controls who smoked could be
detected: for nonsmoking welders and controls, only
closing volume, cloging capacity, total lung capacity
and Nj-cardiogenic oscillations were significantly
different, presumably due to the deposition of weld-
ing fume particles in peripheral small airways. Stud-
ies of respiratory effects in other populations in the
metal industry can show more pronounced effects
(29), although they may not become apparent until
after 30 years exposure or longer (30) for some
occupations.

The role of population dynamics through worker
self selection among the welding population has
been demonstrated (81). Of 100 welders first exam-
ined in 1963, only 19 could be identified and reexam-
ined in 1978 in an effort to determine the effects of
15 years of exposure to welding fumes. For the two
cohorts the average values of forced vital capacity
(FVC), maximum expiratory flow volume at 50%
vital capacity (MEFVy,) and forced expiratory vol-
ume over the first second (FEV,) were found to be
higher in 1978 by approximately 4%, 0.6% and 4%,
respectively. This apparent slight increase in the
respiratory function of these welders is however
due to the fact that while the initial cohort had
values of FVC, MEFVy,and FEV, of approximately
108, 107 and 105% of normal, respectively, those
welders with more nearly average respiratory char-
acteristics left the occupation and could not be
reexamined. Those welders who remained, howev-
er, were the individuals whose respiratory charac-
teristics were the highest, having in 1963 values of
FVC, MEFVg, and FEV, of 115, 119 and 113% of
normal, which in fact had been reduced on the
average by 4, 13 and €% after further 15 years
exposure, with various differences in degree and
statistical significance due to smoking habits. The
opportunity to change jobs is a funetion of the
regional economic situation which has strong varia-
tions with time and locality. Thus cross-sectional
studies which only examine the age distribution
e.g. (£8) may underestimate the real effects of
exposure on a constant population, and variations
in population dynamics (i.e., job mobility) may be
strongly reflected in differences in cross-sectional
studies from widely disparate societies.

The literature discussed above demonstrates the
existence of statistically significant exposure related
incidence of chronic respiratory tract disease in

24

welders also documented elsewhere (3¢, 33), and
hence there appears to be convineing evidence for s
finite risk of delayed health effects for the welding
occupation in general. On the other hand, a significan
fraction of welders is employed in shipyards, ang
shipyard workers in general exhibit a statistica]
overincidence of chronic respiratory tract disease
(34, 35), including cancer (35, 36). Thus there is
strong possibility that shipyard welders are par.
tially at risk because of bystander effects related o
their place of employment but unrelated to weld-
ing.

Possible Cancer Risk for
Welders

A number of epidemiological surveys of general
welding populations have shown statistically
significant overincidence of lung or respiratory tract
eancer for this occupation (32, 83, 36-39) the data of
five of these studies (32, 39, $7-39) is reviewed in
Table 5. The five studies encompass some 150,000
welders, represent approximately 420,000 man years
at risk, and show an accumnulated observed inc-
dence of 415 cases with 308 cases expected, assum-
ing an observed/expected (O/E) ratio of unity for
unexposed populations. Although there are slightiy
different approaches taken in each of the studies.
the range of O/E incidence ratios lies between 1.0-2.8
(95% confidence limits) (0.85-3.2 within 99% confidence
limits), to be compared with an O/E ratio for unex-
posed but equivalent populations of the order of
0.6-1.0 (85% confidence limits) (uncorrected for smok-
ing) (40). Thus there is sufficient evidence to reject
the null hypothesis that welding or being a welder
does not contribute to occupationally related cancer
incidence.

If the statistically significant overincidence of
respiratory tract cancer among welders is due to
their occupation, is not a bystander effect (36) and
is not due to some systematic confounding effect
such as smoking habit (welders exhibit an over-
prevalence of smoking by 22%) (32) or other life-
style effect, then it may have its origin partially in
the general working place exposure of all welders.
and partially in specific, high risk exposures. A
general occupational risk might arise from the lung
burden of dust [approximately 2 g in older welders
(14)] which, if it resulted in an increase of the order
of five years in “lung age” over chronological age.
could account for the observed overincidence in ag¢
specific cancer rate. Technology or job specific risk
would be associated with processes which product
welding fumes possessing high carcinogenic potenct
(i.e. “hot spots™).
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Table 5. Summary of epidemiological studies of welders which demonstrate a statistically significant excess incidence of
respiratory tract cancer.

Reference OE  Study design and
Author Locality population® o® E** OFE 7 95%* population
Wiham 39)  Wash. sate,  U.S. age- 6 9 137 0.06 1.2-1.7 White males; deaths from
U.s. adjusted (PMR) cancer of traches, bronchus,
lung (1851-70); 2000-3000
welders
Menck (37) Los Angeles LA Co. age- 21d) M 137 0.06 1.0-1.8 White males; lung deaths (d)
Co. specific 270) d+ i (1968-70) plus 2 yr incidence (i}
(SMR) (1972-73); 15,300 weiders
Dec. Suppl. Great National 248 192 1 0.01  1.3-1.8 All males; lung deaths (1966-69);
@) Britain age-adjusted (PMRY 128,000 welders
151 0.01
(SMR)
116
(SMR»®
Besumont and  Seattle, U.S. age- 58 4 13 NS  0.98-1.8 White males; respirstory cancer
Weiss (43) Wash. adjusted (SMR) deaths (1950--76); 3200 welders
40 8.7 1.6 0.01 1.1-2.3 and burners (base rate
(SMR) 38/100,000)
Breslow California Noncancer Wi 91et 1.5 0.05  1.1-1.9 Males, lung cancer patients
e al. (38) patients in (1949-52); 498 casen; 493
same hospitals controls matched for smoking
habits; 5 yr employmaent as
welders and sheet metal
workers doing welding

ra-]

*The number expected for any given cohort is extremely dependent on the reference population chosen and hence the

observediexpected ratio will exhibit the same sensitivity.
8Observed.
‘Expected.
“Sigrificance,
*Limits to O/E within 85% confidence interval.
‘PMF. social class adjusted.

:S.\!R adjusted for smoking [excess incidence = 122% = SMR (expected) 110-160 = 135 smoking adjustment: 151-135 = 116),

Propartion of cases among welders (14 cases, 2 controls).

Individuals who occupationally perform welding
fall into several distinct categories. In countries,
like Great Britain, with a well defined apprentice-
ship system, workers enter the welding trade at
the age of 17 and remain for the major fraction of
their working life (21). Approximately one half of
this population is itinerant within the trade, being
occupied with a wide range of technologies both
daily and within a working lifetime. Perhaps sn
equal number of individuals are engaged in rather
well defined and limited range of welding situa-
tions, and are exposed over relatively long periods
to @ narrow range of types of welding fumes (e.g.
stainless steel welders). In addition to these fulltime
welders there exists a large population of individu-
tls in other jobs who weld occasionally and who
contribute of the order of 30% fulltime equivalents
to the populations listed in Table 3.

Since the nominal composition of the fumes from
most welding processes is known (1-3, 10), it is
Instructive to examine the technologies most repre-
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sentative for the industry in order to determine if
there exist well defined cohorts who might suffer
excessive exposure to suspected carcinogens, and
conversely, to identify unexposed cohorts who might
serve as control groups. If the welding population
can be shown to have & sufficiently inhomogeneous
exposure to carcinogens, one could then address
the problem of identifying, quantifying, and elimi-
nating the “hot spots” thereby defined.

Of the five metals which have been identified or
strongly suspected as being human carcinogens (in
some frequently unknown form) {As, Be(?), Cd, Ni,

*Cr) (41-4 ), nickel and chromium appear i&;if\.iﬂa.nt

concentrations only in the fumes from stainless and
alloy steels, arsenic is a ubiquitous trace impurity
in most welding fluxes, cadmium is absent from
welding consumables but occurs in many brazing
slloys (an allied but separate trade), and beryllium
is most probably present only in certain highly
unique situations. Approximately 40% of all MMA
welders (on mild steel), mostly those employed in
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Table 6. Typical exposures (8 hr).

Exposure, ug/m® T
% of CKVD
welding Benzo Total (water- Cut.
popula- Total (a) organic  Total soluble/ Total As-  ting
tion Process fume FesO, pyrene (gaseous) Cr insoluble) Ni As bestas Oil NO, 0,
3% =5 MMA/MS 5000 2000 0.06 15 05 025025 - 25 «+b - + .
unprimed*
24 = 5 MMA/MS 10000° 4000 ? 30074 1.0 0505 - 5 +0
shop primed
surfaces®
10 = 5 MMA/MS 5000 500 - - 200 140/10 0 - - - + -
21 MIGSS 2500 1250 - - 250 2015 125 - - - 4
3=2 ALMIG 10000 800 - - 8 ' - - - - + 4

MIG/MS and MAG/MS values are expected to be similar to corresponding MMA/MS exposure but depend to such a great extent or
consumables etc. that MIG/MS and MAG/MS welders cannot be assumed to form a homogeneous exposure group.

YShipbuilding and structural steel trades.
¢Assuming a zinc-based primer.
4Assuming a formation rate of 3 = 2% of that of total fume.

shipyards, utilize hase material coated with shop
primer, an antirust compound, usually a polyvinyl
butyral or phenolic or epoxy resin, containing iron
oxide and/or zinc tetraoxychromate. Welding on
this material produces a fume containing 1-3% or-
ganic gases from the pyrolytic decomposition of the
primer. In addition to aldehydes, alcohols and ke-
tones, this organic “soup” has been shown to con-
tain a vast variety of compounds such as naphtha-
lene, methylbenzofurene, phenol, cresol, dioxane,
pyridine, 2,4-dexadienal, 2-hexanone, and benzene
and other saturated and unsaturated alphatic and
aromatic hydrocarbons (Ce-C,,) (48, 49) and there-
fore must be suspected of possessing some carcino-
genie¢ potency of unknown but nonzero magnitude.
Most other welding fumes are free of organic mate-
rial (a notable exception being that from cellulose
electrodes used on pipelines).

In addition to welding fumes, bystander expo-
sure to carcinogens might be significant: at least
40% of all welders have some historical contact with
asbestos (21, 39), while those working in machine
shops have occasional exposure to cutting oil mist, a
suspected sinonasal carcinogen (50, 51). Most weld-
ers are exposed to iron oxide particulates, which
alone are probably inactive, but which appear to be
a cocarcinogen for benzo(a)pyrene (52) which has
been identified in some workshop backgrounds ($).
The magnitude of possibly carcinogenic exposures
which are expected to accompany the use of some
representative welding technologies is summarized
in Table 6, derived from nominal concentrations
and compositions shown in Figure 1 and Table 8,
respectively.

U

Semiquantitative Risk Assessment

The ubiquitous exposure of most welders to pos-
sible work place carcinogens as illustrated in Table
6 might well explain the observed excess incidence
of respiratory tract cancer summarized in Table 5.
The demonstrated 5:1 excess incidence of meso
thelioma among dockyard welders in Plymouth,
England (36), giving an absolute rate of 80/100,000
cases/man year could contribute only of the order of
10% to the average overincidence of welders respi
ratory tract cancer if this “signal” cancer due to
asbestos exposure is included, although no specific
mention of this tumor is found in the studies listed
in Table 5. Naval dockyards in general, and Piym-
outh in particular, may represent a mesothelioms
“hot spot.” On the other hand, it is tempting totry
to estimate what fraction of actual risk is repre-
sented by the exposure of stainless steel weldersto
Cr(VI) and Ni since, because of their skills, they
represent a coherent cohort with reasonably wel
defined exposures with a minimum of confounding
effects (no asbestos), and the health effects of oceu
pational exposure to Ni and Cr have been studiedto
a great extent in the respective (nonwelding) Ni
and Cr industries (41-47).

Although a linear dose-response model is probs-
bly inappropriste for human cancer (53), and the
available and relevant information is fragmentary
and frequently inaccurate, one can attempt a s
vey of exposure-response data found in the liters-
ture of epidemiological studies carried out in the
chromium and nickel industry. A tentative sum
mary of relevant data is presented in Table 7. Here
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Table 7. Approximate carcinogenic dose-response relationship,

Total metal (cumulstive Absolute lung cancer Age group
exposure), mg/m®yr*  incidence rate/100,000 Lateney, yr (average)  at risk (average)
Chromium industry Total Cr(VI)
Cr plating (54) 0.5 < 960 (16) (58)
Ferrochrome (55) 0.4 100 542 54-79
' 21
Chromate (56) 2-25 600 8-39 45-64
) (22-32)
Chrome pigment (57; 20 760 521
Chrome pigment (58 (15) (50)
Avenage Cr(VD) 322 5002 250 @1)15) 4579
Nickel refining industry Total Ni
(Clydach) (59, 60) 11-11¢¢ #4 (lung) 1540 “w-m
Avensge® ) 21 (nasal) 20-34 )
$Estimated geometrical average.

"aximum eonsistent with observed nonsignificant overincidence.

‘Exposure is to Ni(CO), + Ni + NiO + NigS,.

estimated -average cumulative exposures
10 Cr(VI) and average lung cancer rates are listed
together with the relevant age group and range in
latency period for the four industries: chromium
plating and ferrochrome, chfomate and chrome pig-
ment production (54-60). Exposure in the case of
chromium plating is principally to water-soluble
(r(VID), while in the other three industriesitistoa
varying mixture of Cr(VI) and Cr(1II) of different
solubilities. The values shown must be considered
highly uncertain and the tentative conclusion that
these industrial exposures can be considered to
result in an approximately similar risk per dose in
the range shown must be considered extremely
speculative, since an additive model of carcinoge-
meity with a single causitive agent is implicitly
used. Note that if the distributions of exposure
shown in Figure 1 are typical in other industries,
there is approximately a range of a factor of 16 for
the exposure levels of 90% of the cohorts studied.

Hisiorical exposures are extremely difficult to
estimate since even in those cases where reliable
concentration measurements have been made, they
show such a wide interindividual range that one can
question the statistical use of a geometrical (or any
other) average: compositions can frequently only be
arrived at by an edueated guess, leading to an order
of magnitude uncertainty in estimates for total
exposures. Furthermore, for the case of Ni and Cr,
the actual causative agents are unknown and there
is emerging evidence that at least for Ni, there is an
extrcmely wide variation of carcinogenic potency
for different substances.

In spite of the obvious speculative nature of the
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data of Table 7 one could attempt to use the dose-
incidence data to predict order of magnitude effects
for stainless stee] welders. A 20-year exposure to
the average Cr(VI) concentration of 0.15 mg/m®
found for MMA/SS welders would give an average
total Cr(VI) exposure of 3(mg/m®) (years), similar
to that found in Table 7 in the chromium industry,
and hence might be expected to jead to the same
magnitude of cancer incidence. Obviously the expo-
sure, and hence on this simple model the expected
incidence rates, for MIG/SS welders are of the
order of a factor of six lower than for MMA/ S8
welders. The risk for Ni for these trades, aithough
non-zero, is negligible compared to that for Cr(VI),
with the exception of the relatively few MIG weld-
ers using pure Ni filler wire. Such interindustrial
comparisons, if appropriate, can also be used as an
aid in the proper design of epidemiological studies
by indicating those exposure levels, latency peri-
ods, and cohort sizes consistent with detection of an
effect at an acceptable level of significance. For
example, a cohort of some 200 MMA/SS welders
exposed at high total fume concentrations (10 mg/m®)
for the period 1950-1955 and followed to 1880 should
provide statistical material just sufficient to verify
or reject the model presented above.

One unavoidable conclusion to be made based on
the preceeding discussion is that unless water solu-
ble Cr(VI) is not a carcinogen of potency compars-
ble to that of other industrial Cr(VI) exposures, the
manual metal are welding of stainless steel with
conventional electrodes represents a “hot spot” for
risk of occupationally related respiratory tract can-
cer. Should this exposure represent a potential
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overincidence of a factor of three (SMR = 300),
then the 10% subcohort of MMA/SS welders could
contribute to approximately a 30% overincidence
for the entire industry (SMR = 130). It is not clear
in which direction systematic errors and bias in the
selection of data will effect such a zeroth order risk
assessment. Certainly the probable nonlinearity of
the dose-incidence relationship will provide for a
disproportionately large effect among those indi-
viduals with significantly higher than average ex-
posures.

Since there it as yet little epidemiological data
(on selected subcohorts of welders with restricted
exposures) on which to attempt an evaluation of the
type of risk assessment proposed above, justification
for the supposition of process-dependent “hot spots”
(especially of genetic risk) must be sought on the
basis of indirect (i.e., nonhuman) experiments on
the (geno)toxic properties of welding fumes.

Screening Tests for Mutagenesis
and Carcinogenesis

Utility of Screening Tests

Becguse of the existence of an extraordinarily
wide variety of welding atmospheres, a direct de-
termination of toxic risk for welding fume by tradi-
tional in vivo methods is impractical: such studies
would only provide information concerning a single
process or group of processes and only with difficulty
could be extrapolated to a larger segment of the
industry. Similarly evaluation of most single pro-
cesses by means of human epidemiology is imprac-
tical. On the other hand, short-term screening tests
for mutagenesis and carcinogenesis would appear
to be ideally suited for use in evaluating the relative
genetic risk entailed by exposure to various weki-
ing fumes assuming that the obvious problems con-
cerning exposure-related dose for such complex
aerosol systems can be resolved. The fumes have an
aerodynamic mass median diameter (MMD) of the
order of 0.2 am (61) (MMA fumes have an addi-
tional component with MMD = 1 um) and a demon-
strated elemental deposition in the human respira-
tory tract of the order of 30-40% (62).

Despite the uncertainty in the relationship be-
tween mutagenicity and carcinogenicity of metals
(1, 42, 47, 63-66), semiquantitative fast in vitro
screening methods could be used to assess relative
risks of welding fumes of similar composition by
studving the origin of variations of genotoxicity and
hence by implication their possible carcinogenic
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potency (67-69). Such conclugions can be based ¢
the expectation that a number of steps which de.
termine specific (i.e., molar) genotoxicity in vitw
(solubility, species formation rate and activity of
intermediate metalorganic metabolites, membrane
diffusion, the nature and efficiency of detoxification
pathways and repair mechanisms, and particle cel}
interactions (such as phagocytosis) ) can be expected
to exist in vivo as well (70-75).

Although at present there is not sufficient infor-
mation to be able to interpret the significance of the
g:nenl observation of mutagenicity of a large num.

r of the metals many of which can be found to
some degree in various welding fumes, there would
appear to be strong incentive to examine the possi.
bility for the in vitro risk assessment of nickel and
chromium, not only because of their importance in
welding, but because of the widespread worker
expogure in other industries. The development of
specific screening techniques for Ni and Cr welding
aerosols, and the subsequent demonstration of their
general applicability would be a significant step in
industrial hygiene.

Mutagenicity of Ni and Cr

The present state of understanding of the muta-
genicity of Ni and Cr has recently been reviewed
42, 47, 66, 76). Nickel induces base-pairing aberra-
tions of nuciear acids, infidelity of DN A replication.
chromosome aberrations in cultured mammalian cells.
gister chromatid exchange in cultured human lym
phocytes in vitro and aberrant DN A synthesis andror
repair and binding to nuclear macromolecules in
vivo. Neoplastic cell transformation can be induced
by particulates of crystalline Ni S, (a potent exper-
imental animal carcinogen) which excite phagocyto
sis but not by amorphous NiS (a concarcinogen).

Hexavalent chromium, CxV1), induces infidelity
of DNA replication, is mutagenic in bacterial test
systems (B. subtillis, S. typhimwrium), and i
duces chromosomal aberrations and aberrant DNA
synthesis or repair in-tissue culture cells in vitro.
The cytotoxic activity of Cr(V]) is eliminated by the
extracellular reduction to Cr(I1I), an oxidation state
for which there is little membrane permeability. On
the other hand Cr(III) is highly effective in induc-
ing infidelity of DNA synthesis, indicating that
Cr(I1I) may be the ultimate carcinogen and that
reduction of Cr(VI) at a target molecule may be the
critical carcinogenic step (77). Only CaCrO, ha
been established as an experimenta! animal carcr
ogen, and there is considerable uncertainty about
the exact role played by solubility of CH{VI) com
pounds in the determination of their carcinogeni
potency (42, 43, 47).
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Table 8. Range of distribution in oxidation state and soiubility fraction for Cr and Ni in stainless stee) welding fumes.

Serum-soluble, &
st AN
ﬁm state Water-soluble, % pH = 8.8 pH = 7.0 Insoluble, % Total, %
%A 58
'('r(l”) +Cr 0 0.2-2.1 0.2-2.1
crivh 2.2-4.3 0.03-0.42 2243
Towl Cr 2.2-4.3 0.2-2.5 2.4-6.4
i 0.01-0.3 0.27-1.6 0.38-1.9
11 38
cr(fih + Cr 0 8.56-13.78 3.56-13.78
CriVl) 0.005~1.5* 0.01=0.42 0.02-2.0
Total Cr 0.005-1.5 3.60-13.8 4.06-15.3
N 0.05-0.25 3.5-8.3 3.5-8.5
1GNP
Y
.\';..\'iO =11 0.2-0.4 0.5-1.2 1343 )
NiNiO = 1010 0.2-0.35 0.5-0.6 -9 56.8-48.3

Decays rapidly (is reduced to 0.5% after 2¢ hr at room temperature) (78, 79).

‘Data of Nieburh et al, (80).

Mutagenicity Studies of Welding
Fumes

A number of pilot studies dave recently been
undertaken to determine the extent and origin of
genotoxicity of welding fumes. Such a study is
necessary in any attempt to rank fumes from vari-
ous processes in terms of relative genetic risk. The
need for rapid screening methods can be inferred
from Tabie 8, which shows the range of Cr and Niin
tanious solubilities and oxidation states in some
tpieal MIG/SS and MMA/SS welding fumes. It can
be seen that relative concentrations of individual
components vary by an order of magnitude even in
the limited sample shown here, and presumably
some rapid method must be developed to determine
the risk associated with each of the various combi-
nations of metala produced.

Stainless steel welding fames are positive in the
Salmonella histidine revertant plate incorporation
lest (81. §2), where the active mutagen has now
been shown to be Cr(VI) (88, &). Fumes from
MIG/SE show a specific (molar) revertant rate equal
to that for their water soluble Cr(V1) content while
these from MMA/SS show a reduced rate indicative
of an antisynergistic effect. The addition of micro-
somes results in a (occasionally complete) reduction
of the effect. The test system is negative for fumes
which contain only Ni, and for others in which
CHVI) is absent (including those from mild steel
welding processes).

A slight but statistically significant increase in
mutagenicity is observed for stainless steel welding
fumes in the N-thioguanine resistence of V79 chi-
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nese hamster cells which survive exposure to the
highly toxic material (82).

The recessive lethal test in drosophila is negative
for exposure in the larval stage to MIG/Ni fumes (a
mixture of Ni:NiQO) and to MIG/SS particles, and to
fresh MIG/SS fume in the adult stage. No significant
enhancement for adult sensitivity to DES was found
to result from fresh MIG/SS exposure (§8).

Aqueous solutions of NiSO, and aqueous and
(fetal calf) serum-soluble fractions prepared from a
Ni rich welding fume (MIG/Ni) demonstrate equal
specific activity in inducing sister chromatid ex-
change in human peripheral lymphocytes in cul-
ture. The serum solubility of both Ni and NiO is
extremely high at physiological pH (7.2), as shown
in Table 8 (30).

Whater-soluble Cr(VI) and fumes from an MMA/SS
welding process representing an equivalent Cr(VI)
dose show similar transplacental genotoxic potency
in inu;_lpen'tonell administration in the mouse spot
test (Fleckentest) (83, 86). Stainless steel fume
particles are cytotoxic and genotoxic in cultured
mammalian cells (87, 88).

From these pilot studies it can be seen that
Cr(VD) and Ni as contained in welding fumes ap-
parently exhibit the same types of genotoxicity as
is expected for these metals in general (60, 79, 89,
90). Since there is no evidence to the contrary, one
should assume that the actual risk for genetic dam-
age and other delayed health effects to welders can
be expected to be similar to that found in other
industries with exposure to these substances. The
presence of some unique combinations, such as ozone-

Cr(VI), Ni-Mn, however, might result in local
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synergistic or antisynergistic effects, which should
be studied in detail.

Summary and Conclusions

Throughout the industrialized world the welding
industry is found to provide a relatively large popu-
lation with a potential exposure to high concentra-
tions of a wide range of toxic and biologically active
material, occupational exposure to some of which,
albeit in other forms and in other industries, is
suspected of inducing human respiratory tract can-
cer, In vitro and in »nvo studies of some representa-
tive welding fumes demonstrate mutagenic, embry-
otoxie, eytotoxic and genotoxic potential. Epidemi-
ological studies show that welders exhibit a
statistically significant excess incidence of respira-
tory tract disease, including cancer, which appears
to depend on cumulative exposure. Further evi-
dence implies that specific occupational risk, espe-
cially of delayed health effects, may be extremely
process-dependent. There is also strong evidence
that the local workshop environment significantly
influences the degree of such risk. The factors
which can effect the absolute health risks experi-
enced by different welding cohorts should in princi-
ple be controllable if they can be identified. A
demonstration that inhomogeneous risks are pri-
marily restricted to “hot spots” would have major
implications for the assignment of priorities for the
use of limited resources for risk reduction within
the industry.

The first indication of a significantly enhanced
lung cancer risk (i.e., a “hot spot”) for a cohort of
stainless stee] welders which satisfies the necessary
criteria of length and magnitude of exposure, and
latency period has recently been published (81).
For the cohort studied (234), mostly MMA/SS weld-
ers with a minimum of § years experience: average
exposure of 16 years (3735 man-years) to Cr(VI)
concentrations of approximately 216 ug/m®) three
cases of respiratory tract cancer were found vs.
0.68 expected. The average cumulative exposures
of 3.4 (mg/m3 years) result in a risk rate of 82/100,000
cases/man-year with g local background of 18/100,000:
a risk ratio of 4.4:1. These observations lie within a
factor or two for the risk ratio and within a factor of
six for the absolute excess incidence rate predicted
for this exposure to Cr(VI) by the crude semi-
quantitative risk assessment model presented. Al-
though it is obvious that there is not as yet sufficient
evidence on which to test any health risk model for
welders, it is clear that the combination of risk
assessment methodologies and good epidemiologi-
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cal data will be a powerful tool for the future.

