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“to determine vhether male

dimethylformamide (DMF)

ORi.rile (ACN) at the M2y Plant in Camden,

ne d,hrgher mortality or cancer incidence

'°to DHF but not ACN (Dur-only cohort). 1 329 were
gnd,agn (DHPIACN‘cohort). 16 were exposed to ACN

y cohort), and 1130 had no exposure to either
sxposed cohort). They were followed from 1956

';f iwcidence and from 1950 through 1982 for

'ZZTh, obgg:ved numbets of deaths by cause, and cancer

cases by alte. in each cohort were compared with the numbers

te;ﬁadjp;ting for,age and time period.

'In"every' cohort, overall cancer incidence was not
"Qmsigai!ieantlymdii{e:entm!ramrexpeetedrbased on either Du Pont or
- U.S. statistics. However, in the DNF-only cohort significant
- excesses were observed for buccal cavity/pharynx cancer, and

miliqnant melanoma. A significant excess of prostate cancer was

observed in the DMF/ACN cohort but not in the DMF-only cohort.




Significant excess in total deaths, attributable mainly to

ischemic heart disease and/or external causes, occurred among

wage employees in every cohort bher compared with Du Pont rates.
However, there were no significant excesses in mortality when

expected numbers were based on U.S. or South Carolina statistics.

No dose-response relationships were observed between
DMF or ACN cxposure and cancer incidence/mortality. The
significant excesses in cancer incidence and mortality among
employees exposed to DMF and/or ACN could be due to statistical

chance or other factors such as tobacco and alcohol consumption.




DMF, . 1t: wes 'unknown whether the excess in

initial * objective of “the present study was to
:ex'pos?ure to. DMF and ACN, separately or in

ate 7 thh h:.qher than expected mortahty

However, 3 s:.nce only 16 employees we:.e

~ACN. and never to DHI-‘,V the stuﬂy s object:.ve was

£ acrylonitrile workers

" through the skin or inhaled in sufficient quantities. Symptoms

S 6f'rrewier-ekpesure to DMF vapor include nausea and abdominal cramps

~ or pains due to irritation of the upper digestive tract.
Exposure to DMF followed by ingestion of alcoholic beverages may

‘produce a reddening of the face and upper body.




In animal studies, the liver has been shown to be a target

organ for DMF through skin contact or inhalatica. DMF has” no-

been shown to be mutagenic or carcinogenic.




1 cohort design.

of all work history records .

(3) DNF/ACN Cohort

R e "'ﬂi’i’ DKPIACN eé’hbrt éoniisti bf mplo;?eet m‘.*l:hi pdtential

exposure to hoth DMF and ACN.




Non-exposed Cohort

The non-exposed cohort consists of employees who had no

potential exposure to DMF and ACN.

All DMF cohort

The DMF-only and DMF/ACKN cohorts were combined to form the

all DMF cohort.

Exposure Classification

No DMF exposure monitoring data were available for the
period 1950-1970. Therefore an Exposure Classification Committee
comprised of 15 employees was established to review the DMF
exposure ‘data and classify exposure levels. The poteatial
exposure for each job was ranked according to amount of exposure
(level) and frequency at which that amcunt of exposure was likely
""to occur. Three classifications were used to indicate relative
level of exposure: high, moderate, low; and three categories
were used to indicate frequency of exposure: frequent,
intermittent, occasiiic.. ACN exposure classifications had been

reviewed by a separate committee in 1976 (O'Berg, 1980).




reation, such as social

cl'aii} (wage vs. o

, ancers diagnosed while individual: were
; €. Details of the Du- Pont Cancer :Registry are
a previons pubhcation (Pell et al, 1978) . '

ticn concerning deaths among active and pensioned

"*hp:gs'ﬁ:‘fobfainea from the Du Pont Mortality

vas beg\m in 1957 .and includes death

1 active employees and ptmiom:s ot Du Pont.

erminal "i'eiployees were submitted to the Social
;Ad’:fninit'i:tatipn and  National - Death Inder for

n‘ of vital status, “and yoa: “and phce oi ﬂuthj ’

‘;—u—msusus in efﬁet at the t&u of énthi




Analvtical Me*hods

e Mortality - and cancer -incidence - were —analyzed for -the = -

DMF-cnly cohort, for the DMF/ACN cohort, for both cohorts
combined {(all DMF <ochort}] and the non-exposed cohort. Witkin
each cohort, wage and salary employees were studied separately.
Wage employees, who are hourly paid, are generally operators and
mechanics, and would have greater potential for chemical
exposure. Salary employees are in clerical, supervisory, »r
management positions. Wage employees' <chemicai exposures,
socioeconomics, and life-style (such as smoking, alcohol use) may
be very different from salary employees. Therefore, their

mortality and cancer incidence were evaluated separately.

