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Soft Tissue Sarcoma and Non-Hodgkin's Lympnoina in Relation

to Phe noxyherch:de and Chlcrlmai;@c! F’hemé._ Expe*;sure in

demes $. Wood, Ph.D., I Lincoln Pollssar, PH.D., * Richard K. Sever. on, PA.O., 4

Linds 9. Heuser, M.A,, 4 and Brucs G, Kulander, M. D, 59

ABSTAACT A gopulation-based casa-control study wss con-
ducted in western Washington Stale 10 evaluate the relationship
betwsen occupationgl expasure of men aged 20-79 lo phenoxy-
acetic acid herbicides and chiorinated phencls and the risks of
devaloping soft tissue sarcoma {(STS5) and non-Hodgkin's iy~
proma {(NHL). Gooupational histories and other data were obtainesd
by personal interviews for 128 878 cases and 578 NHL cases,
dlagnogad between 1981 and 1884, and for §34 randomly selecied
controls withoui cancsr, Among the study subjects with any past
occupational exposury 10 phengxyherbicides, the estimated rela-
tive risk and 95% confidence intervai of devaloping T3S was 0.30
{0.5~1.2}, and of developing ML, 1.07 {0.3-1.4). Risk estimaies of
developing 5TS and NHL associated with past chloroptiencl expo-
sure were 099 (0.7-1.5) 2nd 099 (0.8-1.2), respeciively. No
increasing risk of enhar cancer was associated with overall dura-
tion or intepsity of chemical exposure or with exposure to any
spacific phenaxyharbicide per s2. Howsver, astimated risks of NHL,
wers elsvated among men who had been farmers, 1.33 {1.03-1.7),
forestry herpicide appiicators, 4.80 (1.2-18.4), and for those poten-
tislly 2xposed 10 poenoxyherbicidas in any acoupation for 15 vears
ar more during the period prior to 15 years hefore cancer diagno-
sis, 1.71 (1.04-2.8}. increased ¢isks of NHL were aiso gbserved
among thass with occupational exposure to organochiorine inses-
ticiges, such 35 DOT {1.82 {1.04-3.2)] and organic solvents [1 35
{1.08-1.7H, and to other chemicals typically sncouniered in the
agricultural, loiesiry, or wood products Industries, Thesa results
demonsirate smail but significantly increased risks of developing
NHL in associafion with some accupational activities where phe-
noxyherbicides have been used in combination with other types of
chemicals, particutarly for protonged periods, They do not deman-
strate 2 pogitive association between increased cancer tisks and
exposure i any speciic phenoxyherbicide product alone, Mare-
over, these findings provide no evidence of increased risks of
developing NHL associated with chigrinated phenol exposure or of
developing STS asscciated with exposyre to either ciass of
chemical.—~JINC! 1587 78:895-910

Recent studies from Sweden ({1-5) and elsewhere
(6-10) have reported an increased risk of $TSs or Nills
m assoctution with occupational exposures to phenoxy-
acetic acid herbicides and, ot chiorinated phenols. Nega-
tive studies of this associzuon have also appeared
(1115} l:nplicatfri as the putative carcinogesn in most
of these studies s TCDD (CAS: 1746-01-63, a trace con-
taminant {ormed during the manufacture of cherticals
that are denived from alkadine hydrolysis of 1,2,4,5-
tetrachlorobenzene, Of particular concern in this respect
are 2,4 5-trichlorophenol and the phenoxyherbicides
2,4,5-T (CAS: 93-56-5) and 2-2,1.5-wrichlorophenoxy)-

asg

propionic acid (Silvex), which have been reporied to be
contaminated with TCDD as high as 30 ppm (15},
Moreover, TCDD is the prototype of a larger series of
halogenated aromatic hydrocarbons including other
PCDDs, dibenzofurans, and biphenyls, all of which
share similar hiochemical propertes and which may
also contaminate phenoxyherbicide or chlorophenot
products i commercial use. Hence concem exists regard-
ing the possihle bealth risks from exposure to chemical
prodacts in which any such contaminamts may be
present,

