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Tire & Rubder Company Pottstovn cmlex and died during the period 1947~-74
has betn cxacined. Eighty-five of tha 433 deceased caployess wo:kecl- in
the chemical plant or plastics yxu:' and vere exposed to vinyl chloride;
the raa:l.n:lag 348 vorked i.n t.!u r.:.rc plant and wera not exposed to vinyl

chioridu. Dacth sovrel '3.4::“« wate obtasned for. ail 433. azgleyses an? rhe

csuse of death vas coded a;eordinc to the ;‘h,r','i"“ of The Internationcl
List of Diseases wnd Cames of Death (1967) bj Michael Baden, ¥.D. Twelve
additienal enployess have, ben identified as having dicd im tha period
IM?-?& ¥ 3 upsed m 1& md) Imt :auu—o!-cu:h infornation was
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at11l alive (207 or 912) or deccased (3 or 1Z). ¥o follow-up was performed

on nonexposed c.x-ca'ployecs.

There was an excess of malignant ncoplasms in both the exposcd and
nonexposcd enployces, and a statistically significant excess in wajor cardio-
vascular deaths in the noncxposed cmployees, compared witb the U.S. male
population (1968) adjusted fox-: age at death (Table 1). Comparison of the
exposed .unployccs with the nonexposed cmployees -shm a slight excc.ﬁs in
malignant neoplasm‘s and a small deficit in major cardiovascular deaths in
the exposed (Table 2)~-neither statistically significant. Fu:;thcr compati;ons-
dnvolving 4 subgroups of the exposed employees (< 10 years work exposure;

?~= 10 years work exposure; "low" level efposur;; "medium” level exposure) show
:no signlficant differences between observed and expected deaths (Tables 3-8).

 Two £findings should be stressed:

{) Oz dessh dua eo angio'sgtrn;nn of the liver was confirmed in an employee,
classificd as hav.ing had "medium" level cxposure, who died in 1969 at the
age of 51--21 ycars after first exposure to vinyl chloride (with 19.4 years

of work exposure). This single a;a'giosaz:om death was the same one prcviously

d4dentified (indcpendently) by Firestone. , :
/ (2-) The ages-at-dcath were significantly lower in the exposed employces

compared with the nonexposed cmployees (P < .05); the mean (2 S.D.) ages of dcat‘}

being 55.3 (2 13.1) - exposed and 59.5 (% 14.6)-noncxposed (Tables 9 and 10).

In particular, 21 out of the 22 deaths due to malignant neoplasms (95.5%) for

the exposed }::uployces oceurred ac' ages < 65 compared with 44 out of 73 (60.33)

for the noncxposcd. This differcnce is statistically significant at the

0.01 probabilicy level. On the other hand, 32 ou:. of the 46 dcaths due to

pajor ca.rdlovascular dl:&az:cs (62.62) for thc exposed cmploycces occurteti

at ages < 65 compared with 121 out of 218 (55.57;') for the nonexposcd--a
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diffcreﬁe; that is nbt'ltntilticully significant. Thus, the earlier ages
noted for the cancer d&n:hs in the expoked group of employees may not be

solely attributadle to a presumably younger cohort at risk.
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TADLE 1.-Obscrved and expccl:ed* nunber of deaths duc to sclccted causes

_ among cxposcd and nonexposed employces, 1947-74

Observed (and exnected) deachs

Cause of decath .List No.T Exposcd Nonexnoscd
Malignant neoplasms 140-209 22(15.4) 73(61.1) .
Digestive 150-159 8 (4.35 24(17.5)
Liver . 155 1 3
Respiratory systenm < 160-163 8(5.4) : 25(19.9)

. Urj,nhry organs 188-189 1(6.8) -3-( 3.5)

' Brain ' 191 1 '3
Lympha:?.c and hemal:époiet.ic 200—299 1(2.1) 7¢ 7.8)
Other | | R T ‘1

 Major cardiovascular * 390-448  46(41.1) 218(178.55"

e Cirrhosis of livér | . S 3( 1.8) &{ S5.7)
* Accidents 800-549 8( 8.0) 21( 28.9)
-+ Sulcides 950~959 0¢ 2.5) 6¢ 8.3) -

All other causes o e— 6{16.2) 26( 65.5)

Total . 0-989 85(85.9) 348(348.0) .

1Age-adjustcd expected numbc.ts deternined from relative frequency ::f specific

causcs of death among U.S. white males in 1968.

N
.
L]

.’-Eighmrcvision of Interratiornal List of Discases and Causcs of Death, 19G7.

