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3lgerman Investigations on Morbidity and

Mortality of Workers Exposed to

Vi:wyl Chioride

by H. Weber,* W. Reinl,* and E. Greisert

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 reported.

Vin. Chloride Mortality Study

The aims of this study were to determine stan-
iardized mortality ratios (SMR) for male workers

_2xposed to VCM, using the mortality rates of the

‘Vest German male population as reference, to
sudy the SMRs of a cohort of workers of the
shemical industry comparable concerning age dis-
‘ribution and observation period but not exposed to
VCM and to determine the SMR of a cohort of
worker - ‘in PVC-processing plants.

The  dy was designed as a historic cohort
study, covering the period from the beginning of
the VCM- and PVC-production in all of the German
slants 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
nsufficient’ mortality data on various foreign na-
“onals employed in German factories. To deter-
mune the mortality rates of Austrians, West Ger-
man ra--  -ere used. To calculate expectations of
otal o - .ity, the mortality rates of the adequate
Fears have been used. To calculate expectations of
:‘peclﬁc causes of death for all years before 1968,
:he rates of 1968 have been used; for the following
~ears the rates of the corresponding years. Follow-
Mg the procedure applied by Tabershaw (1),

\'\_
“Staatlicher Gewerbearzt, Disseldorf, W. Germany.

Divgerstes Pasearch Institute at the University of Diisseldor,
31"""'4 : :cal Statistics and Epidemiology, Disseldorf,
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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,
1960-1969, 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 200-209), 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

(3=}
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shortcomings of the study no assessment of cardio-  time-response pattern. As it has been impossible
vascular risk factors has been made. Therefore determine concentrations of VCM retrospécmg
these results are of minor interest. due to technological and methodological problem

When subdividing the VCM-exposed cohort ac-  no dose-response pattern can be established. Hov
cording to time of exposure there is a clear-cut ever time of exposure seems to be the best avaj
increase of the SMR of liver tumors with time  able guess for dose.

(Table 3). This seems to be highly suggestive of a Subclassification according to observation pen%
3
E3
Table 1. Characteristics of study cohorts. 2?
Group I, VCM/PVC Group II, reference Group III, PVC ¥
production . group processing 3
>
Population (Germans + Austrians) : 7.021 4.910 4.007 *
Man years 73.734 76.029 52.896 K
et Follow-up completed till 12/31/74, % deceased 93.2 89.8 92.1 :
2 Observed 414 417 360 L
. o Expected 435 533 330 i
. e Unknown causes of death :
e No. 30 47 47 -
% 7.3 11.3 13.1
f Total mortality (SMR) 95 8 95 "
Foreigners (excluding Austnans) 882 711 1.454
Deceased 6 6 10
Table 2. Standardized mortality ratios. 2
VCM/PVC Reference PVC 1
production group . processing =
ICD 8 Cause of death Obs. SMR Obs. SMR Obs. SMR ¢
Total mortality ) 414 95 417 78 360 BV
140-209 All malignant tumors 94 112 83 83 62 8
140-199 Malignant tumors of organs 79 103 77 83 60 89 -
200-209 Malignancies of lymphatic and hematopoetic tissues 15 214° 6 7 - 2 3H -
150-159 -Malignant tumors of GI tract and peritoneum 45 149* 27 71 13.. - 867
. 155 " Malignant tumors of the liver 12 1523 4 401° 3 434 :
N 191 Malignant tumors of the brain 2 162 2 184 5 535* -
E 410414 Ischemic heart disease 91 127 115 1312 96 1585
. 410 Acute myocardial 66 114 83 120 69 143°
s 800-949 Accidents 61 137 44 99 32 110 -

- 3Beyond 95% confidence interval (2).
bBeyond 99% confidence interval (2).