The present study was coudacted lo invesugate the
relationship hetween the incidence of STSs and NHILs
and past exposure to phenoxyherbicides and chlorinated
phenols wiih the use of population-based case-conuot
approach. Subjects were drawn {rom the male popuia-
tion of wesiern Washington State, where phenoxyacetic
acid herbicides and chlorophenols have been widely
utilized during the past 10 years by agricultural, forestry,
and wood products industries. Specific empihasis was
placed on identification of intervening factors or coudi-
vons that may influence human susceptibtlity to the
risk of cancer in association with exposure 1o phenoxy-
acetic acids, chiorophenols, or PCDDs,

ASBREVIATIONS 056D (SS=Cancer Surveillance Sysiem; 2.4-D=124-
tdichlorophenoxyacetic acid; DOT =1, P« 2.2, 2-irichiotoethylidene;bis
[A-chiorobenzene|; ICD-( = Inwernationat Classification of Diseases for
Oneology, First Rewvision; NHIL =aou-Hodgkin's lymphoma; PCDD=
polvchiorinated dibenzo-p-dioxin; STS=soft tissue sarcoma; 2,L3-T=
{2.4.5-trichiorophenoxyacetic acid; TCDD=2,3,7,8-ietrachlorodibenzo-
p-dioxin.
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SUBJECTS AND METHODS

Acquisition of cases and conlrols—From 1983 through
1985 men with etther STS or NHL were identified
through the €88, a population-based tumor registry that
has covered 13 counuies of western Washington State since
1974, Men eligible to parucipate in the study were
between the ages of 20 and 79 at diagnosis and had besn
diagnosed during the years 1981-84 as having etther STS
or. NHL, as classified histologically by ithe World Health
Organization 1CD-O {17). Case definitions of eligibility
for STS by OCD-O codes are 8800-8804, 8810-3813,
8830~-8832, 8840, 88508860, 8850--8920, $990-3991, 5040~
9044, 9120, 9130, 8150, 9170, 5251, 9260, 9503, 9540-956G,
and 9580-9581. Case detinitions of eligihility for NHL
by [CD-C codes are 9550-9642, 9690-9701, and 9750.
The CSS obtains data from ail hospitals throughout a
i3-county regioa, and esscnually complete populatton
coverage is audained.

During 1983-85 a control group without S1'S or NHL
was also selecied, Live control subjects aged 20-64 were
chosen by means of a randorn-digit-dialing procedure as
described by Waksberg (18). Because the 2iderly are tela-
tively spaese in the gencral population, it was not eco-
nomical o locate all older conuwols by random digit
dialing. Thus additional live control subjects aged 65-79
were chosety at random from data supplied by the
Health Care Financing Adminisiration covering Social
Security recipients in the study area. Conwols were
group matched 10 NHL cases by vizal status and 5-year
age group with a ratio of 1.2 controls per case. Deceased
conirols exclustve of homicides and suicides were identi-
fied from noncancer death certificates for persons ageid
20-79 with a date of death occurring during the study
period and with a residence within the 13-county study
area. The disposition of case and coatrol subjects
according to vital status, interview outcome, and patho-
logic review of ST5 is presented ih table 1.

Interview procedure.~All study subjects, including
proxies, were interviewed in person by experienced
interviewers at a time and location of their choice. The
interview lasted approximarely 1 hour and covered ihe

participant’s residenual, military, and medical histories
with a detailed section om occupational exposures to
berhicides, chlorophenols, and other chemicals prior o
diagnosis or interview. Detailed information ca known
or suspected risk factors for STS and NHYL, including
past history of immunosuppressive disorders, use of
immunosuppressant medication, or family history of
cancer or immune disease, was also obtained. Additional
information, including pathology, stage, extent of dis-
ease, and date of diagnosis, was collected for each case
from data supplied by the 38, “Exposure” for all vari-
ables refers o that occurring prior 1o the date of diagno-
sis for the cases and prior o the date of interview for
controls. The effect of recall differences on cancer risk
owing o the difference in lapse time between diagnosis
and interview for the cases (=1 yr) versus initial contact
and interview for controls (=1 mo) was evaluated and
tound to be negligible, Risk esttmstes among living and
deceased cohorts were comparable for essentially al
associations; hence living and deceased groups were
combined in all analyses.

