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Letiers to the Zditor

FLATION IN CULTURED
FISROALASTS FKOM PATIENTS WITHE
PHENYLXETONURIA

Siz~~Estimation of the activity of phenylalsaine hydruxys
lase in culturcd Ruman fibroblasts would permut charactenisas
tion of enzwme defects in vanamts of phenylketonuria .
{r.x..).} "2 Furthermore, enzyme activily might also be detect-

wbic in cultured human amniotic cells, yichhing @ prenanal 1wn 7

for rx.v, Duricrences ia hydroxylaon-rate berween normi
individuals and patients with Pkt should highlight djf:
ferences i the expression of the pere coding for phenylalani
hydroxylase in human fbroblass. W e have found thy th
dauan of pheaylalaniae to tyrovine in Gbredlasie pr
from controis and patients with p.x.L. is 1n fact diﬂcm){
diagnosls of » x.t. is based on chrical data only. Phenyiflanine
fevels in serum exceeded 20 mgdl, dut further charucigrisation
by loading tests? has aot been Jone.)
Enzyme actvily was tested in homogenates «
 tultured by sandard metheds. The reaction

FORMATION DF TYRDSINE FROM L-PHENYLALANINE
HUMAR ZIBROSLASTS OF NOLWAL PERIONS AND OF

PROTIIYS FROM

Nov of Tyrosine formed {pencl/t/mg)
Group determinations ; imean 2 .Y «

1 contrrle 13 s/ a0l
Mf."u. : 15 L / 10t oy

A [ t/ 003 1.3

] 3 703 8.7

[ 3 .12 4.7

14 ] / 94 60
wolume 0- 15 mi) contained the Tollowing components: 013 mg
protein of homogenised fifroblasts, ceatrifitged at 45 000z for.
30 min. Ytris” taffer pH/7.44 75 mmolA. mognesium chloride
3.0 mmatl. DLS6,7 SActruhydratnartern dihydrochloride 13

wooll (& gift from Dr W. Kapp and Dr §. Skuacx, Hofl-
mann-La Roche, Grenzach-Wyhlen), catalase 0-03 mg, ¥.4.0.H
“0.49 mumold, YC-phenylalanine 0.8 LCi/assay, 3peci
fic aqivity 486/mCi/mmol (Amersham Buchler), 13C+¥C
phenylalzune umol . [ncubation was performed a1 37°C
ter chromatographic separation of *C-phenyls
its, reaction products and bquid scintiliation
yme activity was determined by the amoumt of

compared the proteins of cultured fibroblasts of ten
normal /individuals of unknown siate of hetcrozygosity

ion of phenylalanine 10 \vrasine (mven in pmol/h/mg
- fbroblastie protein! of 45-0 by normal andividuals and 3-0 by
paticats with p.X.L,
Although lhm of the four patienis oxidise a considerable
of pheavlalaning there 1 ne overlapping 1 cnevmauc
activity v-uhm the two Frours. Bt leaat in the ranpe uf (o the
shznd standasd deviation. This resuit demonstrates in accords
ance with the values of the standand deviations obtainad by
testing fibroblastic strains of the same person for severs) imes
that 7.k.¢. can be diagnosad i cultured human fibrublusts.
Further studies will be pursued with incubation of the
Bbrodlasty of these patients with 1etrahwlroptenas as Milsikn
and Kaufman* observed a sumulstion of enzyme activity in

b oeves O Tina M E Hua D Y l..:wn. 1947, 4, 928,
2 M. M. Y. Bog mad th:t 10%Q,2, 29,
). Kanonen M. E., Sihadler, G. E.. a0, S. Ak Du. Chudic. 1974, 4,

3.
4. Muilstscn, $vo Kaufman, 8. 1. diad. Chem. 1973, 298, 4777,
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liver slices by thigfrocedure. Thus celisred humsn fibrobiasts

will be an excetléne :ymm for testing thecapeutic possibihitics
for paients W

XU

urcd ﬁbroblnsn Mycoplasma infection was

excludad.?
A detagéd desenption of kinctic characteristics of the pheayl-

alanine Bydrosylase i normal andividuais comzared with pa-

ith P.X.U. is in preparation

thunk Prof. E. Moench snd Dr H. Bartsch {UrovenitBtskindse-

)11 X, Berhin', Dr 8. Schlenker (Univenitiiskinderklink, Geettangen),
@ Dr D, Feint and his colleagucs {Univerattoskinderklinik, Heazk

22 for the skia expinnts from patwats with #.x.U., ars Prol. V. Hay

and Dr W. Nuespen and their collaberaton {(Allprousin Rrankey

haus. Hamburg-Harburg) far the skin biopsies from normal indivie

duals, This work was supporied by the Deutsche Forschungpy
gemeinechaft {Sch 175/2Y,

| anarviandirankeahaus 1ppendost,
Lieasioes P {bamsangraciii, ' R. W. HOFFBAUIR -

2000 Hamburg 20, Feders) Republic of Germasy  GERLIND SCHREMPF

YINYL CHLORIDE AND MORTALITY?

