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- Shell Development Company .
““Interdftice Memorandim =

FEBRUARY 23, 1984

"FROM:. .-v' ‘L. KIRKLAND -
T0: c. E. ROSS D.0.

éﬁBJECTi: VINYL CHLORIDE (VC) - LIVER ANGIOSARCOMA REGISTRY

A -copy of the most recent update of the subject registry, which was

received via CMA, is attached. As you will recall, the registry was
. - maintained for many years by Dr. John Stafford of ICI. Following
s Dr. Stafford's recent retirement, Dr. Brian Benmnett, also of ICI,
e has assumed responsibility for continuing the registry.
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V. L. Kirkland
VLK:sw
Attachment e ol=-vE\PVE-TX Q
cc: w/attachment
S. R. Cowles, M.D.
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Tox Archives

w/o attachment
V. L. Sawin
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Shell Qil Company

lnleromce Memorandum T

FEBRUARY 7, 1984

J RS
I : = FT
FROM: - §. R. COWLES, M.D. e B
SO I A e T e B R Rt
- TO: . FILE® - - - o o e Lo 'a*mc-)
" SUBJECT:. . CMA-VCM MORTALITY STUDY UPDATE .~ ~ . -~ - " .= "1 BRI
. s e C B ' o -2 2
A conference call on 3 February 1984 to discuss the EHA Phase II proposal
for the VCM Mortality Study was arranged by Dr.. Stack. .Reason for this
: telephone conference was to allow Dr. Otto Wong, EHA to respond to
- comments submitted from participating companies regarding the Phase II
proposal. DOW and Monsanto had submitted letters to CMA and Dr. Wong
expressing reservations about the proposal, particularly the lack of
detail regarding what hypotheses were tc be tested by the study and what
methods were to be used for analysis of the data. Dr. Wong has agreed to
revise the proposal and sSubmit an updated version to CMA and the
participants in the conference call within the next week. Telephbone
approval to CMA will then be requested so that final approval can be
rapidly obtained and the Phase II implementation can begin.
f: C&KA&k
Sally R. Cowles, M.D.
SRC/s1d v///
cc:  V=Kirkland Y ..
. R. E. Joyner
- C. E. Ross
A/{’
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CHEMICAL MANUFACTURERS ASSOCIATION

October 18,

1984
V. KTRKLAN ,
To: : Vinyl Chloride Program Panel
From: C. Stack =

Dr. Brian Bennett of ICI England recently visited the U.S. and
met with Maury Johnson and myself.

Dr.
of Industrial Medicine.

/rds
Enclosures

SCEC
4-09172
Formerly Manufacturing Chemists Association—Serving the Chemical industry Since 1872

2501 8 Street, NW « Washington, DC 20037 e Telephone 202/887-1100 ® Telex 89617 (CMA WSH)

Bennett left materials which are enclosed.
Included are comments on the Heldaas paper which appeared in the British Journal
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PO Box No 6 ‘ ‘ Imperial

Bessemer Road ' Chemical
Welwyn Garden City Hertfordshire AL7 1HD Industries
: PLC

Telephone Welwyn Garden 23400 (STD Code 07073)
Telex 264251 ) ' Petrochemicals and

' _ Plastics Division
From J Stafford . ' T

Health & Environwment Protection

To Dr

G M Paddle Dr D H J Williams
Dr K S Williamson ‘ Mr P N Anderson
Dr WG F Adams Mr J G Davies
Dr B Bennett HMr A Moses : .-
Dr J J O0'Sullivan " Mr G Dupont g
Dr A P Wright Mr Per Rangnes
Dr J T Carter Dr Heldaas
Dr P Hann : Dr J P Tassignon
Dr I Williams Dr C Cella

' Dr T R Torkelson
Your ref Our ref Tel ext ' Date

JS/SEN/DSO-16 7535 . 9 February 1983
VCM - MALIGNANT MELANOMAS

Dr I F H Purchase has just drawn my attention to a very useful paper
“Tumours in Contzrol Hamsters, Rats & Mice: Literature Tabulatiomn™ by
Sanford P Sher in the March 1982 number of "CRC Critical Reviews in
Toxicology™”, pages 49 to 79. '

Melanomas and melanocytomas seem to occur spontaueously in hamsters and are
not uncommon. Though they are mentioned in a number of the papers cited,
the importangfreferences ﬂifld appear to be

Cancer Vol 10 page 1153 (1957)

-

Fortner, J G
Forﬁner, J G Cancer Research Vol 21 page 1491 (1961)
I have not read these papers but I shall obtain copies. In the 1961 Fartner

paper, 4 melauomas were found in 94 male hamsters and 1 melapoma in 87
females. - .