The questionnaire utilized in the interview was de-
signed alter idenilying the principal occupations and
aclivities underiaken within the study area that have
involved the manufacture or use of phenoxyherbicides
and/or chlorophenols. Such occupations and activites
were identified in consultation with local industrial and
university representatives who had had loug-term expe-
rience with foresuy, wood products, and agriculiurai
industries in the Pacific Northwest. This consultation
resuited in identification of 34 specific job tdes (e.z.,
wond products worker; herbicide applicator) and 17
specific job activities {e.g,, spray weeds with phenoxy-
herhicides; manulfacture chlorophenols) invelving po-
tential cxposure to cither phenoxvherbicides or chlo-
rophenols, In addition, 14 specific phenoxvherbicide or
chlorophenol preparations in common commercial use
iu the study area were idendified. Each job iitle or activ-
ity was then assigned to a “high,” "medium,” “low,"” or
“no" exposure category for both phenoxyherbicides and
chlorophenols, reflecting the consensus of the consul-
tant group of the likely intensity of exposure to each

TABLE 1,4 ecase-control study aof STS and NHL irn relation to phenoryherdicide and chlorophenal exposure in western Washinglon State:
Subgeet disposttion

5TS _
Subject disposition Living Dead _
No.  Perceny _No. Percent
Total identified as eiigible 150 — 56 -
Physician refusal 20 13 7 13
Respondent refusal 4 3 2 4
Other reasons for noninterview 3 4 4 7
Total interviewed 120 a0 13 77
Exeluded by pathologic review 21 18" 12 g+
Exeluded as noneligible post 3 — o -
interview?
Total subjects for ansglysis 97 —_ 31 -

* Percent of total interviewed.
b Based on diagnosis, age. residence. or date of diagnosis.
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NHL Contrels
Living Dead Living Dead
No. Percent No. Percent No. Percent  No Percem_
327 - 219 R 622 —-_ 293 —
1) 15 23 11 — -
13 3 ) 4 25 15 29 10
24 5 i0 5 b1l - {0 14
43 T 178 a1 476 K 219 %
8 - 1 - 1 - 0
2 - 1 = 45— N9 -




chemical received in that occupation. Examples of
occupational activities i3 each exposure. category are
given in the 1ables, :

In the interview, cue questions referring to cach spe-
cific job titde, activity, or chemical preparation were
asked to determine whether a subject had worked in an
occupation involving probable exposwre to phenoxy-
herbicides or chlorophenols, If an affirmative response
to any cue question was elicited, a series of additional
inquiries was made 0 acquire detailed information
regarding the excent of exposure ta specific chemicals of
interest and the precise time iniervals during which each
exposure episede had occurred. Among the additional
questions asked was an inquiry regarding the name and
address of the supervisor or a close co-worker in each job
episade where possible chemical exposure had occurred.
This information was used with subject’s permission to
corroborate self-reported exposure to specific chemicals
and to verily exposure histories in instances where the
subject or his proxy was uncertain regarding the actual
exposure circumstances in that job, Additional measures
taken 1o reduce the likelihood of recall bias with respect
to the reporting of phenoxyherbicide or chiorophenol
exposure included avoiding a deliberate focus on these
specific chemicals in the interview and conducting the
interview during a period (1983-85) of relatvely low
locai or national media attention to the herbicide-cancer
issue. The study was not advertised locally, and subjects
were not made aware of the focus of the investigation
except that it had broad implications with respect to
enviromnental factors related 1o cancer etiology.