Sin,—Excess cancer aftee exposure 10 vinyi chloride {v.c.)

was demnonitrated in snimals by Viola et sl.* and Makhoni and
Lefemine? in [taly, and subsequently suggested by Monson et
al.* and later definitively demonstrated by several icvestipstions
ia man in the United States.™ ¥ However, Duck ot al¥? of
British Petroleum in the U.K. found no excess of cancer mons
tality—Indeed, the longer workers were exposed to v.C., the
healthier they seemed 10 be, as suggested by lable it of their
report, which shows a decreasing risk of desth with an increas-
ing durstion of exposure.

In those expesed for less than 10 years, the standsrdised
mortlity from all causes was 112, but it fell 10 107 for thase
expored between 10 and 14 years and 10 61 for those expesed
for mare than L3 years, Several interpretations of these fiad-
ings are possible: (1) the formulated v.c. as received by B.P.
i umqu:lv non-toxig, {2) v.C. as palymernised or p'mecutd a
B.P. iz nmquclv safe, (3) workers at B.P. have a particuiar
genetic endowment which decreases thair tikelihoed for v.c.-in-
duced cancer, or conversely, other working populations'~*
have 3 unique susceptibility to v.C., o {4} centain diztary {ac-
tor1 unique to the workers st B.P. may wavenge freersdizal
v.C. {€.8., 30mc have sdvocated eating lots of onions or gacdic
sontaining free mlph\dryl groups.”’) Before venturing zny
interpretation in biological, eccup L, or technolegizal
terms, however, 3 closer cannideration of the B.F. dots seers
wise, espeaiaily in view of studies™ *7 which demoensirated that
the s.M.R. for total morality increases with an inercased
duration of employment, due 10 climination of the "heal:hy
worker" effect, If in & foliow-up study one selects, for example.,
a subgroup of workers by the fact that they have achieved ax
leaxt 1§ years® exgosure, then nonc of these workers could have
died before 1the ESth anniversary, so informsucn on risk of
dying can unly come from the number of man-yers at risk and
the aumber of deaths after 15 years. Of course these same
men, provided they are properly regreuped together with those
dying or coming 1o the end of the foliow-up between. for exame
ple, 10 snd 14 ycars can provide simular information for this
tume-intecval~—and w on for all previsus umeaniervals. Thiy

3. Ruasll, % C., Newman. C., Wilhamwa D). H, Nuture, 1973, 251, 441,
& Vet 1. L, Bigorts, A, Capute. A. Camcor Rer 197138, 314
7. Malioow, C . Letermane, G. Ann. X ¥ Acad. Sen 1978, 24, 183
5. Monaow, K. K., Ceters, ). M., Johnson, M. N, Lanvee, 1974, 1 327,
9 Warwaltr, R |, Stnnger. X, Kaponer, J. K., jones, 1., Falk, M, Canver,
4 dan NY doad Na 197,370, 4.
'olk'kl '.,"u IE ' o

o H ., Setideff, I L vt 19730

11, l'oknhl\- l R Gaere % R J. acrnp Aad. 1%, 14, $0¢

12, Dush. B W..Caner, ). Tu Conrmdes, E. . Lamcr, 1973, 1 1197, .
13, Stolnper, H E Prac. X Sve Mad 1974, 49, 233,

TR Ak\t-chu]. A, ) Hoynes 5. C., Yyroder, Ha A. 1. accup, Mat. 1975, 37,

13, lnyknn L. Drment, }, Wagoner, J. K., Bioer, 0. P, dan. N.Y. dred.
See. 1975, 37, I,
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is the principle of the lifetable method, which Duck et al, seeen
to have ignorad,