Cancer incidence rates for the Du Pont Company (1956-1964)
and the SEER (Surveillance, Epidemiology, End Results; National
Cancer Institute) rates for the U.S. (1973-1977) were used to
calculate expected numbers of cancer cases. Mortality rates for
the Du Pont Cocmpany, U.S., and South Carolina were used to
calculate expected numbers of deaths. Expected number
calculations were performed by computer programs developed by

Monson (1974) and by Marsh and Preininger (1980'.
Cancer incidence from 1956 through 1984 and mortality from

1856 through 1982 were analyzed. Observed numbers of cancer

cases or deaths were compared with the expected numbers based on

(0011,




-expected mmbersf"based on ]

her available ' reg:.ona]. rates.

aad tme per;od by the

' and tune-spec:.nc

the corresponding , '

of :cancer i’ncideﬁée, the number of

2 erllowing events~ ‘the date of cancer diagnosis

n date. or December i, 1984. ,

mttality analyses, the number of person-years was

if?llé\ilit@d fron\ the date of first exposvre (or first employment)

el “the. .u‘liut of the tallowan events: dater o! death. date
7 rﬁiiwup. or Becemr 31. 1982. e ' '

Don-re-ponae ' _reiationships for certain cancers were

txammeﬂ by i)lpb!\lr! leel aml ‘duration of exposure. In analyses

of exposure levels, persons who had had the highest level of
: exposure were separated from all othera. Duration of exposure

was grouped into less than 5 years and 5 years or more. Latency

00012

cancer cases or deaths was



since first exposure was analyzed using periods of <15, 15-20,. .

.and. 20+ _years. _Du. Pont. rates were used  in. calculating the -~ - |

expected numbers for these analyses.

Statistical significance tests of the difference between
an observed and expected nurnber were based on the Poisson
probability distribution. The difference was considered to be

statistically significant if the two-tailed probability was less

than 0.05.




-~ Through a -

' Pontfc':'ancer ‘Registry from 1956 through 1984,

nece; ‘were identifled in thxs cohort.  The 47 cancer

d’ pharynx. 11 lung, S malignant

tate” 3 stomach, 2° 1ntestme, 3 nervous system,

-8 tem, 2 bladder, and 1 each of lu.dney. —

and m,,iastirmm.

wen compared with the expected numbet: based on Du Pom.

xaus (!‘able 2) und U s. SEER ntes ('rable 3) . Except for buccal

,,;eivity and pharynx caneer. ‘the observed numbeérs for all cancers
'k mﬂ%nﬂivid\:ai tamcer ntes in thrs cohort were not significantly
hithr than the txpeeted bned on Du Pont rates. Nine cases of

"~ buccal cavity and pharynx cancer were significantly higher than




1.6 expected basi! on Dv ¥Pout rates and 3.3 cxpected based on

U.S. SEER races. f£iglt cut of ain2 buccal cavity and pharynx

cancer cases were ameng w22 pluless,

Five cases of maligneat F<iihomt 2mong Wege ewl’ ovees vere
significantly higher tnharn 1.¢ zXxpzcied bese” on U.S. rates, but
not significantly higher than 2.1 :xpecteé based on [Cu Pont
rates. All 5 cases of maliguant melsnoma fell into the high DMF

exposure category.

With respect to m.>t 1x~ . Ll.+- DMF-oanly cohort, there
were 225 dez“hs between 19°. and 3 .. The observed numbers of
all causes, ischeric hea: d-rsezte. 1ligestive system diseases,
and extsrnal causes were s:xcnliilcaatly higher than expected among
the wage employees, :ased on Du Pont rates (Table 4). However,
there were no siguiricant excesses for these ceuses based on U.S.
(Table >) or South Carnlina ' tatistics. The mortality rates of
all causez, ischemic heart disease, and ex:ternal causes for South
Carolina svre nigher than those {nr U.S. Fur overall cancer
mortality from all cancers or fr-n irdividua! cancer sites, no

significant excesses were observac for comparisons based on

either Du Pont or U.S. experience.
Because of the significan:. excess 'p buccal cavity and

pharynx cancer incidence in this cchort, further analyses were

done for this cancer. 2 derailed 1listing - the 9 cases is

00015




exposed to DMF at high

~and expected numbers by

—Although the numbers are

incidence of  the non-exposed cohort revealed no
ses - (Table 8).: For mmrta11ty, all causes in
‘andk'external ~auses in salary and all male :

showed smgm.fmcant excesses when compare:' with Du Pont

no 'igniticant excesses were shovn when comp=fed '

