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.S 0. INTRODUCTION

."Inrthe Feli of.1975.rthe Medicel Direcror and the management-

- at Mobil 0Oil became auarerof possible health hazerds due to‘exposure

to polychlorlnated biphenyls (PCBs) among t&o sma11 groups of emoloyees
at thelr Paulsboro, New Jersey plant. Although PCB has not been

in use for some tlme, the p0551b111ty.ex1sts that late effects such

. as cancer or llver dlsease could result from such exposure. The

- latter has been noted in experlmental anlmals.

. A thorough examlnatlon of»avallable medlcalirecords Qas promptly
made by Dr. J. Rodney Meredlth Medical Dlrector of the Dlant These
records were - supplemented w1th other sources of 1nformatlon w1th
"regard to exposure to PCB ) | | . ‘

" The renort that follows is a orellmlnary enldemlologlc analvsis

o of the data furnlshed to us by Dr. Meredlth Suggestlons for further

-eepldemlologlcalrstudles are-also 1ncluded~1n thls_report.
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' 'f:_, -11£9£;1Resume of Literature

A detailed literature.rev1ew has been included as an appendlx.
A brief summary is presented here. : '{' 7
Polychlorinated biohenyls (PCBs) describe Ua group of synthetic
chlorlnated organic compounds which have been manufactured in the
U.S. since 1929 and have been widely used.in industry. Commercial
PCBsrare generally mixtures of many different chlorinated biphenyls.
'Arochlor 15%4 a trademark of the Monsanto Co;,.is a minture of
chlorinated biphenyls and contains 54% chlorine; .:;‘ —?_
PCBs are not ea51ly metabolized and tend to accumulate in
- human tissue. Polychlorinated biphenyls were found in measurable,
‘7amounts 1n 31 1% of 637 samples of human adioose tissue collected
"ifrom-the general pOpulatlon 4in- BB*U S crtres.ﬁf{fﬁ - |
-It has been reoorted that workers engaged 1n the manufacture
of arochlor were affected w1th acne like condition on the face
and neck and that fumes may penetrate the clothes and cause -acne- like

1e51ons to develop on the covered parts of the body.

In an outbreak of p01son1ng in Japan due to 1ngestlon of rice-

' 'bran 0il which had been contaminated by PCB (Kanechlor 400) common

- Symptoms included-. pigmentation of the skin, acne-form eruptions

-and follicular accentuation, increased eye discharge and swelling of
upper eyelids, and feeling of ‘weakness. A dose-response relation
'was observed. -Children-born.to mothers nho.had‘eaten the contaminated
rice were smaller than averaqe.and-hadrdiscolored skin, although
as the chiidren grew older the stained skin gradually faded. ‘

.

-
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STLCOPCB4070050



,7;‘
: : : S . S i
Rats fed Arochlor showed more llver abnormalities including

o hepatocellular carc1nomas than d1d control rats. No unusual features

were noted in tumors of other organs, and there were no apvarent
dszerencesdln 1nc1dence in tumors between experlmental and control_
jandnals. - : . a
Thedresults of appiylng a mlxture of 1somers of chlorlnated
’blphenyls to the Skln of . gulnea plgs, .xats..and rabblts were: (1)l
changes of the 11ver amonc gulnea plgs (2) llver and skin changes

among rats and rabblts.r,“i-k"

Reproductlve fallure has been noted in monkevs exposed to PCB

PR Mo ?_-;':__:?‘:T’._;:f _...r“n:‘ '7. DSW 3081 82
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. METHODOLOGY - -

I. Data for the Research and Development Employees

A. Study group and exposure .

‘..

a Slxty—four Research and Development employees are reported to
have beon exposed to Arochlor 1954 in the interval between 1949 and
1957 Of the 64 men, 35 are Stlll employed by Mobil; 29, 1nc1ud1ng

3 deceased employees,'are no longer employed (Table A). For 16

B ,of the 29 not currently employed medlcal lnformatlon is m1551ng

on an average for only the last two to three years (Table B); -
itherefore, these men are 1ncluded in the analy51s.- For the remalnlng

'f13 men there 1s no Mobll medlcal record or follow—up 1nformatlon for the
;;past 12 years or more, therefore, these 13 are excluded from

