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IX. SUMMARY & CONCLUSIONS

This is the final report of a study of the mortality of workers exposed 

to vinyl chloride and its polymers, which augments studies reported in 1974 

and 1975. The current report increases the total population of workers 

studied from 8,384 to 10,173, with the number whose vital status was deter­

mined increasing from 7,128 (85 percent) to 9,677 (95.1 percent). The 

number of deaths has more than doubled; there are now 669 certified and 

available for analysis, compared with 328 in the original study. The follow­

up period concluded December 31, 1972, for both the original study and the 

augmented final study.

The successive additions to the population and improved follow-up 

have been accompanied by a rise in the overall-cause Standardized Mortality 

Ratio (SMR) from 75 in 1974 to 89 in the current analysis. The major change 

has been in the SMR for cardiovascular and renal disease, which was originally 

80 and is now 95. There has been a concurrent downward shift in the SMR for 

"all malignancies," which is now 104 compared with 110 in the previous report.

In the current study the SMR's for malignancies of various sites are 

also lower than in the 1974 and 1975 reports. The SMR for gastrointestinal 

tract tumors dropped from 94 to 75 in successive reports (these included 5 

deaths from hepatic angiosarcoma); that for respiratory tract cancer 

(uncorrected for smoking) dropped from 112 to 107; and that for cancer of 

other and unspecified sites from 155 to 147. There is, nevertheless, still 

some support for the hypothesis that vinyl chloride may increase the incidence 

of cancer slightly in sites other than the liver. The principal evidence for 

this is the observation that the incidence of lung cancer and miscellaneous 

cancers appears to be higher in individuals with higher maximum exposures
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and those with longer exposure periods.

Brain tumors were found to be in excess, 12 observed vs. 5.9 expected 

( significant at the 0.05 level ) but the incidence was not related to either 

duration of exposure or to intensity of exposure to VCM.

This population should be studied again within the next 5 years.

Since the time of observation after first exposures will be longer, and 

more deaths will be available for analysis, it is possible that some of 

the questions about cancer in sites other than the liver may be resolved.
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Table 1

Distribution of Vinyl Chloride Plants Studied 
by Product and Numbers of Workers

Number of Number of Number
Product or Products Plants Workers Traced

Polyvinyl chloride only 18 6,848 6,468

Vinyl chloride monomer only 11 1,214 1,177

PVC and VCM 3 935 910

Copolymers, resins, with or 
without PVC and VCM 5 1,176 1,122

TOTALS 37 10,173 9,677

DTH 000012804
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Table 2

Distribution of Vinyl Chloride Plants and Vinyl Chloride Workers
by Census Regions and Geographic Divisions

Percent of
U. S. male Number of Number of

Geographic Population Plants Workers Number
Region Division (1970) in Study in Study Traced

All regions 100.0 37 10,173 9,677

Northeast 23.8 8 1,619 1,550

New England 5.8 2 467 453
Middle Atlantic 18.0 6 1,152 1,097

North Central 27.9 6 1,872 1,817
East North Central 19.8 6 1,872 1,817
West North Central 8.0 - -- --

South 30.9 22 6,589 6,218
South Atlantic 15.1 5 1,735 1,620
East South Central 6.3 4 2,868 2,655
West South Central 9.5 13 1,986 1,943

West 17.4 1 93 92
Mountain 4.1 — _
Pacific 13.2 1 93 92

DTH 000012805
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Table 3

Follow-up

Total Number

10,173

Traced
9,677

(95.1%)

Alive
8,970

(92.7%)

Dead
707

(7.3%)

('

/
Death Death

Certi- Certi­
ficate ficate

669 38
(94.6%) (5.4%)

Traced
496
.9%)
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Table 5

Observed/Expected Deaths and Standardized Mortality 
Ratios for Selected Causes of Death in 9,677 Vinyl Chloride Workers

Cause of Death with ICD Number (a) Obs./Exp. SMR (b)

All causes
All malignancies (140-205)

Malignant neoplasms, buccal and 
pharynx (140-148)

Malignant neoplasms, digestive 
organs and peritoneum (150-159) 

Malignant neoplasms, respiratory 
system (160-164)

Malignant neoplasms, genital 
organs (170-179)

Malignant neoplasms, urinary 
organs (180-181)

Malignant neoplasms, other and 
unspecified sites (190-199) 

Malignant neoplasms, brain and other 
parts of nervous system (193)

Leukemia and aleukemia (204)

Lymphomas (200-203, 205)
Major cardiovascular and renal

diseases (330-334, 400-468, 592-594)

Cirrhosis of liver (581)

All other certified causes

Number of workers

Number of person-years

707/795.02 89**
139/141.39 104

5/ 5.19 102

29/ 40.82 75

45/ 44.29 107

4/ 7.17 59

8/ 6.85 123

28/ 20.18 147

12/ 5.90 203*

9/ 6.65 143

11/ 10.36 112

347/385.24 95

14/ 26.45 56**

169/241.95 74**

9,677

120,203

a. Cause-specific numbers indicated categories in the 1955 ( 7th ) revision of the 
International Classification of Diseases.