9 end 10{ v

i With the exeeptum of prostate eaneer. employees exposed

‘to nnr lhd ACN ihovud no sxgniflcant ‘excesses for ‘all cancers and

;j;for individval cancer sites. There were 6 prpstate cancer cases
"7 in this cohort with 2.3 expected based on Du Pont rates and
© 7 2.1 expected based on U.5. SEER rates (Tables 11 and 12). No

. dose-response patterns to DMF or ACN were observed. As shown in

00016




Tableé 13 and 14, deaths from all causes and ischemic heart

disease among wage employees in DMF/ACN cohort were significantiy,
" greater than expected based on Du Pont rates. There were no
significant excesses when expected numbers were based »n U.S. or
South Carolina statistics. No site-specific cancer deaths were
significantly in excess, irrespective of which population was

used for comparison.

All DMF Cohort

The results for all employees with potential exposure to
DMF are shown in Tables 15-18. This cohort is a combination of
the DMF-only and DMF/ACN cohorts (3859 employees total). The 11
cases of buccal cavity and pharynx cancer in this cohort were
significantly higher than the 3.2 expected based on Du Pont
rates, but not significantly higher than the 6.6 expected based
on U.S. rates. No significant excess in incidence was observed

for other cancer sites.

Similar to the mortality results for DMF-only cohort, the
elevations for all causes, ischemic heart disease, and external
causes were statistically significant when compared with
Du Pont's experience, but not statistically significant when

compared with U.S. or South Carolina statistics.







 DISCUSSION

Buccal Cavity and Pharynx Cancer 4

b3
27,
o
R

&

A

This study is the first epidemiologica 1 study
investigating if there is a relationship of DMF exposure on
mortality and cancer incidence. The significant excess in the
incidence of buccal cavity and pharynx cancer among employees
exposed to DMF was observed in the DMF-only cohort, bhut not in
the DMF/ACN cohort. There are several hypotheses | for this
finding. First, the excess chuld be due to statistical chance.

When many comparisons are made, the chance of finding

significance ;@;’( high, even in the absence of any causal

oy

association. §: -nd, the DMF-only cohort may have been exposed
to DMF at ;higher levels than the DMF/ACN cohort. However, the
risk of developing buccal cavity and pharyrx cancer did nct
appear to increase with DMF exposure level. T,hird, the DMF-only
cohor* may have been exposed to DMF longer than the DMF/ACN
cohort. Howeer, this study found that the risk of developing
buccal cavityA and pharynx cancer was not associated with duration
of exposure. Fourth, confou;n3ing factors (such as tobacco or

alcohol consumption) for bucso: 1 cavity and pharynx cancer may

have played a greater rc.e in one cohort than another.




“were ) studxed .

'ifihéuéh Tincidenc’e ‘was elevlut‘ed,, mortality from buccal

_nt survival rate 'fo:; .].ip . c,an,ce: is 90 ”perrr:entr, for

lllivary gland 70 percent, mouth - an'd tongue 50 percent and

pharynx 15 pereent (nahbonbi and Sayeﬂ. 1982).

- snuff was not '

' :aised tlus,; po,sslb;hty. -A group of S



The number of malignant melanoma cases among the wage
employees in the DMF-only cohort was significantly higher than
expected when compared to U.S. rates, but not significantly
higher when compared with Du Pont statistics. The incidence
rates of malignant melanoma in the Du Pont Company are higher
than the SEER rates for the U.S., possibly because the majority
of Du Pont's plants are located in the South where the incidence
of malignant melanoma is high. There are no cancer incidence
rates available for South Carolira. The available adjacent local
rates for comparison are SEER rates at Atlanta; no significant
excess of malignant melanoma is seen when Atlanta SEER rates are

used to calculate expected numbers.

Prostate Cancer

Excesses of prostate cancer incidence among ACN workers
were reportaed earlier in two independent studies at Du Pont
(Chen, 1985; O'Berg et al, 1985). The wage roll employees of the
DMF/ACN cohort showed a significant elevation in prostate cancer
incidence when compared with U.S. rates. However, since this
phenomenon is not observed in the DMF-only cohort, the
significant elevation was unlikely to be due to DMF exposure.