‘Their table 1t puts the man-years a1 risk for the 336 workery

who had 15+ vears duration of exposure st 6084. Our maxi-
mum estimate for this same category 15 oniy 4032. We assumed
that all 336 workers began employment on Jan, 1, 1948 (the
first day of the study period) and had eontinuous employment
umil Jan, 1, 1975, and that the 25 desths in this group
ocsurred on Jan. {, 197§, thus estimating® maximum man-
years st risk. Sinoe thex workers belongad w0 the cxpasure
group that completed 15+ years of employment, they would
begin to accurnulate man.years at nsk of dying on Jan. 1,
1963, 20 by jun. 1, 1975, the maximum estimac for man-years
at 2isk i3 336 men x 12 years of cbservation (=4032). Duck
et al. would seem to have started sccumulaling man-years of
obscrvations for these workers immediately when employment
begun rather than afier 15 years of employment, thus diluting
the estimate of the risk of death sfter 13 vears of exposure. We
have redisuributed th: man-vears at risk shown in tabie 1 of
the original paper and recalculated the expected numbers of
deaths, and the sk, Theswe dats are shown in the socon-
panying table, alongude thowe reported in the onginal paper.
The 336 workers in the 15+ vears exposure category had
passed through the <10 and the 10-14 years exposure cate-
gories 90 we calculated the man-years st ik for the 15+ years
exposure eftegory by subtraciing 336x 10 vears (<10 year
perind) and 336x 5 years (10-14 years period) from 6084 10
give 1044, The 3360 2nd 1630 man-vears were then recistrie
buted to the <10 year and 10-14 year exposure calegorics, re-
spectively, and the process was repeated for the 10-14 year
exposure eategocy, and these excess years were also redastri-
buted back 1o the <10 year exposure category. We then calcn-
lared the ratio of our man-years to those rrported by Duck et
al. and applicd these ratios to the expected death figures in
their report. For example, in the 15+ year exposure category,
our atimate for totaf expecied Jeaths 13: 1044,'6084 (=0-1716)
% 4130 {expected deaths reported by Duck ¢t aill) = 7-09 {our
expected). As shown in \he iable, there were (25 deaths
observed/7.09) x 100=353 as our s.m.k. This is contrasted
with an $.x. of 61, a3 reported by Duck ot al, These same
procadures were carniad oul for other cawnes of death using
ratios of 0-7615 and 1-4294 for the 10-14 years and <10
vears duration of exposurc caicgonics, respectively. Since the
exact distribution (or worker exposure 1s unknown 10 uy, we
rovopmise that our estimates oaly approximale the numbers of
man-years it risk. Howewer, conditonal 1o this approximation,
and contrary ko what was staied by Duck c1 al.** (**there was
Do sugpestion of an increased {requency of deaths from the
most common miliznant discases”’), 8 definite patiern of eacer
Bive siteapecitic cumer mortality anwhiated with sncrcanng
duaration of v.C. cxposure clearly emerges.

- 195

As JSown in 1ho tobie and 23 expected from previous
feports,' 191413 qhe 5 MR for Lotal mortality and cancer
deaths tead to increase with an increased duraucn of occupa.
tionsl exposure. This example of misallecation of personeyears
at risk, the resulic=™t erroneous conclutions. 23d subsequent
referende 1o these sonclusions’ ¥ demensteste the need for
“tencardisation of data-handling rechaigues for cobort mora-
lity studses, as suggesied during a workshop spensored by the

nternauonal Agency far Rescarch on Cancer in japuary,
1973, in Lyon, France,’*

- Divwion of Surveiltanee,

Huzard Evalusuons and Field Siydics,

Nuuwnal Snsiute for Occupataons! .
Satewy 2.3 Heahh, J. K. WagoxEn
Canainnuty, Ohio 43202, U.S.A- : P, F. Ixrants
Epsdemuiogy and Biostatistics Unit,

dntcrnauonel Agency for Research o Cancer,

Lyon, France K. Saracct

*.* This letter has been shown to the B.P. workers, whose reply
follows.—Ep. L,

S$ix—Dr Joan Davis (peronal communication) has siso
peinted out the value of sa sdditienal tabulation of desths
more than fiftcen years efter first exposure in those exposed for

- 8t least fifleen years, and this has deen caiculated. We have

just recrived these results {sec table), Yhe only wajor discre-
pancy between observed and experied deaths is in cancers of
the digestive systern. Two of these deaths were from stomach
cancer and two from carcinoma of the colon. No firm conclue
sions can be dravn from such & small amount of dats, and
only 1he passage of time will establish whether there is any real
excess of cancer mortality ia this group.

MORTALITY OCCURRING AFTER FIFTZEN YEARS' EXFOSURL

- Obscrvad | Expectad K.
All cawses 3 F D3] w0
Al esnem | } [ 3] 123
Digenive tystom concer ¢ 198 (202}
Lung cances . 3 % {1at)

We would like to point out the methodological errory which
led Wagoner et al. to their gross underestimates of expected
deaths. An sge-standiardised death-rate can be calculated only
if the age structure of the population is kaown. The simplistic
application of rates derived from a young population te one
which is oider—us a consequence of excludiag tbe first fifteen
years of exposure—will produce a considerabic underesiimate
of expected deaths and hence inflate any mertality ratios which
are calculisted in this manner. The nomber of man-years in 1he
long-exposure group wilt also be in excem of the presumed

figure, since exposure records started in 1944, dut death-rates -

have been studied Jor the period 1955-75. This design makes
@ lifeable analysis for the whale study population impeossible.

We investigated mortality during the period 1955-75 for
three groups of workers in which cach individual was dlassified
by his total duration of exposure, Incvitably the Jow mortslity
throughout this period for the men with over fifieen years'
exposure will reflect the long peried of survival required to
enter this group.