?thls analy51s.rﬂ;7*?hfqbrrl R -

7 Based on,esposure data-estlmated by -an employee, Bob Wllson, the

51 men 1nc1uded in the analy51s were lelded into two groups~ (a)_e&posedr

to contact ‘with formlng 011 'and (b) other ( probable ’ unllkelv;,- |

) "unknown" )‘exposure. Another observer, Ed Rosrnskl, developed a

scale attemptlng to quantltate exposure.‘;A summary_of the total

-Agroup (64) ‘and the observed group (51) cross#classified on the tmo
_ratlngsr(wllson and Rosinski) is showh in Table C. It shogld:be_ N

*noted that the 13 personsﬂexcluded fromrthe-analysls are about evenly
divided between ther(a)~ahd (b) exposurergroups (7 and 67respectively).

i e T gy 308183
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B. . Observation period

- R & D employees were exposed to PCB for various times durlng f
{ the years 1949-1957. The exact dates of exposure were not indicated
in the material we used. For this analysis, therefore, observation
time was assumed to‘be December 31, 1957 through Decembher 31, 1975,
This'procedure understates the observation period (if the average
beginning point is assumedAto be miduayrbetween 1949 and 1957, i.e.,
»11953) but at the same t1me allows for an average minimum cancer
1nduct10n perlod of about four years._ii:fat

Informatlon on age was’ avallable for all 51 employees; PersOn;,
years of observatlon by aqe category were constructed for tne 51 -
7 employees for the 18-year 1nterval between 1957 and 1975 , (It was

- assumed that age reported for current employees is as of 12/31/75)
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C. Expected number of new cancers

Exbected incidence ef cancer among the group under étudy
during the period 1957-1975 was based on the Third National )
Cancer Survey Incidence Data (NCI Monograph 41, March 1975) which
reports incidence tates by sex, tace, and five year age groups
for 1969-1971. Our expected values were based on rates for males

* - .
(all races) , by age, but are rcough, for the following reasons:

(1) Incidence rates for males have tended to ihcrease ever
time so the levels in 1969 71 may be sllghtly higher than that
expected durlng the 1957 75 perlod : However, our use of the 1969-71
higher expected rates would tend to:reduce éhy difference between

observed and expected cancers.

(2) On the othet hand;'age—sﬁecific ceneer mortelity in New
Jersey { as measured for the perlod 1950 -69) was considerably
higher than the natlonal average, hence the exoected levels in this
New Jersey population probably shquld be higher than the national
incidence level. Theruserof U,S.?rates rather than New Jersey rates
would tend to.increase ény differencerbetween observed and'expected.

However,the New Jersey rates are_believed to be 'a reflection of

DSW 308185

* . In calculating expected incidence of cancer the rates used were
those for the "total" (white and bléck) population bhecause (1) the

exact recial distribution of the study population was not immediately

available. An informed guess is that 0-1 of the 64 Research and

Development employees and 2-3 of the 65 refinery employees were

black; (2) the "total" population of the U.S. is 90% white.

(All the carcinomas were found in white emplovees).
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occupational-environmental factors and therefore the New Jersey '
' population is a less desirable control group than the total U.S.
population. | b
 The expected cancer rates were'applied separately to exposhre
classeé (a) and.(b) yielding the expected humbers of cancers shown'.'

in Table E.

- -

L
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l_;Ii. Data for The Refinery Plant Employees

A. Study éroup and exposure
| Sixty-five employees at the Bead Plant in Paulsboro are reported
as exposed to Arochlor 1254 for varying lengths of time during the

interval between October 1953 and June 1958. Wlth the exception

- of one individual listed as exposed for one month, all exposures

were from 6 to 56 months.

L v

: Of these 65 "exposed" men, 30 are Stlll Hobll employees and
35, 1nclud1ng 3 deceased have termlnated emnlovment (Table A). Of

~ these 35, ll had current medlcal records yleldlnq a total of 41

.. men (30 plus 11) for the study populatlon (mable D) For 12 men

-(all termlnated by 1960) no charts were available and for another

A: 12 men charts are avallable only untll ‘the date of termlnatlon 1n

‘77”1961 or 1962. Therefore these,24 men have heen excluded from

" the analysis.
R should be noted that no record wasiprovided on extent of
'”'exposure of Reflnery Plant emoloyees but only months of exposure.