The international welding industry would appear
capable of providing a large number of model popu-
lations on which to base the development of tech.
niques of multifocal epidemiological studies to de-
termine the origin and extent of process-specific
risk. Great care must, however, be taken in design
of the study protocols to cope with the observed
differences between various welding populations,
Recent discussions concerning the variation in age
adjusted lung cancer incidence with occupation found
for local populations (55), and the strong urban-
rural gradient (92) which they exhibit, point to a
poasible uncertainty in expected incidence rates of
a factor of from two to four: the resuits of multifoeal
epidemiological studies carried out on essentially
similarly exposed populations would be extremely
useful in helping to establish guidelines for the
choice of appropriate reference populations, with-
out which it may be extremely difficult to prove the
existence of occupationally related excess cancer
risks. The parallel development of in vitro fast
screening tests for mutagenesis and/or carcinogen-
esis appropriate for use with metallic particulate
aerosols might provide a unique opportunity for the
establishment of practical risk assessment proto-
cols for use in the metal industry in general. The
resulting protection against exposure to carcino-
gens should reduce the risk for genetic effects in
general (89).

Without the development of risk assessment meth-
odologies, protective legislation (i.e., TLVs) based
on the concept of homogeneous risk, if set at the
lowest feasible level, will penalize industries with
low risk exposures, while elevated compromise lev-
els might permit dangerous exposures to unidentified
high risk material. Finally, it should be pointed out
that the wealth of technologies available to this
important, populous industry ensures that if “hot
spots” of risk can be identified, the means of redue-
ing risk at the source are at hand, provided appro-
priate alternate low risk procedures can be identified.

Added in proof: Analysis of the citations of a
recent literature search (2) has uncovered over 100
cases of welders who exhibit abnormal epithelial
proliferation (“fibrosis”). For the more than 70 cases
for which welding history is known and diagnosis is
verified by pathology, the observed incidence is
uniformly distributed over starting age (13.52 years)
and length of exposure (3-40 years), and does not
appear to indicate any specific process-dependent
risk (e.g., stainless steel welders account for 5-10%
of the welding population), although in vitro studies
show that fumes from stainless steel welding haves
high fibrogenic potential compared to those from
other processes (9;).
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Erratum

C. Jelinek (Food and Drug Administration)
(Egavironmenm Health Perspectives 39:143-151
1881)

The author has discovered that two data entries
in the table on p. 147 are incorrect. Under the

column headed “Current”, the value “0.25" should
be “0.025", and the value “0.15°” should be “0.015°".
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 Assessment of the Health Effects of

Atmospheric Sulfur Oxides and
Particulate Matter: Evidence from
Observational Studies

by James H. Ware,* Lawrence A. Thibodeau,* Frank
E. Speizer,*t Steven Colome* and Benjamin G.

Ferris, Jr.*

Steadily rising energy costs have increased the need for reliable information on the health effects
of atmosphefic sulfur oxides and particulate matter. Because ethical and practical consider-
ations limit studies of this question under controlled conditions, observational studies provide an
important part of the relevant information. This paper examines the currently available
epidemiologic evidence from populstion studies of the health effects of these pollutants.
Nonexperimental studies also have important limitations, including the inability to measure
accurately the exposure burden of free living individuals, and the potential for ssrious
confounding by other factors affecting health. We begin with a discussion of some of these

- methodologic issues. The evidence is then reviewed, first in association with fluctuations in 24 hr

mean concentration of sulfur oxides and particulate matter, and then in associstion with
differences in mean annual concentration. In the last section, this evidence is summarized and

used to approximate the exposure-response relationship linking pollutant concentrations with

mortality and morbidity levels.

introduction

In view of the potential for adverse health effects
of air pollution, and- the expense of control mea-
sures, reliable assessment of the health effects of
diffcrent air pollutants is an important public health

This work was supported in part by contracts funded by the
Environmental Protection Agency in conjunction with prepara-
tion of the Air Quality Criteria Documnent for Particulate Matter
and Sulfur Oxides and by grant ES01108 from the National
Insitute of Environmental Health Sciences and Electric Power
Research Institute Contract No. RP 1001 EPRI. The opinions
expressed are thoss of the authors and may not reflect the
position of the Environmental Protection Agency.

*Harvard School of Public Health, 665 Huntington Avenue,
Boston, Massachusetts 02115.

*Channing Laboratory, Harvard Medical School and Brigham
and Women's Hoapital.
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problem. Lowrance (1) has defined four tasks in this
assessment: identifying the health effects; quantifying
these effects at various ambient concentrations;
estimating how many people are exposed at these
levels; and calculating the overall health risk
associsted with a given degree of air quality. This
paper addresses the quantification of the health
effects of sulfur oxides and particulate matter,
especially at ambient concentrations near the present
air quality standards.

The health effects of these air pollutants can be
studied to some extent in controlled conditions.
Laboratory studies of animals allow careful control
of the concentration of individua! pollutants and
conditions of exposure, as well as detailed study of
the effects on study snimals. These studies have
been useful for identifying possible mechanisms of
action and potential heaith effects. However, it is
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difficult to use animal studies to quantify these
effects in human populations, primarily because the
basis for extrapolating from animal to man is
uncertain. The uncertainty of such extrapolation is
increased by significant interspecies variability in
the response to pollutants.

Laboratory studies with human subjects avoid
extrapolation from animal to man but raise other
concerns, such as ethical considerations and practi-
cal difficulties in studying long-term exposures. In
addition, laboratory studies cannot duplicate the
activity patterns and pollutant mixture experienced
by free living populations. Within these constraints,
studies involving human subjects can be used to
establish the response to short-term exposure.

Studies of occupational groups have been sug-
gested as another source of information. Although
these studies may provide good estimates of expo-
sure, the mix of pollutants and concentrations is
usually different from ambient air. Exposures are
for 8 hr or less rather than on a more continuous
basis. Temperature and humidity conditions are
also likely to differ from those experienced by the
general population, Furthermore, the working popu-
lation differs from-the general population in impor-
tant ways. The very young, elderly and ill persons
are not included. There is considerable selection by
the employer and self-selection by the worker, so0
that those with current disease or who are more
sensitive or susceptible are not as well represented
as in the general population. As a result, one cannot
conclude from a negative study in an occupational
group that the same exposure is safe for the general
population. If an association between an air pollu-
tant and a health effect is found in an occupational
setting, there may be a greater association in
general populations.

Because of the limitations of each of these
types of investigation, epidemiologic studies in
general population groups provide much of the
relevant information about the health effects of
sulfur oxides and particulste matter at levels of
exposure near present ambient standards. Here,
too, there are limitations with respect to estimating
exposure and measuring effects. Other risk factors,
such as cigarette smoking and occupational ex
sures, must be considered, and confounding fac-
tors, such as socioeconomic status, race and weather
must also be evaluated. In these studies, exposures
are not subject to manipulation, though ambient
levels can change during the course of a study. This
makes it difficult to determine whether mean con-
centration, peak concentration, variability, or some
other aspect of air pollution concentration is the
most important determinant of health effects.
Observational studies cannot demonstrate cause

256

and effect, rather we infer causality based on the
precepts proposed by the Surgeon General's Adyi.
sory Committee on Smoking and Health (2) and by
Hill (3): the strength of the association, the consis.
tency of the data, the specificity of the results, the
temporality of the observations, the demonstration
of a biological gradient and the plausibility and
coherence of the results, Ideally, findings will be
replicable by specific experimentation, and concy.
sions will be further strengthened when different
approaches or methods yield similar results.

The next section of this paper briefly sum.
marizes the methodological issues which should be
considered in evaluating nonexperimental studie:
of the effects on health of exposure to atmospheric
sulfur oxides and particulate matter. We then
review the evidence from selected studies of the
association between mortality and morbidity levels
and 24-hr mean concentration of sulfur oxides and
particulate matter the evidence linking mortality
and morbidity levels to annual mean concentrs-
tions. The evidence is summarized in the final
section.

Methodological Issues in
Observational Studies

Observational (nonexperimental) studies of the
association between health and air pollution are
sometimes viewed as natural experiments in which
the exposure to pollutants varies over groups of
time. However, this view ignores several special
characteristics of observational studies of air pollu-
tion. One of the most important is inaccurate
measurement of the exposure burden of individu-
als. Pollution data are usually obtained from one of
several outdoor monitoring stations. but the expo-
sure burden can vary greatly between individual:
living in the same neighborhood because of special
features of the outdoor micrometeorology and the
indoor environment (4-6). The effects of errors in
the independent variable on the estimated associa-
tions between air pollution and health effects de-
pends on both the size and expectation of the
errors. Many health endpoints, including lung func-
tion, hospital admission and frequency of symp
toms, also are measured with substantial variabil-
ty. When an association between air pollution anci
health is found, collinearity (high correlation) o
sulfur oxide and particulate concentrations (7) and
the possibility of complex chemical interaction:
reported from laboratory studies (4. 9) frequentls
make it difficult to associate the effect with either
pollutant alone (10). .

Observational studies of respiratory disease of
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jung function must consider & host of confounding
variables (11), many of which have greater heaith
effects than air pollution. When these variables are
ignored or inadequately measured, resulting bias
an easily be greater than the association of inter-
est. In addition, many observational studies use
linear or other simple models to summarize com-
plex data sets without assessing the adequacy of
the model. Unless data displays, simple groupings
or other analyses are used to show that these
models are properly summarizing the data, one can
only have limited confidence in the resuits.

These factors, taken together, create additional
uncertainty in interpreting observational studies in
comparison with laboratory experiments. The most
difficult problem in interpreting the evidence from
s group of observational studies is determining how
effectively these potential problems have been
addre<sed in each study.

There is an unavoidable element of subjectivity
in the assessment of evidence. In an effort to
reduce that subjectivity we have included in the
asses:ment those studies which satisfy five criteria.

(1) They have been reported in the open litera-
ture.

(2) Concentrations of botH "sulfur dioxide and
particulate matter were reported.

(3) Major confounding factors were controlled,
particularly temperature in studies of acute expo-
sure. and smoking, race and socioeconomic status in
studies of chronic exposure.

(4) The findings pertain to concentrations less
than 1000 wm/m® for both sulfur dioxide and particu-
late matter.

(3) The data collection, analysis and interpreta-
tion were free of error or potential bias which could
be lr;-awonably expected to substantially affect the
results.

Studies failing to meet one or more of these
criteria were also included when discussion of their
validity and significance was seen as an important
p:u'(tl of assessing the evidence from observational
studies.

Health Effects of Acute Exposure
to Sulfur Oxides and Particulates

The earliest studies of the acute health effects of
air pollution focused on dramatic episodes of severe
air pollution (12-18). The sudden increases in mor-
tality and morbidity that accompanied these epi-
sodes and the frequency and severity of respiratory
complaints left little doubt that air pollution was, at
least in part, the cause of the adverse health
effects. Investigators also recognized that weather,

October 1981

particularly extreme temperatures, could influence
mortality and morbidity rates,

A substantial reduction in ambient sulfur oxide
and partjculate concentrations, achieved in most
English and American cities by the 1970's, pro-
duced a gradual decline in severity and eventual
disappearance of episodes in which either sulfur
dioxide or particulate matter exceeded 1000 ug/m®
(measuring particulate matter either by the British
Black Smoke method or as Total Suspended Particu-
lates). Episode studies were gradually supplanted
by studies of fluctuations in daily mortality over
extended periods, and investigations of potentially
more sensitive indices of health effects, including
lung function and respiratory disorders. Sensitive
population subgroups, such as asthmatics and chil-
dren, have also been studied. The pollution concen-
trations in studies of acute exposure have typically
been measured by 24-hr mean concentrations, though
high level exposures for shorter periods might be
important.

Counts of total daily mortality show a seasonal
pattern with a peak in winter, and rates on succes-
sive days sre interdependent. Early studies used
the deviation of daily mortality from the 15-day
moving average to eliminate seasonal effects. More
recently, investigators have used sophisticated
time-series-analysis techniques in an effort to elim-
inate seasonal effects and other long-term trends
affecting daily mortality. Elimination of seasonal
effects by these methods may be incomplete, and
this becomes especially important when investiga-
tors attempt to identify pollution effects that are
small relative to effects of temperature, season and
even day of the week. We will return to this issue in
the discussion of individual studies.

Morbidity data are more difficult to gather than
daily mortality figures. For that reason, investiga-
tions of morbidity effects of acute exposure to
sulfur oxides and particulate matter have usually
been small, permitting relatively simple analysis.
These studies would be unlikely to detect small
increases in morbidity at relatively low air pollution
concentrations.

Studies reported in this section used three sepa.
rate measures of particulate pollution. The British
studies used the British Black Smoke method and
reported particulate levels in pg/m® (BS). Some
American studies used the filter soiling method and
reported particulate concentrations in units of
Coefficient of Haze (CoHs). Other American studies
measured Total Suspended Particulates (TSP) by
the high-volume sampler method. Results are re-
ported for each study in the original units, and the
relationship between the different measures is
considered when summarizing the evidence.
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Mortality Effects of Acute Exposure to
Sulfur Oxides and Particulate Matter

In this section, we examine studies of the associ-
ation between daily mortality rate, as measured by
the recorded number of deaths, and 24-hr average
concentration of sulfur dioxide and particulate mat-
ter. The clearest evidence comes from studies of
relatively high pollution concentrations, while stud-
ies of lower concentrations have been equivocal,
primarily because collinearity of temperature and
other weather varigbles with pollution concentra-
tions have made it difficult to interpret associations
between daily mortality and air pollutant concen-
trations.

Studies of Daily Mortality in London. Two
important British studies bearing on mortality
effects of acute exposure to S0, and particulate matter
at concentrations near present 24-hr air quality stan-
dards were reported by Martin and Bradley (19)
and Martin (20). Martin and Bradley related daily
mortality from all causes (and from bronchitis and
pneumonia) to the concentrations of S0, and black
smoke (BS) in Ligndon during the winter of 1958-59.
The authors found a considerable number of coinci-
dent peaks in pollution concentration and daily
mortality. The correlation of mortality from all
causes with air pollutant concentration, measured
on the log scale, was 0.61 for BS and 0.52
for SO;. The correlation between mortality and
mean daily temperature was ~0.08 (not significant),
while the correlation of mortality with humidity
was 0.19 (significant at the 0.05 level). The authors
noted that about two-thirds of the air pollution
episodes were accompanied by thick fog, and the
correlation between mortality and visibility was
found to be -0.55. Visibility is influenced both by fog
and particulate pollution.

Although the authors emphasized the relation-

Table 1. Average deviation of daily mortality from 15-day
moving average, by concentration of smoke (London, Nov. 1,
1958, to Jan. 11, 1950).0

4

ship between differences in pollution concentration
and differences in death rate on successive days,
their paper provided total deaths, smoke concen.
tration and SO, concentration from November I,
1958 to February 28, 1959. We have re-examineq
their data after excluding the month of February,
as an epidemic of Type A influenza had a significant
influence on daily mortality in that month.

For the remaining 92 days, the deviation of each
day’s total mortality from the 15-day moving aver-
age (truncated at each end of the series) was
computed. The average deviation is given for
intervals of BS concentration in Table 1 and S0,
concentration in Table 2.

Although Lawther (21) has suggested that the
number of deaths increased significantly whep
BS rose above 750 rg/m’ and SO, concentrations
exceeded 710 ug/m®, these tables do not suggest
those values. If one begins with a threshold hy-
pothesis, that mortality is not affected until ar
pollution concentrations exceed threshold levels,
one might choose threshold values of 500 ug/m® of
BS and 300 ug/m?® of SO, from these data. However,
the data are also consistent with a monotonie
exposure-response hypothesis, that mortality level
increases with air pollution concentration over a
broad range of values, including those just cited.

A similar analysis was carried out by Martin for
the winter of 1959-60 (20). That winter had fewer
incidents of high pollution. The significant positive
correlation between mortality and pollution was
still present, although the author reported that the
correlation coefficients were somewhat lower than
in the previous year. Tables 3 and 4 show Martin’s
results combining high pollution days from 1958-58
and 1959-60, excluding days with pollution concen:
trations lower than the previous day. The mein
deviation is positive in every group reported
Bronchitis mortality was also found to be significantly,
though less strongly, correlated with pollution
level. Pneumonia mortality was not found to be
correlated with poliution.

Smoke concentration, Number Mean Table 2. Average deviation of daily mortality from 15-day
wg/m® (BS) of days deviation moving average, by concentration of 80, (London, Nov. 1.
1958, to Jan. 31, 1959).%
100-19¢ [ -20.862
200-299 12 -13.65 Smoke concentration, Number Mean
300-399 18 -10.80 ugm® of days deviation
400499 19 =118
500-599 9 10.89 100-199 17 -13.01
600-499 (] 19.72 200-290 29 -12.16
700-799 7 417 300-399 2 6.87
800-1199 10 21.49 400-499 1 9.2
1200 + 5 38.96 500 + 13 721
"Data of Martin and Bradley (19). "Data of Martin and Bradley (19).
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fable 3. Average deviation of daily mortality from 15-day
aoring average, by concentration of smoke (BS) (London,

1958-60).*

Smoke roncentration, Number Mean
pg/m® (BS) of days deviation

500-599 9 5.2

600-699 6 13.0

T00-799 1 9.2

800-1099 8 15.6

1100 + 7T 40.0

"Data of Martin (20).

These two studies represent an important part of
the evidence for mortality effects of short-term
elevations in S0, and particulate pollution. Al-
though temperature was not an important con-
founding factor in the two winters studied, fog was
an important factor in many air pollution episodes,
especially in the winter of 1958-59. Reported analy-
ses have not adequately controlled for the effects of
fog on mortality, During this period, daily mean
concentrations of SO, and BS were highly corre-
lated (r = 0.89 for the winter of 1958-59). Conse-
quently, these associations cannot be attributed to
either pollutant individually.

Additional evidence for acute effects of short-
term elevations in sulfur dioxide and particulate
matter concentrations was provided by the analysis of
a pollution episode in London in December, 1975
(22, 24). Maximum 24-hr concentrations of 994 ug/m®
(80,) and 546 ug/m® (BS) were reported, and an
increase of 100 to 200 deaths above expected totals
was observed during the week in which the episode
occurred. A doctors’ strike in the period immedi.
atelv prior to this episode had an unknown impact
on the mortality data.

Studies of Daily Mortality in New York City. The
other principal source of information on variation in
daily mortality comes from a series of studies in
New York City. This information includes reports

Table 5. Average deviation of daily mortality from normal, by
level of smake shade (CoHs) (New York, 1960-64, October

S

Table 4. Average devistion of daily mortality from 15-day
moving sverage, by concentration of SO, (London, 1958.60).%

50, concentration, Number Mean
ugm? of days deviation
400499 9 9.0
500-599 ) 11.6
600-799 9 16.0
800899 8 19.2
900 + 5 3.6
*Dats of Martin (£0).

(24-26) of several air pollution episodes not dis-
cussed here, since pollutant concentrations were
too high to contribute significantly to our assess-
ment, However, Glasser and Greenburg (27) car-
ried out an analysis of daily mortality in New York
City during the five-year period 1960-64, using only
data from the months October through March. The
24-hr average pollution concentrations were based
on hourly SO, and bihourly smoke shade (CoHs)
readings from a single monitoring station. Death
rates were analyzed both as deviations from a
15-day moving average and as deviations from the
five-year average for that day. The two analyses
were said to have qualitatively similar results. In
cross-tabulation of daily mortality by 80, and
smoke shade level, SO, appeared to be more
strongly related to mortality and was used as an
index of pollution in some analyses. Multiple re-
gression analysis showed a stronger association of
mortality with SO, than with either temperature or

Tables 5 and 6 summarize the analysis by Glasser
and Greenburg. These results have been inter-
preted as showing a mortality effect for smoke
shade above 5 CoHs and SO, above 786 ug/m®,
though they are again supportive of a monotonic
exposure response relationship. Although the ob-
servations of daily mortality are correlated, Glasser
and Greenburg computed standard errors for the
mean deviations by assuming independence. Most

through Mareh).*
Table §. Average devistion of daily mortality from normal. by
Smoke shade Number Mean level of 80, (New York, 1960-84, October through March).®
level (CoH) of days devistion (SE)
50y concentration, Number Mean
<10 26 ~2.8 (3.5) wg/m® of days deviation (SE)
1.0-1.9 160 ~1.68 (1.4)
2.0-29 318 ~24 (1.0) <262 112 -3.5 (1.6)
3.0-3.9 29 1.5 1.2) 20254 311 -3.1 (1.0)
4.0-4.9 - 25 (2% 825-TR8 172 1.8 (Lo
§.0-5.9 1% 188 (4.3 TE7-1048 o8 9.4 2.0
6.0+ 9 17.2 (1.8) >1048 80 11.9 2.5
*Data of Glasser and Greenberg (£27). SData of Glasser and Greenberg (27).
October 1981 259
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of these standard errors were near 2.0, though the
entry 18.8 in Table 5 had a quoted standard error of
4.3. The authors also stratified days by tempera-
ture into three groups: those more than five de-
grees below normal, within five degrees of normal,
and more than five degrees above normal. The
result of the stratified analysis differed little from
the unadjusted analysis. However, this simplified
approach to covariance adjustment may not elimi-
nate the confounding effects due to temperature.
Multivariate analyses of the New York data de-
scribed below suggest that more careful control for
temperature and other meteorologic factors has a
substantial effect on the resuits.

To analyze possible mortality effects of even
lower levels of pollution, the 15-day moving aver-
age method is not sufficiently sensitive. Further-
more, some authors have argued that more sophis-
ticated adjustment techniques are necessary to
ensure that seasonal and temperature effects are
eliminated in the adjusted analysis. To achieve that
objective, Schimmel and coworkers (28-30) have
reported three analyses of mortality data from New
York City in whiolr the adjustment methodology
was refined over time. Buechley et al. (31) and
dB;mchley ($2) have also analyzed some of the same

ta.

Schimme! and Murawski (29) emphasized the
common seasonal trends in mortality, pollution and
temperature in New York City, and the possibility
that nonlinear relationships would make linear
regression unsatisfactory as an adjustment tech-
nique. They eliminated periods associated with
heat waves and analyzed the remaining data in
three time periods, 1963-66, 1967-69 and 1970-72,
While smoke shade level varied little over the three
periods, the average SO, level declined dramatical-
ly, as shown in Table 7.

Schimmel and Murawaki estimated the percent-
age of premature deaths due to air pollution to be
2.78, 2.48 and 3.20, based on regression analysis of
the three periods using a model with no lag
effects. The percentage attributed to SO, was 0.58,
1.22 and 0.62, values not significantly different

Table 7. Average pollution levels during three time periods
analyzed by Schimmel and Murawski.*

S0, level,

CoHs

Time period ug/m? Jeval
1963-68 112 2.07
1967-89 359 .27
1970-72 155 213
“Data of Schimmel and Murawsii (£9).
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from zero. Since the percentage of excess deaths
attributed to air pollution differed little in periods
with three-fold differences in SO, concentration,
they concluded that SO, concentration is merely an
index variable for other unmeasured extraneous
variables and not a cause of adverse health effects
at these levels.

Schimmel (30) continued his analysis of these
data by utilizing time series techniques to eliminate
any seasonal or other cyclical effects contributing to
associations between pollution and .mortality. In
this analysis, the regression of mortality on SO,
was not significant and negative coefficients were
obtained in some regressions.

Buechley (81, 32) also sought to identify major
nonpoliutant varisbles influencing daily mortality
and found that mortality was affected by the annual
cycle, summer heat waves, influenza epidemics and
a temperature variable, These four variables ex-
plained 78% of the variation in daily mortality
during the 11-year period 1962-72 in New York
City. Although SO, concentration and particulate
level also entered significantly into the regression
wau’on, Buechley found that the coefficient for

2 concentration in regression analysis of daily
mortality during the winter of 1971-72 was slightly
higher than the corresponding coefficient for the
winter of 1967-68, even though the mean S0,
concentration in the second winter was only 10% of
that in the earlier period.

Both Schimmel (30) and Buechley (32) concluded
that the associations they found between mortality
and air pollution could be explained by joint assoa-
stion with temperature and other weather var:
ables. Their work highlights the limitations of
observational studies when the study objective is
accurate estimation of small primary relationships
when other independent variables are more strongly
associated with mortality. These other variables
influence the estimate of the primary relationship,
and the proper method of adjustment is unknown.
Thus, it will be dificult to reliably quantify smal
mortality effects of fluctuations in ambient pollution
concentrations by analyzing obeervational data.

Morbidity Effects of Acute Exposure to
Sulfur Oxides and Particulate Matter

Levels of air pollution which acutely affect mor-
tality rates should affect other health indices,
including incidence and prevalence of respiratory
disease as measured by emergency room visits or
hospital admissions, prevalence and severity of
respiratory symptoms as measured by questiof-
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naire during regular contact with a panel of partici-
pants, or changes in various aspects of lung func-
tion. Unlike mortality rates, these health data must
often be specially obtained by the investigator. This
has limited the size of morbidity studies. Many
studies have used the diary or panel method, in
which a group of participants regularly record or
report symptoms. Substantial nonparticipation rates
have been a problem in many of these studies, and
make it difficult to interpret the symptom reports
by those from whom observations are obtained.