A morality siudy with s detailed cohort analvsis covering
the whole U.K. polyvinyl chlonde production industry it to be
published shordy and the results will certanly be of ine

ferest,!*

Oceupatwnal léeluh Unds, R

AP, Rescarch Centre, .
Sunbutvon Thamety B. W. Ducr
Middlesex J.T.CarEn .

30, tarier, % ). Fou AL ) Leacer 19164 3¢5,

17, intemanonal Agency For Hewarch o Cancer, Lywa, Fruace, JA.R.C wton
adl wchaxel reyvt na 25,001, January, 1975,

I Koun, 1% dan N V. Aoad Soi 1978, 278, 32

V. Fus, A J, Collier, I F. #v. J. end Mad. (10 U prems),

0. Foe A_J., Callser, . F. Bo. . pres. soc. Mad. (o the ey,
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CARCINOGENIC, MUTAGENIC AND TERATOGENIC RISKS ASSOCIATED
WITH VINYL CHLORIDE

PETER F. INFANTE, JOSEPH‘K. WAGONER and RICHARD J. WAXWEILER

Division of Surveillance, Hozard Evaluations and Field Studies, National Institute for
Occupational Safety and Health, Main Post Office Building, Cincinnati, Ohio 45202 (U.S.A.)

(Received May 18th, 1978)

Summary

The data presented demonstrate clearly that vinyl chloride (VC) is related to
& significant excess of mortality from cancer of the liver, lung and brain among
workers occupationally exposed to VC. The risk of dying from cancer of the
lymphatic and hematopoietic system also appears to increase with an increase
in latency. These cancer sites could have been predicted by the animal bioassay
conducted by Maltoni. With regard to the liver, even the histopathologic type
of cancer (angiosarcoma) was observed first in experimental animals. A study
of cancer mortality among populations residing proximate to VC polymeriza-
tion facilities also demonstrated an increased risk of dying from CNS and
lymphatic cancer. These latter findings raise cause for concern about out-plant
emisgions of VC, but without further study these cancers obviously cannot be
interpreted as being related to out-plant exposure to VC.

Various test systems now have elicited a positive mutagenic response to VC.
Thus, our observations of a significant excess of fetal mortality among the
wives..of males, who were occupationally exposed to VC, raise public health
concern that VC may be mutagenic in humas.

With regard to the teratogenicity of VC, observations of a significant excess
of children bom with birth defects were reported among populations residing
proximate to VC polymerization facilities. Additional epidemiologic study is
needed to determine whether a repeated pattern of excessive numbers of
children born with birth defects can be observed in other communities with VC
polymerization facilities.

Introduction

In 1830, the first adverse health effects of vinyl chioride (VC) were reported
[22]. Since then, numerous investigators have reported the toxic effects of VC
on the central nervous system, the liver, the bones of the fingers and the lungs

b2 7
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[2,5,9-12,18,20,28]. More recently, the study of VC toxicity has broadened
to assess the spectrum of carcinogenesis [2,15,16,21,26,29,30], mutagenesis
[1,3,4,6,13,14,23,24). and teratogenesis [8]. These efforts were stimulated
by the work of Viola et al, [29] who, in 1971, reported the induction of
tumors of the skin, lungs and bones in rats exposed by inhalation to 30,000
ppm of VC over a period of twelve months, Widespread concern for the
carcinogenic activity of VC, however, did not occur until early 1974, when
Creech and Johnson [2] reported four deaths from angiosarcoma of the liver
among workers employed in the manufacture of polyvinyl chloride (PVC)
resins. It was later learned that Maltoni had previously demonstrated VC-in-
duced hepatic angiosarcomas, lung adenomas, brain neuroblastomas, lymphomas
and various other tumors in mice, rats and hamsters [15,16].

With regard to mutagenicity, several investigators have induced mutations via
microbial test systems [1,14,24]. Also, VC metabolites have induced mutations
in mammalian cells {6]. In addition, reports from several countries have
demonstrated significant excesses of chromosomal aberrations among workers
exposed to VC as contrasted with those not exposed (3,4,13,23], Because of
these observations and of the widespread exposure to VC among both workers
and the general population, the National Institute for Occupational Safety and
Health (NIOSH) in the U.S.A. undertook an epidemiologic program to evaluate
the magnitude and spectrum of VC toxicity to humans. This program was
4-fold in nature and sought to evaluate: (1) The site-specific risk of cancer
among workers exposed to VC [30]. (2) The risk of some cancers among
populations residing proximate to VC polymerization facilities [8]. (3) The site
specific risk of congenital anomalies among populations residing proximate to
VC polymerization facilities [8]. (4) The risk of fetal wasiage among the wives
of workers occupationally exposed to VC [7].