'Therefore no clas51f1catlon of thls group was made in the ana1y51s.'

. B. Obsorvation period

Observatlon tlme was calculated from the end of 1957 thru the

'Cf'end of 1975 for the 41 men 1ncluded in the analv51s.

C...Expected number of new cancers

“S:Eerson-years of observation and expected cancers were
’ r . . | M
Calculated as for the R and D employees (see Table E).

DSW 308187
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- FINDINGS

The following is a resume of the'preliminary analysis of this

Adata (Table E)°

1.

Elght cancers were observed in the total populatlon versus 5.7
expected. This difference is not statlstlcally significant.
However, of the é cancers, 5 (62.5%"were either melanoma (3)
or_cancer‘of the pancreas (é). This compares with an expected
percentage of about 5 percent of all’cancers in the general |

populatlon.

~ One melanoma occurred amonq the reflnerv emoloyees. The

remalnlng two melanomas and the two cancers of the pancreas

-occurred only amonq the 31 (60%) of the R & D emplovees who were

115ted as EXPOSEd to contact with Arochlor 1254 The percentages

,; that these cancers are to all cancers found as compared with

—

'expected percentages based on- the general Dopulatlon are hlchly
"51gn1f1cant (Table F). A

Looklng at the -data for all study employees on a rate bas1s

or rlsP of deveroplng cancer (the preferred type of analy51s),

,3 melanomas were observed»versus only 0.1 expected, and 2 cancers

.‘of the pancreas observed versns only 0.2 expected (Table E).

= For the R&D enployees cla551f1ed as "yes" to exvosure to

o j(Table ,F).

Arochlor 1254 " the respectlve P values are highly 51gn1f1cant

DSW 308188
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i.
Other flndr_gs- For the three cases of melanoma of skin the site

location and age at dlagn051s were as follows: right upper arm
(57 years), upper lumbar reglon (51 years) and left anterior chest
(42 years). Time from-the data of first expo;ﬁre to Arochlor 1254
fto-time of\aiagnosis for the three cases were: 10-14 years (calculated,
exact duration not given in memo), 17 years, and 10 years, respectively.
The~two employees who develoved cancer of the oancreas were Ages
57 and 62 at the time of diagnosis. The times since firstoexposure
were 13 vears and 24 years. >Both employees were non-smokers.
Carcinoma was also found in three other sites, among two R & D.
employees.r Cancer of recto—sxngLd was dlagnosed in a group (b)
: 56 year old employee anprox1mately 21 years after exoosure. Another

employee in group (a) developed ‘sarcoma of the rlght thlgh at aqe 42

(14 years after exposure), ‘ten years 1ater he - also develooed multlple

: myeloma. )

S DSW 308189
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- DISCUSSION AND LIMITATIONS OF THE DATA

o These‘findings, although preliminarv and excluding data
-onrover one-third of the refinery viorkers and one-fifth of
the R & D wvorkers, suggest a probable causal relatlonshlp between
E exposure to Arochlor 1254 and melanoma. Even 1f all of the untraced

. menrln the.“Yes" eﬁposure group were found,%o have not had melanoma
.the P ualue'would he virtually unchanged~ (f= .0015 instead-of .0010).
These findings are also coherent with biolody (i.e. biological)
. Dlau51b111ty). Fhloracne.is known to be a freaquent acute dermatitis
occurrlng upon exoosure to volatlle chlorinated hydrocarbons (See
llterature review. ) In the Japanese women who 1ngested contamlnated
- rice 011, both the women and thelr offosrlng developed skin olgmenta—

tlon. Hlstologlcal examlnatlon of a stlllhorn fetus showed a "marked

hyperkeratos1s... a marked 1ncrease of nelanln olaments in the

.- . - R ——— cetme eme S - ae - - e tien e e - s m—— - e e .

basal cells of eoldermls (6) It should be p01nted out also that‘
i'rnelanoma on unexposed portlons of the bodv are relat1Vely rare.
5;;}l,r;} -As in the Japanese study,'a dose- response gradlent may be postulated
as:euldence of a causal relatlonshlp., Althouqh unverified, it is
belleved that the R &D group had a much hlgher exposure to Arochlor

’ 1254 than d1d the reflnery grouo.' ThlS is con51stent w1th the larger

4

V:Znumber of cancers among the R & D men.
The assoc1at10n of Arochlor 1254 with cancer of the pancreas is
also statlstlcallv 51gn1flcant but weaker than that with melanoma.
'Furthermore, the possibility of cancer of the pancreas being asso-
fii?ciated yithtother chemical exposures in‘R & D employees must be

”

' 7considered.~ Li and Fraumeni in_“Cancer Mortality Among Chemists™

(Journal of the Natlonal Cancer Instltute, November 1969) reported‘

—_—— AT L e

—————— b .