J Stafford

SCC

4-021 7



¢ rom Imperial Chemicals [ndustries PLC

Central Medical Group
G M Paddle :

Aldertey Park, Macclesfield
Cheshire, SK104T.J

To Telephone : Alderfey Edge {0625} 582332

. Telex : 66909%/669388
Dr B Bennett

Works Medical Adviser

Hillhouse Works Copiesto - ~

Your rel Our ref Tel'ext | -  Date -
BB /MO GMP/EJ ’ 248 27 Oct 1983

"INCIDENCE OF CANCER AMONG VC AND PVC WORKERS"
HELDAAS et al

Thank you for sending me a copy of the long—awaited paper by Heldaas et al. 1
This paper camnot, of course, be evaluated without taking into account all
the previous literatyre on VCM/PVC. It is just not reasonable to regard
every 'significant' finding in every new paper as an add-on effect of -
VCM/PVC. My immediate reaction is ‘that this paper on its own is an
unconvineing demonstration of excess risk for lung, colon, skin and

thyroid; and that in the context of the evidence accumulated to date it

is even less convincing. I do not doubt the thoroughness of the project,
nor the honesty of the presentation, but I do think that the interpretation
is rather naive. Detailed comments which you may use or ignore as you

think fit are attached.

] /JJA/( a«wfl/

G M Paddle ' ; : )



DETAILED COMMENTS ON HELDAAS ET AL

" The categorisation of jobs as high, medium and low exposure does

not match the ICI pattern. Why are monomer production workers,
‘maintenance workers and packaglng/orylng workers classified as
high?

2. When the cases are classified by job, rather than exposure level,
-there is little or no pattern to be seen in the Tecords of the
‘cancer cases.

3. Several of the key latent periods and exposure times are very
short.

4, Table 6 does not seem to be accurate because the 23 cases listed .
inélude 2 not in the 23 in Table 4. One case has both lung and
thyroid but cannot have been analysed as both (or was it?)

5. Any study of this size will produce a mixture of cancer cases.
Are the sites that are in excess more causatively plausible than
those which must have been low? Why are the low ones not listed
in fact? Gr

-
G M Paddle
27 10 83



-Jncidence of cancer among vmyl chlonde and
poly¥inyl chlondg workers | -

S STORETVEDTH ELDAAs} S L(LANGA.RD" AND A(ANDERSEN)

From-tie Jesf‘erch Centeh t'{Norsk Hydro a 5 Porsgrunn—abrikkery3900.Porsgrunn, Telomark-Servwrals-

+ jukeheaDrcpartrmen MWLMMQOQPWSMJW—RQMW wayshon-

ABSTRACT The results of a follow up study of the incidence of cancer and the mortality in a cohort
of 454 male workers producing vinyl chloride and polyvinyl chloride are presented. The study
population was restricted to employees with more than one year's work experience in the study
plant between 1950 and 1969 and the cohort was followed up from 1953 to the end of 1979.
Twenty three new cases of cancer were observed compared with 20-2 expected; one case of liver
angiosarcoma was found. Five cases of lung cancer were found (2-8 expected) and four cases of
malignant melanoma of the skin were observed (0-8 expected). The possibility of a causal rela-

N

» discussed.

Sifice 1974 when Creech and Johason presented
their report,! human exposure to vinyl chloride
(VCM) has been associated with the occurrence of
angiosarcoma of the liver. Several studies have
confirmed these initial results as reviewed by Spintas
and Kaminski.* In animal swdies where VCM was
given to mice, rats, and hamsters by different routes
of administration neoplasms have also been induced
in other organs.’

Whether VCM has the potency to induce cancer
in man in organs other than the liver has not yet
been confirmed. Lung cancer,*”” brain tumours,*”*
and cancer in the digestive system, primarily
angiosarcoma of the liver.**® have been suggested to
be in excess in workers producing VCM and
polyvvinyt chloride (PVC), and the prime purpose of
the present investigation was to study the incidence

- of cancer in workers exposed (o VCM, with special
- emphasis on cancers other than liver tumours.