Table 3. Standardized mortality ratios by duration of exposure.-

Duration of exposure, months

<12 13-16 61-120 > 121

ICD8 Cause of death Obs. SMR Obs. SMR Obs. SMR Obs. .SMR
: Total
i mortality 53 93 138 102 93 - 87 130 96
. 140-199  Malignant tumors of organs 6 74 20 88 22 116 31 115
: 200-209  Malignancies of lymphatic and hematopoetic tissues 1 92 4 186 5 287 5 249
' 150-159  Malignant tumors of GI tract and peritoneum 3 101 12 135 13 173 17 138 .
; 155 Malignant tumors of the liver 0 - 2 8 3 1525b 7 25080,
; 191 Malignant tumors of the brain 0 - Y - 1 350 1 278 .
i 96
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tim-  “sible t Table 4. Standardized mortality ratios by period of observation.
e PP
f:l’ Of)tltavnegs'y Observation period
olished. Hog. To 1959 1960-69 1970-74 Total
‘he best ava{L IC. 8 Cause of death Obs. SMR Obs. SMR Obs. SMR Obs. SMR
~ati (% 140-199 -~ Malignant tumors 12 160 29 84 194 103 414 95
ation perio 200-209  Malignancies of lymphatic and
X hematopoetic tissues 1 147 9 275> 5 168 15 2140
% | 150-159 Malignant tumors of GI tract and peritoneum 8 27 13 94 24 1T 45 1492
155 Malignant tumors of the liver 1 1282 3 834* 8 2264 12 1523>
. 191 Malignant tumors of the brain 1 557 0 ~ 1 223 2 162
—_—a
;l:'gclels]s; ve % sBevond 95% confidence interval.
g tBeyond 99% confidence interval.
s
4.007 bs
52.896 <
92.1 3 Table 5. Standardized mortality ratios by age.
360 <
380 . : Age group
47 . <24 25-34 35-44 45-54 55-64 = 65 Total
13.1 1 ICD8  Cause of death Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR Obs. SMR
95 ’
M - Total N
N - | mortality 10 68 45 111 65 104 9 101 105 80 9 103 4114 95
0 ’ 140-199 Malignant tumors of organs 0 - 4 141 13 1882 19 141 22 % 21 160 79 103
- 200-209 Malignancies of lymphatie L _ N
and hematopoetic tissues 0 - 2 194 4 303 4 264 3 182 2 197 15 214
12 - .59 Malignant tumors of GI
‘ tract and peritoneum ] - 3 397 10 365° 10 145 10 8 12 140 45 149°
( 135 Malignant tumors of
PVC ¢ the liver 0 - 0 - 6 683> 0 - 3 93 3 166> 12 1528
T essing ¥ {191 Malignant tumors of _ . 2 .
0 SMR ¢ the brain 0o - o - 0 - 1 254 1 362 0 - 162
. - é *Beyond 95% confidence interval.
dgg gg = "Beyond 99% confidence interval.
60 89
lg g 3 3 Table 6. Groups for subdivision of laboratory examinations.
3 434 * = : -
5 - 5357 t G:.p Specification Table 8. Bromsulfalein retention.?
—ob
S O B VCM/PVC production pe—
32 110 | t A1l PVC processing and
) B.1 VCM/PVC production and PVC processing, Austrians Foreigners  Total
! work capacity loss < 20%
+ BI VCM/PVC production and PVC processing, Retention normal 17 30 17
work capacity loss = 20% Retention abnormal 33 21 33
C-1 Germans and Austrians Total 50 51 101
C-11 Foreigners (Excl. Austrians)
i D-1 Plants with high morbidity Chi square, = 6.25 (p < 2.5%).
: = D-11 Plants with low morbidity
_ > 121 - { Table 9. Bromsulfalein retention.?
T Obs. SMR: Table 7. Bromsuifalein retention.®
1 Work capa- Work capa-
5 VCM/PVC PVC city loss ity loss
7 130 96 _- Production Processing  Total < 20% > 20% Total
6 81 115 % -
7 5 249 7 . Retention normal 26 21 47 Retention normal 41 6 47
3 17 158 ¢ Retention abnormal 44 10 54 Retention abnormal 32 22 54
5 7 2508 . Total 70 31 101 Total 3 28 101
0 1 278 2 .
. % 'Chi square, = 8.09 (p < 1%). .Chl square, = 9.81 (p < 1%).
x
h ¥ -spectives, < ;ober 1981 . 97
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(Table 4) reveals a rather inconsistent pattern:
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 (12/31/1974).