. an, excess of deaths from cancers of the pancreas and 1vmohat1c'

- r e o O @ = ———asmease
-

tlssue in profe551onal,chemlsts.

N - L L ) - o o DSW308'\90
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Arochlor 1254 is no longer belng used at Mobll but PCBs are

still being manufactured by Monsanto, are used in a number of ) ;
industrial operations and have been dumped as a waste product into !
water supplies. S L

]
i
i

If, as seems likely,PCB is a causative agent of melanoma, this
knowledge must be acted upon promptly. In terms of surveillance

for melanoma it should be noted that early diaonosis of this malignancyr

qgreatly affects survival:

: o - ' Relative ;

- Stage of Disease .. - 7-s . Survival (g)* i
at Diagnosis - S5yrs. . 10 yrs. ¢

" localized g u;*}”flti73 T ;
'],'regional . B fjtj';;ijl33- o ;,32 _ i

- Our data on a small cohert shoms a very hlq\ relatlve risk of
developlng melanoma upon exuesure to thls PCB 'Thls studv should be
repllcated 1n other 1ndustr1al settlngs ‘where other persons have been
exnosed to PCBs. The Jaoanese exoosed to this agent in 1968 developed
-skln plgmentatlon (as dld thelr offsorlng) anﬂ cHloracne._ Probablv
an insufficient tlno has elapsed for cancer to develop in the Javpanese
coho:ts;but surveillance for melanoma ;sressentlal. |

:Sdrvlval fromicaaeerVof,tme.paneréaeVlsdless.likely to bhe affected

"by early detection. Mevertheless, persone at high risk should be

oL

identified:
Stage of Disease : s Relative
- at diagnosis : Survival (g%)* ~
3 vrs. 5 yrs. R
LT o . B . ———e e et %)
g ' . o5
© ‘Localized 1 . - 4 > 2
: - - : o 2)
-Regional : - 2 .2 9 ’

* Source: End Results in Cancer, Report _Mo. 4 NIH, 1972. fThese are
relative survival rates, which adjust for "normal“ mortality with
respect. to age and veriod of observation. ‘

\

—— 4 e st
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As stated, exposure to other chemicals may be implicated in.
cancer-of ‘the pancreas in particular.

el = o - . .. . Y P e caee e e o w e s —— - e —————— — - -

Eossibly other cancers may also be associated with PCB. Subseauent
medical history of Paulsboro retired employeeslwould be important
in this regard,'also. Data for a larger emplovee population probably
would_be necessary for assessing the risk of other cancers, however.
The major limitations of the data in our analysis shonld be
mentioned: - s -
l. Data on duration,'age, and extent_of exposure-are limited; Also,
-no information is available.on Qtﬁgr chemicalfexposures. |
'2.' No 1nformat10n is avallable on the occurrence of cancer in 37,
or one fourth of all the employees 1n both groups. One or two
- missed dlagnosed cancer cases of melanoma, Dancreas, or other 51te
Icould markedly affect conclu51ons.:;'lf' o |
3. The number of observed cancers among men-lncluded in the analv51s
'may well be understated,because there 1sAno reoorted follow—up (other
than death) for those study'emoloyees who were terminated This |
1ncludes for R &D emnlovees three 11v1ng emoloyees termlnated flve
to ten years ago and one 11 years ago.r All are presently 69 years,
_of age or older and therefore_are in a high risk group for cancer
in general. Similarly among the refinery emplovees information is
lacklng on several years of follow up of recently retired employees.

_ In effect, the methodology employed for all of these employees assumes

:'@hat no canqers'develooed amona them durinq'this period.