Material and method

PLANT DESCRIPTION

The study plant is located in thc county of Telemark
in south east Norway. In addition to VCM and PVC
the company produces fertilisers, magnesium, and
chlorine in adjacent plant complexes. The produc-

Received 20 August 1982
Accepted 14 October 1982

. tionship between exposure to vinyl chloride and the development of malignant melanomas is

tion of VCM and PVC was started in 1950. VCM
was produced from acetylene in the room where the
polymerisation reactors were located. In 1967 the
VCM production was partly altered, and cracking of
cthylenedichloride (EDC) was introduced as one of
two production methods. The production of VCM
was discontinued in 1971 after which time the plant
was operated as a polymerisation unit. From 1955
onwards VCM and PVC were produced in separate
rooms; tabie 1 shows the volume of VCM and PVC
producticn and the number of employees over time.

STUDY POPULATION :

A list containing the names of employees who had
started work before the ¢end of 1974 and whosa
period of employment had exceeded one moath was
constructed from the personnel register provided by
the plant. The heaith department of the company
has kept the health records of all present and previ-
ous workers cmployed from 1940 and onwards.
These records also contain some information on the
place of work of each employee. By combining these

Table 1 Annual vinyl chloride and polyvinyl chioride
production and number of employees in the study plant

Work pariod  VCM (lons)  PVC {tons) No of employees

1950-55 1000- 21500 1000- 2500 45 50
1956-60 2500~ 5000 2500- 5000 45~ 90
1961-70 5000-30000 5000-30000  90-13¢
=197 None 3000060000 120-130
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two sources of information a list of names was con-

structed which was presumed to be complete. The -

individual records contained the {ollowing informa-
tion on each worker: full name, date of birth, iden-
tity number, last known address, dates for beginning

Heldaas, Lengdrd, and Andersen

ufacturing plant before 1970 may have contained

S00-ppm VCM or even higher concentrations.”
The plant was closed for reconstruction in

Qctober 1574 and sinee 1975 the VCM in the work-

ing atmosphcn: has been monitored coatinuously g
and terminating employment, depaniments in the  with automatic measuring devices, including alarm t
plant at which each person had worked, 2nd the ~'sysiems that wamn the workers during even minor "
duration of work in cach department. Data were leakages. Since 1975 the VCM exposure level in n
obtained for 1233 workers. the production units has been below 1 ppm most of v
It was decided 10 restrict the analyses to male  the time. w
workers who had been employed for at least one ) u
year and who had first been employed at the plant  JOB CLASSIFICATIONS ’ <
before 1970. These limitations rcduced the numbcr Jobs considered. to have been associated with high st
of subjecits to 454 - VCM exposure include production, autociave clean- Ie
- -t ing, maintenance; and tapping. Owing to the great
ESTIMATION OF EXFOSURE amouats of surplus monomer in the PVC, one may - b.
As a consequence of the technical design of the also assume that the exposure level in the packing o
plant and the process operation, the level of expos-  unit may have been high until 1970, Those working
ure to VCM in the past must have been highbut no  in the development laboratory which contained Fi
industrial hygiene survey had been performed small autoclaves in small rooms, in the control T
before 1974, Estimates of the gverage atmospheric laboratory. and at processing in the customers’ ser- "
concentration in the past were based on sporadic  vice laboratory, may also have been heavily
measurcments that had been carried out with an  exposed, but no information about VCM levels in
“explosion-metes” which was graded from 0% to these working places is available. Nine different d
100% of the estimated lower explosion limit; 1%, exposure categories were defined {1able 2), a [
equivalent to 400 ppm of VCM. Two sources of number of the workers having been employed in d
supplementary information for estimating the YCM  more than one exposure category. Membership of
concentration were used: interviews with workers.  an exposure category was defined as that category in 1
some of whom had been employed in the plantsince  which the longest time had been spent. If an indi- r
the stant of production, and a suggested odour  vidual had been a production worker for some years, «t
threshold of about 500 ppm VCM. Based on this  and subsequently spent a greater number of years at e
information. we have assumed that the VCM con- a job that clearly entailed minimal exposure, he h
centration was about 2000 ppm from 1950 to 1954, would by definition belong to a low exposure catega [
about 1000 ppm from 1955 to 1959, about 500 ppm  ory. L
{ram 1960 1o 1967, and about 100 ppm from 1968 As the expasure level was high in the early 1950s, P
10.1974. During autoclave cleaning the exposure  an attempt was also made to classify the jobs as o
level may have been as high as 3000 ppm.'® Both determined by the exposure level, using the number i
emulsion PVC and suspension PVC were produced.  of “years of 500 ppm™ exposure. The procedure was v
The surplus monomer in the PVC leaving the man-  as follows: one year of production work in 1951, i
H
L)
Table 2 Observed (O) and expected (E) deaths from all causes, and all new cases of cancer in the srudy populaiion except
non-melanoma skin cancer 1
Expasure cotegories No of All deaths All cancers Person-vears ‘_"
workers 1953-79 “
v o £ OIE le] £ OiE "
* . [vS . le
02 Viey chionde (EDQ 8 0 &% Ne ; % Ne 1100
03 Rescarch laboratory 48 2 4-32 0-46 Q 1-69 NC 3120 -
04 Polyvinyl chlonde prcduc‘uon 117 19 16-42 1-16 9 5-10 176 2308-5 G
05 Autoclave cleaning 17 b} 1-64 2 1-03 1-94 309-5 <
06 Mantenance 43 4 7-64 052 1 2-87 NC 888-C O
] Eii S R+ R R A ,
oog S::g::e:; rice laboratory go 7 7.80 098 2 2-44 082 971-5 T
Totat 454 50 59-34 024 23 2016 114 86760 G