In coding occupational exposure to phenoxyherbi-
cides or chlorophenols based ou job descriptions, the
inclusive dates during which a person was employed in
any specific occupation or activity were recorded in the
quesilonnaire, In the analysis, however, occupational
exposure to phenoxyherbicides and chlorophenols was
considered to have begun no earliey than 1946 and 1937,
respectively, the years when these chemicals first came
into widespread cominercial use in the study area. The
coding of each job episode held by a study subject
according to intensity and duration of exposure per-
mitted evaluation of the exposure history of each subject
in terms of duration of continuous ot cumulative expo-
sure at each dose level, Thus a complete exposure pro-
file on each subject for each class of chemical under
evaluation was obiained.

Quality conirol procedures.—Several quality control
procedures were erployed 1o verify the accuracy of the
data collected by interview. Firsy, 145 respondents from a
total of 1,444 who completed interviews were randomly
selected and were recontacted by telephone approxi-
mately | month after the interview date. Interview and
reinterview responses io seven questions were comnpared.
Five of the seven quesuons reflected an 88% or higher
agreement with the original interview, and one item had
an 31% agreement rate. The remaining iter, cups of cof-
fee consumed per week, had a 34% agrecment rate,
although 55% of the discrepancies involved minor dis-
agreements regarding the precise number of cups con-
sumed.,

STS and NHL and Chemical Exposure in WA 901

A second quality control procedure consisted of inde-
pendent recoding of a random sample of 238 coded
interviews, The overall agrecment rate between codes
and recodes was 99%. The agrerment rate was 98.9% for
codes pertaining to phenoxyherbicides and 98.3% for
codes pertaining to chlarophenols.

Pathologic review of soft tissue sarcoma case miate-
rigls.~Pathologic review of histologic slides and/or sec-
tions prepared from tissue blocks of STS cases was con-
ducted to verily the initial diagnosis of §TS. Reviews
veere performed by a pathologist {B.K.) with expertise in
soft tssue tumors. For the review of STS, specimen
materials were acquired from each participating hospi-
tal where the inital diagnosis of 5TS was made and
were then coded and sent “blind” 10 the project pathol-
ogist. In all, histologic material from 155 cases was
obtained for review. Twenty percent of the slides or
sections were resubmitied to the pathelogist as an inter-
nal check of his first diagnosis. In a few circumstances
the project pathologist disagreed with either the CS5 or
himsell regarding 1the diaguosis of either STS per se or
the specific histologic classification of §TS. in these
instances a sample of the dispavate slides was sent to the
Armed Forces Institue of Pathology in Washington,
DG, tor resolution of STS and/or histologic-type classi-
fication. This three-tier STS ¢valuation procedure re-
suited in retention of 45% of the STS cases in the study
with histologic diagnosis as originally determined, and
an additional 34% of cases retained with STS were con-
firmed although they were of a different histwlogic clas-
sification than originaily made. Of the original cases
21% were determined either not likely 10 be §TS, or of
indeterminate pathology, and, consequently, were ex-
cluded from the study. Many of these were primary bone
wumors. In light of the widely accepted high level of
reliability associated with the accurate identilication of
NHL according to broad histologic classifications,
pathologic materials from NHL cases were not reviewed
for verilicatton in this study.

Statistical methods.~The data analysis includes esti-
mates of relative risks as odds ratios and their 95% conli-
dence intervals for a number of variables of interest. The
most common confounding variable was age; thus all
relationships were age adjusted by - or 10-vear age
groups, where possible. Pooled odds ratios were calcu-
lated hy means of the Mautej-Haenszel inethod (19).
Test-hased confidence intervals were calculated by means
of the methed of Miettinen (20). In additon, logistic
regressicn analysis {2{) was used to evaluale the joint
effect of several variables and pessible 1nteracticos
hetween chemical exposure and other potential risk fac-
rs on cancer risks, The wal nurber of subjects
represented in each analysis varies according to the rate
of unknown responses; for occupational assessments
unknowns were omtued from the analyses. In ail other
analyses unknowns were included in the “none” or “no
exposure’” category. The percentage of the total study
population responding affinmadively with respect to
specific job dtles, exposures, or other charactleristic is
presented in the tables. “Significance” in all analyses
was detennined at the 5% level.

jNCl. VOL. 78, NO. 5. MAY 1987
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TABLE 2 Selected ckaraetmttcs of 123 S’PS case men, 578 NHL
cuse men [diegnased 1981-84), and 694 interviewed population

mztrol men {1983-85)

HPN R T
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TS, % 'NHL,% Corltrols.