DSW 308192
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4. Another major limitation is the relatively short observation
"period. Induction of cancer due to small doses of this agent may

)

require more than 20 years to manifest itself. Current information
. i .
indicates that for environmentally induced cancers in adults, in

- general; the average latency period between first exposure and disease

is in the range of 10-30 years. . . . | , |

- e ed—e  wems b

5. Our'mefhodology (obéervatioﬁ-period,begihning in 1358’ dnder— _
r,stateé the riék of cancer if there ié a long latent period. Fﬁr f
'Lexample, if the minimum 1atent'peri§d is ten'years the entry period
for the individual workersriﬁtérthe-Study-cdhdrt sﬁbuld begin at

' yérying times betwgen 1959 and 1967 Ior 1968) rather than in 1958.

DSW 308193
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" RECOMMENDAT IONS

- 1. We-urgently recommend that Stebs be taken immediately to ‘insure
orompt and periodic screening examinations for melanoma among all i

| currently'employed'and terminated employvees (both R & D and refinery)
‘! .

for whom there has heen—any vossible exposure to PCB; i.e.rall survi-
vors of the potential total of 129 men exposed; We also.urge-promot
developmeht andrdistribution‘of appropriate informatiohal material !
" for these employees. These reoommendations are based uvon (1) the
data made ayailable“to'ue ahd our analyses (under the»assﬁmptions of
~our statistical models) which sho& a highlv significant statistical

.rassoc1atlon between 'exposdre“ to ‘Arochlor 1254'and subsequent inci-

dence of melanoma (2) the blologlcally olau51hle relatlonshlo between

et e e

Arochlor 1254 and melanoma 1n v1ew of the freauency of reported chloracne

. r.“ .

dermatltls upon exposure to thls agent and the Jaoanese study. Some
: ev1dence for a dose-response.relatlonshlp is also present.
Rl , _ » _ »

j?:A From-ah eoldemloloqlc standp01nt it ls also of hlgh Drlorltv to
follow-up the 37 men (former R & D and reflnery employees) for whom -

~current records are not avallable to determlne 1f they have had any
cancers,-whether or not ourrently allve,'_The follow—up could be in j a i

~ the form of a generalfhealth_qhestionnaire by mail, telephone, or

e ewm L amemae

personal'interview. ‘Similar information should be obtained for 23

'terminated employees who were included in the study but whose medical

statﬁe_for the last several vears is unknown.

3;1;The_above recommendation addresses the nroblem of "missed cancers".
VIh“addltioh the epidemiologic studvy needs sharnening up with respect
to exposure data (who were exposed; dates and intensity of exposure-

.. Some of this information is already available in Dr. Meredith's records)

A AR, . et oot e Gt o s b D3 o

\ ’ . ) A . _' E DSW 308194
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|
'
so that the appropriate c1a551f1cation of the employees by these
‘parameters can be made. Also,: this 1nformation will assist in better

' auantification of the dose-response relationshlp.

i . -
e e ' . e
P T A

' Therefore, we nepd to conduct aithorough eoidemiologic study by obtaining
egposure and other data via a gquestionnaire administered to all of .
the 64 R & D emnlovees and 65 refinery emnloyees (or the next of i
kin,‘lfmdéad? . “Such query-would -include also history of<cancer
of any site (inciuding squamous oxr basal cell carcinoﬁa which might
not be knownrto medical records), chloracne dermatitis, liver disease,
 and other significant medical conditions reduiring hosoitaliéation;
- - smoking hlstory, family history of cancer; fair skin color, exposure
;to other chemicals. t o |

For thlS epidemiological study, in addition to theruse_of‘
“1nterna1“ controls (the subqroup w1th-minima1 or ieroyekoosure); it
1wouid be desirable to have another controirgroup Such’as_a sample of' :
other.R:a D orrrefinery workers and/or oihother types;of workers. u
.?his procedure would have the additionalradvantage of "blinding“ the
'.reai'purpose of therstudy which if known ﬁight introduce bias in .
}enployee responses regarding inten51ty of PCB exposure. -
5. To detect other pOSSlble cancers which ‘may emerqe, conduct in
' thernear future, and periodically, health_screening examinations of
all esposed survivors (inciuding retirees) for other skin cancers,
,otherfmalignancies,'and hepatic disease. Aimodified CANSCREEN

';questlonnaire and CANSCREEN examination miqht achieve this and other

-
~

stated ob]ectives.