“NC = Mot calcuiaied,




lacidence of cancer among vinyl chloride and polyvinyl chloride workers

when_ she working atmosphere contained about
2CJ0 ppm VCM on average, was classified as four
*500 ppm-years.” The same type of work in 1961,
vhen the atmosphere was about 500 ppm, would

ive one 500 ppm-year. This additional categorisa-
tion of exposure could be given for YCM produc-
tion. PVC production, autoclave cleaning, mainte-
nance work, and PVC packing. Owing to the surplus
monomer in the resin, one year of packing PVC
would give about one 500 ppm-year for ecach year
. upto 1970, and it is even possible that this high level

continued until 1974_ In this way high exposure for
shont periods in workers catcgorised by jobs with
low exposure level could be accounted for.

.All workers were placed in an ¢xposure category
before we had any knowledge of their state of health
or diagnoses. e

FOLLOW UP

The main element of the method is to identify those
individuals who meet the criteria for membership of
the study population and to compare this population
with a constructed Norwegian population whose age
7 tistribution was identical with that of the study
. _roup. (The method has been described in more

" detail by Langird er al."?)

Tétal mortality and cancer incidence from 1953 to
the ¢end of 1979 have been determined for the study
population. The Cancer Registry in Norway has
records of all new cases of cancer since 1953 and has
access to information on alf causes of death provided
by the- Central Bureau of Statistics. This study is
bused on a comparison of observed and expected
total morality and incidence of cancer for the
seriod 1953-79. Ta estimate the expected number
of cases of cancer, the national five vear age specific
incidence rates were used. According 10 the data of
the Cancer Registry. the rates of cancer incidence in
the Telemark county are between 0-90 and 0-95 of
the national figures.'? Consequently. the more rob-
ust national rates could be used for reference pur-

27

poses and the expected number of deaths arc based
on the national rates.

Results

Deaths from all causes and the number of new cases
of cancer, excluding non-melanoma skin cancer, are
presented in table 2. The number of person-years at
risk is also shown together with a tabulation of the
nine different expasure categories. Among 454 men
there were 50 deaths from all causes {expected

- 59-3). - . ; } .
During the 27 years of follow up, 23 new cases of ... -

cancer were found against 20-2 expected. The nine
exposure categories have been combined into three
groups reflecting high, medium, and low exposure - .
{table '3); - the increased incidence of cancer is |
accounted for almost entirely by the high exposure
group. . :

There was only one liver angiosarcoma, recruited
from cxposure category 04, and this case has been
included in a previous survey? - ..

Table 3 presents the observed and expected
figures for some malignant neoplasms of interest.
Five cases of lung cancer were observed in the whole
study population compared with 2-8 expected. The
mean time between first exposure and the time of
diagnosis {latent period) in these five cases was 17-2
years (range 3-26) (not shown in the table). Four of
the five cases were in the high exposure group (1-82
expected).