Cancer risk among workers exposed to VC

To assess the neoplastic risk of workers exposed to VC, a population con-
sisting of employes from four VC polymerizing facilitates was selected for
cchort mortality study [30}. Since ocecupationally induced cancers often
take many years to become manifesi, the study cohort was restricted to
workers who had achieved five or more years of employment and for whom at
least 10 years had lapsed since initial employment. Thus, the exposure period
was five or more years and the latency period was 10 or more years. Follow-up
for study cohort members was greater than 99%. ‘

Table I shows the total mortality experience among the study cohort. The
expected numbers are based on United States mortality data applied to
NIOSH's modified life-table method. For all malignant neoplasms, there were
35 observed vs 23.5 expected, the SMR was 149, This excess wss significant at
the P < 0.05 level of confidence. For total mortality, 136 deaths were observed
vs 126.3 expected. Selecting a cohort with at least five years work experience
and 10 years latency eliminated the ‘“healthy worker effect’” [192]) and so there
were more total deaths than expected and this was mostly at the expense of
cancer mortality.

Table I shows cancer mortality experience by greater than 10 and 15 year
latency periods. At the greater than 10 year latency period, only biliary and
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TABLE !
MORTALITY EXPERIENCE AMONG COHORT WORKERS EXFOSED TO YINYL CHLORIDE
Coause of death ICD dode * Observed Bxpected sMER b
All malignant neoplasms (140—2085) s 23.% 149 ¢
Heart (400--443) &7 54.7 104
Non- 1 | ratery 41 (470~-527) € 3.4 176
Cirrhosis (581) 2 4.0 30
All other causes 86 40.7 14

® ICD, Internationa) Classification of Diseases, Tth revision,
b SMR. standard(zed moriaiity mtio.
€ Significant at P < 0.05.

liver cancer deaths were significantly in excess; however, when the sub-cohort
with 15 years of latency since injtial employment was used, deaths from three
categories of cancer were significantly in excess. The excess in mortality from
cancer of the lymphatic and hematopoietic systems was not significant;
however, the SMR increased from 159 to 176 with an increase in latency.
These comparisons show the importance of latency when looking for
occupationally-induced cancers.

TABLE 11

CANCER MORTALITY BY INTERVAL SINCE INITIAL EXPOSURE AMONG WORKERS EXPOSED
TO YVINYL CHLORIDE

‘Site of malignaney 10+ years 1b+ years
All malignant neoplasms Obs. ® KE-] 31
Exp. ® 23.% 16.0
SMR ¢ 1494 < 84 °©
Brain and CNS cancer Obs, 3 3
Exp. 0.9 0.6
SMR 329 < 408 9
Resplratory system cancey Oba. 12 11
. Exp. 1.7 5.7
SMR 156 < 194 4
Bijliary and liver cancer Obas. 7 7
Exp. 0.6 0.4
SMR 1155 ¢ < 1608 ¢
Lymphstic and hematopoietic system cancer Obs. 4 a
Exp. 2.3 1.7
SMR 168 < 178
All other malignant neoplasms Obs. ] v
« Exp. 11.7 B4
SMR 77 < 83

2 Ous., observed.

® Exp.. expected.

€ SM R, standardized mortality ratio,
4 Significant at ' < 0,05,

¢ Significant at £ < 0.01.
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In laboratory studies, Maltoni has induced hepatic angiosarcomas, lung
adenomas, brain neuroblastomas and lymphomas [18]. Therefore, the
predictive value of animal bioassay studies can be demonstrated, not only by
the observation of a significant excess of angiosarcoma of the liver among VC
workers, but also by significant excesses of lung and brain tumors.

Cancer risks in populations residing near VC polymerization facilities

The risk of some cancers among adult populations residing in the only three
Chio eommunities with VC polymerization facilities was assessed [8]. All three
communities had at least one facility in operation by 1954 and Painesville had
a second plant in operation by 1967. The community population sizes varied
from 12,000--24,000. Between 1960—70 the population had remained stable
in Painesville and Ashtabula, but had increased by 30% in Avon Lake. As
reported previously, for the three communities taken as a whole, there were no
apparent differences in racial origin or family income as ecompared to the aver-
age for the State [8].

As a result of previous findings [26], cancers of the central nervous system,
lymphatic and hematopoietic systems, were selected for study. Because of
possible error in death certificate data in terms of metastases from other
primary sites, data for lung and liver cancers were not analyzed.

Table 11l shows data for observed versus expected CNS cancer deaths in the
white population by sex for the period 1958~73. North Ridgeville is the only
community shown which does not have a PVC polymerization facility. It was
included in the analyses of the cancer data because it is located contiguous to
Avon Lake and because it had a high incidence of children born with birth
defects [8). If North Ridgeville had not been included in the analyses of
cancer mortality, little difference in the results would have been observed.
Expected values are hased on the occurrence in the balance of the counties
over the same period of time. As shown in Table III, there was a significant
excess of CNS cancer deaths in males. The excess was greatest in Painesville
and North Ridgeville, With all communities combined, there were 27 CNS
cancer deaths observed in males versus 14.1 expected; the SMR was 191.
The difference was significant at P < 0.01.