The distribution of SMRs by age (Table 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 . Xe0%
X - 0.68 pLl s
0.5
0

VCM-/PVC PRODUCTION  VCM-/PYC PRODUCTION
AND PVC PROCESSING AND PVC PROCESSING

WORK CAPACITY LOSS WORK CAPACITY LOSS

<% , 20

Ficure 1. Vinyl chloride morbidity study: total bilirubin (nor-
mal 1.0).

98

MGIoL
300
200
¥ 1327 T
. !
0

X - 166.7

NORMAL < 120 Mg,
PATHOL. > 120 Mo

o
3

 § st SN B SRR

p<S %

VCM-/PVC PRODUCTION
AND PVC PROCESSING
WORK CAPACITY LOSS

L<20%

VCM-/PVC PRODUCTION

AND PVC PROCESSING

WORK CAPACITY LOSS
220%

Ficure 2. Vinyl chloride morbidity study: oral glucose tole

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

%o

4

X - 10.9

pesS %

VCM-/PVC PRODUCTION
AND PVC PROCESSING
WORK CAPACITY LOSS

<%

VCM-IPVC PRODUCTION
AND PVC PROCE SSING
WORK CAPACITY L0SS

220%

Ficure 3. Vinyl chloride morbidity study: reticulocytes (n:
mal 15%).
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working population in 1974 in the above mentioned
pranches, i.e., 6,500 workers in VCM or PVC
pr-duction and 42,800 workers in PVC processing
{a. Ziven 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
set of examinations performed on each of the cases,
numbers of observations for various variables ana-
lvzed 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
in -stigations.

i our attempts to subclassify observation on the
269 cases have been undertaken (Table 6). Only
those results showing significant differences when
applying t-tests or chi-square tests are so classified.
Amazingly none of the more sensitive lab examina-
tions of liver functions showed a marked difference
in all of the subclassifications besides bromsulfalein
retention. In this instance there is a significant
difference when subdividing by VCM/PVC produc-
tic= versus processing (Table 7), as well as by

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 subproup with work capacity loss
greater than 20% (Fig. 1). There seems to be an
impaired glucose tolerance in this group, although
observed in a small 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.
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Mortality and Cancer Rates among
Workers in the Swedish PVC

Processing industry

by Gustavo Molina*, Bo Holmberg*, Stig Elofssont,
Lars Holmlund,* Rein Moosing,* and

Peter Westerholm**

- Personnel lists from four PV C-processing industries were collected on production of employees
with at least three months of employment at the beginning of 1945 and the last dav of

employment December 31, 1974. Of 2073 persons, 103 could not be followed up, because they had

moved abroad. The remaining persons comprise the cohort of 1970 individuals 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 dirv=ted at circumstances chronologically close to the time of exposure. The
myocardial infarction risk related to vinyl chloride 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, Raynaud'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, 3)
performed at companies which fabricate poly(vinyl
chloride) (PVC). In animal experimental studies it
has been reported that inhalation of VCM causes
malignant tumors in different organs in rodents
4-6).

In Sweden, in 1974, two cases of liver heman-

*QOccupational Toxicology Unit, Department for Occupational
Medicine, Lubor Medicine Division, Depzrtment of Occupational
Qafe'.). Box 100, 26 Stockholm, Sweden.

+Statistical Institution, Stockhelm University. Box 6701, 113
85 Stockholm, Sweden.

$Group for Applied Statisties, Karlbergsvagen 82, 113 35
Stockholm. Sweden.

**Boureau of Statistics, Department of Welfare, 106 30 Stock-
holm, Sweden.

QOctober 1981
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giosarcoma were diagnosed in employees at a
compzny engaged in the processing of V'CM and
PVC (7). Later another two case: occwrred at the
same factory.

Studies on other forms of cancer (8, 9; suggest
that VCM-exposed workers in the PVC fzbricating
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 PV'C manufacturing indus-
try.