Four malignant melanomas of the skin were
identified in the study population whereas only 0-8
was expected; three of the cases were observed in
the high exposure group (0-5 expected). The
tumours were located as follows: two on the trunk,
one in the face-neck area, and one on a foot. After
the observation period one more case has been
diagnosed in the medium exposure group; this was
in the face-neck area, We are aware of one case of
incipient malignant melanoma located on the trunk

~able 3 Broad categories of work indicating exposure level. Observed (O) and expected (E) deaths from all causes, cases
“cancer (all sites), colon concer (ICD 153 ), bronchial cancer (ICD 1621163 ), malignant melanoma of the skin (1CD 190).
and cancer of the thyroid gland (ICD 194 ). for work label, see wable 2

Exposure No of All cancers ICD 53 iCD 1621163  ICD 190 ICD 194 ;;7;;117- ears
fevet® & -

“ morken 0 E - OIEO0 E OIEOQO E OKEQE OFEO E O

Group | 297 18 1296 14 3 09233 4 1-8222 3 05159 2 011 182 57220
GrouS! 107 I 415 06 0 0MNC 0 067 NC i1 018 NC 0 004 NC 19778
Group ) S0 2 5244 G8 0 CIBNC I 035 NC ¢ ©I10NC 0 002 NC 971-3
Total 454 23 2046 140 3 144 21 5 284 1.8 4 079 &1 2 016 125 B6760

*Graup | (high vinyl chlaride exposure) = Wark labels 01, 02. 04. 05, 06. 07.
Graup 2 {medium vinyd chlonde exposure) = Work labeis 03, 08.
Group 3 {low vinvl chlaride exposure} = Wark label 09.

NC = Not ealculated.
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lele 4 QObserved ((0) and expected fE)Casc: ofcancrr (all mex) lung cancer (!CD 1621'163) andnm!agnan( mdaﬂomn ‘ : and
a[ the skin (1CD 190) in relation to fime of first employrent in the plant ) . o grot
Years of No of  All cancers ICD 1621163 CoCD e - Y Peryems - 0 v -0 o - . The
fru workery yearz the !
_ employment o] £ OE o] - E- - OIE . O E . (277 193379 shov
19504 i0s 6 721 oa 2 1-01 20 1. 0-23 NC 26190 L WwCTrt
19559 128 8 6351 -2 . 2 o9 21 1 25 NC 71740 T
. 19604 123 6 "433 14 o 039~ NC . 2 . 019 11-1 2093-5 ‘
© 1965-9 98 3 242 . 1 t 02  NC-. 0 G12 NC | 12465 the
i Total ass - W 216 OB S . 2R 18 4 079 51 #6760 o o
NG = Not caleulated, ST T Ch e E ‘ T
e ' of fi
. all ¢

“Table s

Observed (0) and expected (E) cases of cancer, oll sites. of the colon (ICD 153), of the fung (ICD 1621163), cant
‘. malignanr melanama of the skin (1CD 190}, and cancer of the thyroid gland (ICD 194), by 300 ppm-year exposure index the
- sho
Na of 300 No of All cancers {CD 153 ICD 1621183 iCD 190 1CD 14 . 3
. ppm-years®  wockers ) - -4 933-76“ : amc
R : o & OE O E OIE O E OQIEO E OQEOC E OF- : high
S<p 169 6 706 08 0 0351 NC-2 -1-01-20 1~ 029 NC 0 006 NC 30M-0 .- - . thar
=5 124 “3 30 10 1 021 NC O 040 NC ¢ 016 NC 0 003 NC. 20885 L - abo
=S ) . 18] 4 - 995 (-4 2 074 27 3 144 21 3 633 %t 2 0-06 33-3 33540-5 e
- Toal is4 23 2006 11 3 4421 S 2B 18 4 079 S1 I 016 125 #6760 .
incl
NC = Not cakulated. It
“For classification of expusure for these cases see matenal and methods f
waor
pPpr
one
thar
Tuble 6 Distribution of exposure categories among workers in whom cancer has been diagnosed (all cases of cancer). indc
Figures give duration af exposurc under different categories in years mc;:_
Age when concer Tirme of first Year of 1cD Exposure categariest whi
was diagnased employment diagnosis Neo~ .
01 02 03 o« 05 06 07 08 O sie:
3 1962 1979 151 2 are
63
&7 1964 1967 151 : 3 me:
62 1956 1972 153 5 alse
&7 1962 1973 153 [B] Pc'_
58 1968 1977 153 6
56 195Q 1971 155 22
63 1950 1963 162 : 4 Dis:
67 [952 1978 162177 3 3
8 1955 1977 162194 ? ¢ 10
54 1958 1977 162 1! 10
56 196R 1971 162 : 2 9
70 1950 1973 177 2 15 s
26 1961 1967 178 18 can:
as 1952 1979 181 14 PV
AR 1952 1957 190 4
153 1953 < 7o 1981 190 2 acc:
40 1938 i 1960 190 4 but
41 1961 1974 190 13 2l
alg 1961 - 1977 190 i5 ma
64 1964 - 1979 190 , 14 . PV
62 1969 1972 193 3 is o
A3 1957 1960 194 11
58 1955 1966 199 2 the
*1CD 151 (stomach cancer). 1ICD 153 (ealon cancer). 1ICD 155 (cancer of the biliary passages and fiver). ICD 1624163 (lung and bronchiat can
cancer). 1CD 177 (cancer of the prostate). [CD 178 (testis cancer). ICD 181 (bladdes cancer). 1CD 190 (malignant melanoma of the of 1
<kin}. ICD 194 (cancrr of the thyroid gland). from
tExpusure caleguncs corfesponding with the numbers in table 2.