Illness data were obtained in many of the early
severe pollution episodes (13, 15, 3%). This informa-
tion did little more than confirm the mortality
results, though there was some evidence that the
increase in illness was not as large in percentage
terms as the increase in deaths, and the effects
were not 8o sudden. Martin (20) examined hospital
admissions for the winters of 1958-59 and 1959-60
and found, after adjustment for day of the week and
correction for 15-day moving average, significant
correlations for both cardiovascular and respiratory
conditions with BS and sulfur dioxide. The average
deviations by pollution concentration, given in
Talles 8 and 9, show more irregularity than the
mortality data. o»

Table 8. Average deviation of respiratory and cardiase morbid-
ity from 15-day moving average, by smoke concentration
(BS) (London, 1958-80).%

Smoke concentration, Number Mean
wg/m?® (BS) of days deviation

500--589 3.2
600-699 =0.7
700-799 24
800-~1099 4.9
1100 + 129

"Data of Martin (£0).

Table 9. Average deviation of respiratory and cardiac morbid-
ity from 15-day moving average, by SO, concentration (Lon-
don, 1958-80).*

Number
of days

400-499 22
500-569 5.1
600-799 6.9
800399 12.8
900 + 12.8

Mean
deviation

S0, concentration,
wg/m®

*Data of Martin (20).
October 1981

In a second important British study, Lawther et
al. (34, 85) collected daily self-reported heaith status
from 194 persons with chronic respiratory disease
during the winters of 1959-60 and 1964-65. Health
status was reported relative to the previous day,
and worsening of health status by self-evaluation
was clearly associated with increases in air pollu-
tion. The authors reported that this effect could be
seen on days when the 24-hr average level of
S04 exceeded 500 wg/m® and smoke exceeded 250
ug/m® (BS). The strength of this response declined
as the winter progressed and there was some
evidence for an adaptation or desensitization effect
or even loss of interest by participants. Lawther et
al. commented that these responses could have
resulted from brief exposure to maximum concen-
trations several times the 24-hr average.

Studies of Bronchial Asthma. Some studies of
pollution and asthma have reported negative or
equivocal results (86, $7). However, Cohen et al.
(38) found a weak association between air pollution
and the frequency of asthma attacks in a study of
patients living near a coal-fueled power plant in
West Virginia. Temperature was most strongly
correlated with frequency of attacks among 20
patients having at least one attack during the
study. In a multiple regression analysis, either SO,
or TSP concentration was gignificantly correlated
with attack rate after adjustment for temperature
(p <0.01). When days were classified as high and low
particulate concentration (above or below 150 ug/m®
TSP), or as high and low SO, concentration (above
or below 200 ug/m%), symptom prevalence was
significantly higher on the high pollution days.

These values should not be interpreted as thresh-
old values, since the dividing line seems arbitrary
and the table comparing the two groups of days
does not seem to be temperature adjusted. The
authors provide little information about changes in
panel membership over time, and also give insufficient
information about their dats analysis methods. In
particular, they combined data from children and
adults participating in the study. The sensitivity of
asthmatics to exogenous allergens, respiratory in-
fections, dust, animals, smoking, cold weather and
psychological factors also suggests caution in
attributing changes in symptom prevalence to changes
in air pollution concentration.

Studies of Acute Respiratory Disease. Few
studies relating acute exposure to moderate levels
of air pollution to increased incidence of acute
respiratory disease have been published. Although
early studies by Dohan and Taylor (39) and Dohan
(40) found an association between the level of
suspended sulfates and work absences for respiratory
disease among outdoor telephone workers, Ipsen et
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al. (41) conducted a near replication of their study
and found that apparent associations between ab-
senteeism and air pollution were eliminated by
adjustment for temperature, humidity and wind
velocity.

Studiesof PulmonaryFunction. VanderLende
et al. (43) obtained results in a study of respiratory
symptoms and lung function in the Netherlands
which could represent an acute effect of air pollu-
tion. Examination of a large general population
group in 1969 and again in 1972 failed to show the
expected small decrease in levels of Forced Vital
Capacity (FVC) and Forced Expiratory Volume in
one second (FEV,), but rather small significant
increases. The authors suggested that this could be
attributed to improvement in air quality, from
reported maximum 24-hr smoke level of 160 ug/m®
(BS) and SO, concentration of 300 ug/m? in 1969 to

40 pg/m® (BS) and 100 pg/m® (SO,) in 1972, [This -

and some other continental European studies used
OECD calibration curves to express Black Smoke in
ug/m®. Some reviewers have suggested that the
reported values should be increased, perhaps by a
factor of 2, to be ggmparable with the British Black
Smoke method (42).]

Expected decreases in pulmonary function were
geen in a ryral area measured at the same times,
The authors explored possible sources of bias in the
study but were unable to explain their results on
that basis. If real, these changes are most reasona-
bly interpreted as an acute, reversible response to
elevated concentrations of air pollution.

Stebbings et al. (44) studied pulmonary function
in 272 children during and after an air pollution
alert in Pittsburgh in 1975. The 24-hr average SO,
concentration reached 350 ug/m® and the 24-hr TSP
level reached 770 ug/m®. The mean FEV, 4 and
FVC values, instead of increasing as hypothesized,
declined throughout the six-day period. Because
the investigators did not have a pre-alert lung
function measurement, the values obtained during
the alert days could not be compared to “normal”
lung function values. Since the children were fol-
lowed for only the week, the possibility of a later
increaseinlung function values could not be excluded.

In a Jater report, Stebbings et al. (45) identified a
group of children whose lung functions showed
large increases after the alert. Since the proportion
of such children was zignificantly greater in the
alert than in a control area, they concluded that
the alert had been associsted with reduced lung
function. Since the analysis was selected in re-
sponse to the data, was based on unvalidated
methodology, and failed to explain the anomalous
finding of an excess of children in the alert area
whose lung function declined during the study,
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these results do ‘hot provide sound evidence for
health effects of air pollution at the levels reported.

Health Effects of Chronic
Exposure to Sulfur Oxides and
Particulate Matter

Studies of health effects of chronic exposure to
air pollutants are typically croas-sectional, compar-
ing mortality or morbidity rates within or among a
number of communities. The possibility that the
estimates of air pollution effects will be biased by
other community differences related to health is
particularly great in these studies. Concentrations
of air pollutants are usually higher in urban than in
rural areas, and many authors have noted that
smoking patterns, family size, age distribution,
occupation, domestic crowding, nutrition, physical
activity and other characteristics of the population
can differ between rural and urban areas. Although
some studies have sought to match communities on
important characteristics or use multivariate ad-
justment techniques to control for the effects of
these factors, their effectiveness is typically un-
known. This is especially true when complex re-
gression models are used for adjustment, for the
adjustment is limited by the degree to which the
model correctly specifies the relation between these
factors and the outcome under study.

Mortality Effects of Chronic Exposure
to Sulfur Oxides and Particulate Matter

The study of Buck and Brown (46) was one of the
first to show an association between annual average
concentration of 80, and Black Smoke and mortality
rate across communities in Great Britain. Howev-
er, mortality data were obtained in 1955-59 and
pollution was measured in 1962. Pollution levels
were falling during this period. Although it has
been argued that mortality effects were seen in
boroughs where Black Smoke and SO, levels exceeded
200 pg/m®, it is likely that exposures prior to and
during 1955-39 were somewhat higher than in 1962
Wicken and Buck (4 7) also found differences in lung
cancer and bronchitis mortality rates between areas
of high and low pollution after adjusting for age.
smoking habits and social class. However, this
study was also limited by unavailability of concur-
rent air pollution measurements in most of the
communities studied.

More recently, several investigators have used
multivariate regression techniques to analyze mor-
tality data obtained from vital statistics sources.
The following sections discuss these investigations.
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snalyses of Total Mortality Rates

As noted above, there are many reasons why
mortality rates vary among communities, There-
fore, study units should be selected to minimize
variation due to factors other than air pollution. On
ihe other hand, study units must be selected to
conform with the available data. For mortality
studies, Standard Metropolitan Statistical Areas
3MSA's) and cities meet this condition but
present several difficulties. Investigators, recogniz-
ing that the study units differ with respect to
factors other than air pollution, attempt to adjust
for these differences by including socioeconomic
and demographic variables in their analysis. Nev-
ertheless, it is likely that the effects of variables
such as personal habits, occupational exposure, and
medical care cannot be fully quantified and elimi-
nated in this way. If any of these factors covaries
with air pollution levels, a spuriously large effect
will be attributed to air pollution.

The evidence in a multiple regression analysis
relating mortality to pollution can be expressed
through the coefficients of the pollutants and their
standard errors. Comparison of the results of
regression analyses from major studies relating
mortality rates to pollution levels across communi-
ties illustrates the problems that arise in inter-
preting these studies.

The four regression equations summarized in
Table 10 are taken from the work of Lave and
Seskin (48). TSP represents the average of 26
biweekly measurements of 24-hr TSP in each SMSA,
while 80, is the lowest gulfate determination from
these 26 observations. Regressions LS1 and LS2
were both obtained from the analysis of 1960
mortality data for 117 SMSA's. The two regression
equations differ only in that the second contains one
additional adjustment variable, home heating fuel.
Adding this variable reduces the coefficients of the
air pollutants by a factor of three and they are not
gignificant in LS2. Lave and Seskin argue that this
occurs because home heating fuels are a major
pollution source, home heating fuels and pollutants
are highly correlated. This contrast illustrates one
effect of collinearity on the regression coefficients.
Regression LS3 results from fitting the model from
regression LS1 to 1961 data. Mortality and pollu-
tion values were about the same in the two years,
and the coefficients are quite similar also. When the
same mode] is fitted to the 1969 data (regression
LS4), the estimated effects are larger even though
mean TSP level declined from 118 pg/m® to 96 ug/m®
and the average SO, level declined from 4,72 ng/m®
10 3.46 ug/m3. These comparisons show how sensi-
tive these multiple regression analyses are to

variable selection, and also raise questions of con-
sistency.

Table 10, Coefficients of TSP and SO, in four regrestions reported by Lave and Seskin.*

Coefficient (SE)
Regression Source TSP 80, Other varisbies®
LS1 Data from 117 U.8. SMSA's in 1960 0.452 (0.169) 6.31 (2.38) D.ARILP
L2 Data from 117 U.S. SMSA's in 1960 0.171 (0.158) 1.84 (2.16) D, A.R. I, P, HRF
LS3 Data from 117 U.S. SM8A's in 1961 0.516 (0.178) 4.5 (249 D.ARLP
LS4 Data from 117 U.S. SMSA's in 1908 0.818 (0.241) 1.74 (3.67 D.ARLP
*Data of Lave and Seskin (48).
S\mbols usad in this column are defined in Table 12.
Table 11. CoefMcients of TRP and SO, in regressions analysis by Liplert and Crocker et al.
Coafficient
Fegression  Source TSP 80, Other varisbles*
L1 Data from 60 U.S. SMSA's in 1909° 0.73 6.4 D, AR, I
L2 Data from 80 U.S. cities in 1 0.78 82 D.A.RI
L3 Data from 136 U.S, cities in 1969° 1.00 20 AR LLH,B
14 Data from 181 U.S. cities in 1 0.72 -4.3 AR 1LHBClgD
Ci Data from 60 U.S. cities in 1960° 0.11 -0.914 :D.IAI .DL;. CH, C, CT,

*Symbols used in this column are defined in Table 12.
"Data of Lipfert (49, 30).

‘Data of Crocker ot al. (52).

‘Coefficient of S0y

October 1981
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Results of four regression analyses reported by
Lipfert (49, 50) are shown in Table 11. The first
(L1) is based on analysis of 1969 mortality data
from 60 U.S. SMSA's, using 8 model much like
regression LS4 in Table 10. Very similar coefficients
are obtained. The first two models in Table 11 differ
only in that the first uses mortality data from 60
SMSA's while the second uses mortality data from
60 U.S. cities. The coefficient of SO, is larger in the
second regression using smaller geographic areas.
Model L3 differs from L2 in that more cities are
included and age of housing and birth rate are
added as independent variables, while cigarette
consumption is added in L4. Though the coefficient
of TSP changes very little, the coefficient of SO, is
negative in these regressions.

The final regression in Table 11 is taken from an
analysis of 60 U.S. cities in 1970 by Crocker et al.
(51). In addition to variables used by other investi-
gators, this model includes variables for climate,
education, availability of medical care and nutritional
habits. Although Crocker uses S0, and not SO, as a
pollution variable, neither pollutant contributes
significantly to the regression. Crocker et al. report
a correlation between SO, and SO, of 0.74.

The association between air pollutant concentra-
tion and mortality rates in different analyses can be
summarized by the elasticity. An elasticity is a
dimensionless number that represents the expected
percent change in the dependent variable, mortali-
ty, associated with a 100% increase from the mean
value in each of the pollutant variables in the
regression, Elasticity is computed by multiplying
each air pollutant regression coefficient by the

Table 12. Definitions of other independent variables used in
multiple regressions in Tables 10 and 11,

Variable Definition

below $3000/year
Log arithm of SMSA population
Percentage of homes using each of several
home hesting fuels
Percentages of housing units built before 1980
gmhll' dl(ll)popuhuonry’ ear

0. ysicians per capita
lndinnp;m
Percentage of persons 25 or older with
high school diploma
Percentage of persons living in homes with
more than 1.5 persons per room
No. of cigarette packs purchased per eapita
No. of days with temperature below 0°C
Median age

i ﬁ'ﬁ oy 1 4~

E9a £ wEE

average value of that pollutant in the data set,
adding these quantities for all pollutants, and
dividing by the average mortality over study units,
So long as the set of pollution variables chosen
contains variables capturing the total association
between all air pollutants and mortality. the elastic.
ity will be relatively insensitive to the choice of a
subset of these highly collinear pollutant variables,
Thus, the elasticities can be viewed, at least
approximately, as measuring the total mortality
effect of all pollutants included.

Table 13 gives elasticities for the nine regression
analyses summarized in Tables 10 and 11. Regres-
sions LS1, LS3, and LS4 were the simplest models
used by Lave and Seskin and had the largest
elasticity. In regressions using more variables,
such as home heating fuel in regression LS2,
smaller elasticities were obtained. (When occupa-
tion was added to the model for regression LSI,
elasticity declined to 0.05). Regressions L1 and L2
included population density, percentage above 65,
percentage nonwhite and percentage with income
below $3,000 as independent variables. When birth
rate and age of homes were added (1.3) or cigarette
smoking (L4), elasticity declined to 0.06 and 0.04,
respectively. The effect of cigarette smoking should
especially be noted. Finally, in the analysis by
Crocker et al. (51) using several other added
independent variables (C1), the elasticity was nearly
zero. These varisbles included measures of medical
care, diet, climate and cigarette consumption and
could easily be defended as critically important in
any analysis controlling for other factors expected
to influence mortality.

Though it has sometimes been argued that smok-
ing is not associated with air pollution concentrs-
tion, Crocker et al. report & correlation of 0.23
between cigarette consumption and sulfur dioxide
in the 60 cities in their study. Certainly the two
variables are not causally related, but both may
reflect other characteristics of the population.

Schwing and McDonald (52) report on a study of

Table 13. Elasticities for air pollutants in nine regression

analyses of mortality.
Regresaion Elasticity

) 0.09
Ls2 0.
L83 0.0¢
LS4 0.12

L1 0.10

12 0.09

L3 0.

L4 0.04

Ci 0.004
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wed with cigarette smoking at these ages. Because
“ution concentrations in 1962 were presumably
1 lower than those in earlier years, the concen-
)ns cited probably understate the exposure of
. participants. We note that exposure during
shood to air pollution concentrations in excess
5130 wg/m® (BS) and 130 ug/m?(SO,) resuited in no
significant increase in respiratory illness by adult-
hood compared to those exposed to lower air pollu-
non concentrations.

Lambert and Reid (61) mailed self-administered
questionnaires to 18,379 men and women in Britain
10 assess the relationship of smoking and air pollu-
tion to bronchitis symptoms. The reply rate was
1% from the 35-69 year-old age group studied.
From the 9,975 replies analyzed, the authors con-
clude that the prevalence of respiratory symptoms
mereased with pollution levels independently of
cigarette smoking. Air pollution was found to have
a greater effect on the symptoms of smokers than
nonsmokers, in terms of the absolute difference in
symptom prevalence rates.

The exposure levels in this study are approxi-
mate. since only 30% of the population surveyed
was covered by actual air pollution measurements.
The jollutants measured, BS and 80,, were taken
from 1965 data of the British National Air Pollution
Survey. The balance of the population was assigned
to exposure categories based on the Douglas-
Waller (58) index which was developed from 1952
domestie eoal consumption. A comparison of symp-
tom-nrevalence ratios from measurements of BS,
$0,. and index values shows similar ratios and
simi'ar gradients for symptoms with increasing pol-
luticn. The lack of complete air pollution data adds
uncurtainty to the exposure estimates, but in those
arezs where BS and SO; measurements were avail-

able, increased prevalence of symptoms was found
in association with BS and S0, levels between 100
and 150 ug‘m? as an annual average,

Polish Studies. A study of two areas of con-
trasting air quality in Cracow, Poland, was con-
ducted by Sawicki. The study began with a cross
sectional survey in 1968 and continued with a pro-
spective study until 1973 (62). Annual average par-
ticulate values in 1968 were 90 and 170 ug/m°. In
1968, chronic bronchitis prevalence was greater in
the more polluted area for men, but not for women.
The difference was statistically significant for men
who were nonsmokers or present smokers. These
data are given in Table 16. Asthmatic disease prev-
alence was also greater among smokers living in the
more polluted area and FEV, as a percentage of
FVC was lower for most age-sex-smoking-history
groups.

Between 1968 and 1973, the annual mean concen-
tration of SO, and BS declined slightly for Cracow
az a whole but increased slightly at the sites close to
the homes of most study participants. In 1973,
respiratory disease was again more prevalent among
those living in the areas of high pollution for many,
but not all of the age, race, and sex groups studied.
Mean FEV, level was not significantly different in
the two areas. The prevalence of obstructive dis-
ease was higher in the more polluted area only for
present smokers. The authors concluded that smok-
ing and, to a lesser extent, occupational exposure
and age had the greatest effect on respiratory
illness prevalence, while air pollution at the place of
residence was listed as one of several factors having
a smaller effect on respiratory illness.

Rudnik et al. (63) reported extensively on the
early phase (1970-1976) of a long-term study of the
factors which influence development of childhood

Table 16. Prevalence of chronic bronchitis by sex and smoking status in 1968.*

: ____Low pollution ares

Hi; Hlution area

Men Women Men Women
Smoking status N® P SE* N P SE N ) 4 SE N P SE
Total k- 11* 1.7 s 4 1.0 %2 19* 24 398 5 1.1
Non:mokers 5 4 26 206 2 0.9 58 7 34 264 3 1.0
Ex-:mokers 4 4 29 18 11 T4 L) 5 34 u 6 4.1
Pre:ent smokers b4 14 23 ™ 10 3.4 184 ol 3.5 98 10 3.0
Perind of smoking
1-10 years 58 ] 29 41 7 4.0 2 7 3.9 2 5 3.4
11-20 years » L 3.0 21 14 76 a8 - ol 7.4 18 6 5.6
> 21 years ™ -} 5.2 16 13 84 - » 5.2 a8 18 6.2
*Data of Sawickd (62).
tNumber of persons studied.
“Prevalence of chronic bronchitia,
“Standard error of the observed rate.
‘Rates which are significantly different at the 0.05 level.
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prevalence and on potentially confounding factors
such as cigarette smoking and occupation. Never-
theless, when only a few observations have been
made at different air pollution levels, it is difficult
to construct generalizable quantitative dose-regponse
relationships.

The major studies suggesting morbidity effects
of exposure to elevated concentrations of particu-
late matter and/or sulfur oxides have been reported
from three countries; Great Britain, Poland and the
Unites States.

British Studies. Lunn et al. (56, 57) studied
schoolchildren living in four areas of Sheffield, En-
gland with different air pollution concentrations.
These concentrations are shown in Table 14 for the
two winters studied. Questionnaires were answered
by parents and the investigators found substan-
tially higher prevalence of symptoms of respiratory
disease in the three more polluted areas than in the
less polluted area (Table 15). These children were
followed up in 1967-69 when they were nine years
old (57). Az a result of the institution of smoke
control, smoke levels were reduced to about half
their former levels. When children from the three
dirtier areas werg pooled and compared to children
from the clean area in the second study, there were
no differences in symptom prevalence rates. Pollu.
tion concentrations in the later period were 48

pg/m? (BS) and 123 ug/m® (SO,) in the clean area
and averaged about 140 pg/m® (BS) and 200 pg/m?
(80) in the dirty areas.

Douglas and Waller (58) reported on a study of a
sample of children born during one week in March
1946. Air pollution was assessed by creating an
index based on coal consumption. The authors cre-
ated four pollution categories, and found that the
prevalence of lower respiratory disease, but not
upper respiratory disease increased with increasing
pollution when the children were studied at ages 6,
7, 11 and 15.

Comparison of the index to measured BS and S0,
concentrations in 1962 established a gradient of
mean annual poilutant concentrations across the
four pollution categories. The lowest pollutant con-
centrations in 1962 among the categories with in-
creased morbidity were 130 ug/m® (BS) and 130
pg/m® (S0y). Colley et al. (59) followed this cohort
at age 20, and Kiernan et al. (60) followed it again at
age 25. Neither investigation found an association
of respiratory disease symptom with previous air
pollution exposure, although at age 20 the preva-
lence of respiratory symptoms was slightly higher
among those who had lived in high pollution areas
(11.5%) than among those from low pollution areas
(10.2%), and a similar relationship was found at age
25. Respiratory symptom prevalence was associ-

Table 14. Air pollution concentrations in communities studied by Lunn et al.*

Concentration (24-hr average). ug/m®

Greenhill Longley Park Attercliffe
Winter Winter Winter Winter
1964 1965-66 1964 1965-68 1964 19685-66 1964 1965-66
BS " (70-78) 230 in 262 220 301 249
80, 123 (108-134) 181 194 219 AUl 275 301
“Data of Lunn et al (56).
Table 15. Symptoms by ares in the study of Lunn ot al.*
Greenhill : Longley Park Attercliffe
Symptom N* P SEY N P SE N P SE N P SE
Naasal discharge 408 6.4 1.2 192 5.2 1.6 180 15.4 3.2 a2 14.6 3.9
» 3 colds 413 4.4 23 194 43.8 34 130 48.5 4.4 46.3 5.5
Eardrum finding 381 9.4 1.5 ‘178 10.7 28 125 4.4 3.1 75 17.2 44
Frequent cough 41 29 21 194 3.1 34 120 3.8 4.2 a2 50.0 5.5
Cold going to chest 412 .7 24 194 428 38 130 40.0 4.3 82 53.7 6.5
23.0 43 192 36.0 5.8 127 35.0 71 30.0 9.2

Lower respirstory 418
ind

"Data of Lunn et &, (36).
number of responses obtained.
“The percentage of positive responses.
%The estimated standard error of the observed percentage.
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4 SMSA's (1959-61) in which 28 explanatory vari-
sbles are used, including climate, socioeconomic,
wcupational and smoking variables and eight air
pollutants. This study differs from those summa-
nzed in Tables 10 and 11 in that the investigators
neluded all 23 variables in their models, To counter
severe collinearity, the authors used two methods
of analvsis, ridge regression and constrained least
squares, rather than ordinary least squares. (The
previously reported studies all used ordinary least
squares.)

Ridge regression is a numerical method for stabi-
lizing estimates of regression coefficients from a
data set that has collinear explanatory variables.
While the method does achieve stability, it does so
by selecting an arbitrary constant that has the
effect of shrinking each estimated coefficient to-
ward zero. Though ridge regression leads to smaller
#andard errors for the estimated coefficients, these
coefficients are no longer interpretable as partial
regression coefficients, that is, measures of the

. effects of changes in a single variable while the

other \ariables are held fixed. As emphasized
throughout this presentation, collinear data sets
are furilamentally insufficient to allow assignment
of moriality effects to individual members of a
group of collinear explanatory Variables.

Schv ing and McDonald also use constrained least
squares, constraining the air pollution coefficients
to positive values, This may be unreasonable when
eight au' pollutants are studied simultaneously. Thur-
ston et al. (34) report that respirable sulfate as a
fraction of total suifate is not constant over differ-
ent lesvels of air quality. They note that in “dirty”
cities the fraction 18 0.6 to 0.7 while in “clean” cities
the fruction is 0.8 to 0.9. Thus, if the respirable
sulfate affects mortality, an indicator of overall air
quality such as TSP could take a negative signm,
when both TSP and respirable sulfates are included
in the model, to account for the difference in the
respirable sulfate fraction between cities.

Schwing and McDonald report an elasticity of
0.22 from ridge regression and an elasticity of 0.045
from constrained least squares. These values are
still an order of magmitude larger than that re-
porte:l by Crocker et al. (0.004).

This discussion has been provided to illustrate
the limitations of multiple regression analyses of
vital statistics data, using explanatory variables
defined by data availability rather than intrinsic
interest, and complicated by severe collinearity of
poilu:ant and other explanatory variables. The model
can only be approximately correct, the surrogate
explunatory variables can never lead to an ade-
quate adjusted analysis, and it is impossible to
separate associations of mortality rate with pollu-

October 1981

tant and confounding variables. This group of stud-
ies, in our opinion, provides no reliable evidence for
assessing the heaith effects of sulfur dioxide and
particulate matter.