Educauon gl
. Less than h:gh s&.hool o
H:gh 3ehool graduate ;
© Unlmown - 0

Race
White
Black
Other
Unknown . .. .

Annual income lovel

<$15.000/yr .

215,000-$30,000/yr-

>5$30,000/yr-

Refused

Unkown

bose | D bas

e R

: --‘ogfgﬁ;_"omro
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RESULTS. o e
Characteristics of the Study Popuiatiod_ _

Table 2 presents a comparisont of NHL and ST'S cases
and conurols for selected demographic attributes. The
3 groups were similar in most respects. Notable differ-
ences included a higher proporuon of 5TS cases than
controls among subjects in the 20-3% age group and a
higher percentage of STS cases in the “other” race cate-
gory. Asians account principally for this difference.

Risks Related to Intensity ot Chemicai Exposure

When estimates of relative neks ‘of both S1S and
NHL were determined for various levels of phenoxyher-
bicide or chiorophenol exposure amoag the entire study
population, uo increasing trend or risk estimates signif-
icantly different from unity for any exposure level were
seen (table 3). However, elevations in risk were observed
for several specific occupations. involving chemical ex-
posure; Estimates of relative risks of $TS and NHL for
various occupations involving. exposure principally o
phenoxyherbicides are shown in-table 4. When viewed
across job categories involving increasing levels of expo-
sure, no clear indication of increasing risk is abserved.
No significantly increased risks of either cancer were
seen among those in occupations involving low expo-
sure to phenoxyherbicides, although a nearly significant
1.70 {0.9-3.1} odds ratio for NHL was observed among
landscapers.

Amcug those in medium-exposure occiipations, no
significantly elevated disks of STS were seen. A small
but significantly increased risk of NHIL [1.33 {1.03-1.7)}
was observed among farmers, an occupation tradition-
ally associated with regular use of weed killers, This
observation is consistent with reporis from other studies
that have identified agricultural occupational groups at
increased NHIL, visk (22-25). Further evaluation of this

JNCI. VOL., 78, NO. 5, MAY 1957

__1‘,;.‘ EORE L - L)

observation with regard to duration of exposure and to
use of specific substances indicated that the risk of NHL
_increased from 1.02 (0,7-1.5) among those working as
farmers from 1109 years (o 1.62 (0.9-2.9) among farmers,
with: 102197 years “in that ‘occupation.  However, fio
* increased risks of developing NIIL wereobserved among

_ those with more than 20 years as farmers, 0.92 (0.5-1.6}..
- Additionally, . there were no increased risks of NHL
" among farmers who reporied having “regularly worked
with” 2,4-I» {0.68 (0.3-1.4); CAS: 94-75-7], 2,4,5-T [{0.74
(0.3-2.1)], or phenoxyherbicides per se [0.71 (0.3-1.5)]

N TN m#-\l ol na -

- when compared with study subjects reporting no phe-

noxyherbicide exposure. The estimated risk of develop-
" ing NHL among farmers who reported having regularly

 sprayed weed killers by backpack, tractor, or aircralt was

P

1.13 {0.7-1.9). A risk of developing NHL equal to 1.46

. (0. 8-2.8) was observed among farmers who reported hav-

-ing worked with the specific organochionne msecumdes
DDT and chlordane.
In occupations associated with high herb:cade expo-

[.sure, none was associated with a statistically significant

increased risk of developing STS. A substantially in-
" creased risk of developing NHL [4.80 (1.2-19.4)] was
" noted for persons who claiined to have worked regulari‘y