This study found that the risk of developing prostate cancer was

not higher among employees exposed to higher levels of DMF or

00021




shorter exposure duration to |

state cancer cases was too -

Jue to statistical

by bther factors, such as e*hnicity,

very cohort. in this stuay, there were no ;1gniﬁcant S

tll.ity for any cause of duth when eonpared with

S., South Carolina or surrounding counties mortality

istics. llovever. when eouparcd to Du Pcnt. some causes of

h- - sh rwndii tigniheant excesses in some cohorta. 'rhese
‘axcesse 'i”eec\trre@d pnmariiy amrmg waqe rbll employees andr
::'nrentetud excesses in the ischemic heart disease and external
. ,eluies categorits. 'rhe mjonty of external cause deaths was due

%o motor vehicle accidents.

~ We found no dose-response relationship between DMF or ACN
exposure with the mortality of all causes, ischemic heart disease
and external causes. Noreover, the non-exposed group kLas
significant excesses in all causes of death among wage roll

employees and in external causes among all employees. Therefore,
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we believe that the significant excesses of all causes, ischemic
heart disease and external causes in the DMF cohort were due to

factors other than DMF or ACN exposure.

Since South Carolina has higher mortality rates of
ischemic heart disease and external causes than the U.S, regional
and life-style factors might play very important roles in these

two causes.

Summary

Statistically significant excesses of buccal cavity/

pharynx cancer and of malignant melanoma incidence were observed

in the DMF-only cohort. A statistically significant excess of
prostate cancer incidence was observed in the DMF/ACN cohort.
Examinations of these excessec schowed no relationships between
DMF or ACN exposure levels, exposure duration, and cancer risk.
The excesses could be due to certain life-style factors such as

alcohol, tobacco consumption, sunlight exposure, etc.

Significant mortality excesses were observed for ischemic
heart disease and external causes. Because the majourity of
external cause deaths was due to motor vehicle accidents and
since South Carolina has higher mortality rates of bhoth ischemic
heart disease and external causes than the U.S., these excesses

are thought to be unrelated to DMF or ACN exposure.
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Table 2

Observed and Expected Numbers of Cancer Cases, 1956-1984
DMF Only Cohort

Based on Du Pont Company Rates

WAGE SALARY
OBS EXP OBS EXP
All Cancers 25.3 13

Buccal Cavity
& Pharynx 1.0%*

Lung

Malignant
Melanoma

Prostate
Stomach
Intestine
Nexrvous Systewm

All Lympho-
hematopoietic

Bladder

All Other

** Significantly greater than expected, p < 0.01 (2-tailed).

- Significantly less than expected, p < 0.05 (2-tailed).




. significantly greater thén expected, p < 0.05 (24£ai1ed).

fi'fﬁ Sighificintly'greater than expected, p < 0.01 (2-tailed).




Observed and Expected Numbers of Seiected Major Causes of Death,
1950-1982, DMF Only Cohort

Based on Du Pont Companry Rates

WAGE SALARY
OBS EXP OBS EXP

All Causes 184 115.2%** 41 45.0

All Malignant
Neoplasms 29 27.1 13.0

Ischemic Heart
Disease 62

Cerebrovascular
Disease

Diseases of
Digestive System

External Causes

* gignificantly greater than expected, p < 0.05 (2-tailed).

** gignificantly greater than expected, p < 0.01 (2-tailed).




ﬁii 3 "”'f:";"L STEEE R e
“Digestive System 8

3g§éthii Causes 4

6p = 0.07 (2-tailed).
= Significantly less than ,ekpect'eﬂ,,,p < 0.05 (2-tailed).

== Significanly less than expected, p < 0.01 (2-tailed).




Table 6

List of Cancer Cases of Buccal Cavity and Pharynx

1956-1984, DMF Only Cohort

Yr.
Anatomic Histolggic Age Yr 1st Exp2 Exp
Site Type Dx Dx ExXp Level Length Latency
(Yrs.) (Yrs.)

Mouth Sg. Cell 58 82 50 9.3 32
Carcinoma

Tongue S¢. Cell 57 83 51 18.4 32
Carcinoma L

Lip Sg. Cell - 42 66 51 15
Carcincma

Lip Sq. Cell 51 69 51 18
ca~dinoma

Lip Sqg. Cell 58 81 52 29
Carcinoma

Lip Adenocystic 46 79 68 11
Carcinoma

Tonsil Sqg. Cell 60 76 52
{Oropharynx]) Carcinoma

Nasopharynx sq. Ceii 33 68 67
Carcinoma

Hypopharynx Sq. Celly 57 82 63
Carcindha

1 Sq. cell carcinoma - Squamous cell carcinoma

2 H - High; M - Moderate




greater than expected, p < 0.01 (2-tailed).