In females, with all groups combined, there was only a slight excess. With
sex groups combined, the excess was significant at P< 0.01. It may be note-
worthy that one father-daughter combination for CNS tumor deaths oceurred
in Painesville, The daughter died of a papillary ependymoma in 1963 at the age
of 16. The father died two years later of a glioblastoma multiforme at the age
of 58. It would be difficult to determine whether this observation is the result
of genetic or environmental factors.

Table TII also shows deaths from lymphomas. Although the differences
between observed and expected deaths in males were not significant, there was
a8 consistent excess in each community. In females, there were excess
lymphoma deaths in two of the four communities. With sex groups combined,
a significant excess of lymphoma deaths was observed in Ashtabula. With sex
groups and communities combined, the number of observed deaths was 61
versus 48.7 expected, The SMR was 125. This was significant at
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TABLE It

OBSERVED AND EXPECTED DEATHS FOR THREE TYPES OF CANCER FOR RESIDENTS 45
YEARS AND CLDER IN THE OHIO COMMUNITIES WITH VINYL CHLORIDE POLYMERIZATIOR
FACILITIES, 1958—73

Expected bers of desths based on occurrence over the same period of time in ihe balance of
the counties in which the communities are located,

Males Femnales Sexes combined

Obs./Exp. SMR Obs. /Exp. SMR Obs. /Exp. SMR

CNS cancer {(}91—-182)8

Ashlabuls 77 84 118 6} 3.8 158 13/ 9.9 131
Painesville 12/ 38 - 318 d 2/ 28 7n 14/ 6.6 212 P
Avon Lake 2 2.3 87 17/ 1.8 56 37 4.1 73
N, Ridgevilte 6/ 1.8 3160 2/ 1.5 133 8/ 3.4 238 b
Communitics

[ T
Combincd 274141 191 11/ 9.9 11 38/24.0 158

Leukemia and alecukemia (204—207)*
Ashtabula 137147 &8 11/ 8.8 128 24/23.2 103
Painesville 8 7.1 113 7! 6.8 103 15/13.9 108
Avon Lake 1} 3.6 28 5f 2.2 227 68/ 5.B 10
N. Ridgevili 2! 3.2 63 ot 1.9 o 27 5.1 39
Communities
Combinec 24/28.6 84 23/19.5 118 47/48.1 B8
Lvmphomas (200--203)2

Ashtabula 18/32.6 143 34/ 5.8 241 ¢ 32/18.4 174 ©
Painesville 127108 115 4/ 8.3 48 16{18.7 86
Avon Lake 4/ 3.3 i21 5/ 2.9 112 9/ 6.2 145
N. Ridgevilte 3f 2.8 107 1t 2.8 ar 4] 5.4 74
Communities 125
Combined 371291 127 24/19.6 122 61/43.7
® Intcrnational Classification of Diseases, 8th revision codes.
by 20,05,
tpooL.
4 p < 0.002.

0.05 < P< 0.10. Data were then analyzed for leukemia and aleukemia mortali-
ty. As shown in Table IlI, the observed versus expected mortality was virtually
identical.

Birth defects among populations residing near VC polymerization facilities

The occurrence of birth defects was studied {8] for the same three Ohio
communities with VC polymerization facilities. Birth data for residents of
North Ridgeville were not combined with data for the three index communities
in the initial analyses {Table IV) because the high incidence of birth defects in
North Ridgeville, which lies contiguous to Avon Lake, was identified in
subsequent analyses [8]. Data for North Ridgeville, however, were included in
subsequent analyses {(Table V) for specific birth malformations. The observa-
tions among community residents were compared to both the occurrence in
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TABLE IV

RESIDENT BIRTHS, MALFORMATION RATE PER 1000 LIVE BIRTHS IN OHIO AND IN THREE
SELECTED COMMUNITIES AND OBSERVED VERSUS EXPECTED NUMBERS OF MALFORMA-
TIONS IN EACH CITY, YEARS COMBINED, 19T0~73

Maliformations are based on codes 740~759 of Lthe Int ional Classification of Diseases, 8th revision,
1988,

Malformations
Area Births  Rate/10’  Number Number  x°

observed  expected *

Entire state of Ohio 719, 287 10.1 72958 - -
Ashubulz clty 1900 17.4 33 19.3 9.78P
Painesville city ’ 1381 18.1 25 14.0 1020 B
Avon Lake city 788 203 18 7.5 7.56 2
Al three communities combined 4019 18.2 73 40.3 27.13°
% Expectod numbers are based on state rate per 1000 lve births.
bp<o0.01.
¢ p <0001,

the balance of the counties in which the communities are located and to the
occurrence in the State for the period 1970~73. Between 1970—73, the rate
for birth defects changed from 9.3 to 11.3 per 1000 live births for the balance
of the counties, from 9.6 to 10.8 for the entire state, whereas, the rate for the
three index cities combined changed from 17.0 to 22.5. Thus, the incidence of
birth defects for children born in the index cities was almost twice as great as
the incidence in the balance of the counties or in the entire State, and the
differences appear to be increasing with time.