" in jobs involving the spraying of weed killers in

national, state, or commercial forests. However, in-
creased risks of this magaitude were niot observed among
those engaged in other herbicide spraying activities or
among those who worked as herbicide formulators or
applicators per se. Further evaluavion of the risk of
NHL observed among forestry herbicide sprayers with
respect 1o specific chemicals used and duration of expo-
sures indicated that all forestry sprayers reported the
combined use of 2,4-D and 2,4,5-T as well as various
-commercial herbicide preparatioas containing these and
other chemicals. An infinite risk estimate was attained
for developing NHL among f[ovestry herbicide applica-

" tors specifically in association with phenoxyherbicide

TABLE 3.—Risk (pooled odds ratie) of developing STS or NHL
in men aged 20-79 by estimated inlensity of past oecipationgl
exposure 20 phenoryherbicides or chlorophenols: 128 STS cases
and 576 NHL cases (diagnosed 1981-84} and 694 population

control men finlerviewed 1983-85) in western Washington State?

Exposure 818 NHL Percent s!;udy
category OR(95% CI} OR(95%Ch poputation
Phenoxyherbicides B
None 1.0 1.0 63.3
Low 0.56 (0.3-1.1) 0.90 {0.6~£.3} 12.0
Medium 0.99 (0.6-1.7 0.95(0.7-1.3) 18.5
High 0.8910.4-1.9) 1.24{0.3-1.9) 8.2
Chiorophenols

None Lo 1.0 11.5
Low 0.90 (0.5~1.6) 0,97 (0.7-1.3) 18.5
Medium 0.93 (0.6-1.5) 0.92(0.7-1.2) 313
High 0.93{0.5-1.8) 0.92 (0.9-1.4) 10.2

¢ The perceniage of the fotal study population in exch exposure
category is also presented,
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TABLE 4.~ Risk {pooled odds ratio) of dm\elopmg STS or NHL in men aged 20-79 for specific occupations and a.czmhea mwlmng

pctsntmi phenoxy

herbmde e:rposwe 128 men with STS and 576 men with NHL in western Washington- State (dmgnased 198 1-3.&)
S and 594 population control men ( interviewed 1983—351"

s Phenoxyherb:c;des T I RS
Occupatmn or actmty 318 NHL Percent study poputation
GR (95% Cl) OR (95% CI}
Law exposure ’ ’
Landseaper 0.92 {0.3-2.8) 1.7 (0.9-3.1 3.6
Railway worker 1,14 {0.8-2.2) 1L {6.7-1.5) 10.7
Telephone lineman 0.73 {0.1-3.6) 1.28 (0.6-2.6} 24
Mediurg exposure
Gardener~groundskeeper 1,07 (0.5-2.2} 0.83 (0.5-1.4) 6.1
Farmer 1,25 (0.8-1.9) 1.38% (1.03-1.7) 30.0
Working in sprayed area 1.34 {0.7-2.6) 1.33 {0.9-2.0) 3.4
High exposure
Herbieide forraulator-mixer 1.24 (0.3-5.3) 1.53 (0.7-3.3} 2.1
Herbicide applicator . 1.77 (0.5-6.6) 1.33 {0.8-3.9) 22
Spraying herbicides from backpack 0.80 (0.3-2.4} .82 (0.4-1.5) 3.3
Spraying herhicides from traetor or aircraft 1.27 (0.5-3.1) 1.51 (0.9-2.5) 4.2
Spraying farmlands with herbicides 135 (0.5-3.3) 135 {0.8-2.4) 4.3
Spraying forests with herbicides o 4.80° (1.2-19.4} 1.0
Spra} ing near utility lines or ratlroad tracks —_ 103 {0.3-3.1) 09

" ’I'he percentage of the total study popuiation in each oceupation or activity is aiso presented.

b P5,

exposure, inasmuch as there were no control subjecis
who served as foresiry herbicide sprayers and did not use
phenoxyherbicides. This association was statistically
significant with P=.004. However, only a very small
nurher of exposed subjects {7) were involved. The rigks
of STS and NHL associated with all occupations involv-
ing potential exposure to phenoxyherbicides considered
togeiher were 0.80 (0.5-1.2) and 1.07 (0.8-1.4), respec-
tively. The risks of developing NHL assoctated with
exposure specifically to 2,4-D and 2,431 and to phe-
noxyherbicides in general among the eniire study popu-
lazion were 0.73 (0.4-1.3}, 0.98 (0.5-2.0), and 0.87 {0.5-
1.5), respectively.