The present retrospective cohort \tudr was per-
formed for the purpose of determining t=e pattern
of morbidity and mortality in the PVC processing
industry. The PVC processing industry. generally
speaking, has had a lower level of exposis 1o VCM
than the fabrication industry. In the Swedizsh PVC
processing industry, at present, about 3000 persons
are employed in production.

231138001
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Material and Methods

Information for the study was collected from four
PV C processing companies. The four companies all
- " =d PV'C which. after additions of various chemi-

z. iz heat-treated for fabrication into floor cover-
..., lace. pipes, and food packaging.

Data Collection

The following data were collected from the per-
sonnel lists at the companies: personal number,
nzme. beginning and end of exposure (year and
mon:h) 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
classified 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
czncer registry by the Central Bureau of Statistics
SCB). The personnel numbers which could not be
recovered at this time were checked by the national
taxziion office. The original cohort included a total
of 2.073 persons. Of these, 103 persons (5%) dropped

at, 70 or whom had moved abroad, 5 were found in
e missing persons register of the tax office, and
23 could not be traced.

Study Cohorts

For the statistical 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
begen no_earlier-than 1961 (follow-up time from
beginning of exposure and through 1976); (4) all
persons with at least two years exposure (follow-up
time from two years 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

116
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The two latter named study cohorts were chosen
in order to study whether any differences existed in
the death cause pattern with respect to when the
deaths occurred after the beginning of exposure.
The first of the study cohorts was intended to shed
light on possible causes of death which occur rela-
tively early, e.g., accidents caused by the job. The
second was intended to shed light on such death
causes as occurred after a longer time had passed.
Tumors caused by occupational exposure, for ex-
ample, often have a long latency period, 5-10 yr or
longer.

Results

The original cohort was relatively young at the
beginning of exposure. The age distribution in the
different exposure classes is given in Table 1. One
finds various dissimilarities between the exposure
classes. In class 1 (low), 41.7% were younger than
35 years at the beginning of exposure; in class 2
(average), 47.7%; and in class 3 (high), 50.6%. There

Table 1. Age distribution in original cohort at beginning of
exposure

% in each exposure class

Age 1 2 3 1-3
<19 1.6 2.0 8.9 2.1
20-24 1.5 14.6 143 9.2
25-29 13.5 15.7 21.4 14.4
30-34 19.1 15.4 17.0 18.3
35-39 17.0 13.2 10.7 15.9
4044 13.7 12.6 9.8 13.3
4549 11.1 12,6 8.9 11.3
50-54 8.0 7.8 5.4 1.8
55-59 3.1 3.9 1.8 4.7
6064 2.6 2.0 - 1.8 2.4
> 63 0.7 0.3 0.0 0.6
No. of 100% 100% 100% 10%%
persons (1501) (357) a12) (1970)

Table 2, Distribution of exposure time in the original cohort.

% in each exposure class

Months ) 1 2 3 1-3

<53 13.1 0.3 0.0 10.1 .
6-23 38.4 8.4 8.9 31.3
24-39 25.0 174 10.7 22.8
60-119 15.3 451 15.2 20.8
> 120 8.2 28.3 65.2 15.1
100% 100% 100% 100%

(M = 1510) (M = 85T) (A = 112) (A = 1970)

Environmental Health Perspectives

21138002

s Sl v
g WO IV A

-
p

e -

- WRT
.— )

&3 .-

.
.

-~

ey

FORTo
& Y ey,

ek ey

Cohort

Exp. class
Exp. clasg
Exp. class

Exp. class

Table 4. ¢
certain ¢z
least six

Malignant
Digestive

Cardiovas
Myocardia
Accidents,

*Rizk ca
than 1961.

were al:
with res
it shoul
which w
entranct
which r¢
times is
has-ionyp

The ¢
increase
tional ax
the suly

Study
least six
the risk
what res

~ deaths i:

Table 5. t

Cohurt

Exp. clas
Exp. clav
Exp. cha~

Exp. cla~

*Risk €

Octoher




VP R p SRS
XS X PN 2

A S b O

re chosen
& “sted in
v en the
exposure.
-d to shed
« rrela-
¢ b. The
uch death
:0 massed.
-« for ex-
3.0 yror