1This case accurred aflet the end of observation prriod. na
$Inapient case.

v




Incidsnce of cancer among vinyl chloride and polyvinyl chloride workers

and diagnosed' in 1977 from the medium exposure -
group. This case has not been included in the study.
The latent period for the four cases occurring during

¢ follow up period was 8-8 years (range 2-28) (not

1own in table 3). When the two addivonal cases
were included the latent period was 13-1. years.
Threc cases of colonic cancer were observed in
the high exposure group against 0-9 expected. Two |
cases of cancer in the thyroid gland were observed;
poth were medullary carcinomas.
Table 4 shows the rclationship between the date
of first employment in the plant and the incidence of
-all cancers and of some specific tumour sites, We
also related the expected chance (risk) of developing
cancer to the estimated weighed level of exposure,
the 500 ppm-year indicator, and these results are
shown in table 5. The highest risk ratios were found .
among those workers who were characterised by
high exposure——that is, those accumulating more
than five 500 ppm-years. We have no information
about the VCM exposure level for the exposure
categories 03 and 08 (table 2). which are classified in
_ table 5 under the “less than one™ index and which
_ “ncludes workers with less than one 500 ppm-year.
U+t may be assumed. however, that some of these
workers were exposed to VCM levels of about 500
ppm. Therefore, the correct exposure category for
one of the two cases of lung cancer under the “less
than one™ index (table S) could be the “one to five™
index. The same may be true for the one malignant
melanoma under the **less than one™ index.

Thé plant employment history of all workers in
whom cancer has been diagnosed and the tumour
sites. ranked according to {CD code (7th revision),
ire presented in table 6. The year of first employ-
ment and the age when cancer was diagnosed are
also included. The previously mentioned latent
periods have been calculated from table 6.

Discussion

The present investigation has shown an increased
incidence of malignant melanomas of the skin, lung
:ancer. colonic cancer, and thyroid cancer in VCM/
- PVC workers. Our observation on lung cancers is in
accardance with the results of several other studies
but to our knowledge, an increased incidence of
malignant melanomas in workc/ps producing VCM/
PVC has not been shown before. The present study
is one on the incidence of cancer, by contrast with
the other investigations which refer to deaths from
cancer. If the percentage survival in diagnosed cases
of malignant melanoma is high, studies on deaths
from cancer may have masked a possible increased
incidence of this tumour.
Waxweiler et a/ observed 11 deaths from lung

-had been observed for 15 years or more after first

in the histological type of lung cancer. Of the eight

- started work before 1959. As the numbers are small, -

- in other countries.” only about 20% of all histologi- =

* pationally exposed to arsenic, asbestos, chromium

29

cancer. as compared with 5-7 expected, in VCM
workers with at least five years' expasure. who also

cxposure.* They also noted an unusual distnbution.

histologically confirmed cases, five were classified as
large cell undifferentiated. In qur study two of the
cases of lung cancer were classified as oat cell car-
c¢inomas (small cell undifferentiated). Both occurred
in the high exposurc group, and both patients had

no conclusions should be drawn, but in Norway," as - %"

cally classified lung tumours are listed as oat ccli or
small cell carcinomas. Studies on populations occu-