Table 1V shows data for malformation rates in each index community versus
the rate for the entire State. These differences were all highly significant. The
rates ranged from 17.47 in Ashtabula to 20.33 in Avon Lake, as compared to
10.14 for the entire State. When the community experience was compared
to the occurrence in the balance of the counties in which the communities were

TABLE V

OBSERVED, EXPECTED AMD RELATIVE RISK FOR SPECIFIC CONGENITAL ANOMALIES IN
INDEX AREAS INCLUDING N. RIDGEVILLE, 1970—-73 2

"Detect category ’ Number of defects RR P
Observed Expected
All defects (740—766, 758, 189 © 109 88.0 1.95
Centra] nervous system (740—749) 7 8.6 3.02
Cleft palate and Iip (749) ‘10 6.5 1.83
Genital organs (782} . 16 8.4 1.90
Clubfoot (754) 23 R.2 2.79

All other defectis ' 43 27.2 1.58

R Excludes siin, hair ang nails (767).
b RR. relative risk (observed jexpected).
€ Internationa] Classifieation of Disexss codes, 8th revision, are shown in parentheses,
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located, the differences remained significant, Therefore, whether you compare
the occurrence in the communities to the expected, based on the average for
the State, or for the balance of the counties, the excess of children with
congenital anomalies in the communities appears to be significant.

Table V shows observed versus expected numbers and the relative risk for
total and selected malformations. Although an increase in most organ systems
was observed, the greatest excess of severe defects included malformations of
the CNS, cleft lip and palate, club foot and genital organs. These observations
have been reported previously in more detail [8].

Fetal mortality among wives of workers exposed to VC

Since VC had elicited a positive mutagenic response via microbial test
systems [1,6,14,24] and also had been associated with significant excesses of
chromosomal aberrations in the lymphocytes of workers occupationally
exposed to VC [3,4,13,23], concern was expressed that VC may induce
germinal mutations. Thus, a questionnaire-interview survey was conducted to
ascertain the incidence of fetal loss (defined as any product of conception not
born alive) among wives of workers exposed to VC [7a}. All current VC
polymerization and polyvinyl chloride (PVC) fabrication workers were
included for study together with a similar number of current rubber workers
selected from work areas relatively free from known toxic materials and
matched as a group to the VC workers by age. No interviews were conducted
with workers’ wives and no data were obtained concerning maternal age, except
indirectly through paternal age, Group participation rates ranged from 62—77
percent. Data for the wives of VC polymerization workers (study group) were
contrasted with data for the wives of PVC fabrication and rubber workers
(“controls”}, who were known to have had very low or no VC exposure,
respectively. ) )

The data in Table VI show the paternal age distribution for fetal deaths
according to the husband’s exposure, Prior to husband's exposure, the crude
fetal death rates for the control and study group were 6.9 and 10.1%,
respectively. Subsequent to husband’s exposure, the crude rates were 8.8 and
16.5%, respectively,

As can be seen in Table VI, the excess in fetal mortality subsequent to
husband’s exposure, was associated with younger-aged husbands. For husbands
30 years of age and older, the rates for the control group 17/142 (12.0%) and
primary VC exposure group 9/69 (18%) were about the same; whereas, for
husbands less than 30 years of age, the rates for the control group 7/131
(5.3%) and primary VC exposure group 14/70 (20.0%) were significantly
different, P < 0.001, x* = 10.52, with one degree of freedom (df). The excess
of fetal mortality among wives of younger-aged husbands may be a reflection
of a practice of placing newly hired personnel because of little or no seniority,
in jobs where occupational exposures to VC may have been worse, This hypo-
thesis, however, needs further assessment in other working populations. Since
parental age was positively correlated with fetal mortality in this population
and in & previous study [25], fetal mortality rates for the study group were
adjusted to the age-distribution of the control group.
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TABLE V1

PATERNAL AGE DISTRIRUTION FOR FETAL DEATHS ACCORDING TO HUSRAND'S V¢ EXPO-
SURE

Paternal age group (years) “Controls™ Primary Vc'Expomu
Pregnancies Fetlal desths Pregnancies Fetal deaths
(N) {N) (%) (N) (N} (%)

Prior to husband's exposure

<20 1
2024 80
25-29 38
0—34 €

2as 4

Al ages crude rate 158

Mean paternal age at 23.0

congaption (year)
Age-adjusted ® rate

Subsequent to husband's exposure

>20 1
20--24 43
2529 87
30—34 87

235 58

All ages crude rate 273

Mean paternal age at 30.4

coneeption (year)
Age- adjusted * rate

2 6.5 7 o 0.0
4 5.0 44 2 4.B
4 10.8 56 1 12,8
1 16,7 27 5 185
0 0.0 14 1 7.1
11 8.9 148 15 10.1
26.4
6.9) 6.1)
4] 0.0 [+ o Q.0
4 9.2 22 3 13,6
8 3.4 48 11 22.9
7 8.0 36 3 8.3
10 18.2 33 6 18.2
24 8.8 139 23 14.5
30.2
{8.8) (10.8)

® Fetal moriality rataz for primary VC exposure group are direct age-adiusied to the paternal age~distribu-
tion of the pregnanciex in the zontrol groups (thawn in parentheses).