Morbidity Effects of Chronic Exposure
to Sulfur Oxides and Particulate
Matter ‘

This section focuses on those studies that provide
the air pollution and health-status data necessary to
assess the morbidit;’ effects of chronic exposure to
sulfur oxides or particulates. These studies most
commonly represent the cumulative exposure to air
pollutants as an arithmetic average concentration
of sulfur compounds and particulates during an
interval including the study period. Since chronic
exposure may refer to the lifetime of an individual,
this measure of exposure may be misleading when
pollution eoncentrations have changed substantially
during the years preceding the study. Morbidity
outcomes are generally limited to respiratory symp-
toms and measured lung function. Respiratory symp-
toms are most commonly assessed with self. or
interviewer-administered questionnaires. The stan-
dard questionnaire developed by the British Medi-
cal Research Council (54) has been used typically,
with modifications or additions. (A standard ques-
tionnaire has recently been developed under the
joint sponsarship of the American Thoracic Society
and the Division of Lung Diseases, National Heart,
Lung and Blood Institute, and is recommended for
all U.S. population studies (55).] Lung function is
generally measured by spirometry from which both
forced expiratory volume and flow rates can be
determined. Relationships between air pollution
and nonrespiratory or systemic morbidity are usu-
ally not explored.

Most of the studies reviewed are cross-sectional
investigations of morbidity prevalence. Many of the
difficulties of inferring a cause-effect relationship
between air pollution and health outcome in such
studies have been discussed above. Typically, a few
cities or areas with different air pollution concen-
trations are compared. The study populations are
either matched on, or analyses standardized for,
differences in variables such as age distribution,
race, socioeconomic characteristics, occupational cate-
gories, and smoking habits. Often only two cities or
sreas with contrasting air quality are compared.
Rarely are more than half a dozen areas compared.
The effect of limited observations at differing air
pollution levels is partially mitigated by the ability
to gather extensive information on outcome vari-
ables such as ventilatory function and symptom

2635
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chronic nonspecific respiratory disease (CNSRD).
The authors discussed an early pilot study that was
used to test and develop the design and instru-
ments for the main study. The main study, sched-
uled for completion in 1982, compares 3805 eight to
ten year olds, on respiratory symptoms, illness,
and lung function (PEFR), in the Polish communi-
ties of Cracow (two areas), Nowy Targ, and
Limanowa, The arithmetic mean air pollution val-
ues for each of two years in these communities are
shown in Table 17. The authors provide detailed
information on the distribution and seasonal pat-
tern of the air pollution observations.

Most of the symptoms analyzed and past respira-
tory iliness were less prevalent in the cleaner com-
munities of Nowy Targ and Limanowa than in the
two areas in Cracow. There was some indication
that symptom rates were lower in the cleanest city
of Limanowa than in Nowy Targ. Peak expiratory
flow rate (PEFR) was lower in Cracow. In fact,
PEFR of children without symptoms in Cracow
was lower than in symptom-positive children in the
cleaner areas. The authors concluded that living in
the more polluted community had a deleterious
effect on respiratdry symptoms, iliness, and lung
function. The effect of living in Cracow was greater
than the other social, economic and environmental
factors investigated by the authors. Unfortunately,
PEFR as measured with Wright peak flow meters
is subject to considerable variation due to variabil-
ity between machines. It is not clear from these
reports how this phenomenon was controlled.

U.S. Studies. A series of studies conducted in a
New Hampshire pulp mill town, beginning in 1961,

Table 17. Two-yenr mean air pollution values.*

represent some of the earliest work on the health
effects of chronic exposure to sulfur oxides and
particulates in this country. In the initial study,
Ferris and his colleagues (64, 65) compared symp-
tom prevalence and lung function in three aress
with different pollution levels within Berlin, New
Hampshire and found no associations after control
for cigarette smoking. In a subsequent study (66),
random survey was carried out in the relatively
elean city of Chilliwack, British Columbia. Though
the pollution levels were considerably lower than
those in Berlin, the prevalence of chronie respira-
tory disease was not significantly different in the
two towns after adjustment for age and smoking
habits.

The average values of FEV, and peak expiratory
flow rate (PEFR) were higher in Chilliwack thanin
Berlin for 30 of 32 subgroups defined by sex and
smoking history after controlling for age and height,
The authors suggested that differences in ethnicity,
weather, medical facilities and other factors may
have confounded the examination of the effect of air
pollution.

The Berlin, New Hampshire population was fol-
lowed up in 1967 and again in 1973 (67-69). During
the period between 1961 and 1967, all measured
indicators of air pollution fell. In the 1973 follow-up,
sulfation rates nearly doubled from the 1967 level
(0.469 to 0.901 mg SO0,/100 cm%day) while TSP
values fell from 131 to 80 wg/m® (Table 18). Concen-
trations of S0, were estimated by assuming that all
atmospheric sulfur was in the form of SO,. Foral
three periods, concentrations of SO, at these sites
:::: below the present annual ambient air stan
During the 1961 to 1967 period, standardized
respiratory symptom rates decreased and there

S0, ugm’ BS, ugm® was an indication that lung function also improved.
1974 1978 1974 1975 Thus, the higher pollution concentrations seen in
1961 were judged to be associated with increased
Cracow-1 14 l08.1 169.7 160.9 incidence of respiratory symptoms and impairment
g"“"‘;’ 1%.: 1:: 22;.'3 zs'r‘.g of lung function. Between 1967 and 1973, age-sex
Limonows as 6“3 534 92 standardized respiratory symptom rates and age-
: ) sex-height standardized pulmonary function levels
"Data of Rudnick et al. (81). were unchanged. The authors concluded that either
Table 18. Pollution levels, Berlin, New Hampshire, during three study periods.
Sulfation Sulfauon
Total dustfall, TSP, (lead peroxide), converted to
Year (s) gm0 days ugm® mg 50,100 cm¥/day $0;, wgm®
1961 18.4 0.781 55
196667 14.3 -181 0.469 7
1973 - 0.801 66

J—

*Assuming all sulfur in the form of SOy.
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the change in air pollution concentration during the
latter period was not associated with a change in
respiratory heaith or that the study was too small
to detect an effect. The comparison of health status
between 1961 and 1967 suggests morbidity effects
at 180 pg/m® (TSP) and 55 ug/m® (SOp). These
effects could represent a combination of transient
(acute) and irreversible (chronic) effects of air pol-
lution exposure. The TSP value of 180 ug/m® was
based on sampling during the summer months and
probably underestimated the annual average con-
centration. The comparison of 1967 to 1973 is unin-
formative because of offsetting changes in pollution
concentrations, although S0, concentrations were
below present ambient standards in both periods.

Mostardi and Leonard (70) compared the results
of pulmonary function testing in 42 high school
students from an urban area with pollution concen-
trations of 100 pg/m? (SO;) and 109 pg/m® (TSP) and
50 students from a rural area with pollution concen-
trations of 72 ug/m® (SO;) and 83 pg/m® (TSP)
(maximum annual average over five years). This
study was flawed by failure to consider smoking
effects.

Subsequently, Mostardi and Martell (71) reported
on 173 and 161 students respectively from the same
urba: and rural areas. They tested FVC and FEV x4
on subjects residing for 4 years or more in the
area~. The groups were analyzed separately by sex
and nonsmoking males were separately considered.
The two groups had similar anthropometric charac-
teriszics. Approximately 20% lower values of FEV,
and 10% lower values of FVC were reported in the
more polluted area for the total group, for males,
females, and for non-smoking males. While a higher
proportion of smokers was found in the urban area
(12% vs. 6% in the rural area) the authors claim this
did not influence their results. They did not men-
tion race in this study. In the first report (70) the
authors found that the lung function differences
persizted after exclusion of the three black students
in the urban area.

The observed differences of 20% for FEV, 15 and
10% for FVC in two communities with relatively
smal} differences in ambient concentrations of S0,
and TSP are striking. Other studies discussed here
suggest that air pollution at these levels would not
have this large an impact on lung function. This
implies that other community differences such as
racial composition or socioeconomic status may have
contributed to the intercommunity differences. The
observed differences cannot be reliably attributed
to differences in air pollution concentrations.

The remainder of the evidence for health effects
of sulfur oxides and particulate matter comes from
the Community Health and Environment Surveil-

October 1981

lance System (CHESS) program, sponsored by the
Environmental Protection Agency during the late
1960's and early 1970’'s. Much of this work was
published in a monograph (72) and subsequently
summarized in three brief papers (73-75). These
studies have been severely criticized. The most
important criticism is that methodology and quality
control for aerometric measurements was seriously
flawed. In particular, spills of reagent and other
errors in handling measuring equipment led to un-
derreporting of S0, values by 50 to 100%, while
smaller biases were identified in the procedures for
particulate measurement, resuiting in underreport-
ing by an estimated 10 to 30%. A number of other
problems of study design, participant follow-up and
data quality control were detected, raising doubts
about the accuracy and proper interpretation of
reported results. Ultimately, the CHESS studies
were the subject of a special Congressional hearing
(76) and an investigation by an expert panel con-
vened by a Committee of the U.S. House of Repre-
sentatives (77). The principal criticism of the CHESS
report arising from this review was that the data
had been overinterpreted in the CHESS monograph.

As we have indicated, observational studies of
the health effects of air pollution are particularly
difficult to conduct because individual exposure is
poorly measured and populations may not be com-
parable in ways related to respiratory health. In
view of the special problems oceurring in the stud-
jes published in the CHESS monograph and the
failure of subsequent publications to meet these
criticisms, we believe that these studies cannot be
used to assess the exposure response relationship
between sulfur oxide and particulate concentrations
and morbidity. This decision substantially reduces
the evidence for morbidity effects of chronic expo-
sure to particulates and SO, at levels near present
air quality standards, in that most of these studies
reported health effects in association with pollutant
concentrations near these standards. A more ex-
tensive discuasion of this controversy can be found
in the above cited congressional reports and a re-
cent review article (78).

Two studies which were part of the CHESS
program were published separately (79, 80). Infor-
mation in these articles addresses some of the criti-
cisms of the CHESS program. Hammer et al. (79)
surveyed children in four metropolitan New York
communities chosen for socioceconomic similarity.

Some of the aerometric data used in Hammer’s
analysis are shown in Table 19, The TSP values for
1968-70 were obtained by extrapolating from the
TSP values at the Manhattan station using dustfall
values in each borough and the ratio of dustfall to
TSP at the Manhattan station. Values of SO, in
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Table 19. Approximate sir pollution concentrations.*

Air pollution concentration. ug‘m

Pollutant 1968-1970 1971 1972

50; Riverhead N/A® 23 2
Queens 178 51 50
Bronx 250 51 k]

TSP Riverhead N/A® M4 3%
Queens 85 63 89
Bronx 110 % 60

SData of Hammer et al. (79).

bNot svailable.

Queens and Bronx were obtained from stations in
the boroughs. Data for Riverhead were provided
by Suffolk County (New York). The fourth commu-
nity, Sheepshead, was geographically contiguous to
the area studied in Queens, and was assumed to
have similar pollution values. All data for 1971 and
1972 were obtained from the CHESS monitoring
network. Although Riverhead unquestionably had
substantially less air pollution than the other three
communities, Both historically and during the study,
the values cited can be regarded only as approxima-
tions to the ambient concentrations in the study
communities. Questions on respiratory disease were
answered retrospectively by parents. Significant
differences were found in rates of lower respiratory
disease in the low pollution community compared to
the three high pollution communities for all ages
from 1 to 12, Sex and education of head of house-
hold were considered in the analysis. Although
smoking may have been a factor in older children,
this study suggests morbidity effects at pollution
concentrations of about 175 pg/m® (SO;) and 83
ug/m? (TSP), using the average of the annual expo-
sures over the years 1968 to 1970.

Interpretation of this study is complicated by a
10-fold decline in SO, and 3-fold decline in TSP over
the 12 year period and by the lack of direct local
measurement of air pollution concentration. More
detailed information might improve exposure esti-
mation for each child by age and period of exposure.

Hammer (50) also conducted a retrospective study,
using parent-answered questionnaires covering four
years recall of acute lower respiratory disease in
10,000 children aged 1 to 12 years. The two com-
munities chosen for comparison differed in particu-
late air pollution concentration but had low 50,
concentrations (Table 20).

The values for 1968-1970 cited in Table 20 were
obtained by fitting trend lines to a few data points.
As with the New York study, we can be confident
that the cleaner community (Charlotte) had lower
TSP concentrations, while in this study both com-

270

munities had very low SO, concentrations. Howev.
er, the TSP concentrations cited are approximate.

Hammer found that lower respiratory disease
morbidity was less prevalent for children in the
cleaner community (Table 21). A separate analysis
of children with bronchial asthma produced more
equivocal findings.

Among asthmatics, morbidity rates in the more
polluted community were greater for only about
half of the comparisons made, In the case of asth.
matic blacks, bronchitis rates were greater in the
cleaner community. On the whole, this study showed
an association between TSP concentration and mor-
bidity level,

Among the remaining studies in the CHESS
program, the study of chronic respiratory disease
prevalence in the Salt Lake Basin (87) is deserving
of further attention. Although large and statisti-
cally significant differences were found in disease
prevalence between communities with high and low
levels of SO, and sulfates, these pollutants were
among those found to be especially inaccurately
measured by the CHESS aerometric network, and
Utah State Aerometric was incomplete for the rel-
evant years. Nevertheless, the health data have
not been convincingly criticized, and an air pollu-
tion gradient was recognized to exist across the
study communities, despite problems of precise
measurement. Further work with these data may
increase the acceptance of this study.

At the August 1980 meeting of the Clean Air
Scientific Advisory Committee, EPA officials re-
ported that unacceptably high data entry errar
rates had heen detected in some CHESS data sets,
and that data sets for the major CHESS studies
would be reentered and reanalyzed to establish the
validity of earlier results reported from the CHESS
program. Unfortunately, this report further weak-
ens the credibility of CHESS resuits. Although we
cite results from two CHESS studies, continued
use of these findings is contingent upon successful
validation of the data sets by the staff of the EPA.

The studies that have been reviewed in this
section provide the observational evidence for mor-

Tabie 20. Approximate sir pollution values for Birmingham
and Chariotte, 1988.71 average.*

Air polluticn values. g

Pollutant City 1968-70 19M
TSP  Charlotte <25 <2
Birmingham <25 <25
S0; Chariotte 81 !
Birmingham 141 133
SData of Hammer (80).
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Table 21. Age-adjusted rates (%) of ane or more episodes of lower respiratory disease, by race and sge interval.*

Any lower respiratory Disease % Bronchitis, %
Race Age, yT Charlotte Birmingham Charlotte Birmingham
Whute 1-4 35.0 38.9 3.1 27.7
5-8 2.9 36.3 20.4 26,2
812 2.0 26,4 14.9 18.6
Black 14 27.8 24.0 13.7 10.6
58 16.4 20.6 7.8 7.9
%12 12.7 15.9 6.3 6.9

Dats of Hammer (30).

bidity effects of chronic exposure to SO, and partic-
ulate matter. In the next section, we summarize
and interpret all of the evidence for health effects of
acute and chronic exposure.

Summary and Conclusions

Individual studies providing evidence on the as-
sociation between health effects and the ambient
concentration of sulfur oxides and particulate mat-
ter have been described in preceding pages. This
section is devoted to a summary of that evidence in
an effort to present a perspective on using the
available data to establish concentrations for both
acute and chronic exposure associated with increased
morbidity or mortality. The analysis in this section
haz been influenced by the many thoughtful re-
views published in recent years (78, 82-89).

For the purposes of this discussion, acute expo-
sure is measured by the 24-hr average concentra-
tien of each pollutant. Current National Ambient
Air Quality Standards for maximum 24-hr average
concentration are 260 ug/m® for TSP and 365 ug/m®
for 80,. Exposures over shorter periods may be
important, perhaps as measured by the peak hourly
concentration in each 24-hr period. Exposures cal-
culated from different short term averaging periods
are highly correlated in most situations,

The choice of method for measuring chronic ex-
posure is less straightforward, and can have a
significant influence on the determination of con-
centrations associated with health effects. Most
studies reported arithmetic average concentrations
of each pollutant over some sampling period includ-
ing the study period. Although the sampling period
did not cover an entire year in every instance, we
express the values reported in the various studies
as an annua) mean concentration. Current National
Ambient Air Quality Standards for annual mesn
coucentration are 75 pg/m?® for TSP (computed as
the §eometric mean of 24-hr samples) and 80
ug'm® for SO, (arithmetic mean). Since arithmetic
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means were used almost exclusively for reporting
particulate and sulfur oxide concentrations in the
studies of chronic exposure, these values have been
used in summarizing the evidence. Differences be-
tween geometric and arithmetic means are usually
unimportant compared to other sources of uncer-
tainty in measuring exposure.

Many of the studies cited failed to obtain concur-
rent aerometric data. When available, those data
were collected at one or a few sites distant from the
homes of study participants. The air monitoring
techniques were often primitive by current stan-
dards, with a resulting potential for substantial bias
or variability in measuring concentration. Even
when ambient concentrations gre optimally mea-
sured, the implications for individual expogure are
uncertain. Consequently, very great uncertainties
about the actual air pollution exposures of study
participants in most of the studies discussed weaken
analyses of the relationship between exposure and
health effect response.

For studies using Black Smoke (BS) to measure
particulate concentrations, the conversion to TSP
values is highly uncertain and depends upon condi-
tions in the study environment. We convert BS to
TSP values using the results of Commins and Wal-
ler (89). Since their study was conducted in London
between 1955 and 1963, the applicability to other
sites or times is unknown. Although we use their
conversion to unify the discussion, this introduces
additional uncertainty. For the one New York study
using Coeficient of Haze (CoHs), we use the con-
version developed in New York by Ingram and
((._‘-roécll’ojn (90). They equate 5 CoHs to 380 ug/m®

Some studies have reported sulfate concentra-
tions, and there has been considerable interest in
the fine particulate fraction (91). However, the
correlation between TSP concentrations and its
components has been consistently high in observa-
tional studies. Thus, these studies provide no basis
for separately assessing the health effects of differ-
ent fractions by size or chemistry of ambient par-

27

uce
057276




ticulate matter. Further understanding of the proper
measure of particulate concentration in terms of
health significance will come from advances in un-
derstanding of lung physiology and from exposure
studies with animals.

Assessing causal relationships from studies of
association is a familiar problem for epidemiolo-
gists, and the problem is especially difficult in air
pollution research. When exposures are near pres-
ent air quality standards, the heaith effects of air
pollution exposure are likely to be small. Many
other individual characteristics influence lung func-
tion and the risk of respiratory disease. Some of
these, like smoking, occupational differences, and
sociceconomie status, are well known but difficult
to measure, others like passive smoking have been
recognized only recently. The association of lung
function and respiratory disease with these charac-
teristics is often much greater than the likely ef-
fects of air pollution. The possibility in any observa-
tional study that these factors have been inadequately
controlled adds additional uncertainty to the inter-
pretation of the nonexperimental studies. Thus, the
determination of cancentrations associated with ad-
verse effects is tempered by recognition of these
potential nonsampling errors.

For all of these reasons, the epidemiologic data
base is extremely weak. In particular, it is insufficient
to distinguish between a threshold hypothesis, that
health effects are seen only above certain concen-
trations, and a monotonic exposure-response hy-
pothesis, that health effects increase (perhaps very
slightly) with air pollution concentration over a
very wide range. Although we favor the latter
hypothesis as more physiologically plausible, we
have chosen to interpret the evidence in terms of
concentrations at which health effects have been
detected. These values should not be interpreted as
threshold values. Finally, SO, and particulate con-
centrations were highly correlated in many of the
studies cited. Thus we cite concentrations jointly of
S0; and TSP at which health effects have been

detected, and then discuss the evidence for health
effects of the individual pollutants.

Health Effects of Acute Exposure to
SO, and Particulate Matter

The studies providing evidence for health effects
resulting from acute exposure to SO, and particu-
late matter are summarized in Table 22. The selec-
tion criteria excluded studies of SO, or TSP expo-
sures above 1000 ug/m® and the list is strikingly
short, The two mortality studies cited (from the
same group) found increased mortality associated
with TSP concentrations of 500-600 ug m? in con-
junction with SO, concentrations of 300-400 pgm®,
These studies summarize a relatively small body of
data from two winters in London. The individual
studies do not suggest a threshold phenomenon.
Although there is some suggestion of an association
at lower concentrations, the evidence is very scanty.
For all of the reasons discussed above, this inter-
pretation is subject to considerable uncertainty,
and this explains in part the divergent views ex-
pressed by different reviewers. Time series analy-
ses of daily mortality records over several years
have sometimes suggested small mortality effects
of air pollution concentrations at much lower con-
centrations, particularly in association with particu-
late concentration in the New York studies, but the
results have been highly dependent on model selec-
tion and are internally inconsistent.

Only two reports of associations between morbid-
ity and 24 hour average pollutant concentrations
are cited in Table 22, and one of these iz again the
study by Martin. Thus, the acceptable epidemiologic
evidence for health effects in association with acute
elevations of S0, or TSP concentrations below 1000
ug/m® consists of only two studies. Other reports,
including those of Cohen (38), Van der Lende (43),
and Glasser and Greenberg (27) are suggestive but
subject to numerous ambiguities related to meth.

Table 22. Summary of evidence for heaith effects of acute exposure to 30, and particulate matter.

Type of study Reference Effects observed

24-hr average pollutant levels
at which effects were detected,

pg'm?
TSP 50,

Mortality

Martin
and Bradley (19
Martin (20)

moving average

moving average

Morbidity Martin (20)
respiratory illness

Lawther et al. (34, 35)

Increases in daily total mortality above the 15-day

300

Increases in daily tota) mortality above the 15-day

100

Increases in hospital admissions for cardiac or

400

Worsening of heaith status among 195 bronchitics 300
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odology and interpretation. Although severe air
pollution episodes have frequently been associated
with excess mortality and morbidity, there is only a
small body of evidence to document such effects at
concentrations below 1000 ug/m3,

Health Effects Associated with Chronic
Exposure to SO, and Particulate
Matter

As noted above, the evidence for mortality ef-
fects of chronic exposure to SO, or particulate
matter is inconclusive. Though several studies have
found associations, the methodological uncertain-
ties are so great as to make these studies essen-
tially valueless for quantifying the exposure-response
relationship. The morbidity studies that have found
differences in levels of health effects in associstion
with differences in pollutant concentrations are sum-
marized in Table 23, and displayed in Figure 1. In
these studies, upper and lower respiratory symp-
toms, chronic bronchitis and reduced pulmonary
function were observed in association with TSP
concentrations in excess of about 180 wg/m®. In one
study, acute respiratory di was increased in
association with reported TSP concentration of 135
wg m? though these values were estimated from
relatively weak aerometric data. As with the stud-
ies of acute effects, most of these studies could be
interpreted as demonstrating that the prevalence
of adverse health effects increases monotonically
with exposure over the entire range of exposure
studied. These studies provide little evidence to
assess the health effects associated with elevated
80, concentrations along with moderate particulate
concentrations, Although Hammer (79) and the Sait
Lake Studies (72) did report such associations, the

problems with methodology and aerometric mea-
surement in those studies limit their value in this
assessment. Though exposure to these pollutants at
concentrations below those cited may imply some
increase in risks, it will be difficult to resolve this
question in an observational setting, because health
effects of pollutants at these concentrations are
likely to be small relative to effects of other factors
which vary over communities.
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Ficuae 1. Plot of studies in which increased levels of adverse
health effects were associated with chronic exposure to
higher concentrations of TSP and SO,. Studies are plotted at
the lowest concentrations at which increases were seen and
by the reference numbers in the bibliography. The dashed
lines correspond to the current National Ambient Air Quality
Standards for annual mean concentration.

Table 23. Summary of evidence for heaith effects of chronic exposure to SO; and particulate matter.

Annual average pollutant

Jevels at which effects

noted, ugm’
Tvpe of study Refersnes Effects obeerved TSP S0,
cross-sectional Lunn et al Incressed frequency of respiratory symptoms; 340 s
(four aress) (84, 57 decreased lung function in five-year-olds
Cross-sectional Lambert Incressed prevalence of respiratory symptoms 200 100
study scross Britain Reid (81)
C ross-sectional Sawicki (81} More chronie bronchitis, asthmatic disease in smokers; 270 128
(two areas) reduced FEV%
C ross-sectional Rudnik et al. Inereased history and symptoms of respiratory illness 285 126
(four aress) ()
1L ongitudinal and Ferris et al Higher rate of respiratory symptoms; and decreased 180 55
croas-sectional lung function
Cross-sectional Hammer (§0) Increasad frequency of acute lower respiratory disease 135 <25
(two areas)
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Summary

The studies summarized in Table 22 indicate that
increased mortality and morbidity are associated
with exposure to 24-hr average TSP concentrations
of 500-600 ug/m® and SO, concentrations of 300-400
pg/m® and a temporary decrease in lung function
has been associated with a TSP concentration of 250
pg/m® and a SO, concentration of 300 wg/m®. This
conclusion is based on only two independent stud-
ies. There is little evidence concerning health ef.
fects of short term exposure to only one of these
pollutants. Various studies not accepted in this
assessment have reported health effects at lower
pollutant concentrations, but we believe that the
evidence from these studies is inconclusive.

The studies summarized in Table 23 indicate that
increased morbidity is associated with chronie ex-
posure to TSP concentrations exceeding 180 ug/m®
(annual average). Though effects were found both
with and without parallel increases in SO, concen-
tration, there is no basis in these studies for evalu-
ating the effects of elevated SO, concentrations
without increased particulate pollution. Once again,
one cited study (80) and several studies not ac-
cepted for this assessment have reported health
effects at lower concentrations and with elevated
80, concentrations, particularly the studies in the
CHESS program. In our opinion, the evidence for
health effects at these lower concentrations is in-
conclusive, but should be the subject of continuing
investigation, Though we have focused on the evi-
dence from observational studies, the evidence from
animal studies and controlled studies of human
exposure must also be considered, particularly in
relation to the less severe effects of short-term high
exposures. These studies will also play an impor-
tant role in future efforts to link heaith effects with
chemical or size fractions of the SO,-TSP pollution
complex. Nonexperimental studies provide little
information on this issue because of the collinearity
of the components of interest. This will be espe-
cially important in studying fine particulates,

Although we have given single numbers as con-
centrations above which various health effects occur,
these numbers are based on very sparse data from
studies not designed to establish such values. Thus,
the numbers are subject to uncertainty which is
difficult to quantify.