VI, - radiation from uranium, . and chloro-
methylether'® indicate that the proporton of oat
cell lung cancers in these groups is much higher
than expected, and this suggests that anention
should be paid 10 oat cell lung cancer in
epidemiological swdies on working populations.
Buffler ef al observed three deaths from lung cancer
(0-68 expected) in a subgroup of VCM exposed
warkers with more than five years' cxposure at high
exposure level and a long observation period.” Fox
and Collier, on the other hand, could not show an
increased risk of lung cancer in members of a cohort
recruited from different plants. They included all
exposed workers, laid down no requirements for
exposure minimum, and no minimum observation
period was accounted for.

In the present study the smoking habits of the
members of cohort are not completely known. A
smoking questionnaire survey in the plant in 1980
showed that 53% of the workers were smokers, by
contrast with 42% in the male population in the
whole country in the same ycar.* Consequently, it
does not seem likely that smoking as a confounding
factor can expiain the differences in the incidence of
cancer.'

Maltoni er a/ have indicated that VCM is 2 mul-
tipotent carcinogen in mice, rats, and golden hams-
ters.? They also showed skin tumours in golden ham-
sters, some of which were malignant melanomas. In
2 study of the kinetics and organ disuibution of
VCM in which rats were exposed to “C-VCM by
inhalation, Duprat er al showed *a great deal of
labelled molecules probably both VCM and its
metabolites” in the skin after three hours.'” In a
similar study Watnabe & af confirmed these
results.’” None of these authors discussed the
significance of the distribution of VCM to the skin,

however.

Malignant melanoma of the skin is believed to be
associated with exposure to sunlight'’ and few occu-



" pations have been associated with the development

of these tumours. Tear gas (e~chloroacetophenaone)

-.and polychlorinated biphenyls™ are chemicals that

have been suggested as possible inducers. In our
study population one more casc of melanoma has
been diagnosed after the closure of the study and
before the increased incidence of tumour was known
to ws. This additional case considerably strengthens
‘the association between exposure to' VCM and the

. development of malignant melanomas. As the medi-

cal services in-the Telemark county have been of a

7. high quality and easily accessible, we do not believe

_that there has been any bias due to the presence of

" the_occupational health service in the company. In

" fact, none of the four cases was diagnosed by the

occupaucna! physicians. One of the five subjects

with skin cancer had survived until June 1982, The
incidence of malignant melanomas in the rural areas
of Telemark county is slightly higher than' the
national rate while the incidence in urban areas is
fairly equal to the national rate.'* All subjects with
skin cancer had lived in the urban area.

We observed two cancers of the thyroid gland
(0-16 expected): both cases octurred in the high
exposure group and were of the same histological
type. We are not aware of other studies indicating an
excess of this type of cancer but as only two cases
have becn observed. no conclusions can be drawn.

In a Canadian study on workers exposed to VCM
for five years or more Therault and Allard showed
an excess of cancer in the digestive system,* but the
authors concluded that the excess is accounted for
exclusively by cancer of the liver. In the present
study we found a slight excess of cancer of the colon.
Many of the other studies referred to include cancer
of the liver in digestive cancers, and they conclude
that the excess risk is due to this tumour. There are
few reports on occupationally induced cancer of the
colon and rectum although it has been indicated that
asbestos workers, textile workers, and steel workers
have an increased risk from these discases.™ Wat-
nabe ef al in their kinetic study showed some faecal
¢limination of “C after the inhalation of “C-VCM,
but they discuss only uninary and pulmonary elimi-
nation in their paper.'*

The results presented in the present study, consi-
dered with other epldcnf/ iological studies, seem to
support the view that YCM may act as & multicar-
cinogen in man. This is in accordance with observa-
tions from animal studies.* Some of our findings dif-
fer {from those presented by other workers, and will
be followed up later. The observation penod is short
for sorne of the members of the cohort, and the
study group is small. Nevertheless. the fact that the
excess of different cancers was seen in the group
with the highest estimated exposure level streng-
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thens the suggested association between VCM

cxposure and these types of cancers, in panicular
the malignant melanomas.
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critical comments were of great help. We thank Mry
P A Flor for linguistic help and Mrs U Daniclsen for
typing the manus;x-ipt.
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