*"Statistically significant difference (P < 0.01).
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TABLE 2.-0bservcd and cxpec:cd* nunber of deaths due to sclected causes, uith chi~
square valucs, azong cxposed mployces, 1947-74 .

.
L4
.
-

Causc of dexch

M3lignant neoplasus

- Digestive

Liver

Respiratory system

ﬁrﬁ:ary organs’

Brain .

Lymphatic and benatopoiet‘c.

Ot.:her

:-_Anéid ents

Suicides

All other causes

" Total

.Hajo: cardiovaseular

_Cirrhosis of liver

-

v
Ll

.

- Mantecl-Haenszel
- _Mmber of deaths cusmIry
List ¥o.+ Observed  Fxponted Chi-sauare values
140-209 22 194 © 0.36
© 150-159 . 8 65 0.3
Tl st 1 . 1.0 °  o.33
. . 160-163 - YR 6.8 . o1
lssase - 1 7. L .0.09
oaei 1 10 - o
200-209" - 1 1.9':'. T 0.00
.395;.448 %6 50.5 I 1.'93'
S 7 3’ 1.6 . '.,.-"o.ss
. 800-949 8 .'6.7' - '-'o.:.'a.'
" 950-559 o a1 T o
- 6 s.7’ - -
0-589 * 85 85.0 -

*Aae-adjus:cd expected numbers determined from relative fraqucncy of specific
ecauses of death among the 348 noncxposcd cmployces, with adapta:ion of the Mantel-

Hacnszel procedure.

fSce footnote, table 1.
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TABLE 3.-Obscrved and cxpec:cdf nunmber of deaths due to selected causes ,- with chi-

a square values, asong caployees vith < 10 years work exposure, 1947-74
' -_ o > i Nunber of deaths khn::‘l;;‘.;:;s:cl
. ‘ Cause of death List Ko. ™ Observed Exneczed Chi-scuare values
. Halig;:an: neoplasas - 140-209 - 16 12.2 _‘ . . .1.;!7‘ N
Digestive oo 150-159 6 4.0 0.71-
DL Liver K “--' 155 o 0.6 -..0.01
e xespira:o::y systm' - .7 160-163 R .' ’ &.A.;p-. - 1.17
-.- Urin..ary o:g:;ns o .. . 13&-169 : .0 " 0.8 - ..‘ 0.23
" Brain 3 R -0 o.'s. 0.01 .'
Lyorhatic and bematnpoietic‘ | _.",?.'.‘-_299 e T T g . 1.4 , N . 0,02 R
Ocher T * e e -2 ... . -
.;jor cardiovascul;r . ' . . .'3.90—448 26 ) .°31.0 T .:2.10 |
. Cirzhosis of liver. oo . 57]:' . 1. . .0.9. ? . .'.0';25
-Accidents ' . .800-“949 .. 7 o 4.9 . - 0.87
.";uicidcs. . . - L . 950-559 ' 0 - ‘6.8 _ .- . '. 0.13
Al other causes - SR 3 3.2 } -
Total Coe . 0-989 s3 $3.0 L. -
*seo footnotc, table 2. h *
1:900 {ootnote, table 1.
"
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TABLE &4.-Observed and cxpectcdf number of dcashs due to sclected causcs. with chi-
square values, acong cmployces with 2

I | ,
| S FRCEE
i

10 ycars work cxposure, 1947-74

! ) T,
b _,_ Mantel-Eaenszel
, s . Nurber of deaths summary
;s Cause of death List ¥o.& Observcd_ Exnected  Chi-souare values
Malignant .neop)..asas 140-209 6 6.8 . 0.01
‘biqestive . . . 350-159 .2 .2.? 0.04
"« .o Laver | IS 11X 17, .04 T- pos
_Respiratory systea . 160-163 1T 2.2 0.26.
" Urinary organs © 188-189 1 0:3 0.08
) _' Brata ' o 1 1. 04 " 0.05
I.ynphatic and hena;;':peie:'lc 200209 0 0.7 . N :. 0.05
Other - R e 1 10 '
liajor cardiovascular. . 390-448 20 20.2 0.01
_ Cirrhosis of liver . 571 2 0.5 ' e
" Aecidents N 800-549 2 1.7 .‘ .. 0.04
. Suicides ) 950-959 o 0.5 : ":: 0.00
.All other causes = — 3 2.3 -
Total * 0-989 - a2 32.0 - -
*Scc footnotc, table 2. ’
TScc footnote, table 1.
BFG25463
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TABLE S.-0Observed and cxpcctcd* number of deaths due to sclected causces, with chi-
square valucs, among cmployees wi':h < 10 ycars work cxposure, 1947-74