]

i
LA

.1§ rat the
tain the
:ble 1. One
[ xposure
uzzer than
5 class 2
X “here
H

1]

ti"(-g‘inning of

A

1

13

{ 21
Y
L4
183
15.9
133
1.3
7.8
4.7
P24
b0

10%%
(1970)

————

e marmny

<itina) cohort,

I 10.1
: 31.3
.8
)8
131
T
C 1 100
RS RSP 1470)
—_
)
;‘I—v‘:ctivcs
|

.
T T N T T TR ORI

et mnn £ 1w
: T e

ot e N

el

L ——

P S

o ———y =y

Table 3. Observed and anlicipated number of deaths as of December 31, 1976.

No. of deaths

Approx. 95%
Cohort Number Observed Expected Ratio O/E confidence interval
Exp. class 1 1303 33 §5.5 0.95 = 0.26
Exp. class 2 336 "4 21.9 0.64 = 0.34
Exp. class 3 112 6 10.3 0.70 = 0.47
Exp. class 1-3 -~ 17 73 87.8 0.84 . = 0.19
[
Table 4. Observed and anticipated number of deaths from ?
certain causes during the 1963-1976 period in those with at pA
least six months of exposure including those who stopped deaths} v~ observed
before 1961.* ~— anticipated
7
Ob- Ex- Ratio e
served pected O/E s
Malignant tumors 140-209 17 140 121 4
Digestive organ tumors 150-159 8 4.9 1.63 3
Cardiovascular diseases V11 22 24.3 0.91 2
Myocardial infarction 410.90 15 20.0 -1.49 1
Accidents, suicide, ete. XVII 13 9.2 1.42 - I = . - >
ap: s = 1948 1930 1953 1280 1985 1870 1978
Risk calculated from the beginning of exposure but no earlier Ficure 1. Cumulative deaths (in percent): (V) observed; (Y)

than 19861. Study cohort 2 (1771 persons).

were also dissimilarities in the length of exposure
with respect to exposure class (Table 2). However,
it should be noted that the table includes cases
which were still under exposure at the final date for
entrance into the cohort (December 31, 1974), for
which reason, a certain bias toward short exposure
times is found. Regardless of this, exposure class 3
has 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 cohort 1, which includes everyone with at
least six months of exposure and with caleulation of
the risk from the beginning of exposure, is some-
what remarkable in that the anticipated number of
deaths is significantly higher than that observed up

anticipated. Expected value calculated from .beginning of
exposure. Study cohort 1 (1970 persons). The percentage 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 exposure, 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 analvsis. 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 vari-

Table 5. Observed and anticipated number of deaths as of December 31, 1976 in those with at least six months of exposure
beginning no earlier than 1961.2

»

No. of deaths

Approx. 95%
Cohort Number Observed Expected Ratio O/E confidence interval
Exp. class 1 + 1139 43 41.2 1.04 = 0.31
Exp. class 2 247 4 1.7 0.34 = 0.34
Exp. class 3 42 1 1.8
Exp. class 1-3 1428 18 5.7 0.83 = 0.35

3Risk calculation from beginning of exposure. Study cohort 3 (1428 persons).
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Ficure 3. Cumulative deaths (in percent) of those who began
exposure in 1450 or later. Study cohort 3 (1428 persons).
Percentzge for 2 given year calculated as in Fig. 1.

ous death causes is shown in Table 4. The observed
2nd anticipated number of deaths during the 1961-1968
period is relatively small, only a few cases, and the
death cause classification was modified as mentioned
earlier in 1969, for which reason 1961-1968 period is
not discussed separately. By and large, the picture
is the same there as for the 1969-1976 period re-
ported on. From Table 4, one sees that the ob-
served number of deaths, especially those from
tumors of the digestive tract, myocardial infarction
and accidents, is somewhat higher than anticipated.
However, the differences are not significant. Study

Table 7. Observed and anticipated number of deaths from certain causes during the 1969-1976 among those with at least t“o
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e 1 236 5 8 2B 81012132415 Years after
beginning
of exposure

FicUrE 4. Observed death risk per year at different points of
time after beginning of exposure expressed in percent-of
corresponding anticipated risk in those who began exposure
in 1961 or later. Study cohort 3 (1428 persons).