b. SMR's (other than for All Causes) adjusted for 38 deaths with no death certificates 
by factor of +5.68%

* Significant at the 0.05 level.
** Significant at the 0.01 level.
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 CDc x:

>> 3 4->
a i-

CD o -C c • »
S- > +J +-> *r- p-
(D rd «— >n •t— QJ QJ

JD 1— +-> S- ro S- 5 cn > >
E ro CO +-> ro i- O QJ CD <D
D O 0) Q. •r* C QJ CNJ ro •% tn *r—
Z u cn to C *r- JZ C CO x: s-

3 E <V 0J +-> to o> LO 4-> O LO
Q oo ~o 3 S- ON 3 O CD ro LD L. 1 ro ONO O
O LO «5p <D 4-> •r— O o CD QJ •
•-H O C Cl ^ ^ E CM "O o “O 4-> o O

cnj in i cn o cn cn cn tn cn CD e »— ro
-C ■ £ O E -•-> E —■ £ -—- E -—- £ * ro 00 tn S- O OJ 0)
■M O (/) ^* (/) •r" to Cf l/l CT1 (/) i— 1/1 "O 3 CO #1 LD S. o sz JZ

^ rOi— ro J- ro IO |Q N 10 00 « U <U o u <d- *4—-» <o 4- QJ 4-> 4->
i— r—• >— CD i— i— i— i— r— t— i— *i— r— 1 ro CO <D +■>
'— CL Cl. Q. Q. 1 CL 1 CL 1 0-4- ro O r- 1 >5 TJ rO 4J 4->

-C 0X0 O OOOOOO-I- 0 3 0 <D tn 1 OJ O ro ro
•M in CD C CD “O CD lO QJN 0)00 (U UT3 CVJ u CO > tn S- c 4-) *r-
rO 0) C V> C C C r— C r— C f“ C <D C <n CO •r- O) 0) o cn T3 4-> 4->
<D ♦r- S- ro ON •s^ s.*!' s*" Q, ro ro »— tn J* tn 3 C C C.
Q UP (0D LO 4-) +j +j 4-> tn tn > 3 S- TT) •»- ro ro

C C -C c to C E c on c wn c: c rO rO O tn 4- ro o a> “O O O
4- ro ro O. ro C ro CD ro C ro C (O 3 •r— E *r~ QJ O O 3 o. ro tn •p~ •r~
O cn C C C ro o c «P C ro C ro C E o -o i/i «a- S- 4~ 4-

0> ON ON “O ON ON LO ON V) O) ON ON Q) ON “O <D -C s- ro ON cn %. 4- 4- cn Qj •r •r—
(D in •i- -1- C -r- >».r- -r- S- -r- C -X Q- ro OJ 1 •r- CD O O - -Q C C
cn 3 r“ p * r“ o r— tn i— O i— O •— ro 3 E o tn cvj cn JC E ON ON
3 ro ro ro ro ro r0 ro ro CD •r ON O «4-> s- i- 2: 3 •r- •r~
rO OSS s S T S S -J -J S- “O Lf) -C o a> <D cn z cn tn
O o s- JO XI

*ro i. 1— E E
F—* re •p- r- 3 3 • -k
c -a: 2C o <c z: Z ro -Q ■K *

dTH 000012822



44

Table 20

Observed and Expected Deaths and Standardized Mortality Ratios 
for Selected Causes of Death Among Vinyl Chloride Workers 

with Medium or High Exposures* in Plants Producing Only PVC 
and Whose First Exposure to VC Began 20 or More Years Before the End of the Study

Cause of Death , 
with ICD Number1

Deaths
Observed/Expected SMR2

All Causes 210/249.27 84**

All malignancies (140-205) 46/ 46.04 106
Malignant neoplasms of buccal 
cavity and pharynx (140-148) 1/ 1.73 61
Malignant neoplasms of digestive 
organs and peritoneum (150-159) 9/ 13.63 70
Malignant neoplasms, 
respiratory system (160-164) 17/ 14.75 122
Malignant neoplasm genital 
organs (170-179) 1/ 2.23 47
Malignant neoplasm, urinary 
organs (180-181) 2/ 2.30 92
Malignant neoplasms, other and 
unspecified sites 10/ 6.33 167
Leukemia and aleukemia (204) 2/ 1.97 107
Lymphomas (200-203, 205) 4/ 3.10 136

Major cardiovascular and renal 
disease (330-334, 400-468, 592-594) 104/127.54 86

Cirrhosis of liver (581) 6/ 7.95 80

All other causes 43/ 67.74 67**

1

2
*

Numbers indicate categories in the 1955 edition of the International 
Classification of Disease
SMR's adjusted for deaths with unknown cause, i.e. no death certificate 
Significant at the 0.05 level 
Significant at the 0.01 level

DTH 000012323
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