-y
.
.

o . . L. . . Mantel-}uenszel
‘ .- Nu=ber of dexths Summary
* __Cszusc of death List No. P Observed Y¥upocrad  Chi-szuare valuog
o Halianan; ncoﬁlasms ., 140-209 16 14.8 . .' cr 04157
. Digestive ' R o 150_1_%9 ) 6 55 . 0-00
Liver . Lo e T 1ss o - 0.7 - v 0.15
_. Respiratory system B . 160-163 . 7 .. 5.2 .. Rz
" Ux..-f;.ary organs . ; 188-139 o . O.Z.: . T 0.15
‘Brata R o ) T 0.7 0.06
d L'ymphatic. a;:d he&sa:opoieti’e. :2'3.‘0—299 .;:' * 1 . 0'7 : . :'?.'28
I e S
Major cardiovascular ) $ .390-448 - 26 T 26.9 _;' .. ’- 0.04
-, Cirrhosis of liver e 571 1° ‘ R W oL 0.?7. )
.:Acc§dcn:; ) '. I 800-949 7 5.7 .0 7T . 0.8
* Suleides . - gso-ese o 0.0 L 0,00
All other causes . . ‘ . — 3 ' ' 3.9 ~ .' alip
Total. . K o . 0-989 " 53 53.0 . -

'*Age-adjusccd nuzbers determined from relative frequency of specific causes of
death among, the 32 cmployees with 2 10 years work exposures, with adaptation of

the Mantel-llacnszel procedure.

TScc footnote, table 1. . ot e
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. l 'mr,'l.r: 6.-0bserved and expcctcd* nunber of deaths due to sclected causes..uith chi-
squarc valucs, among cmployees in the “"low" level exposed group, 1942-74

- B0ULELE

l - . ) » ) ¥under of dca:h.; l‘hnt:::_;:;szcl
l — Cause of death List No.h Observed Evoected Chi-smsar.e values
Maligaant mcoplasas - | © 140-209 1 10.2 . oo
piges'tive' .. ) . ‘150-159 :. 3 _ 3.3 - 0.4-2
. Liver S Tl 155 1 0.5 ®  0.00
‘ Respiratory systca - d :15_0-:-1'53 ‘4 ‘3,6- " " 0.00
.- Uri:x;ary organs , .. T, i,as-lag 1 . 0.3.‘.' - 0.'.28
Brata . L T F ] L, 1 “oes T o0
Lyﬁphatic and h".-ua:opou:’ic . -200-209 . -0 ;" 1.2 Loty
A T R — 2 “re .
- Major :a.lrdiovu:ula: o ) « 390-448 © 26 3 27.6 - . : -0.13‘
" Cirrhosis of liver T - 573:'. 2 1.0 o ) ' . 0.35
Accidents . " 800-949 7 ", &6 . " ., 1.15
Suicides - - . . 950..95‘9' 0 0.8 . L ‘ 0.12
FAS] o:hcx: causes - — 1 . ,2.‘8 ’ . , -
Total K - 0-989 47 47.0 : -
-t ' . _ LT
) See footnote, table 2. St .
1'568 footnote, table 1l. '.-
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TAILE 7.-Obscrvcd- and expccr.cd* nuzsber of deaths due to sclected causes, with chi-
square values, acong cmployeces in the "medium" level exposed group, 1947-74

.

T -~ Mancel-Haeaszel
. - Number of deaths sucary
~ Cause of de:lt!: _List )T Observed  Evzocted  Chi-~scuare valuea
;xaugnm;: n;o.p].a!::;. ‘ _ ,}4.0-209 1 8.6 - 0.62
. Di;;est.ive ‘ ‘ ., 150~159 . 3 ‘ :2.8' . O..D3 s
Liver ’ . - oL ‘ T . il 1 ) 0.5__ . 0.00
‘Respiratory systea 160-163 R J2.9 . 0.14
Urihary organs : " 188-189 R Y ¥
Brata - L T im 1 fes T To.o0
Lymphatic and hema:npoie:i_c . 200-200 o , ‘ 0.9 » - 0:.19
Other SR T P X S -
Major ca%diow;asculé; T . Ty 39-0-41.3 20 e 23..9 i } 1.52
- Cirrhosis of liver - s7¥ 1 o5 : _',‘. .0.00
- Aceddents . L 3.06-91,9 | 1 ‘ ) 1.9 . _ 0.11
Suicides ) o ’ . . 950-959 0 0.5 - . . 0.00
A1l other causcs Lo —— 5 2.6 . a ..' -
Total . 0989 a8 38.0 -
‘ See footnote, table 2. ’ '
*Scc footnote, table 1.
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TABLE 8.-Obscrved and (vacc:cdf nunber of deaths due to selected causes,' with chi-
square valucs, among eoployeccs in the "low" level exposed group, 1947-74