Table 6. Observed and anticipated number of deaths from
certain causes during the 1963-1976'among those with at Jeast
six months of exposure beginning in 1961 or later.*

Ob- Ex-  Ratio

served pected O/E

Malignant tumors 140~-209 9 9.7 0.93
Digestive organ tumors 150-138 4 33 1.20
Cardiovascular diseases VII 16 16.2 0.99
Myocardial infarction 410.90 4 11.2 1.25
Accidents. suicide. ete. XVI1I 11 7.3 151

*Risk caleulated from the beginning of exposure. Study cohort
3 (1428 persons).

cohort 3 (Tables 5 and 6; Figs. 3-5) which pertains
to those who began working in 1961 or later but

which otherwise satis{y the same criteria as study ;

cohort 2, displays a similar picture.

An analysis of study cohort 3 according to for- X

mula B (Figs. 4 and 5) indicates that the annual risk .
during the first year of exposure is somewhat lower
than the anticipated one, but that after about ten
years, an increased risk oceurs so that the observed
yisk becomes higher than the anticipated.

years of exposure.®*

ke 4t

‘wm

Observed Expected Ratio O’E

Malignant tumors 140-209 5 (9) 7.4 (8.9) 0.86% (1.01)
Digestive organ turors 150-159 2 (4 2.6 (3.2) 0.78° (1.27)
Cardiovescular diseases VII 15 (16) 12.7 15.8) ~ 1.18° (1.01)
Myocardial infarction 410.90 11 (12) 5.4 (6.6) 2.03° (1.82)
Accidents, suicide. ete. XVII 4 (5) 4.6 (5.1) 0.87% (0.97)

*Pisk czlculated from two years after beginning of exposure and no more than five years (10 years) after end of exposure. Stud g

cohort $ (1155 persons).
°p < 0.05.
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Table 8. Observed and anticipated number of deaths from
certain causes during the 1963-1976 in those with at least two
years of exposure.®?

Ob- Ex-  Ratio
served pected O/E

Malignant tumors 140-209 . 9 6.0 1.51

Digestive organ tumors 150-159- 4 2.2 1.85
Cardiovascular diseases V11 12 | 1Ll 108
Myocardial infarction 410.90 8 4.5 .77
Accidents, suicide, ete. XVII 2 2.5 0.79

*Risk caleulated from 10 years after beginning of exposure.
Study cohort 5 (680 persons). i

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

Malignant tumors (total) 51° 44.6 1.14
Digestive organ tumors (150-159) 11~ 85 1.29

3Risk calculated from beginning of exposure but no earlier
than 1961. Study cchort 2 (1771 persons).

In study cohort 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 infarction. Other causes are somewhat
lower here than expected.- .

In study cchort 5 (Table 8), finally, one finds an
indication of an increase in the death risk as regards
tumors, but also for myocardial infarction. The
differences between the observed and anticipated
numbers are not, however, statistically confirmed
at the 5% level

The result with respect to 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
a 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 guestion of tumors of the digestive or-
gans, in the same study cohort, 11 cases were
observed as opposed to an anticipated 8.5. The

Octoher 1081

b A == obsetrved
—— anticipated
R L-1-]
*&?~‘,‘_‘
*0

L3

i A »  No. of i

risks
Ficure 5. Cumulative survival probability (in pereent) of those
who began exposure in 1961 or later and have at Jeast six
months of exposure. Study cchort 3 (1428 persons).

A . . .

s S .
cancer= ——e—expected
cases

~—-——spbserved

74

.