TABLE V[l

MEAN PATERNAL, NUMBER OF PREGNANCIES AND AGE-ADJUSTED FETAL DEATH RATES

ACCORDING TO HUSBAND'S VC EXPOSURE

“Contrals” * Primary VC exposure ®

Number of familles

Mean paternal age at conception (years)
Number of fetal deaths among wives
Number of pregnancica

Age-adjusted fetal deaths/100 preg. ©

Number of families

Mean paternal age at conception (years)
Number of fe1al deaths among wives
Number of pregnancies

Age-adjusted fetal deaths/100 preg. ©

Prior to husband’s exposure

95 70
23.0 28.4
11 15
198 148
6.9 5.1
Subsequent to husband’s exposure
113 62
30.4 30.2
24 23
273 139
8.8 1589

* Rubber and PVC fabrication workers,
b vC palymerization workers.

€ Retes ape-ndjusted to “oontrol® groun paterna! age distribution.

9 Subsequent tn husbands’ cxposure, the frequency of fetal deaths among wives was eignificantlv greater
in the primary VC cxposure group us comparcd 1o the “‘controls” (P < 0.05) or to the frequency in the
study group prior to husband's cxpnsure (P < 0.02) by agc-adjusted Chi-situare tresting.
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‘The data in Table VII show fetal death rates per 100 pregnancies for the
wives of male workers in the control and study groups. Prior to their husband’s
exposures, the rates were 6.9% and 6.1% for the control and study groups,
respectively. Subsequent to husband’s exposure, however, the rates were
8.8% for the control group versus 15.8% for the study group. This difference
was significant at the P < 0.05 level by Mantel-Haenszel Chi-square testing
[17] (x*= 4.84,df = 1). Further, the before and after exposure comparisons
indicated changes in rates from 6.9 to 8.8% for the control group as compared
to a change from 6.1 to 15.8% for the study group. The rates for before and
after husband’s exposure in the study group were significantly different
(P< 0.025, x*=5.78,df = 1). For the study group, it may be noted that
before exposure age-adjustment reduced the crude rate from 10.1 to 6.1%;
whereas, after exposure thé crude rate was reduced from 16.5 to 15.8%. The
greater reduction in rates for the before exposure age-adjustment resulted from
a difference in the age distribution of the husbands in the two groups. As cen
be seen in Table VII, prior to husband’s exposure, the mean paternal age in the
study group was 26.4 years as compared to only 23.0 years for the confrol
group, whereas, subsequent to husband’s exposure, the mean ages of the two
groups were virtually the same, i.e., 30.4 years versus 30.2 years. In both
situations mean age was a good measure of central tendency.

To determine whether women who had chronically experienced abortions
might have weighted the results in favor of a higher fetal mortality rate in the
primary VC exposure group, data for the pregnancies of women who had two,
three or four or more spontaneous abortions were eliminated. The data were
then recalculated to determine whether or not the trend of a greater mis-
carriage rate could be maintained. As shown in Table VIII, the trend was
maintained for each analysis.

TABLE VI

NUMBER OF PREGNANCIES AND AGE-ADJUSTED FETAL DEATH RATES ACCORDING TO HUS-
BAND'S VC EXPOSURE EXCLUDING PREGNANCIES IN WOMEN WITH 22, § OR 4 FETAL
DEATHS

Rates for the primary VC axposure group are age-adjunted to the Control group

Controls Primary VC exposure

Number of Fetal Number of Fetal

pregnancies dexth pregnancies death
rate rate

2.2 Fetal deaths pxcluded

Before husband's exposure 155 5.8% 126 1.7%
After husband's exposure 258 4.7% 111 8.2%

23 Fetal deaths excluded

Belore husband’s exposure 159 . 6.8% 141 3.1%
Alicr hushand's exposure 285 6.8% 120 10.8%

24 Fetal deaths excluded

Before husbands exposure 159 6.9% 142 5.8%
After hushand’s exposure 265 6.8% 127 11.8%
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As reported previously [7s], additional analyses suggested that the significant

excess in fetal mortality after the husband’s exposure would not seem to be the
result of bias from interviewers nor from respondents. Because of the highly
volatile nature of vinyl chloride {27], carry-home exposure to the wife would
seemn unlikely. Therefore, the leading possibility for the mechanism involved
would seem to be germ-cell damage in the male through direct VC exposure.
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