< 0.085 {2-tailed)

v =




Table 8

Observed and Expected Numbers of Selected Cancer Cases,
1956-1984, Non-Exposed Cohort

Based on Du Pont Company Rates

WAGE SALARY

OBS OBS EXP
Ali Cancers

Buccal Cavity
& Pharynx

Lung

Malignaat
Melanoma

Thyroid Gland

All other




sés O£ {D’eafh';, S

21.5

11.10#

ificantly greater than expected, p < 0.01 (2-tailed).




. Table 10

Observed and Expected Numbers of Selected Major Causes of Death,
1950-1982, Non-Exposed Cohort

Based on U. S. White Male Rates

All Causes

All Malignant
Neoplasms

Ischemic Heart
Disease

External Causes

- Significantly less than expected, p < 0.05 (2-tailed).

~=- Significantly less than expected, p < 0.01 (2-tailed).




* TOTAL

© oBs EXB_
o ass

2 1.6
5 9.0
9.4

27
2.1
2.7
4

7.9




Table 12

Observed and Expected Numbers of Selected Cancers
1956-~1984, DMF/ACN Cohort
Based on SEER Rates for U.S. Males, 1973-77
WAGE SALARY TOTAL

OBS OBS EXP OBS EXP

Ali Cancers 36 5 41 47.6

Buccal Cavity
& Pharynx 3.3

Lung

Malignant
Melanoma

Prostate

* Significantly greater than expected, p < 0.05 (2-tailed).

o




ases of i
stive System 6

',i:xtérnii Causes 25

~ * Significantly greater than expected, p ¢ 0.05 (2-tailed).




Table 14

Observed ani Expected Numbers of Selected Mzjor Causes of Death,
1950-1982, DMF/ACN Cohort

Based on U. S. White Male Rates

SALARY

OBS EXP

All Causes 16 28.5 -

All Malignant
Neoplasms

Ischemic Heart
Disease

Dawalwniso amnss ) o
CCAGMNAWV Y RO U WL

Disease

Diseases of
Digestive System

External Causes

- Signiticantly less than expected, p < 0.05 (2-tailed).

-- Significantly less than expected, p < 0.01 (2-tailed).




" SALARY

OBS  EXP

18 21.0
0.8
‘-1
1.8
1.3

expected, p < 001 ('2-tgi1gd).




Table 16

Cbserved and Expected Numbers of Selected Cancers
1956-1984, All DMF Cohort

Based on SEER Rates for U.S. Males, 1973-77

WAGE SALARY TOTAL

OBS EXP OBS

All Cancers 88

Buccal Cavity
& Pharynx 11

Lung 21

Malignant
Melanoma

Prostate

- Significantly less than expected, p < 0.05 (2-tailcd).




.-~ Digestive System 14

% Significantly greater than expected, p < 0.05 (2-tailed).

©©we gignificantly greater than expected, p < 0.01 (2-tailed).




Table 18

Observed and Expected Numbers of Selected Major Causes of Death,
1950-1982, All DMF Cohort

Based on U. S. White Male Rates

SALARY
OBS  EXP OBS _EXP
All Causes 57 110.1-- 469.6--

All Malignant
Neoplasms 13 22,9- 95.2

Ischemic Heart
Disease

Cerebrovascular
Disease

Diseases of
Digestive System 14

Extarnal Cances £9

- Significantly less than expected, p < 0.05 (2-tailed).

-- Significantly less than expected, P < 0. ‘2-tailed).




956-1984, - e B i

vel and Payclass

Pont Company Rates

-~ DMF EXPOSURE LEVEL -
NOT HIGH
~ OBS EXP

C0.6%
0.6
S,

Significantly greater than expected, p < 0.05 (2-tailed).

- ‘*smnuicanly greater than expected, p < 0.01 (2-tailed).




Observed and Expected Numbers of Cancer Cases
of Buccal Cavity and Pharynx, 1956-1984,
By Duration of Exposure,
All DMF Cohort, All Males

Based on Du Pont Company Rates

Duration of Exposure

Latency 5+ Yrs.
OBS EXP

0.4

20+ Yrs.

8 P =0.052 (2-tailed).

* Significantly greater than expected, p < 0.05 (2-tailed).

** Significantly greater than expected, p < 0.01 (2-tailed).