In view of the limitations of studies based on
multivariate analysis of data obtained from sources
not oriented to air pollution research, future stud-
ies will be most informative if they involve thor-
ough and detailed investigation of well defined pop-
ulations.

Direct measurement and careful control of poten-

Mn

A

tial confounding factors will be especially impor-
tant, as will improved measurement of the air pol-
lution exposure of individuals. The need for such
research may grow as energy usage patterns shift
in response to limited availability of oil and natural

gas.

The public health significance of this question js
sufficient to justify the commitment of additional
resources to improving the data base on heaith
effects of sulfur oxides and particulate matter.

Many colleagues and associates have made helpful suggestions
and constructive eriticisms of earlier drafts of this paper. We
especially thank John Bachman, James Bieke. Lester Grant,
Emmanuel Landau, Michse! Liebowitz, David McKee and Her
bert Sechimmel.
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Mathematical Models of the Uptake of
Carbon Monoxide on Hemoglobin at
Low Carbon Monoxide Levels

by Robert Joumard,* Mireille Chiron,* Robert Vidon,*
Michel Maurin* and Jean-Marc Rouzioux!

Coburm's differential equation for the uptake of carbon monoxide by hemoglobin and two
particular types of solution of this equation were considered and the solutions verified for a group
of healthy adults consisting of 73 nonsmoking pedestrians or car passengers exposed to low levels
of carbon monoxide as experienced in the city of Lyon. The CO levels st the breathing level and
the walking speed of the subjects was continually measured, and the carboxyhemoglobin levels
determined at'the beginning and the end of each test journey. The values of all the other relevant
parameters were also determined. The half-life of carboxyhemogiobin was studied as a function
of the degree of activity, the age, the sex and the height of the subjects. Finally a mathematical
model was set up to represent s periodic uptake of CO which made it possible to estimate the
variations in the carboxyhemoglobin level for any subject during s period of a day or & week

without any need 10 know the initial level,

There is normally a very small concentration of
CO in the air as a result of natural phenomena, its
level being between 0.01 and 1 ppm. Measurements
carried out on the Isle of Sark (1), where motor
vehicle traffic is prohibited, confirmed that the CO
levels were always less than 1 ppm. Measurements
made in urban areas in various places in the world
over many years have resulted in a considerable
quantity of information on CO levels. The exact
location where the measurements are made is
important, since the highest concentrations are
found in the midst of a stream motor vehicles and
al:0 inside such vehicles, as confirmed by this
in\ estigation. Pedestrians walking along the side-
walks are exposed to a leaser concentration of CO
than are motorists. People who are obliged to
remain at certain critical locations such as toll

“Instityt de Recherche des Transports, Centre d'Evalustion
¢t de Recherche des Nuisances ot de 'Energie, BP 75, 69672
Bron Cédex, France.

*Faculté de Médecine Alexis Carrel, Laboratoire de Médecine
I}._.epk ot Toxicologie' Rue Guillaume Poradin, 68008 Lyon,

rance.
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booths, garages or in traffic jam in enclosed and
poorly ventilated streets are exposed to high CO
levels due to road traffic (2,8). In order to obtain
some idez of the conditions, a person moving within
a city will experience CO levels having an average
level for the hour in excess of 30 ppm (4). American
standards for permissible levels to which the public
may be exposed are in fact sometimes exceeded
(5,6).

Dangerous HbCO Level and
Particularly Vulnerable Subjects

The effect of carbon monoxide is to reduce
oxygenation of the tissues and this effect may be
experienced immediately or after a longer period of
time. Any increase above the endogenous level can
in theory be harmful for a person. having an
extreme requirement for oxygen, and who cannot
compensate a reduced supply of oxygen by physio-
logical means. Such subjects consist mainly of
people suffering from coronary atheromatic ischaemia
or from cerebrul vascular deficiencies. Also at risk
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here are people suffering from pernicious anaemia
or from respiratory deficiencies, patients recovering
from major surgery or premature babies. Aronow
and Isbell (7) refers to a “critical” carboxyhemoglobin
level of between 0.025 and 0.030 for angina pectoris
sufferers, such a level giving rise to an appreciable
reduction in the time elapsing before the onset
of a painful attack following a given physical ef-
fort. The World Health Organization (5) estimates
that the level for the population exposed to atmo-
spheric pollution should not exceed these limits. In
the case of our sample, the 0.025 level was exceeded
for 19 out of the 73 subjects (pedestrians or car
passengers) as a result of their displacement in the
city. However this level can in theory easily be
exceeded for subjects remaining in heavily poliuted
localities. The 0.025 carboxyhemoglobin level would
result from an exposure to a 13 ppm CO concentra-
tion for more than 24 hr.

Kinetics of the Uptake and
Elimination of Carbon Monoxide

Symbols and ufiits used are summarized in Table
1. We used SI units, but for CO concentration used
ppm because it is independent of the temperature,

Differential Equation

Coburn et al. (8) have proposed the following
differential equation (1) for carboxyhemogiobin level
as a function of time:

Vi MIOPe, (UDy + Py - Py,g/V,) dICOVAt +
[CO] = Pico MIOVPe, + Voo MIOsPey,
(WD, + Py= Pyy/Va) a

Numerical Values of the
Different Parameters

The values given below are statistical averages
for subjects in good health and very different
values can apply in individual cases, particularly in
the case of subjects suffering from certain diseases,
The value of M can vary from 185 to more than 250,
and we assumed a value of M = 250. (O;] was givena
value such that: [Os] + [CO] + [X] = 8.92 mmole/
liter of blood (200 ml1.) Py was assumed to have a
value of 99.8 kPa (745 mm Hg) for the town of
Lyon, which is at an altitude of 120 m above sea
level.

Pcoy and Pyy were assumed to have values of
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13.3 kPa (100 mm Hg) and 6.3 kPa (47.5 mm Hg),
respectively.

The value of P, is directly related to that of ¢
by the equation: Py = Py x 107°C. We also
assumed that y = HbCO = 17 [COYV[Hb), (or 1000
{COV1.316 [Hb], if (COJ and [Hb] are in mL100 m
and g/100 ml of blood, respectively), and similarly
that HbX = 17 [X}V[Hb]. The value of Dy is related
to the height and body surface of the subject and
the value decreases with age. A number of relation-
ships have been proposed, and the resulting caleu.
lated values may differ 20 to 30% for the same
subject. We used the following relationships (9):

For s man aged 18 or more:

Dy = 0.329H - 0.000135Y - 0.318
For 3 woman aged 18 or more:

Dy = 0.119H - 0.000087Y -~ 0.015
For a child:

Dy = 0.117A - 0.022

The value of V,, for adults depends on the sex of
the subject and we assumed values of ».13 and m/15
for male and female subjects, respectively. For
children we assurned values of 0.071m, 0.075m and
0.080m for 15, 10 and 1.6 year old subjects respec-
tively (10). .

The value of Vg for a standard male subject has
been given as 5.2 x 107% mmole/sec (0.007 mi/min)
(8). We assumed that the value varied with the
total hemoglobin level V,[Hb) (for a standard male
subject, Vy, = 5 liters and [Hb] = 155 g/L. blood), giving:

Voo = 5.2 x 104 V,[HbY5(155)

The degree of alveolar ventilagion is proportional
(11) to the oxygen consumption V, = 19.63V, and
this consumption depends in turn on the power
expended by the subject (12). Thus we have:

"’A = 438 x lO"’P

Power Expended

The power expended is the sum of the basal
metabolism, the muscular power and the specific
dynamic action of the foods: P = MB + PM + SDA.
The basal metabolism is proportional to the surface
ares of the body: MB = Ax,

Pandolf et al. (13) have established an equation
giving the rate of energy expenditure for a subject
when standing or when walking at different speeds
and when carrying or not carrying a load.

P(SDA = 0) = 1.5m + 2(m + m’) (m'imp +
em + m’) (1.5V% + 0.35aV)
Environmental Health Perspectives
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Table 1. Symbols and units used.

s_\-mbol Unit Definition

g m? Body surface area

ot Other form of the coefficient in Coburn’s equation

W) Other form of the coefficient 1 Coburn’s equation

C ppm Carbon monoxide concentration in air

€0} mmole/l. of blood CO level in blood

d A coefficient depending on the type of meal

D, mmole/sec/kPa Pulmonary CO diffusion capacity

¢ A coefficient depending on the condition of ground surface

fit) Function used for resolving Coburn's equation

" Function used for resolving Coburn's equation

H m Height of subject

{Hb) g of blood Hemoglobin level

HbCO fraction Carboxyhemoglobin level with respect to the total hemogiobin

HbO, fraction Oxyhemoglobin level with respect to the total hemoglobin

HbX fraction X hemoglobin level with respect to the total hemoglobin (e.g., nitrosylhemoglobin)

HEL fraction Limit endogeneous carboxyhemoglobin level with respect to the total haemoglobin

k fraction/ppm A conswant for carboxyhemoglobin level

K i Rate constant for carboxyhemoglobin formation

K fraction A m?fie;t employed in step-by-step calculation: carboxyhemogiobin and oxyhemogio-

vel

K fraction/sec Coefficient employed in step-by-step calculation: partial rate constant for CO uptake

K, fraction®/sec Coefficient employed in step-by-step calculation: partial rate constant for CO uptake

) kg Weight of subject

m kg Load carried by subject

'} Haldane's constant

MB w Basal metaboliam

(18] mmmale/l. of blood Oxygen level in the pulmonary capillaries

’, Fraction of the daily energy allowance for one meal

F w .8 Total power expended by the subject

Py kPa Barometric pressure

Pegy kPa Average partial CO pressure in the pulmonary capillaries

P‘°z kPa Average partial oxygen pressure in the pulmonary capillaries

P,to kPs Vapor pressure of water

P kPa Partial CO pressure in inspired air

P w Muscular power (expended)

sda w Instantaneous specific dynamic action per 1 kI of food ingested at last meal

SDA w Specific dynamic action of foods

v ms Walking speed

Vv mmole/sec Alveolar ventilation rate

v iters Blood volume

Veo mmole/sec Rate of endogeneous CO produetion

V°z mmole Volume of oXygen consumed

x, Uﬁ Heat, produetion to food/kg of body weight

z W Basal metabolism per unit body surface ares

X mmole/l. of blood Posaible gas level other than O, and CO in the pulmonary capillaries (e.g. nitric
derivatives)

Y years Age of subject . .

y fraction (= KbCO): proportion of carboxyhemoglobin with respect to total hemoglobin

) i periodic solution of Coburn’s equation

Yo fraction value of y at time &

- fraction measured value of HbCO

s fraction Final caleulated value of HbCO

VYam fraction Final measured value of HbCO

a per cent .

1) Kronecker symbol (1 = standing, 0 = other cases)

T e Time

7, e Half-life
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The validity of this equation has been verified for
young male subjects of average height and weight
(1.75 m, 78.2 kg). The equation gives the value of
the total power expended, including the basal
metabolism, but for a zero SDA value.

We also considered Scherrer’s findings (12); he
stated that the power expenditure amounts to 1.2
times the basal metabolism for a standing subject
and to 1.1 times the same basal metabolism when
the subject is sitting and at rest (and 0.9 times
when the subject is asleep). We made use of a
coefficient d to allow for these factors. Certain
authors have shown that a female or an overweight
subject expends less energy when at rest as a result
of 2 smaller proportion of muscular tisaye which
accounts for the difference in metabolism with
effort. The additional expenditure of energy as a
result of performing work PM is the same (14). If
we wigh to apply the above equation for a subject of
either zex then the first term (1.5m) in the expres-
sion must be a function of the sex. We accordingly
replaced the first termm by Adx, where z is a
function of both age and sex (15) and the second
term appears only for a stationary, standing sub-
ject. We then have:

P(SDA = 0) = Adxr + 28(m + m') (m''m)® +
e(m + m') (1.5V? + 0.35%aV) (1)

The SDA or additional postprandial heat is de-
fined as the increase in the rate of energy ex-
penditure resuiting from the ingestion of a meal,
the other conditions being basal. This specific
dynamic action varies with time and it rises to a
maximum value some 2 hr after the ingestion of a
meal (16). Furthermore it should be noted that the
SDA value depends on the type of food consumed
and it can be assumed, as a first approximation,
that it is a function of the energy value of the meal,
this latter being a function of the age and sex of the
subject. It is also proportional to the weight of the
individual and we can accordingly refer to w,, the
heat allowance per kilo of weight of the subject. We
therefore have:

SDA = mw, (Y, sex)p, sda

where ada is the SDA for 1 kJ of food and p, is the
fraction of the daily energy allowance for each
meal,

What is the relative importance of MB, PM and
SDA? m’l our mixed g;oﬂt;p t?f subjects made up
half of pedestrians and of car passengers we
had values of MB = 91, PM = 80and SDA = 23. On
considering a theoretical subject over a period of
one week we obtained average values of MB, PM

280

and SDA of 78, 13 and 17, respectively. Thus the
SDA is approximately 20. It represents nearly a
quarter of the basal metabolism to which we need
to add the muscular work rate which can be greater
than the basal metabolism. Thus the SDA is not
negligible.

Solving the Differential Equation

Three methods of solving Coburn's equation are
considered.

First Method: Step-by-Step Solution. Let y,
and y; be the carboxyhemoglobin levels at times ¢,
and t,, respectively; if ' remains unchanged from
time ¢; to time ¢; we can write:

i =n+ (tz"tl){xx-lxz/(Ko'-yz)] }
where

Ky = 17(8.92 - (X))

[Hb) ()

17

l-—_ b4

V,[Hb]
[ Pe, + MPy x 10°%C

M { (I/DL) + [(Pn - P /1'/‘] }

Vo)
10
@

17
g=(==)
{Hbj
[ (8.92 - (XDPe,,

MV, {QUD) + [(Py=PyJV,1 1 = @

The advantage of this method of solving the
equation in comparison with the other two methods
considered below is that no assumptions need to be
made. The disadvantage is that an error is intro-
duced, since no distinction is made between the
tangent to the curve and the curve jtself at each

t.
po.:i'nmud Method: Analytical Solution. If we
ignore [CO) (and [X] but it is not strictly necessary)
with regard to [0,], then the basic equation can be
put into the form of a linear first order differential
equation:

(k/K)dy/dt + y = kC + HEL )

This is also the form of equation proposed by
Chovin and Richalet (17) except for the inclusion of

Environmental Health Perspectives
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the HEL term, which was based on the results of
the experimental investigation by Hanks and
Farquhar (18). Peterson and Steward (19) have
verified it for constant concentrations (50 to 200
ppm) in industrial conditions on the whole.

If, in addition, C can be regarded as a linear
function of time (C = at + C,) then the analytical
solution to the equation becomes:

y = HEL + K{a [t~ (k/K) +
Ci} + {¥1 - k [e (k/K) - C)) - HEL} ¥

where
17 x 8.92MP, x 104

k =
Peg,[Hb]
X 17Py x 10
V,[Hb] [(1D,) + [(P, = Py, oV,]
17 x S.Wco
HEL =

Peo [Hb] [(UD,) + (P, - Py oi¥,]

The time constant k/K is then given by:

8.92M 1 P,-P
T = —-_Vb (_+_:_,._.“_’2—..)

Pe,, D, vV,

The constant k is such that the HbCO level follow-
ing an infinite time of exposure to a concentration C
will be kC + HEL. In particular, the value of X is a
function of the hemoglobin level and is independent
of the level of activity, The value of the factor K,
wnich defines the rate of uptake of CO by the
hemoglobin, increases with the de of alveolar
ventilation and hence with physical activity. Stan-
dzrd values of k and K are listed in Table 3 below.
Tle limit endogeneous obin level HEL
al:o increases with the amount of physical activity,
but the level remains very low (= 0.002).

This analytical method of solving the equation
erables us to determine any HbCO level, if the
intial level is known, provided the variation of C is
linear and K remains constant during the interval
concerned, which are not unreasonsble assumptions.

Third Method: Periodic Solution. The two
mothods of solving the differential equation described
above depend on a knowledge of the initial HbCO

October 1981

level. This well-established disadvantage can dis-
appear if we ignore (COJ with regard to [0,] and if
the parameters K, C and HEL are periodic func-
tions of time (k being constant for a given subject).
It is possible to find a periodic solution by using
some analytical properties. For convenience, we
use a more mathematical language in this section. If
we rewrite the equation

dy/dt + altyy = b(t)
with
olt) = K(tyk
bt) = K(t) C(t) + K(t) HEL®/k

this is 3 linear differential equation of the first
order, whose general =olutjon is

¥ = yo fit) + g(T
with the new functions (£0)

t
Rty = exp {- f alu)du) flo) = 1

[

and
t
git) = f(t)j‘ Mufuwydu g0) = 0
0

If art) and b(t) are periodic functions of period T
and if aft) 3 0, it may be easily shown that

) = gAML~ AD] + plt)

is a particular solution which is periodic (of period
T), and every general solution yo fIt) + g(t) con-
verges towards §(t) as t is increasing (t = 3 or 47)
(21). Then the §(t) function is a convenient analyti-
cal tool to describe the actual variations of the
carboxyhemoglobin level yft) if the data used
K.C.HEL are periodic functions of time. So we
make the realistic assumption that these data rep-
resentative of the activity and CO exposure of a
person are periodic over a period of 24 hr, or,
better, over 7 days; moreover, since these varia-
tions are known, it is no longer necessary to mea-
sure or to choose arbitrarily the initial HbCO level
to describe the variations of the HbCO level in any
time interval. In practice, we obtain the values of
K, HEL and C every 15 min (during 24 hr or 7 days)
and calculate the basal integrals fit), g(t) at the
same moments by numerical methods on a comput-
er.
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For the second and third methods, we ignore
{CO] with regard to [O,): the greater the value for
HbCO, the more k and HEL are overestimated.
We can give [Q,] its initial value [8.92 - (Hb/1T) )
or its mean value, Besides, if we do not ignore [X]
when we ¢an estimate it, we must replace 8.92 by
8.92 - [X].

Experimental Verification

In order to validate the theoretical analysis, we
carried out tests with a total of 73 subjects whose
ages varied from 18 to 60 years and who all stated
that they were nonsmokers. This sample was

spectroscopy. The carbon monoxide levels in the
atmosphere were measured on a continuous basis
by means of & polarography technique by using a
portable Ecolyser and a paper recorder.

For each of the subjects we had in addition to our
knowledge of the values of {(Hb], ¥im: Yo 2nd C,
information concerning the sex, weight, height and
age of the subject, the load carried by the subject,
the time of day when the subject undertook the test
journey and continuous information on the walking

Table 2. Average values of the different. parameters for the
sample subjects.

divided into two groups of subjects: one group  Parameter Men Women
consisting of car passengers who remained seated
in each case for the duration of a test journey within  * g; gg
and around the town, and a second group consisting ) gl 147 123
of pedestrians who walked at a nearly constant kg n 57
speed in each case in the actual polluted atmos- m' kg 3 3
phere existing in certain streets of the city of Lyon. ‘g ym ;~;f5 1;@[2
The pedestrians were accompanied by a technician 5 PP 1°~70 e
who ensured that the walking speed was main-  Dyration, min 126 123
tained throughd®t each test journey on making D, mmole/seckPa 0.190 0.17
measurements at intervals of 3 to 4 min (the mean A'm! g.BE ;.59
speed is 1.09 m/sec). P B, mamoleisee 555 34
Samples of blood were taken at the beginningand ' 0.019 0.018
end of each journey and these samples analyzed in -}':'_ 0.007 0.006
order to obtain values of (Hb], yim and yam. The ¥ 0.023 0.021
analysis of the blood samples was based on the  ‘Vam 0.008 0.006
method developed by Boudene, Godin and Roussel 'WA:“’MY A 296 208
(22), where the proportions of hemoglobin and CO Activity B 140 uz
in the biood were determined by means of infrared
c Twaco savecr v B8
ren | B/08 PEDESTR]AN
*1 Aimsune
LaTED
L oS T i
T3
. Time
B (1 4 k] " [ 7% ] 128 128 n

Figuzz 1. Example of an experimental validation of snalytical solution.
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speed of the pedestrians. Knowing the initial level
in each case we calculated the successive carboxy-
hemoglobin levels throughout the duration of the
test and the final level y,. for each subject. An
example of the results obtained as a result of mak-
ing these calculations is given in Figure 1. The
calculations were made on using the analytical method
without approximate rectification of (0,] to solve
the differential equation and also on using the step
by step method on estimating HbX = O or HbX =
0.010. In Table 2 we list with respect to the sex of
the subjects, average values of the different pa-
rameters for the sample subjects: age, [Hb], m, m’,
H, CO concentration, V, duration of the tests, Dy,
A, Vb’ Vco, Yimr ¥Yom and the hllf-ﬁfe Tie for the
subjects when at rest (A) and when walking at a
speed of 4 km/hr (B).

As a verification of the validity of the theoretical
calculations we compared the final measured levels
with the different calculated values. We applied
statistical tests to the pairs of values (¥1,m, Yom)h
(2m>_ Yoo and (YamY1m: Yoc/Y1m) in order to ascer-
tain if there were any signifieant differences be-
tween them (at 5%) for different subsamples as
regards the sex and the type of activity. As a result
of this it was found that thesinitial and final mea-
sured levels y,,, and y;,, were significantly differ-
ent (p = 107"). The method of calculation employed
did not have any effect on the results; the differ-
ences in the levels determined by each method
were not significantly different from one another.
There was no significant difference between the
czlculated and measured levels either for the whole
semple of subjects or, except for the case of male
pedestrians, for any subsample, This was found for
both the (yam, ¥z.) and the (Yem/Vims Y2e/¥1m) PAIrs
of values. We calculated also A = [sign of (¥o,, ~ ¥1m))
(Y2 ~ Y2m)¥1m: Which is positive when the calcu-
lated change iz too great. Mean A showed that the
calculated changes were generally lightly too amall
and in the case of male pedestrians clearly too

The calculated results as a whole were very
satisfactory for all subjects and particularly so in
the case of female pedestrisns. Thus we can con-
clude that the two method (analytical or step-by-
step solutions) were equally valid, at least when the
level of HbX + Hbceg is low. The analytical solu-
tion is therefore to be preferred for environmental
pollution since it is easier to use; we can give if
necessary to [O,] its initial or mean value. The
differential equation for the uptake-elimination of
carbon monoxide by hemoglobin and the use of the
selected parameter values to model the phenomena
is generally valid, although it would appear that the
changes in the HbCQ levels are underestimated for

October 1981

male pedestrians (the degree of alveolar ventilation
is no doubt insufficient in the model),

Applications

Effects on a Particular Subject

The procedure employed to verify the validity of
the theoretical approach can also be applied to real
life cases. This requires measuring or estimating
the CO concentrations throughout the period of
time being considered and assuming an initial
HbCO level. We can then determine the effects of
the changing environment on a real or imaginary
subject.

However, it is often difficult, if not impossible, to
obtain information on the COQ concentration in the
air and on the level of activity of the subject at each
instant. We must therefore ask what error would
be introduced on using average values of CO con-
centration and/or of the level of activity of the
subject? To answer this question let us consider a
female subject exposed to an average CO concen-
tration of 15 ppm and walking along at an average
speed of 1 m/sec, with both these values varying
from zero to twice the average level. The initial
level of HbCO is assumed to amount to either 0.010
or 0.050. When calculating the resuits for this case
it was found that no errors are introduced when
assumning these average values despite the random
variations in the instantaneous values of CO con-
centration and the leve| of the subject’s activity. In
general it was found that only a small error is
introduced by assuming an average value for the
level of activity but that a significant error can
result when assuming an average value for the CO
concentration and the period of integration involved
is greater than the half-life (see below). The error,
however, becomes negligible for periods of integra-
tion which are less than the half-life by an order of
magnitude or more.

Graphs for Determining the Uptake and
Elimination of CO Under
Different Conditions

A desk calculator has to be employed to obtain
analytical solutions of the differential equation, and
we have therefore produced a series of graphs
resulting from theoretical calculations which show
the way in which CO is taken up or eliminated from
hemoglobin for CO concentrations of 0, 10, 30, 50
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and 100 ppm for an average (French) women (1.60
m high, 55 kg in weight):

Level of activity A: Subject seated and at rest.
VA = 4.06 mmole/ sec = 5460 ml/min

Level of activity B: Subject walking along at a
speed of  km/hr. V,, = 8.87 mmole/sec = (11930 ml/
min)

Level of activity C: Subject involved in some
strenuous physical or sporting activity such as cy-
cling (at a speed of 15 to 20 km/hr), football or
gwimming, resulting in a doubling in the vajue of
V, compared to the value for activity B: V, =
17.74 mmole/sec = 23860 ml/min
Two sets of curves are shown on each of these
graphs for the different CO concentrations and
levels of activity, one set originating from a zero
and the other set from a 0.100 HbCO level.

Reference can be made to this graph in determin-
ing the approximate fixation-elimination of CO for a
subject for a given initial level of HbCO and for

R ‘.*&

aﬁ*ﬁ**#'* AR mEehRE

continuously varying concentrations of CO in the
atmosphere and of levels of activity of the subject.
The graphs include curves for each of the three
levels of activity for each of the CO concentrations,
As an example of the use of these graphs we can
consider (see Fig. 2) the case of an average female
subject having an initial HbCO level of 0.020 who s
successively exposed to different CO concentrs.
tions as follows: 30 ppm for 1 hr while at rest,
HbCO = 0.028; 50 ppm for 1 hr while walking along at
upeedoﬂkm/hr HbCO = 0.049; 0 ppm for 1.5 hr
while at rest, HbCQO = 0.037; 100 ppm for | hr while
at rest. On refemng to the appropriate graphs for
these exposures it will be found that the final HbCO
level for the subject amounts to 0.067.