T .. : - Mantel-Haenszuel
> Nunber of decaths suomary

_Cavse of death List No.¥ Observed E:pacted Chi-souare values
Malignant necp'lasns . . 140-209 11 . 12.5 . 0.25
Digestive . 150359 S 46 - - 0.00
Cptver ¢ . e . 155 . .0, 0.5 *°  0.00
Rcspirator:y cysten - ' _ 150—1'63. T . 4 '_ 8.4 ' ’ 0.00
vginary orgass L ,'. 188-189 ‘ 0 . 0.6:. _0.01
Brain T L s m ° Tos 0.00
~«l.guu;:.hauc and hematonoietic = 200-209 ,' s "0..7 .. 0.28
‘ i'hjo: cardiova;cul‘ar ’ ) ‘ 39.0-1,.43 26 - .24.0_ - .‘ . 0.48
" Cirrhosis of liver BRI 31 2 s o 0.00
Accidents _ . . :.800-9!.9 . 7. ‘5.3 e 1.01
Suicides ' éso.gsg ) o 0.0 . 0.00
All other causes - T 1 3.7 -
Total. . . 0-s89 7 472.0 . -

. . .
*Agc-adjus:cd numbers determined from relative frequeney of specific causes of
dcath acong the 38 ecxployees in the "mediun' level exposed group, with adaptation

of the Mantcl-laenszel proccdurec.

+8cc footnote, tadble 1. =

hd L]
.
[ ]

BFG25467

TT0LGEEZ

. | . e




g9yS7Odd

Table 9.-D£str1buei.on.of deaths by oge and cause for exposed and noncxposcd esployees, 1947-74 -

AW -

" pwess tmem

Age at Death

Cause of Death List No.-r Gtoupi S 36 35-44 65-S6 $5~64 & 63 Total
Malignant neoplascs 140-209 E . 0 3 5 13 1, 22
: NE o 11 15 18 29 .13
Digestive 150-159 E o 1 3 4 R
. NE 0 2 "6 S 11 . 2
Respiratory systen . 160-163 E "0 1 0 6 1 8
. NE 0 5 3 8 9 25
-Urinary ozgans T 188-189 E 0 - Q.. 1 0 o - 1
. NE 0 0 0 N | 2 k)
Ly=phatic aad hematopoletie 200-209 E 0 . 0 0 ° 1
NE 0 0 4 2 b S 7
Py Major cardiovascular 390-448 E . 0 K3 19 9. 14 &6
E“O NE 3 =13 47 s8 97 218
Cirrkosis of liver 571 E 0 - 0 b | 1 1 3
* . NE 1] 1 2 1 0 4
Accidents ' 800-949 E 4 1 3 0 0 8
: ' . © NE 11 4 5 0 1 21
Sulcides 950-959 E 0 4] 0 - 0 (4] , 0
NE 1 2 ) 0 2 6
Al other causes ot . E 0 .3 1 1 1 6
. .. NE 3 3 4 2 14 26
“Total . . 0-989 E 4 11 29° 24 17 . 85
. NE 13 34 74 79 143 348
+
E = Bxposed.
NE = Yonexposed.
TSac footl;ote, tadble 1.
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Year of Death Group < 3% 354k 45-54 55-64 Z 65 Total
. - B 1 0 0 0 0 1
1942-34 NE 8 3 11 8 3 33
E 1 3. 3 1 . .0 8
1955-59 NE 4 7. 9 8 17 43
L | E 0 2 10 6 1, 19
Loy 1960-64 NE 2 1 T 16 2 %%
—= 1565-69 - E 1 3 9 6 3 22
NE 2 10 23 18 39 92
E 1 3 7" 11 13 35
1970-74 NE 2 3 17 29 53 104
5 . Total E 4 11 29 2% 17 8s
Q - ota NE 18 34 74 79 163 . 348
(ﬁ t+ E = Exposed
7 NE = Nonexposed
‘L

‘u

‘.IASLB 10.~Distribution of ege.at death by year of death for exposed and nonexposed groups

*

Age at Death
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