©
5
5
5 .
Q

*';information‘on exposure should be ohtained not only'by'the'
employees reporting for themselves but also by_requesting them to

indicate who else among the cohort may have heen exposed, and the

STLCOPCB4070064
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6. If indicated perform fat biopsies for PCB as one indication of

" extent of expo'sure.

1

: 7. If possible we would like to also study emplovees in other plants,

such as Monsanto, where a larger number of efnoloyees may have been
exposed to PCB. . SN o '

. 8. 'Study MRDC employees on hydraulic fluid program. o ‘-

‘,' ,
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© " Employees bY-Presen£ status and by area of work:

- Area of . | -
Work - Total

BT Paulsboro.

Living -Dead

R&D .  ,“64_.'  '3'2,"‘

»Refinéryr . 65 _128L~ _»

At other plahts- Terminated

:” : 3;1£;:1' 'f-26‘ ' 3(2)

”}:32', 3

'”;5;129"ff’j53;f_sof_l-'?'

. NOTE: Cancer deaths in parenthesis. _ -

s 6

Y
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Table B

19

Medical Reeord Status of 64 Research & Development Employees

16 ) 14

-~ 51

13

35

i_No Medical Records

. TOTAL

-\_';

'Medical Records Availablef

| |
Current Employees

7 Died-whilerempioyedA

Terminated at ages 57 to 65 — presumably retirement*’

o Persone included in the analysis

_Termlnated or transferred 1962 or earller.: excluded

from the analy51s.

% TheAeariiest retirement was 1964 the second earllest was 1969.

Ha1f¢3f the retlred left in 1973 or later. -

S v + s3 . ;4_:_' -- e ‘.L r-:.'_-% IR \.ﬂ;r:_l"' - 'f-:-'f,.-;';'-";r \:.,, - ';L':J;I_ S DSW 3081 98
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) Table c

Ratlng on Exposure to Arochlor 1254 of 64 Research and

Development Employees

Rosinski = = T i

1
Wllson Ratlng

Rating
. (a)

'¥Jmota1 o " Yes - °

(b)
Other

'_(Probable Unllkely,

Unknown)

el oo 64 - - 38
‘Low to High ~ 29 . 26
'Slight- "f;ﬁfi?fagflz f5;ﬁfgﬁ

Negllglble,questlon— "{f{i;;
able N _7___510 Lok

No recollection ,l:;§e2;f”

zero h

, Rat;;g on Eéposure to Arocnlor 1254 of 51 Recearch and

26 .

. b
.

3

Development Employees included in this study

-,

“ - {Excludes 13 no-records available employees)

Rosinski

) Rating -

" wilson Rating

(a)

C‘jTotal;

- (b)
~ (Probable, Unlikely,
Unknown)

B Other

7 51
Low to High 1
Slight o 725e 8

Negllglble, quest10n~_
able . . 9

" No recollection -

Zero e 8

C:).approximate concordance of ratings

A Lo . <
: t . . ! o .
o : 5, N =

DSW 308199
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Table D

21

Medical Record Status of 65 Refinegy Employees

30

41

12

a2

E s ‘v‘

"Excluded from the analy31st}? o

S omOTAL AT

Current Medical Records Available

- Current Ehployees
Died either while employed'efvwithih‘a year after

. Terminated in 1967 or later (6 were ages 57 to 64 -

presumably retlrement) -a majorlty left in 1971 or later.

. Included 1n the ana1y51s _Ai' 'd-jxeﬁe

'*e,_No Current Medical Records

-No Medical Records - Termlnated between 1955 and 1960.

Termlnated in 1961 62
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‘Table F

Levels of Statistical Significance among group (a)(Yes) R & D employees

S P Values o :
" Obsexrved number =~ . . - As a percentage of all
versus expected - i-. cancers observed compared
number ' - i 7 to expected percentages

*Pancreas ', ‘ ;LJZTj, ,OOZS ' : el 'ui~dj_.-z-;0164 P

- ¥*Melanoma rrdfffgi-f.OOIOr B 'i' . >';_: .007

' Assumes (1) that the data f1t the P01sson dlstrlbutlon and (2)

- tests conducted after observatlon of the data.j,

L These P. values are not based on tests of prlor hypotheses but

that there is 1ndependence of observatlons from year to year

(thls is not necessarlly true of Person—year observatlons)
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