Model of Periodic Conditions

Ott and Mage (£3) used a simplified point-by-
point determination of the HbCO level, CO concen-
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Figune 2. Graphs of the uptake-elimination of CO for an average womman, with constant concentrstion und activity and example of
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tration being known hour by hour and the physical
activity being constant. For a more precise calcula-
tion, a point-by-point determination is only possible
in the case of relatively short periods of time. For
longer periods of time and in cases where the CO
concentrations and the levels of activity of the
subject vary in a periodic manner it i5s better if we
make use of the periodic method of solving the
differential equation. We employed this method for
solving the differential equation for two different
cases, the time base being a quarter of an hour and
the most significant period for the calculations
being 1 week. The details of these two cases and the
results of the calculations were as follows.

First Case. A customs officer whose place of
work was at the side of the road near the French-
Swisa frontier lived in the surrounding countryside.
The CO concentration at the place of work was
measured during the winter of 1978, It was found
that the carboxyhemoglobin level varied from 0.002
to 0.033. The level exceeded 0.025 for 3.3% of the

total time (corresponding to 14% of the working
time) and the average CO concentration (working
and rest periods combined) amounted to 3.7 ppm.

Second Case. A saleswoman lived on the
outskirts of a large town and worked in a shop
located in the main street and in the vicinity of road
traffic from Tuesday to Saturday. She travelled to
work by bus and spent a part of the weekend in the
country. The CO concentrations taken into account
were those actually measured at the side-walk of
the main street. The CO concentrations in the other
locations and the levels of activity taken into
account were as estimated. On assuming the sub-
ject to be a nonsmoker, it was found that the HbCO
level oscillated between values of 0.002 and 0.022.
The average CO concentration amounted to 4.7
ppm (Fig. 3).

In order to have some idea of the effects of
pollution due to motor vehicle traffic in comparison
with the effects of smoking cigarettes (assuming 10
inhalations of 30 ml at 4% CO concentration per
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Ficure 3. Simulation of the periodic variation in HbCO level for & nonsmoking saleswoman and for » subject smoking a total of 103
cigarettes per week.
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cigarette) we also considered the case of the same
saleswoman smoking at the rate of one cigarette
per hour (103 cigarettes per week). The resuits of
the calculations for this case are also shown on
Figure 3. The HbCO level oscillated between
values of 0.017 and 0.087, while the average CO
concentration due to both the motor vehicle traffic
and the smoking amounted to 18.3 ppm. The HbCO
level exceeded 0.025 for 97% and 0.040 for 79% of
the time. The levels were in general some four
times greater for the cigarette smoking than for the
nonsmoking subject.

The simulation of periodic variations in carboxy-
hemoglobin levels would appear to be a very useful
technique in assessing the effects of earbon monox-
ide pollution of the atmosphere and of the varis-
tions in the actual CO concentration. The calculated
HbCO levels given in the examples above are quite
consistent with the HbCO levels quoted in the
literature (24-28). It is necessary, however, to have
information on the behavior of the subject on &
quarter of an hour to quarter of an hour basis, but
there are no problems in making assumptions
concerning the béRavior of a subject over certain
very long periods of time (nighttime and rest
periods). It is accordingly possible to determine the
effects of any particular variations in CO concentra-
tions during specific periods of time (e.g., during
working hours or when travelling). Thus this tech-
nique has many potential applications.

Half-life of the Carboxyhemoglobin

Given a constant CO concentration in the air, the
time involved for the HbCO level to change from
level y, to level y; is given by:

¥y - HEL - kC
y2- HEL - &kC

At = tlog

If the atmosphere is unpolluted (C = 0) then At is
the period of time during which the HbCO level
decreases from y, to .. Thus we can determine, for
example, the time needed for the HbCO level to fall
from 0.200 to 0.010 and from 0.50 to 0.10 for the
three standard subjects (male, female and child)
and for the previously defined levels of activity A,
B and C (Table 3).

If we neglect HEL in the equation for the value
of At (HEL is always small and is a function of the
level of activity of the subject), it then becomes a
simple matter to determine the periods of time for
the initial HbCO levels to be halved. The times At
are then independent of the initial and final HbCO
levels, and they depend only on the levels of
activity of the subjects and the physiological factors
involved. Thus we can determine the half-life (v, =
 log 2) in each case, this being the period of time
for the HbCO level to fall to half of any given value
in an unpoliuted atmosphere (Table 3). The real
half-life is a little lower because we ignore {CO]
with regard to {O;).

The lower the value of 7, the faster will any
HbCO level be reduced to one half in an unpolluted
atmosphere, and conversely the faster will the new
level be doubled in the case of a constant concentra-
tion of CO, given that At is proportional to 1 for
such changes in level. The time taken for the HbCO
level to double will in fact be proportional to  (or to
114) the value of this time constant in turn depending
essentially on the value of y, with respect to the
absolute maximum level kC. Thus it would be
important to have a good knowledge of half-life. It
is interesting to consider what are the population
groups (healthy subjects) that are most sensitive to
CO pollution in terms of half-life values. The results
of the calculations for our sample subjects showed
that the standard deviation for the half-life values
for either sex amounted to 8%. Thus calculated
individual half-life values will deviate appreciable

Tabie 3. “Standard™ values, for 30 year-old men and women and for § years-old children. of the constant k, the alveolsr

ventilation rate V, the rate constant for HbCO formation K, the half-life, the time need for the HbCO level to fall from 0.200 to

0.010 and from 0.&0 10 0.010 in unpolluted air, for the levels of physical activity A (at rest-sitting), B (walking 4 km/hour) and C
(strenuous or sporting activity).

Men, k = 0.00183ppm

Women, i = 0.00202/ppm

Children, & = 0.00223 ppm

Activity  Activity  Activity

Activity

Activity  Activity  Activity  Activity  Actity

level A level B level C Jevel A level B level C lavel A level B level C

V,. mmole/sec 5.17 10.88 2 .06 8.87 17.14 3.28 5.12 10.25
AJ‘ x 1077,

fraction/ppm/sec 0.96 1.61 285 L1 1.9 2.75 1.6 2.15 2.81
Half-life 7,,, min 223 181 90 210 122 85 152 120 2
+(0.20— 0'01), min 1080 887 “2 T 546 am 706 535 410
7(0.06—0.01), min 575 21 290 543 29 207 M 293 A
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Ficunt 4. Effects of age and the level of physical activity on
HbCO half-life.

from the average and the actual deviation will be
even greater in the case of the actual population.

The half-life increases with age, the increase
being rapid up to the age of 20 years, after which
the increase with age slows down (Fig. 4). Age has
a greater effect on the half-life than does the sex of
the subject. Thus it may be seen from Figure 4 that
the half-life for subjects at rest doubles as the age
increases from 2 to 70 years, whereas the difference
in half-life between male and female subjects does
not exceed 6%. The half-life decreases with physical
activity, the effect hers being about the same for
both male and female subjects but less pronounced
for children where the muscular power expended is
a small proportion of the total power nded. The
degree of variation in the half-life with age or the
sex of the subject decreases as the level of activity
incresses. We also studied the effect of the height
on the half-life in the case of healthy subjects whose
weight was an optimum with respect to height
according to the relationship: m = 75H + 0.25Y
67.5 for a male subject, the weight being assumed
to be 5 to 10% less for a fernale (29). Height had
only a slight effect on half-life in the case of female
subjects involved in a low level of activity, when %%
was found to increase with height.

October 1981

C nclusions

The uptake-elimination of carbon monoxide by
hemoglobin, i.e., the variation in the level of
carboxyhemoglobin (HbCO) of a subject, can be
defined by a fairly complex differential equation
which involves a number of physiclogical parame-
ters. We verified the validity of this equation on a
sample of 78 subjects made up of persons of both
sexes, and for different levels of physical activity
and low carbon monoxide levels. As a result of our
tests on these sample subjects we established the
validity of two methods of simulating the uptake-
elimination of carbon monoxide which take account
of the nonpathologic variations for individual sub-
jects. Thus the HbCO levels at each instant of a
given period of time (day, week, ete.) can be
predicted with reference to initial level and on
taking account of the applicable conditions as a
result of an analytical method of solving the differ-
ential equation (actual calculations in each case or
use of an existing set of graphs based on previous
calculations). This can be done better by a
mathematically based zimulation of the periodic
variations in HbCO levels without reference to
initial level. The HbCO levels depend first of all on
the CO concentration in the atmosphere and then
on the level of physical activity, the age (the
half-life increasing with age) and finally on the sex
(the half-life is a little shorter for the female sex) of
the subject.

It would appear that the HbCO levels predicted
by the periodic simulation are a function of the
HbCO half-life (as determined by a fairly simple
calculation) but this matter should be the subject of
a more systematic statistically based study.

Although we did not study the matter in any
detail, it appears that subjects suffering from
certain ailments and in particular from respiratory
deficiencies for whom certain physiological vari-
ables deviate appreciable from the normal values
can have carboxyhemoglobin levels that are signi-
ficantly different from those encountered in the
course of this investigation. We need more detailed
information for such cases.

It is difficult to reach any conclusion with regard
to the short-term and long-term effects of the low
carboxyhemoglobin levels that have been observed
in 2 nonsmoking population. With the exception of
people who are exposed to the atmospheric pollu-
tion due to road vehicle traffic, in particular be-
cause of their occupation, it appears however that
there are no effects on either the alertness or
sensory perception of pedestrians or car passengers
making journeys of short duration in the city of
Lyon. For the car passengers in our sample, who
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were the subjects exposed to the highest level of
atmospheric pollution, the HbCO level amounted to
0.027, on the average, at the end of their test
journey. The levels of atmospheric pollution nor-
mally encountered can however have effects on
advent of arteriosclerotic lesions. Thus such Jevels
are sufficient to result in the occwrrence or an
increase in the seriousness of acute ischaemic
incidents in subjects who already suffer from artery
deficiencies.

Apart from being useful in establishing earbon
monoxide atmospheric pollution indices, the results
of this study may also contribute to the establish-
ment of the standards for acceptable carbon monox-
ide concentrations on the basis of the following
approach: establish the carboxyhemoglobin levels
that must not be exceeded for both healthy and
pathological subjects; determine the CQ concentra-
tions that are in agreement with these carboxy-
hemoglobin levels by simulating the cyclic varia-
tions as well as employing other techniques.

In making this approach, it must be understood
that there is no such thing as a population of
average subjects, put the physiological characteris-
ties and hence the sensitivity to the effects of
carbon monoxide vary in accordance with a Gaussian
distribution about the mean values that we have
considered here for healthy subjects. There is also
the fact that there are pathological varistions of
physiological data for a significant proportion of the
population,

More generally, the resuits of the study can be of
use whenever it appears to be necessary to give
proper attention to certain periods of time that are
being studied out of their normal context (e.g., in
the case of industrial medicine studies periods of
time, other than the concerned with work high
carbon monoxide concentration considered periods,
could affect carboxyhemoglobin levels), first for low
pollution, because the precision of certain methods
is a good as low is HbCO level.

This study has been the subject of an internal
report (30).
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Noise and Stress:

Environmental Health Perspectives
Vol. 41, pp. 291-309, 1981

A Comprehensive Approach
by Jack C. Westman* and James R. Walters!

The fundamental purposes of hearing are to alert and to warn. As a result sound directly evokes
emotions and actions. The processing of sound by the brain is outlined to provide a biological and
psychological basis for understanding the way in which sound can become a human stressor. The
auditory orienting response, startle reflex and defensive response translate sound stimuli into
action and sometimes into stress induced bodily changes through “fight or flight” neural
mechanisms. The literature on the health and mental health effects of noise then is reviewed in
the context of an integrated model that offers a holistic approach to noise research and publie
policy formulation. The thesis of this paper is that research upon, and efforts to prevent or
minimize the harmful effects of noise have suffered from the lack of a full appreciation of the
ways in which humans process and react to sound.

3

Introduction

The damaging effects of noise usually are re-
garded as limited to the structures of the ear
through impairing one’s ability to hear sounds such
as speech and music. Often unappreciated is the
fact that noise has more pervasive physiological
effects (1, 2).

In the course of evolution, certain fishes devel-
oped organs of hearing to orient themselves in
space. In amphibians, vision provided the ability to
locate prey but was not sufficient in terrestial
environments to warn of other predators. Hearing
accordingly developed as an organ for perceiving
and responding to danger (3). Hearing also has
played a role in sexual mating behaviors in mam-
mals and even insects. These primitive functions
exist in humans as well.

From the outset sound has evoked emotions and
actions through the inner ear’s direct connections to
“fight or flight” neural mechanisms via the auto-
nomi¢ nervous system. Because of this defensive

*Department of Psychiatry, University of Wisconsin, Clinical
Science Center, 600 Highland Avenue, Madison, Wisconsin
38792,

+Office of Noise Abatement, Environmental Protection Agen-
¢y, Washington, D. C. 20460.
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purpose, hearing also cannot be turned off, and
sound registers in the brain even during sleep. Only
later in primate evolution did the auditory system
include higher cerebral centers permitting the
appearance of spoken language.

The current usage of the terms “nonauditory” or
“extraauditory” is unfortunate. This distinction
designates as nonauditory the auditory system’s
original, primitive influence upon wakefulness and
body activity. The auditory system and physiologi-
cal responses to sound are inseparably connected.
Therefore, all of the effects of noise on the body
mediated by the ears are “auditory” effects. More
precisely, the effects of sound on the body through
vibration of structures other than those of the
auditory system are “non-auditory” or “extra-
auditory.”

Another basic consideration in understanding the
functioning of the auditory system merits empha-
sis. The human auditory system was designed to
process the frequencies and intensities relevant to
survival in the sound environments of nature, The
evolutionary process has not allowed humans enough
time to adapt hearing to sounds generated by loud
modern noise sources. This means that the auditory
apparatus is not prepared to cope with commonly
encountered urban and industrial noise. Conse-
quently, we find ourselves exposed to sound envi-
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ronments that overload the auditory system. An
analogous situstion would oceur in the visual sys-
tem if we were forced to look at the sun and thereby
damage the retina.

The fundamental relationships of hearing to emo-
tion and action and the suditory system’s vulnera-
bility to modern sounds are not appreciated
sufficiently by the public. Research also has suf-
fered from a lack of breadth and depth in conception
resulting in contradictory findings. For example,
laboratory studies of healthy young people have
concluded that noise has no harmful psychophysio-
logical effects on humans. At the other extreme are
reports that jet aircraft noise increases psychiatric
hospital admissions.

We lack a comprehensive model to ensure that
research on sound includes the critical variables
that make it a significant source of human stress.
Much of the research cited in this paper suffers
from methodological inadequacies because noise is
but one of & number of variables affecting complex
human beings. Before delineating the system levels
involved in bodily responses to sound, we first will
outline the neuroanatomy and physiology of the
central processing metRanism of sound.

MTITARY

ADRENAL
GLAND

e

CEREBRAL CORTEX

Neuroanatomy of the
Auditory System

An appreciation of the structural basis for physio-
logical and behavioral responses to sound can be
gained from knowledge of the neuroanatomy of the
auditory system (Fig. 1). The auditory pathways of
the central nervous system consist of direct path-
ways from the inner ear to the auditory cortex and
indirect pathways to the reticular activating svs.
tem which connect to the limbic system and other
parts of the brain, the autonomic nervous system
and the neuroendocrine system (4).

The direct auditory connections consist of ascend-
ing pathways which carry impuises excited by
sounds from the receptor cells in the organ of Corti
to the auditory centers in the cerebral cortex.
These pathways end in the temporal lobe where the
sum of incoming impulses are consciously perceived
and interpreted. The ascending auditory pathways
travel along the auditory nerve vis the cochlear
nucleus, superior olivary complex, inferior colliculus,
nuclei of the lateral lemniscus and geniculate body
to a number of areas in the auditory cortex which in
turn are connected to other cortical areas that
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Figure 1. Processing of sound by the brain,
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receive inputs from the other sensory organs as
well.

There also are descending pathways from the
temporal cerebral cortex to the dorsal cochlear
nucleus via the inferior colliculus and to the organ
of Corti via the medial geniculate body, inferior
colliculus and lateral lemniscus through the olivo-
cochlear bundle. These descending pathways have
inhibitory and, to a minor degree, excitatory
influences.

In addition to these direct pathways to and from
cerebral cortex, there are a variety of indirect
connections from the inner ear to the brain centers
that control basic physiological, emotional and be-
havioral responses of the body. Nerve fibers branch
out from the various synaptic junctions along the
direct auditory pathways to motor cell nuclei
subserving reflexes within the brainstem and to the
reticular activating system in the midbrain.

Impulses reaching the reticular activating sys-
tem excite still other impulses that spread to higher
cerebral centers that control alertness, cognition
and motor performance. At the same time the
reticular activating system conveys impulses to
hypothalamic autonomic nervous system centers
which are linked to the sympathetic-adrenal neuro-
endocrine system and thexgby regulate the secre-
tion of the catecholamines, adrenaline (epinephrine)
and noradrenaline (norepinephrine). Impulses con-
veyed by the reticular activating system also are
transmitted to the pituitary-adrenal neuroendocrine
system which secretes corticostercids (cortisol).
The catecholamines play an important role in mobi-
lizing immediate adaptive resources of the body,
and the corticosteroids provide for more enduring
adaptation to prolonged stress (5). Thus, the audi-
tory apparatus is connected to the entire central
nervous system and the neurcendocrine system as
well.

Physiology of Sound

In conjunction with the other special senses, the
auditory system serves to maintain the arousal of
the brain projections to the temporal cortex and the
reticular activating system via the limbie system
and the hypothalamus. In this way cognitive pro-
cesses and emotions interplay with sound stimuli in
influencing the state of consciousness.

The cerebral cortex requires a certain level of
arousal to make optimum use of incoming sensory
information upon which efficient behavior and phys-
iological functioning depend (6). Neither underarousal
nor overarousal is conducive to effective perfor-
mance of physiological functioning (?). Sound can
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improve performance on tasks which are inherently
underarousing, repetitive, and monotonous. Con-
versely, sound can impair performance on tasks
demanding concentration and complicated responses
(8). Sound contributes to the homeostasis of the
central nervous system and consequently influences
the physiological homeostasis of the body through
the autonomic and neuroendocrine centers of the
hypothalamus,

The arousal level of the central nervous system
depends upon the intensity, complexity, variabili-
ty, predictability and meaning of sound stimuli. The
auditory system responds most to changes in the
timing of sound stimuli. Therefore, a transient
increase in the firing of auditory neurons may be
produced by the termination of a sound as well as
by its inception. Some neurons in the auditory
system respond to stimulus onset with a high rate
of impulse discharge, quickly cease firing, remain
silent while the stimulus is continued, and dis-
charge a second burst of impulses when the stimu-
lus stops. However, in a much larger number of
neurons, the rate of firing declines to a lower level
of activity shortly after the initial high frequency
discharge and then is tonically maintained during
long periods of continued stimulation. These sound
stimulus-induced alterations persist after the stim-
ulation ceases (9).

The direct effects of certain sounds on emotions
and attitudes is illustrated by the fact that chalk
scraping on a blackboard can cause chill sensations
in a listener. Musical rhythm, tempo and melody
can evoke moods ranging from calmness to excita-
tion or elation. Music also can promote positive
attitudes toward work, The further influence of
higher cerebral cortical centers on the emotional
reaction to sound stimuli is illustrated by a study of
sound in hospitals in which one source of annoyance
was staff conversations in the halls, not because of
undue loudness but because of the discussion of
patients (10).

Sound stimuli also influence the other sensory
systems. For example, sound input overload can
induce visual changes in color perception, cause
nystagmus and vertigo and even act as an analgesic
1)

In summary, sound stimuli play a vital role in
maintaining arousal of the brain and thereby influence
the basic physiological functioning of the body.
Sound may influence the body after cessation of the
stimulus through reverberating neural circuits within
lower and higher brain centers. In this way sound
can produce physiological reactions that develop a
momentum of their own independent of the original
stimulus.
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Fundamental Auditory Responses

Orienting Response (Novelty Reflex)

The bagic behavioral response to all sound atimuli
is the orientation reflex, which involves ascending
and descending auditory cortical pathways and is
reflected by an arousal pattern in the electroen-
cephalogram. The response orients the head and
eyes toward the source of a sound in order to ready
the organism to receive and respond to the sound
stimulus situation, There is an associated decrease
in auditory threshold and increased attention to the
- spund stimulus.

The orienting response occurs to sounds of low or
moderate intensity and significance. The person’s
cognitive appraisal of the sound stimulus deter-
mines the intensity and duration of the orienting
response. It extinguishes, or habituates, after var-
ying repetitions so that the individual can accom-
modate to familiar and insignifieant sounds with
relative ease and concentrate on a preferred activi-
ty. If an appreciable amount of time passes be-
tween repetitions of ;.speciﬁc sound, habituation
disappears and repetition of the same sound again
evokes an orientation response. Habituation usu-
ally does not occur if attention to a sound is volun-
tarily sustained or if a sound has special significance,
either positive or negative. Sounds of close to hear-
ing threshold intensity do not easily habituate,
probably because of the auditory system's difficulty
in assessing their significance.

Even after behavioral habituation has occurred,
sound stimuli continue to activate both cortical and
subcortical areas of the brain (9). This is in part
because excitation transmitted by the reticular ac-
tivating system continues to arrive in the cerebral
cortex after that transmizsion directly ceases. When
the decision is made not to orient to a sound,
descending cortical excitation actively restrains,
but does not eliminate, the reticular activating sys-
tem’s excitation from spreading to higher areas of
the brain. After the orienting response to sound
habituates, there may be no change or an increase
in the amplitude of the electrical rexonus evoked
in the cerebral cortex and the medial geniculate
body. The reticular activating system and the struc-
tures that it influences continue to be affected by
sound even after behavioral habituation has occurred.
This is not surprising because the organism’s sur-
vival would be threatened by decreased altertness
to danger if unattended stimuli were excluded from
cognitive appraisal.

Startle Reflex

The second basic auditory response is the startle
reflex which is evoked by sounds of sudden, in-
tense, or frightening significance. The refiex has s
series of components. First, the middle ear muscle
reflexes via the superior olive to the tensor tympani
through the fifth cranial nerve and to the stapedius
muscle through the seventh cranial nerve providea
small degree of protection agsinst sounds of ex-
tremely high intensity. The suropalpebral refiex
via the superior olive and the gixth cranial nerve
produces eye blinking. There also is opening of the
mouth and flexion of the neck via the seventh and
eleventh cranial nerves. More generally, there is
flexion of most muscle groups in a “freezing” pos-
ture with raising of the shoulders, abduction of the
arms, flexion of the fingers, contraction of the ab
domen, and bending of the knees mediated by the
ascending auditory and descending cerebral cortical
motor pathways. The typical reflex is completed in
less than one second.

Those components of the startle reflex that reflect
cerebral cortex activity are subjeet to habituation
or enhancement, however, those involving lower
centers in the brainstem are not. The startle reflex
accordingly can be decreased by anticipation, in-
creased by background sound levels and exaggerated
by emotional states such as fear.

The Defensive Response
(“N” Response)

Although usually an extension of the orienting or
startle responses, the defensive response merits
separate consideration because it ¢an occur inde-
pendently of them and does not require sounds of
high intensity. This response is produced by sounds
of sufficient intensity, significance or duration to be
perceived as threatening and to mobilize a “fight or
flight” reaction. The response includes alerting of
the cerebral cortex, emotional arousal, and preps-
ration of the body for action (12).

Sounds in the range of 70 to 120 dB can produce
the defensive response which appears first in the
form of skeletal muscle tension that quickly reaches
its peak and decays within a few seconds. Next
there is a decrease in skin electrogalvanic resis
tance which changes more gradually than the skele-
tal muscle tension. Pupillary dilation occurs as well.
A variety of circulatory responses are next in order:
first an acceleration of pulse rate and decrease in
pulse pressure, then a constriction of the finger and
dilation of the chin blood vessels, followed by &
slowing of pulse rate and an increase in pulse pres-
sure. Finally in the series comes a shift to slower,
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deeper breathing. The defensive response also in-
cludes a reduction in salivary and gastrie secretions
and slowing of digestive processes (4).

The defensive response largely involves the sym-
pathetic nervous system but has some parasympa-
thetic aspects. This response is not limited to a
single organ system or structural division of the
nervous system. It occurs independent of emotional
response on the part of the subject. It is altered by
sound intensity and band width in a dose-dependent
fashion. It does not completely habituate (18), al-
though under laboratory experimental conditions,
substantial apparent physiological habituation has
been reported (14). It ailso may be elicited by low
levels of sound with special significance (15).

Under actual working conditions, the physiological
effects of the defensive response were found in
sawyers exposed to bandsaw noise (16). Another
laboratory study noted a decrease in blood eosino-
phile level reflecting a stress response after 25 min
exposure to 85 dB level noise (17).

The defensive response can become the stress
that leads to the General Adaptation Syndrome
that will be described more fully later with its
alarm, resistance, and exhaustion stages if the sound
stressor is of sufficient durgtion, quantity, and qual-
ity (18). When this takes place the hypothalamic-
pituitary-adrenal axis is mobilized with resulting
increase in adrenal cortisol and epinephrine output.
During prolonged exposure to intense sounds, these
endocrine effects may produce gastroduodenal ul-
cers and rengl changes in laboratory animals (1).

Next we will enumerate the critical variables
that determine whether or not sound stimuli be-
come stressors that produce human stress.

Sound as a Stressor

Modern urbanization, crowding, the mass media,
information technology, conditions of work and noise
are overloading the human sensory environment
(19). Of these stimuli our interest is in sound,
particularly noise, although sound with meaning,
such as speech, also can contribute to overloading
an individual's processing capabilities. The
sive increase in noise from industrial, traffic and
home sources, both machine and human generated,
has reached offensive proportions in the United
States (20, 21).