Table 5 presents risk estimates of STS and NHL for
various occupations and activities involving chloro-
phenol exposure. As in the case of phenoxyherbicides,
no clear indication of increasing risks of either $TS or
NHIL is apparent when viewed across job categories in-

.volving increasing levels of exposure to chiorophenols.

Somewhat elevaied risks of developing STS are sug-
gested for lumber graders [2.66 {1.1-6.4)] and log-lumber
inspectors [4.83 (0.6-38.2)}, although other jobs involy-
ing comparable chiorophenol exposure offer no sugges-
tion of subsiantially increased STS risks. No specific
jobs invoilving chlorophenol exposure were associated
with increased risks of developing NHI. When all

TABLE §.—Risk {pooled odds ratio} of developing STS or NHI in men aged 20-79 for specific ocrupailoms and activities involving
potential chlovophenol exposure: 128 men with STS and 576 men with NHL in western Washington State (diagnosed 1981-84)

and 854 population control men fintervicwed [983-35)"

Chlm ophenul

Qccupation or activity 3TS NHL Pereent study population
OR95% CD) OR (95% D
Low exposure
Planer mill worker 1.58 (0.5-4.7 1.39 (0.7-2.7) 3.1
Feeder man 1.31 (0.4-47) 144 (0.7-2.21) 2.9
Bacder man 0.90 (0.2-4.4) 145 10.6-3.-D 1.8

Mediuin exposure;
Log-lumber inspector 183 (0.6-38.2)
Sawmill worler 0.97 10.5-L.8

Wood produets worker 1.27 (0.7-2.3)

Fork lift driver in mill 1.52 {0.6-3.6}
High exposure

[amber grader 2.66" (1.1-6.4)

Wood preserver 0.79 ().1-5.9)

Manufacwurer of chlorophenols L7 (4-4.3)

0.40 {8.0-3.8) 0.4
1.03 10.7-1.4) 15.0
0.8810.6-1.3) 13.0
144 {0.8-2.6} 1.2
0.94 (0.5-1.9) 3.1
1.64 ((.6--1.2) 1.4
1.72{0.9-3.4) 3.0

2 The percentage of the total study pepulation in each oceupation or aetivity is alse presented.

b P s,
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occupations involving potential exposure to chioro-
phenols were considered together, the risks of develop-
ing STS and NHL were 6.99 (0.7-1.5) and 0.9 (0.8-1.2),

respectively.

Resuits of Supervisor-Co-worker Survey

Corrohoration of self-reported occupational exposure
to phenoxyherbicides, chlorophenols, and other chemi-
cals was sought through telephone contact with em-
ployer supervisors or co-workers of subjects who had
been employed in jobs invelving potential exposure 10
such substances. Confirmation of subjects’ responses
regarding exposure was provided in essentially all in-
stances where emplovyers or co-workers could be reached.
There were no significant differences between agreement
rates for cases or conwrols, The ability to acquire cor-
roborative evidence of exposure {=~80% of contacts at-
tempted) was greatest for most recent occupations held.

Risks Related to Duration of Chemical Exposure

Inasmuch as cancer risks may vary with length of
exposure 10 speciflic carcinogens or lumor-promotigg
agents, it was of interest to estimate the relative risks of
STS and NHL for various lengths of curulative expo-
sure to either phenoxyherbicides or chlorephenols.
Hence risk estimates of both cancer types for 10-year
durations (!-10, 11-20, >>20) of exposure {0 phenoxy-
herbicides or chlorophenols were calculated. In this con-
text, exposure refers to any level of occupationai phe-
noxyherbicide or chiorophenol exposure during any
poriion of the time period since 1946 or 1937, respec-
tively, up to the daie of diagnosis (cases) or interview
{comirols). “Duration” refers to the total length of
cumulative exposure during this time period. From these
calculations, it was determined that the risk of neither
STS nor NHL increased with the duration of phenoxy-
herbicide or chlorophenol exposure for periods of 20
years or mare when all levels of exposure are considered
concomitantly. Morcover, no increased risks of either
cancer were seen when increasing lengths of exposure o

only high levels of phenoxyherbicides or chlorophenols
were considered.