1980 1988 %70 107s

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-1960's, was purged

21138005 s



-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
securred. this would have resulted in the elimina-
tion of persons with a long abservation time at the
time of follow-up. In the present study, the risk
calculations were limited to beginning no earlier
than 1961. Thiz 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 (1CD 410.90)
is elevated in the cohort. This elevation occurs most
clearly in the category of the total cohort which has
at least two vears of employment time and where
the analysis was directed at the period of time

; following two years after the beginning of employ-
' ment and extendi .g 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
imposzible 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

-

-t

[ S

striking that it, in combination with the known -
facts about the toxic properties of vinyl chloride,

ey

-—  must be given consideration. There are no reasons
to assume that varving 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 modern social environ-
ment in an industrialized country. Cigarette smok-

4 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

J heart varies, inter alia, with the total load of risk
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factors. Among other sk iactors, one can a)s,
name hereditary characteristics and high bloog ,,r;;
sure. In this connection, there is reason to recl). .
that the causal network of coronary disease i m\:“
tifactorial and that the disease has an environmep,
tal relationship in the broad sense. There s ¢
reason to recall the aspect that the total rigk i'r\.
creases when several risk factors, known or y.,
known, are allowed to collaborate (11, 12). i
It has not been possible to establish the distripy,.
tion of such already known risk factors for eoronary
disease in the cohorts studied with respect to the
national population in general. Therefore, no cyp.
tinued analysis of the matter of the causal relation.
ship between close environment and heart diseace
morbidity can be made within the limits of this

_study.

 Exposure classes 2 and 3 constitute subcohors
that are too small, in the present study, to allow a
meaningful discussion of the myocardial infarction
risks relative to the various exposure levels in the
processing industry. In this connection, one should
also consider the circumstance that the exposure
classes in this study are based on interviews with
the employees directed at the work environment at
the time in question some 10 to 15 years ago.
Therefore, this involves an environment which hasg
subsequently undergone changes. Objective classi-

- fication criteria in the matter of exposure, e.¢., in

the form of environmental measurements, do rot

_ exist. The distribution into exposure classes is, for

this reason, fraught with uncertainty.
In animal experiments, it has been found that the

~toxicity picture in rodents chronically exposed to

VCM involves the blood vessels. Besides heman-
giosarcoma in the liver and the other organs (3, 3)
the inhalation of VCM is also believed to cause
development of telangiectasis (4) in the liver of mice
which can lead to death from hemocoele. Changes
in the sinus cells have been observed in liver biop-
sies in VCM-exposed workers (13). Capillary changes
in the skin of the fingers have also been observed
(14-16),.both in VCM-exposed workers with other
vascular-involved diseases, such as acroosteolysis.

Raynaud’s phenomenon, and sclerodermia, and in -

VCM-exposed workers without such diseases. Az
over-representation of deaths from cardiovascuiar
diseases has also been observed in a study on the

PVC-fabricating industries (10). Animal experimen-:

tal and previous medical studies of VCM-exposed
populations therefore support the assumption that
the increased risk of myocardial infarction observed
in the present study could possibly be ascribed 1o
VCM exposure. e

_As regards the mortality and morbidity from
tumors, the results are uncertain. There are certad
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15 indications of an elevation, but the differences are
& not statistically confirmed. One can think of two
. possibilities here: (1) in reality, there is no increase
¥ in the risk of tumors; (2) there is indeed an’ in-
s creased risk of tumors. The results neither confirm
: nor refute this. Tumors do not occur until after a

long latency period. The majority of the persons

- included in the study did not begin their exposure
: until the 60's and 70’s and therefore could not be
. followed for a sufficiently Jong time. An accurate

follow-up of the present cohort during the coming
five-year period should bring greater clarity into
this. :

In the present connection, it is of interest that in

a recently published mortality study (17) on almost -

4300 deaths in the American PVC-processing in-
dustry, an overrepresentation in cancer mortality
appears to exist (all cancer), especially gastrointes-
tinal cancer in both sexes.
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_excess of lung cancer (5 observed versus 1.98
expected.)

Cancer of the Lymphatic and
-“Jematopoietic 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 excess. 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

Insummary, epidemiologicevidence demonstrates
that the carcinogenic effects of VC in humans
extend beyond the liver. The brain and lung should
also be considered target organs. Some studies
indicate that the lymphatic and hematopoietic sys-
tems are also ir..olved. These observations in
humans are supported by studies demonstrating
the induction of cancer of these same sites in
experimental animals.
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