Noise essentially is unwanted sound. As such,
subjectively experienced noise is any sound that
produces annoyance or communication or task per-
formance interference. The same sound stimulus
may be perceived subjectively as noise by some and
not by others, For this reason it is useful to define
objectively experienced noise as sound that pro-
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duces harmful bodily effects, which may or may not
be subjectively perceived. This point is important
because noise can be subjectively or objectively
stressful, or both.

In information processing terms, noise is sound
that overloads the central nervous system's pro-
this state can be detected by changes in the electro-
encephalogram (27). The reception of a stimulus is
influenced by two kinds of cognitive state charac-
teristics, current transient influences and enduring
qualities of the individual.

The first characteristics are transient influences
that are more evident and easily measured than the
second type. They include level of mental arousal,
from sleep through alertness to anxiety; the con-
text of sensory stimuli arriving through the other
special senses; the motor context which includes
ongoing task performance, the activities of the in-
dividual; the meaning of the stimulus evoked by
associations from cerebral cortical memory areas;
the degree of perceived control of the stimulus,
whether one is able to control the situation is help-
less or expects failures (25) and social values and
attitudes toward the stimulus sources.

The level of mental arousal is influenced whether
or not a sound stimulus is conaciously perceived as a
streasor. During the stage of early sleep, for exam-
ple, sound can produce orienting and defensive
responses and alter the quality of sleep without
causing awakening. At the other extreme, an anx-
ious individual can experience heightened sensitiv-
ity to a sound stimulus. For example, & study of
college age males rated on an anxjety scale dis-
closed that for subjects rated high on anxiety,
household noise levels were stressors as manifested
by impaired task performance and subjective frus-
tration (£38).

The interaction of sound stimuli with other sen-
sory stimuli may be significant. For example, re-
lated visual stimuli enhance the effect of sound.
Clinically, sound can have an analgesic effect when
certain intensities and frequencies occur in the pres-
ence of pain as is known in the practice of dentistry.

The ongoing motor activity of an individual
influences cognitive state with higher levels of arousal
by sound stimuli occurring while complex tasks are
being performed and lower levels of arousal oecur-
ring when routine, monotonous activities are taking

lace.
P For obvious reasons related to survival at a prim-
itive level the meaning of sound is one of the most
important factors that determines an organism’s
response. Threatening sounds of any kind portend
potential danger, however, certain sounds acquire
particular significance because of their symbolic
meaning to the individual. Conversely, familiar,
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repetitive sounds of moderate intensity cease to
attract attention. Meaning connoting potential dan-
ger, then is related to unfamiliarity, rapid changes
in intensity, or learned associations. For example, a
study of evoked auditory potentials in the brain
demonstrated that quickly changing acoustical events
produce prominent cerebral excitation. The study
also showed that sounds with symbolic meaning
were perceived as more annoying than meaningless
sounds of the same intensity and also produced
larger evoked cerebral potentials (£9).

Of particular importance is the fact that habitua-
tion does not occur to repeated novel laboratory
stimuli that imply conflict or are coupled with an
instruction to pay attention to that stimulus. Even
covert associations with sound stimuli, such as a
subject’s attitude toward the experimenter, may
decrease habituation (8). In addition, the symbolic
meaning of a sound stimulus can evoke irrational
responses, adding unconscious determinants of mean-
ing (80, 81).

In addition to the meaning of the sound stimulus,
a sound’s predictability is an important determi-
nant of response. In one study, unpredictable noise
resulted in lower tolerance for frustration and greater
impairment of performance efficiency than predict-
able noise (32). Furthermore, those investigators
found that an individual's ability to control the noise
source, and even the belief that one could, reduced
the adverse impact of unpredictable noise (8). They
postulated that the deleterious effects of noise were
a function of unpredictability and the belief that one
cessing capacity because it is too great in quantity,
appears too rapidly or is dissonant in meaning or
pattern. Noise is a commonly used standardized
stressor in laboratory testing designed to evaluate
human responses to stress (5, £2). In laboratory

SOUND
STIMULI

COGMITIVE
STATR

DEFENSE
MECHANISME

animals, for example, it is used as a stressor to
produce lesions in the renal, reproductive and car-
diovascular systems (28).

Another illustration of the use of sound is in
stress studies such as the one by Cantrell, who
exposed healthy young male volunteers to intermit-
tent noise for several weeks (24). He found significant
increases in plasma cortisol and blood cholesterol
levels in addition to associated annoyance and sleep
disturbance effects during prolonged exposure to
burats of 85 to 80 decibel noise.

‘We can use current approaches in stress research
to facilitate our understanding of sound as a stressor
(22, £5), In stress research the environmental condi-
tions and the intervening bodily structures and
processes that determine when and in what forms
stress reactions occur are taken into account (26).

The work of Rahe, although encompassing life
change in addition to sensory stressors, is particu-
larly useful in identifying specific variables that
should be taken into account in research on the
human effects of noise. Rahe developed a life stress
and ilineas model which identifies the key steps
slong a pathway extending from a person’s expo-
sure to a stresgor to the eventual reporting of an
illness (£5). Rahe’s model (Fig. 2) utilizes the anal-
ogy of a series of optical lenses and filters in which
stressors are depicted by a series of “light rays” of
different stimulus characteristics.

The influence of 2 person's perceptual state in
altering the experience of a stressor is represented
by a “polarizing filter” shown in step 1. Possible
sensitization, or desensitization, of a person to a
stressor is indicated by changes in the “light rays”
as they pass through the filter. The psychological
defense mechanisms which appear to be capable of
“diffracting away” a stressor’s impact are depicted

PEVCHOPUYRIOLOGICAL
RESPONSES
AND
RESPON
REGULATION
DYSFUNCTION:
ILLNERD
BEHAVIOR  puopane-
ILLNESS
MEABUREMENT

Figure 2. Rahe model of life stress and illness (25).
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by the negative lens in step 2. Stimuli not so
diffracted pass on to produce a variety of physiolog-
ical reactions represented by the “black box" in
Step 3. The wavy lines emerging from the black box
cease to represent specific stressors and begin to
indicate various psychophysiological responses to
perceived and “undefended” stressors. Next a “color
filter” shown in step 4 depicts how & person may
cope with or absorb certain of these physiological
reactions. Prolonged psychophysiological activations,
if unabsorbed, lead to organ dysfunction and even-
tually to psychological and bodily symptoms. Symp-
tomatie individuals may then seek medical care. A
person’s “focusing” of attention on symptoms is
indicated by the iliness behavior “positive lens” in
step 5. If these symptoms are reported to heaith
personnel, the person receives a medical diagnosis
which then can be used as a measure of iliness ag
represented in Step 6.

The value of Rahe’s model is that it incorporates
pertinent system levels in conceptualizing human
responses to stressors, ranging from organ system
to societal levels. It permits inclusion of both sub-
jective and objective data as well. Furthermore,
the model reflects clinical nealities by recognizing
the social factors that influence whether or not
experienced dysfunctions become labeled as mani-
festations of illness. For these reasons, we will use
Rahe’s model to elucidate key variables in the human
experience of sound as a stressor,

Cognitive State

Bearing in mind the preceding discussion of the
characteristics of sound experienced as noise, the
first step in processing a sound stimulus is the
cognitive state of the individual. Some variations in
this state can be detected by changes in the
electroencephalogram (27). The reception of a stimu-
lus is influenced by two kinds of cognitive state
characteristics, current transient influences and
enduring qualities of the individual,

The first characteristics are transient influences
that are more evident and easily measured than the
second type. They include level of mental arousal,
from sleep through alertness to anxiety; the con-
text of sensory stimuli arriving through the other
special senses; the motor context which includes
ongoing task performance, the activities of the
individual; the meaning of the stimulus evoked by
associations from cerebral cortical memory aress;
the degree of perceived control of the stimulus,
whether one is able to control the situation is
helpless or expects failures (25) and social values
and attitudes toward the stimulus sources.

The level of mental arousal is influenced whether
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or not a sound stimulus is consciously perceived as a
stressor. During the stage of early sleep, for
example, sound can produce orienting and defen-
sive responses and alter the quality of sleep without
causing awakening. At the other extreme, an
anxious individual can experience heightened
sensitivity to a sound stimulus. For example, a
study of college age males rated on an anxiety scale
disclosed that for subjects rated high on anxiety,
household noise levels were stressors as manifested
by impaired task performance and subjective frus-
tration (28).

The interaction of sound stimuli with other sen-
sory stimuli may be significant. For example,
related visual stimuli enhance the effect of sound.
Clinically, sound can have an analgesic effect when
certain intensities and frequencies occur in the
presence of pain as is known in the practice of
dentistry.

The ongoing motor activity of an individual
influences cognitive state with higher levels of
arousal by sound stimuli occurring while complex
tasks are being performed and lower levels of
arousal occurring when routine, monotonous activi-
ties are taking place.

For obvious reasons related to survival at a
primitive level the meaning of sound is one of the
most important factors that determines an organ-
ism's response. Threatening sounds of any kind
portend potential danger, however, certain sounds
acquire particular significance because of their
symbolic meaning to the individual. Conversely,
familiar, repetitive sounds of moderate intensity
cease to attract attention. Meaning connoting po-
tential danger, then is related to unfamiliarity,
rapid changes in intensity, or learned associations.
For example, a study of evoked auditory potentials
in the brain demonstrated that quickly changing
acoustical events produee prominent cerebral exci-
tation. The study also showed that sounds with
symbolic meaning were perceived as more annoy-
ing than meaningless sounds of the same intensity
and also produced larger evoked cerebral potentials
(29).

Of particular importance is the fact that habitua-
tion does not oecur to repeated novel laboratory
stimuli that imply conflict or are coupled with an
instruction to pay attention to that stimulus. Even
covert associations with sound stimuli, such as a
subject's attitude toward the experimenter, may
decrease habituation (8). In addition, the symbolic
meaning of a sound stimulus can evoke irrational
responses, adding unconscious determinants of mean-
ing (30, 82).

In addition to the meaning of the sound stimulus,
a sound's predictability is an important determi-
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nant of response. In one study, unpredictable noise
resulted in lower tolerance for frustration and
greater impairment of performance efficiency than
predictable noise (32). Furthermore, those investi-
gators found that an individual's ability to control
the noise source, and even the belief that one couid,
reduced the adverse impact of unpredictable noise
(8). They postulated that the deleterious effects of
noise were a function of unpredictability and the
belief that one had little or no control over the noise
source. A lsboratory study of rhesus monkeys
exposed to noise disclosed that plasma cortisol
levels were significantly higher in animals with no
control over the noise source than in those with
control ($3). Similar findings resulted from an
experimental study of humans performing mental
arithmetic problems under noise exposure (34).
The importance of attitude toward the noise source
it illustrated by another study in which a positive or
negative attitude toward all aspects of one's com-
munity consistently influenced the reporting of per-
ceived annoyance by noise positively or negatively
(85). In the same vein, a Swedish study disclosed
that propaganda promoting the importance of the
air force diminished the reported annoyance levels in
2 community exposed to military aircraft noise (36).
The gecond kind of variables that influence the
cognitive state of an individual are enduring back-
ground characteristics in the form of individual
differences in temperament and cognitive styles,
organic disease processes and mental iliness.
Individual variations have been demonstrated in
the ways that sensory stimuli are processed. Some
individuals reduce and some augment the intensity
of stimuli, leading to low or high sensitivity to a
particular stimulus (19). Sensitivity to noise also is
correlated with empathic, creative, intellectually
oriented personality traits, confirming Schopenhauer’s
comment that “noise is a torture to people of great
intellect” ($7). Extraverted children may have a
higher level of noise tolerance than introverted
children (38). Moreover, individugls who express
criticism tend to report annoyance by noise (35).
Further evidence of individua) differences in sensi-

tivity to noise is reflected by the finding that some

people thrive on noise which tends to synchronize
their electroencephalograms while most people show
electroencephalographic desynchronization (89, 40).
At the other extreme, it is likely that 4 to € % of the
normal population is “noise sensitive,” in the sense
that they do not adapt to noise at all (8). For all of
these types of individuals, noise has implications
detrimental to their mental hesith.

As an jllustration of other background jllness
characteristics, one study showed that cardiac in-

farction and schizophrenic patients showed greater
stress responses to noise &s measured by cortisol
and urinary catecholamine levels than did norma)
subjects (41). Similarly, persons with cerebral vas-
cular disease were found to be more susceptible to
the detrimental effects of noise than normal sub-
jects (42). Another unique group of patients harmed
by sound are those susceptible to audiogenic sei-
zures. Some are affected by sounds that produce
the startle response and others by sounds such as
music (43).

The role of psychistric status in sensitivity to
sound was suggested in a study in which normal
subjects and ofuﬁenu with specific phobias showed
habituation of physiological responses to noise while
hysterical patients did not. Moreover, patients with
diffuse phobias, anxiety neuroses and agitated de-
pressions all habituated more slowly than normals
(44). In a general sense, another survey found that
psychiatric patients were more annoyed by noise
than normal subjects (45).

Defense Mechanisms

The next cluster of variables that influence an
individual’s response to sound stressors are inter-
nal defense mechanisms noted in step 2 of Rahe's
model. In contrast with coping techniques which
are directed toward changing the stimulus envi-
ronment, the defense mechanisms are devoted to
maintaining homeostasis or internal equilibria, within
the person.

The defense mechanisms operate automatically
and unconsciously. The most primitive is the acous-
tic reflect which offers a small de of protection
from high intensity sounds. Another example of a
physiological defense is cerebral cortical inhibition
such as was demonstrated in a study of laboratory
animals exposed to extreme sound which ultimately
produced convulsive seizures and lethal cerebral
hemorrhages. This study found that a seizure pro-
ducing epileptogenic focus of excitation arising in
the medulla was actively inhibited by the cerebral
cortex. When this inhibitory process was exhaust-
ed, seizures occurred (46).

In addition to these physiological defenses, psy-
chological defenses shield the individual from phys-
iological arousal and also play a significant role in
reducing sensitivity to sound. For example, the
psychological defenges of repression and denial can
minimize physiological responses as was found in 2
study of patients in a coronary intensive care unit
(25).
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Psychophysiological Responses

The next level, step 3 in the model, comprises
psychophysiological responses to sound stressors.
The psychophysiological responses can be divided
into two categories. First are responses within the
awareness of the individual, such as sweating, change
in heart rate and muscle tension. Second are those
responses which oceur outside of one’s direct aware-
ness, such as changes in serum lipids, cortisol,
blood pressure and blood sugar levels.

The psychophysiological responses are manifes-
tations of the defensive response to sound, can be
immediate or delayed, and occur in interactional
patterns. Thus, studies of single physiological re-
sponses oversimplify the mixture of responses. An
example of an immediate psychophysiological re-
sponse to noise iz the finding of elevated diastolic
and systolic blood pressures and urinary excretion
of norepinephrine metabolites in brewery workers
on days in which they deliberately did not wear
hearing protective devices (48).

Genetic and constitutional individual differences
may increase the likelihoed that a particular organ
system will respond to stressors more than others
and over time lead to disease. There also may be a
eritical period during infancy in which visceral learn-
ing takes place, adding conditioning of an individu-
al's disposition to the physiological responsiveness
through a specific “target” organ system (49). For
example, in certain predisposed individuals, the
target organ is the cardiovascular system, and sound
stimuli produce intermittent increases in blood pres-
sure which may eventually cause structural changes
in blood vessels leading to permanent hypertension
(50).

Stimulus and Response Regulation

The next cluster of variables are stimulus and
response reduction mechanisms. These coping tech-
niques may deal with the stressor itself or with the
physiological and emotional responses to it (51, 58).
Using ear protective devices is an example of deal-
ing with the stressor itself by reducing the recep-
tion of the sound stimulus.

If one becomes aware of the psychophysiological
responses, particularly if they are seen as threats
to health, deliberate response management tech-
niques can be employed. For example, muscle re-
laxation may “absorb” the muscle tension that con-
tributes to elevation in blood pressure.

In a broader social sense, stimulus regulation can
be achieved through an individual's participation in
community, industrial and consumer efforts to acous-
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tically condition home and working environments
and manufactured products.

Dysfunction: Illness Behavior

In step 5 in the model, the lack or failure of
defense mechanisms and regulation techniques play
important roles in producing dysfunction. The con-
cept of sensory and information input overload is
useful in understanding how the central nervous
system responds when defense mechanisms and
regulation techniques fail to adequately screen in-
coming stimuli. In this conception sensory inputs
are the sound stimuli and information inputs are
sounds with symbolic, message containing mean-
ing. Overload results from an excess of the number
or rate of sensory or symbolic stimuli or both.

Human experiments have shown the disorganiz-
ing and psychotogenic effects of sensory overload.
Experimental exposure to intense visual and sudi-
tory sensory overload produces dramatic effects in
the form of heightened and sustained arousal, mood
changes, illusions, hallucinations, and body image
distortions (19).

Sensory and informational sound overload also
are commonplace in modern, urban living (53). Jets,
air compressors, sirens, rock and roll music and
road traffic are generally unpredictable and often
uncontrollable sources of stimulation that contrib-
ute to making the sound of our environment inimi-
cal to mental well being. Low frequency noises
have effects similar to the more familiar piercing
high frequency sounds (54, 55).

A typical household vignette illustrates the un-
recognized importance of sound sensory and infor-
mational overload in our lives. The washing ma-
chine provides a steady hum, the clothes dryer
suddenly begins to vibrate; then the telephone jan-
gles while the delivery boy rings the doorbell; a jet
sireraft rumbles overhead and automobile horns
are heard, a television set blares in the background;
and amidst this confusion, children begin to fight,
cry and scream. The overall noise level is not high
by hearing damage risk criteria, but a homemaker
can attest to the resulting frustration, irritability
and even anger. Over time, one manages to adapt
to this noise routine. However, one makes errors in
balancing the checkbooks, screams at the children
for minor transgressions, is irritable with one’s
spouse, and generally shows symptoms of stress by
the end of the day. Furthermore, when one be-
comes resigned to a lack of control over one’s envi-
ronment, the resulting “learned helplessness” itself
may become a stressor and contribute to additional
symptoms of depression (10, 56).
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Selye’s classic work on stress provides a frame-
work for understanding the body’s responses to
sensory sand information input overload (18). His
terms stressor and stress are comparable to stress
and strain in physics. In his view stressors produce
two types of changes in the body. The first is a
primary nonspecific change in an organ system
called the “Local Adaptation Syndrome.” This local
adaptation occurs repeatedly in normal living. For
example, running produces stress in the musculo-
skeletal and cardiovascular systems. The resulting
exhaustion is reversible through rest.

The second change is the “General Adaptation
Syndrome” which is activated by intense and per-
sistent stressors that produce a specific effect on
the adrenal glands, thymus and stomach. The fully
developed general adaptation syndrome consists of
three stages: ah alarm reaction, a stage of resis-
tance and an ultimate stage of exhaustion. Extremely
severe stress can lead rapidly to exhaustion and
death.

Stressors, then, set in motion adaptive responses
which maintain biological and psychological homeo-
stasis. In addition to specific organ system respons-
es, a relatively stereo set of neuroendocrine
reactions contribute to the development of the gen-
eral adaptation syndrome. Most prominent are in-
creased secretion of the adrenal cortical hormone,
cortisol, and increased activity of the sympathetic
nervous system, including increased secretion of
epinephrine by the adrenal medulla. The increase in
sympathetic nervous system activity prepares the
individual for “fight or flight.” The net effect of
these responses is to mobilize nutrients, such as
glucose from the liver and fatty acids from fat
tissue, to “arouse” the central nervous system, to
provide more oxygen and nutrients to skeletal mus-
cles, to increase contractibility of skeletal muscles
and to increase coagulability of the blood. When
these responses are persistent, the sustained ef-
fects of cortisol may appear in the form of gastric
ulceration, inhibition of immune responses, hyper-
tension, atherosclerosis, sterility and personality
changes (57). Most stressors act for a limited time
and produce changes corresponding to the first and
second stages of Selye's syndrome. The complete
genera) adaptation syndrome results in a specific
set of physical changes: enlargement of the adre-
nals, shrinkage of the thymus and lymph nodes and
ulceration of the stomach.

Selye’s conception helps to explain that subjec-
tive experience and physiological responses to
stressors can appear to have returned to normal or
pre-stressor levels during the second stage of resis-
tance. This point is essential in understanding the
phenomenon of habituation which has been repeat-
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edly observed in experimental studies of human
responses to sound as a stressor (8, 14). Habhitna.
tion may reflect the completion of a local adaptation
syndrome cycle with restoration of normal bodily
functioning. On the other hand, it may reflect a
stage of resistance during which the body is moving
into the full general adaptation syndrome which
gains 2 momentum of its own and exacts a physio-
logical cost through the development of dysfunction
of the various organ systems.

A stimulus appraised as threatening gradually
loses its capacity to arouse an emotional response if
it is reappraised on repetition as less harmful and
results in adaptation (26). This surface adaptation
may be deceptive, however, and continued expo-
sure to the streasor may produce cumulative effects
that appear after stimulation is terminated. This
may be in the form of strain induced by the adap-
tive responses themselves. In spite of adaptation,
then, stressors may cause biological and behavioral
aftereffects following cessation of the stimulus (8).

Laboratory studies of the physiological and be-
havioral reactions to noise indicate that adaptation
(habituation) generally takes place in healthy sub-
jects. There is laboratory evidence, however. which
suggests that some components of physiological
responses to noise do not habituate completely (58),
although this work has been questioned (23). It is
important to distinguish between the tension re-
sponse of an organism to stressors and stress which
is a dangerous condition resulting from failure to
manage tension effectively (59).

Another factor should be tsken into account.
More than lower animals, human reactions to
stressors not only depend upon the direct impact of
stimuli themselves but also on associated cues that
signify the meaning and consequences of the stimu-
L. Human stress, therefore, must be defined in
terms of trunsactions between a stimulus and an
individual's reaction to the situation.

The fact that sound stimuli are processed cogni-
tively, therefore, introduces the important concep-
tion that psychological streasors, such as the antici-
pation of harm, can strongly influence human
responses to sound stressors (52). Activation of the
neuroendocrine system usually depends upon the
individual’s recognition of & stressor as a threat.
The auditory system, however, like heat or cold
stressors, automatically activate the reticular nc}i-
vating system and thence can evoke autonomic-
neuroendocrine responses.

Dysfunction resulting from sound stressors, then.
may be the direct result of the sound stressor
situation or may indirectly result from the activa-
tion and progress of the general adaptation syn-
drome. Dysfunction may be subjectively experienced
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as symptoms, for example, annoyance and tinnitus,
or be objectively demonstrable as physical signs,
for example, elevated blood pressure and hearing
loss. At the same time subjective reports of inter-
ference with task performance and speech commu-
nication also can be accompanied by objective changes
in cerebral responses on the electroencephalogram
@n,

Human dysfunction can be categorized according
to the influence of noise on five basic, interrelated
functions that influence the well being, or mental
health, of an individual: (1) hearing, (2) sleep,
(3) task performance, (4) speech communication and
(5) emotional state.

Hearing. The effects of noise on hearing in the
form of temporary and permanent threshold shifts
and progressive deafness are well documented (60-62).
There are three levels of hearing at which loas of
acuity can occur: the primitive, warning, and sym-
bolic (63).

The primitive level includes the familiar back-
ground sounds of one’s every day environment.
Loss at this level constitutes a form of sensory
deprivation and may lead to a sense of isolation.
Loss of hearing at the warning level contributes to
a sense of insecurity and physical vulnerability in
the environment. Loss at the symboli¢ level inter-
feres with interpersonal communication and may
result in social isolation, withdrawal and depres-
sion. Overlap between levels of hearing loss magnifies
the psychological impact on the affected individual.

In addition-the need to wear a hearing aid in itself
may cause self-consciousness and undermine self-
esteem. The emotional and psychological reactions
to hearing loss accordingly are threats to an indi-
vidual's mental health (13, 64, 63).

In a more general vein, the loss of hearing with
aging (prebycusis) has been related in part to noise
exposure in urbanized societies (86, 67).

Sleep. Chronic sleep disorders detrimentally af-
fect health and well-being. A major portion of com-
plaints about noise arise from disturbance of rest
and sleep (31). The Environmental Protection Agency
Urban Noise survey found that 28% of the sampled
population experienced sieep disturbance which also
was rated as the most annoying effect of noise (20).
Similar findings have been reported by other sur-
veys (68-71).

The electrophysiological response to noise tends
to decrease during exposure to noise during sieep,
however, autonomic responses do not (81, 7). This
has been shown in a study in which cardiovascular
responses did not habituate to traffic noise experi-
enced by sleeping subjects (78). In sleep, noise
evokes the same orienting response in the form of
EEG arousal and changes in heart rate, GSR and
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finger vasoconstriction as during wuking without
its voluntary motor component (31).

The evidence also is clear that noise exposure
during sleep lightens the level of sleep, especially
for subjects of an anxiety-introversion personality
type (27, 70, 74). Sleep disturbances have been
reported in response to low frequency noise in the
20-1000 Hz range (55). Intermittant noise above the
mean background level has a greater effect than
louder, more continuous noise on vegetative func-
tions (75). Age and sex in addition to sleep stage are
critical factors in determining the physiologieal
responses of noise sensitive individuals. Older sub-
jects and women are more sensitive than younger
subjects and men. Moreover, sounds with meaning
tend to awaken subjects at Jower intensities than
those without megning (76).

A study devoted to the next day effects of
noise-exposed interrupted sleep showed impaired
performance of tasks affected by the lack of sleep.
There also is suggestive evidence that noise experi-
enced during the waking hours may reduce the
duration of sleep of susceptible persons (77).

All of these findings suggest that susceptible
persons may be affected by noise occurring during
sleep 28 well as during the waking state. For night
workers, mothers with bahies and elderly persons,
day and nighttime noise can be a significant prob-
lem (32).

Task Performance. There is little evidence that
significant performance impairment on simple tasks
oceurs under continuous noise below 80 to 90 dB
{77). Unpredictable or intermittent noise, however,
does affect performance at even lower levels (78). It
is well established that noise has a negative effect
on work tasks that involve listening or conversing
(79). Adverse effects occur with complex, multi-
component tagks that require prolonged vigilence
or continuous performance and those in which
information content is high. Under these circum.
stances, impairment of task performance persisting
after exposure to noisy environments has been
reported (80, 81).

Evidence has accumulated regarding noise inter-
ference in the school performance of children When
children are involved in complex activities requir-
ing precise movements and intense concentration,
noise produces inattention and impaired task per-
formance (82, £3).

A study of the effects of noise generated by
expressway traffic in homes showed higher reading
achievement for children exposed to lower ambient
noise levels (84). Another study suggests poorer
task performance by young children from noisy
than quiet homes (85).

A study compared children from schools and
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homes with noise levels of 87-99 dBA with those of
48-65 dBA levels. The children in the noisy envi-
ronments showed increased distractibility and im-
paired achievement in school. Over a period of four
years they became more distractible, indicating
increased sensitivity to noise with the passage of
time (86, 87). Children exposed to high noise levels
in schools also attain lower reading achievement
than those with low noise levels (85-90).

One study of preschool children found that reflex
motor reactions to sound and light stimuli were
delayed in those exposed to moderate background
levels. The children with the higher noise level
required more time in task performance as well
91).

All of these performance effects influence an
individual's attitude toward work and may consti-
tute additional stressors in themselves, contribut-
ing to frustration and stress reactions.

Speech Communication. Interference with com-
munication through speech not only creates per-
sonal frustration but has consequences in social
interaction. Individuals react to noise levels that do
not completely interfode with intelligibility. Noise
accordingly may reduce efforts to converse, lead to
repeated speech, and ultimately to withdrawal (§2).
The hearing impaired are particularly susceptible
to these reactions (95). Interference with communi-
cation between teachers and children in air traffic
exposed schools alao has been found (94).

Children's speech acquisition and language de-
velopment may be impaired since the repetition of
speech needed to develop these skills is reduced as
background noise level increases. Noise accord-
ingly may interfere with the perception of speech
by young children and affect the acquisition of
language. More than adults, children depend upon
the clear perception and repetition of speech sounds
during early learning periods (61).

Emotional State. The most prominent subjec-
tive emotional response to noise is annoyance, a
commonly reported but difficult to describe and
quantify emotional state. Research on annoyance is
hampered by the ambiguity of the term and the fact
that one can be annoyed by noise itself or by its
symptomatic and behavioral consequences. Arhlin
relates annoyance to the direct effects, such as
hearing loss, sleep, task performance and speech
interference, and the indirect effects of noise, such
as blood pressure elevation, headaches, fatigabili-
ty, anxiety, depreasion and accident risk (95).

A standardized definition of annoyance is needed
because each study tends to report annoyance in a
different way. In its most specific sense annoyance
is an emotion with a protective function. It moti-
vates an individual to try to avoid or influence the

sound stressor. Like discomforts such as pain, chil]
and warmth, annoyance serves to warn an indivig-
ual of unpleasant or harmful environmental condi-
tions. Annoyance also can be produced by interfer-
ence with task performance sleep and somatic
symptoms. The direct experience of annoyance by
noise itself differs from indirect annoyance because
of a headache.

Annoyance directly related to noise, then, is an
unpleasant emotion experienced as irritability and
i a form of anger or hostility related to the state of
the individual in a particular social and environ-
mental context. For example, the sound of the
barking of one’s own dog may be less annoying than
the barking of a neighbor's dog. In another vein,
some experimental subjects refused to continueina
noise study because they perceived it as unpleasant
(8). There also is a tendency to regard sound as
noise at work more than at home (#6). Because of
this relationship to the peculiarities of the context,
m:oyance can be expected to vary in its occurrence
and re| .

Annoyance is heightened when noise is perceived
as unnecessary; when those responsible for the
noise are perceived as unconcerned about the
exposed population's welfare; when other aspects of
the environment are disliked; when noise is be-
lieved to be harmful to heaith, and when noise is
associated with fear (10).

Although defined differently from study to study,
annoyance is a commonly used concept in surveys of
community responses to noise. The tendency is to
define annoyance of the respondents in terms of
physiological responses, although a scale has been
developed that excludes somatic symptoms (45), It
ean be inferred then that the more annoyed a
respondent the greater the physiological reactions
the person is experiencing. Direct physiological
measurements would be preferable to subjective
reports, however, the stage of this research s not
sufficiently advanced to permit the specific mes-
surement of noise induced stress isolated from
other environmental stressors. .

The evaluation of annoyance is further compk-
cated. Not only is it an ambiguous concept, but
respondents are influenced by the questions they
are asked. For example, more positive responses
were obtained when people were asked if aircraft
noise produced specific symptoms than if asked
about symptoms without suggesting a connection to
aircraft noise (97, 98). When annoyance was ana-
lyzed according to attitude, activity interference
and symptoms, McKennel found that 65% of his
sample reported feeling annoyed, 35% reported
interference with activities and 5% reported symp-
toms (99).
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Although methodological problems are important
in assessing studies of reported annoyance due to
noise, a number of surveys suggest that between
30% and 40% of urban dwellers are regularly
annoyed by noise (20, 21, 31, 96, 100). In the flight
pattern of Heathrow airport in London, 65% re-
ported annoyance (99).

Noise in industrial situations aiso may induce
what has been deseribed as an “astheno-vegetative
syndrome” in the form of increased fatigability,
decreased capacity for focusing attention and slow-
ing of motor reactions (101).

Disease: Iliness Measurement

In step 6 of the model, whether or not people
define themselves as ill depends upon individual
and cultural attitudes toward assuming the patient
role. These personal and social factors influence
whether or not an individual minimizes or exagger-
ates symptoms and adopts “sick” behaviors such as
migsing work and seeking health care. The critical
step for defining illness, then, occurs when health
care is sought and a diagnosis is established. This
point is the entree for measuring illness resulting
from sound induced stresm

There is an inevitable gap between laborstory
studies of the immediate and delayed effects of
noise on health. Still, some investigators regard
noise pollution in densely populated areas as a
social danger comparable to that of known ingested
carcinogens and air pollutants (102). Imposing prob-
lems, however, stand in the way of proving this
thesis as illustrated by methodological criticisms of
a study which found that people residing near the
Los Angeles International Airport had a higher
death rate from stress related diseases than a con-
trol population (103).

More specifically, European research on indus-
trial noise has identified a cluster of symptoms
encountered by physicians and referred to as “noise
sickness” (31, 104). This syndrome is manifested by
tinnitus, increased sensitivity to noise, fatigability,
lowering of general resistance to illness, h ,
irritability, sleep interference, “heart pains,” weight
loss, tremors, digestive disorders and ultimately
hearing loss. These symptoms are based upon the
stress responses of the auditory, autonomic, car-
diovascular, endocrine, and i inal systems
and precede the actual loss of hearing.

Although short-term studiea show that work per-
formance can be maintained under noisy conditions,
the more important consideration is the long-range
effect of noise on health. The European data appear
to show that complete physiological and psychologi-
cal adaptation to prolonged noise exposure does not
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oceur. 'I'he person reacts unfavorably to noise from
the beginning, and adverse reactions progressively
increase with the passage of time. This is most
evident in work requiring complex task performance.
Because of the cumulative negative effect on one's
state of health, the adaptation of many individuals
zg:l'!)nng in noisy environments exacts a health cost

For convenience we will briefly summarize the
relationship between noise exposure and (1) men-
tal illness, (2) cardiovascular disorders, (3) gastro-
intestinal disorders, (4) neurological disorders and
(5) fetal abnormalities.

Noise and Mental Iliness. The role of noise in
mental iliness is most difficult to assess. Several
studies of mental hospitals in the vicinity of Heathrow
Airport in London disclosed & small but significantly
higher admisaion rate than those in less noisy areas
(105-107).

Another piece of evidence relating a form of
mental illness to noise is through an indirect rela-
tionship between noise induced hearing loss and
mental illneas. Acquired deafness forces a change in
life style toward greater social isolation and leads to
an over-representation of mental illness in deaf
people of all ages. One study found that 46% of a
group of elderly deaf persons were parancid and
21% had affective disorders (65).

On the other hand, noise-related annoyance in
itself probably is not a cause of mental iliness,
although psychiatric patients do constitute a vul-
nerable group to the adverse effects of noise. So-
matic and emotional symptoms associated with an-
noyance by noise are significant, however (45). The
consumption of tranquilizers and sedatives has been
used as an index of these symptoms resulting from
noise exposure. Greater usage of these medications
have been found in air and road traffic areas ex-

to high levels of noise (69, 99, 108, 109).

Noise and Cardiovascular Disorders. There is
a consistent correlation between prolonged expo-
sure to high intensity industrial noise and an in-
creased prevalance of hypertension, as demonstrated
by over 40 studies (110), The risk increases with
advancing age and increasing years of employment
for both men and women. The risk also is greater
under circumnstances of intermittent impulse or im-
pact sound than continuous or relatively steady
sound. There is significant confirmation under actual
living and laboratory conditions of the association
between high intensity sound and cardiovascular
disorders in children and adults (10, 69, 111, 112.

More specifically, prolonged noise exposure pro-
duced sustained elevations in blood pressure in a
controlled experimental study of Rhesus monkeys.
A carefully designed and monitored study of mon-

303

uccC
057307




q;)o
reyd
o
N
oM
e
tod
.Lno
n
ua)
104
oW
a;g[
e
109

e
o
3
Y3

— e A i

.

$3A1193d843d Y392y [ejuawuodiauy

Furpea[siws Ajre[natired uaaq sy AI03pnvuou,, sB
punos jo $193433 redtBojoisAyd [esauad Y1 jo uonyeu
-Bisap ay], ‘Yi[eay [euaw pue (easAyd J05 3stou jo
aoueayrudis ay3) 9esad3wxa J0 FZIWIUTU JIYI2 18y
suoisn(ouod Bundryuoa oy pay sey swajqoad pajeas
-3s10u jo s)oads® molreu uo Yorsasal [RawiadaLg

-gsaa3s uewny pue L3oouwdopudomau ‘ABoforsiyd
-0mal ‘{WOIBUBOMAU Jo afpajwouy uLmMd uodn
paseq punos jo Buissadosd Liojipne Y3 jo [apowt
paieadajur ue paquIsap asry am ‘saydeosdde aam
-uayaadulod alows 3IBINULLIS 03 JIOYD UB U[ "punos
01 1083l pue ssadcoud sumwny yarym Ul sAem ay)
Jo uonewaidde {0 ¥ Jo YOR] AY3 WOLF PAIILINS vy
510U JO S103JJ9 [NJULIBY AY) ‘PZIUIUIW IO juzaatd
0] SHQJd PU® ‘U0 YdJEasAL IBY) 81 S1EAY] Jn()

suojjesjdu

‘yreay
uBwny 03 18aIY} JuBoyludrs e 81 astou Jwy) 2aoad
01 10U Ing soyads ajeunun(l 01 Yoreasas Jayuny
poaul 9y "IABY 07 A[INY AT M AIUIPIAY YIIBISAL
Jo Spury AJUO 33 aI® ITIY) SUOSBAX [EANYID IO
*Apn1s [BuIrue SUDULAUG) 1S0UE AY) UIAS UT PIIIPISU0D
3G 1SNWI pue 181xa s{ewm[r saduaIaIp swadg -uon
~B[ad400 8 SUTBWAL UOHIR[ALIOD B ‘Soaans [edtBojorus
-aptda pajeonsiydos 150U Y3 UIAS U 'SIVUILIS [BIY
-38yd a1} JO 1By} WO A[feIuswiepun) SIaHIp s80UdDS
Y3feay 343 UI yoseasay -sajqewres Juruaalaiut Jo apmy
D[ 3y} Jo ISNEIAq IsUIS fruAuLIadxa 9a0LE
34} Ul PAYSIqeISe 3q J9A3U URD ISEISIP UBWNY pus
SNIOUIS B U3dMlaq J0afje pue asned Jo Joodd aan
-5od ey} aziudodaa Jsnw am ‘asou Jo suoneddur
yieay 3yl uonisanb 07 asooyr oym asoyy Joy

(01) a1 193w d0J
suorjedriduwar aSuwa-Buo] 248y yorym Juaurrredur Suy
-Lrea] pue rruswdofpaap paonpur-astou 03 ajqndadsns
Apremotited aq Avul UBIPIYD 1BYY ST 3JUIPIAR L,
‘TUAWUoMAUR Jtay) aduangur Spuedsynids jouuss puw
adueoyruds J1ay) JO STAUAIEME AN ARy ‘WYl Wodas
Ajsnoaueiuods jou op UBIPQIYD ISNEDAQ UOTIUINIE
rewads aalasap UBPIIYD U0 EIOU JO FAYR Ayl

“$80[ 3wt
-leay pasnpur asiou Jo uonuasaxd ay) ueyua fjam
Awwt astou Jo s19pe resdopowAyd ay3 o uonuane
vey3 Bunsa3ing srwadde Jurrsay oy adsurep asojaq
BLINS asiou Jo s (eatBojorsiyd astaape ayy
‘JIOULIBYLIN { “{SU YI[BIY PIFTALIUT Y3LW PAIBINOSSE
S VAP 06 03 VAP 98 JO S[3A9] A3SUNUL YILn 81wai g
03 g Uyl atow Jo aunsodxa punos 18y} 3IBIIPUL ASTOU
Jo S103]J3 (ieay ay3 uo BIBP aY) ‘Alwiuing uf
(SIT ‘LIT) paysiiqelsa
lou ng aansadBns 81 snjay uswny Y3 UO AsioU
J0 103]9 as1a.4PE. Y] JO IDUAPIAI Y] ‘I2AMOY ‘BuIr)
SIY1 1Y "(9I7) asI0U 0] PayUT] U3Iq ey SIEULIOU
Q€ [B12] pue [eut3tew ‘sppuliue [ejuswiaixa u]

4_______/

tog
“(g11) suawmiaduay suyifyssip
ARY PUB AANdetadAy ate OYM SIURJUL 3G PINOD Ains
-odxa astou Aq pasnput LjdIXue [RUIlEW JO 12
mieuaad apiqns aqquesod v "Liuande (g1) paseats
-ut 3anpoad ued asiou 03 PIIRAI AlAIXUE [BULIIe
‘AW punos [Bwaixa Aq Pauonipucd aq ued snja)
ay3 ‘Aoueulaud jo JaysowLn 5wl Ayl ul -adueyd
9181 IWaY pue £31A1I08 J010UL UL PA3OAPAL SB 043N UT
punos [RIUAILOIAUS 03 Spuodsad pue saataatad sniay
uswiny yj csapjowsouqy 033 pud asioy
*gpunos
urnIad Aq palendwasd are saumzies JapaosIp sip)
YILn SfENpIAlpUl U] (£T) WOIPUAS aINZIAS duad
-otpne 3y st uonEnums Lioypne Aq pawapye {[wal
-Ip 91 ey} JIpIOSIp [eIo[OINAU UOIWIOAUN UY
‘ure.t80f
~sydasuanaipae ay ut Ajiarioe puodal jo duumosqo
puR ‘1nuris [BusiA 03 AWANDEAL PasBALIIp B law)
UONIBAI SN[NWTIS PISBAIIAP (133) puUR spuey ayl Jo
LNANITUIS I11OT) PITEAIDIP [AVUR[RQ JO ISUIS P
-[e ue ‘slowax) prads puw puey pue ‘stgodpAysad
-Ay ‘mrxagaaradAy ‘wsrydesBoyzwap se yons sauw
-requit drwouoine :apnput sudis redpuud 3y, (01D
ammsodxa astou feuopjednodo ulial-3uo] yiLm paje
-1p0sve sadueyy [eofofoamau odad sqojednsaaul jo
AquUmMu ¥ ‘S43psos1(q JI1B0j0NIN puD 0N
‘(ror ‘or) diysuorie[as ® yans 1593
-Ang A(Auodis ‘12AIMOY ‘IFI0U [BLIISNPUT U0 SINIRID
-3 ueadony ayl (oIr) siapdostp reunsajutonised
ut adnsodxa asiou Lty Auol Jo ajod 3y] JnoqeE sIUIW
-3pal Amsnl 01 waynsuy axe ajqereae Apuasaad
BIED AU, “RIIPLOS)( JDUNEIJUIOLEDY) PUD IBION
*(01r) aansodxa astou
OS] SUOIDEAL F8IIADE MOYS 03 L[N A[eredss atx
USJIPTY? pue uonEINpd jO $[2Aa] MO| pUE sawoIUL
0] yitw ‘suonnjuisur ut agdoad ‘snyy "way) joauod
0} aqeun are oyw aydoad waymw 03 Ay isow
3J¥ 210550435 [BJUILIUOIAUS ‘LOULIAYIAN ] “AIISUap
uoyepndod puw aumssadd HIom S YINS ‘sI0853N
A0 YIIM PIUIQUIOd uaym S[RTpLAIpUl A[qlidad
-SN€ JO Yifeay 3y) sIafre astou eyl pooyriayy ayl
I JUDISIBUCD 51 RIIPLOFIP JEMITBAOIPIBD MOYY
10U op astou 0} pasodxa suoszad [r8 IwY) 18] Ay
-uopyEn3
uswny 3y} 0} diysuone[al 980 B SINaq 1 UL
-3q juentodun st seyswud jo Apnis swyl ‘(711 sk
uy uorsualtadAg aonpoad jou pip s[2ad( astou Yy 03
amsodxa Buotany 18y} pasepsp Lpnis 3 3iog duIg
QUBWING U WIISAH JPMOFBAOIDIED Ayl uo s3age
agtou uLd}-3uof Jo siseq & JursaBins ‘Juaunsosiaua
astou ayl 0} ainsodxa IUMUnUOSIp Jayye pIIsis
-dad safuwyd asay, ‘(sIT) SwyIAyd ainssad pooq
[EUMIp Ul SUONEIAI(® PUB §[3A3] 3amssad poolq
ur SUOKEA3[d PAUIEISTS ‘Jumoyudis PISOPSIP s4a
-ya0m A10308] Uequm Jo jeyl FurleTnuns JuBUNOLAUR
#80U SNONUIIUOD ¥ 0} SYIUOW U 0] pasodxa s{ay




4_____.——-—”

®

tal ab-
At this
fer ¢
it

cts of
n3dto
BAis
more,
irface
r that

may
hear-

»ecial
susly
:ance
ents.
«arly
2arn-
tions

-alth
»o8i-

" Rttt YAATo B8

to the general public. Because of this fragmentation
and ambiguity, definitive action has been stymied
by misunderstanding of the economic, social, and
personal costs of noise control efforts. Underlying
the confusion is the failure to appreciate that, beyond
human communication, sound plays a vital role in
the physiological functioning of the body.

As is true with other human problems, additional
inevitable resistances to facing and remediating the
untoward effects of noise have been encountered.
This is particularly because the root causes of noise
pollution are the imposition of modern technology
and population pressures on natural human living
conditions. Solutions accordingly require adjustments
in styles of behavior and living. Even though short
range inconveniences may lead to long range be-
nefits, the human tendency is to resist change and
maintain the status quo. Workers fail to wear pro-
tective hearing devices, manufacturers do not acous-
tically condition products and government does not
adequately enforce standards. Moreover, the human
capacity to adapt to noisy environments masks the
magnitude of the problem. Hearing loss in itself
further may reduce awareness of noxious sounds.
These resistances are important determinants of
ambiguities in the measurgment of community re-
sponses to noise (119).

We believe that the paralysis of effective action is
not a result of lack of knowledge but of a failure to
integrate and articulate existing knowledge so0 that
compelling reasons can stimulate the motivation
needed to implement changes. For this reason,
education of the public and workers in the field is
the most important need today.

The compelling reasons for action are the facts
that substantial groups of the population are vul-
nerable to adverse health effects from noise, that
the quality of life is generally eroded by annoyance
from noise, that sleep is disrupted, that productiv-
ity is reduced, and that the education of children is
affected by noisy environments.

Without question noise can be a stressor and
consequently an important underestimated pollu-
tant of modern society as are chemicals and particu-
late matter that pollute the air, water, and food.
Moreover, noise significantly affects the human ner-
vous and endocrine systems. Because these sys-
tems are capable of sophisticated short range adap-
tive maneuvers, the harmful effects of noise, like
other pollutants, usually become evident at later
points in time. Noise is one of the main sources of
sensory overload for city dwellers and industrial
workers (19).

More than other pollutants noise interacts with
other sensory stressors, population density, life
change and life circumstances. Thus, noise plays an
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aggravating role in addition to stress generated by
environmental conditions and attitudes toward them.
These complex interactions have led to despair in
ferreting out the exact role of noise in stress in-
duced dysfunctions. When seen in the context of all
of these factors, however, noise often emerges as
the one most accessible to preventive and remedial
action. This is reflected in the already existing
federal, state, and local noise control measures.
Actually, there is little more that needs to be
known. The problem lies in the lack of coordination
between acoustical engineering, urban planning,
health, architecture, audiology, and other related
professional disciplines. :

There are essentially three points of intervention
in noise control: reducing sound emission from the
source, blocking sound tranamission from the source
to the ear, and protecting the ear itself from receiv-
ing the sound. Practical considerations limit the
reduction of sound emisgion from industrial, traffic
and aircraft sources. Still, acoustical conditioning of
working and living environments can effectively
reduce transmitted sound. Finally, sound can be
effectively blocked at the level of the ear through
protective hearing devices. By intervening at any
or all of these levels there are few noise problems
that cannot be effectively managed today. Thus,
the problem is not that remedies are unavailable or
too costly, but that the least expensive ones are not
being used.

The multifaceted nature of solutions to the noise
problem involves the cooperation of those who gen-
erate and those who are affected by noise. We
cannot realistically expect dramatic reductions in
the sources of noise pollution (120). Unlike other
forms of environmental pollution, however, indi-
viduals can minimize the adverse effects of noise
upon them. To the extent of economic feasibility
industry should more actively reduce noise emis-
sion at the source by machines, vehicles, and appli-
ances. Beyond that point, individuals can and should
protect themselves from harmful sounds through
acoustical conditioning and sound occluding ear de-

vices.

The fundamental problem is one of attitude at the
levels of government, industry, consumers, and
health care workers. Noise already has been identified
as a national hazard by Congress in the form of the
Noise Control Act of 1972 and the Quiet Communi-
ties Act of 1978. Federal standards for new product
noise emission, labeling requirements, and state
and local regulations are being promulgated (121-
123). Yet unachieved, however, is public awareness
of the significance of noise pollution. An attitude of
helplessness prevails leading to either resignation
to the existence of noise or escape from it by
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moving out the urban areas or changing jobs. Un-
appreciated is the fact that citizen initiatives, com-
munity organization, labor union bargaining, con-
sumer demand, and personal efforts can create a
climate in which an attitude of mastery over noise
rather than helplessness can be achieved.

The basis now exists for public, consumer and
labor expectations that acoustical conditioning be
given priority equivalent to air conditioning in hous.
ing and industrial construction and in machine and
sppliance manufacturing. The problem lies aimply
in a lack of awareness of the importance of these
factors. People have become accustomed to accom-
modating to noise through bodily defense mechs-
nisms and lack an understanding of the personal
and governmental resources available to them. Cit-
izens do not fully appreciate that, negative research
findings and preoccupation with the details of meas-
uring community annoyance notwithstanding, they
have the right to determine the quality of their
lives and to be free from the harrassment of noise
generated by industrial, vehicular, office, airport,
and household appliance sources.

Summary

The fundamental purposes of hearing are to alert
and to warn. The auditory orienting response, star-
tle reflex and defensive response translate sound
stimuli into action and sometimes into stress in-
duced bodily changes. In the course of human evo-
lution the additional purposes of communication
and entertainment developed as sound assumed
symbolic meaning.

The brain’s processing of sound has been outlined
as the biological and psychological basis for the
effects of sound on the body. An integrated model
then was presented for analyzing the impact of
sound as a stressor on the body and for identifying
key variables for research on the health effects of
noise. In addition to the characteristics of the sound
stimulus, a variety of personal and social factors
determine whether or not noise becomes a stressor.
The cognitive state, defense mechanisma, psycho-
physiological responses and stimulus and response
regulation techniques of the individual person play
vital roles. When the tension induced by sound
persistently alters the homeostasis of the neuroen-
docrine system, a state of stress results with ac-
companying dysfunction in hearing, sleep, task per-
formance, speech communication, and emotional
state. When dysfunction leads to the assumption of
the patient role, stress induced iliness can be identified
in the form of the suggested syndrome of “noise
sickness;” cardiovascular, neurological, and gastro-

intestinal disorders; and possibly aggravated men-
tal illness and fetal abnormalities.

Noise is a stressor and an important, largely
unrecognized, pollutant of our environment. Qur
quality of life generally is eroded by annoyance
from noise, and substantial segments of the popula-
tion are vulnerable to its adverse health effects.
More specifically, sleep is disrupted, produectivity is
reduced and the education and development of
children is affected by noisy environments,

The prevention and reduction of noise pollution
need not await further knowledge. The technology
for reducing noise emission, acoustically condition-
ing environments and protecting hearing now ex-
ists. The problem is the lack of public awareness of
the significance of noise pollution and solutions to it.
The challenge is to convert through education a
public attitude of helpleasness to one of mastery
through citizen initiatives, labor union bargaining,
consumer demands and personal efforts to adopt
the most feasible noise and noise response control
measures,
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