Evaluation of a Latent Period for Cancer
Deveiopment

The average latent period for a carcinogenic effect of
aromatic hydrocarbons in humans has been postulated
t0 be on the order of 15-30 years (26). It was, therefore,
of interest to determine if exposure to either phenoxy-
herbicides or chlorophenols prior to an assumed latent
period of 15 years before cancer diagnosis was associated
with an increased risk of STS or NHL. For these deter-
minations, (he risk of each cancer type were calculated
for two duratons of cumutiative exposure (1-14 and >15
yr} during the period between 1946 or 1937 for phenoxy-
herbicides and chlorophenols, respectively, and 15 years
prior to diagnosis or interview, The resalts revealed a
significant increase in the risk of NHL {1.71 (1.04-2.8)]
among those with curaulative exposures to phenoxyher-
bicides of more than 15 years dunng the perio preced-
ing 15 years before diagnosis. When a 5-year latent
period for cancer development was assumed, the risk of
NHL among those with 15 years or more of prelatency
phenoxyherbicide exposure dropped to 1.29 (0.9-2.0). In
contrast, the risk of devetoping NHL was 2.51 {0.5-13.0}
among subjects with more than 15 years of herbicide
exposure prior o a 25-year assumed Jatent period. No
increased risks of STS for either chemical or of NHL for
chlorophenols were observed tn relation to chemical
exposure for any latent period or cumulative exposure
assumption.

Evaiuation of Other Risk Faclors for $78 and NHL

Since auwtoimmune diseases, primary immunodefi-
crency syndromes, and other counditions that compro-
mise immune competence may act as independent risk
factors of STS or NHL, it was of interest to determine
the risks of either type of cancer associated with such
conditions existing prior (o the year of cancer diagnosis

_{or interview). Table 6 presents risk esumates of ST3

TABLE §.— Risk (povled odds ratia) of developing STS or NHL among men aged 20-79 with factors or conditions asseeiated with
compromise of immune compelence: 128 men with STS and 576 men with NHL (diagnosed 1981-83) and 634 pepuwlation controls

finterviewed 19%3-85) tn western Washington Slate*

8TS NHL
Risk factor e s e e s Percent study population
OR {95% CD} OR {95% CID

Malaria LI4 (0.4-3.0 147 (0.9-2.5) 1.7
Preexisting cancer

Nonskin 0.88 (0.3-2.5) 1.24 (0.7-2.1) 1.8

Skin 147 {0.7-3.1} 1577 (1.03-2.4) 7.5

Corticosteroids 0.70(0.5-1.1} .51 ¢0.7-1.2 27.5

Rheoumatoid arthritis 138 (0.9-2.2) 59

Loew gamma or immunoglobulin £.58 (0.5-4.0) 1.0

immunosuppressant drug therapy?® 10.97" {2.1-57.3) N

L3l (04-5.6) 0.6

fmmune deficiency in a blood relative

* The percentage of the total study population with each risk factor is aiso presenzed.
Azathioprine, eyelophosphamide, chlorambueil, and/or mercaptopurine.

¢ P< U5,
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TABLF. T.--Risk {pooled odds rativ) of developing STS or NHL among men aged 20-79 associated with miscellaneous occupational factors
or conditions amorg 128 men with STS and 576 men with NHL (diagnosed 1981-34) and 694 population controls (interviewed 1983-85)
in western Washington State®

. = 8TS NHI,
Condition 4 Percent study population
OR (95% CI} OR (95% C1)

Insecticides '

Chlordane 0.98 (0.2-4.8) 1.61 (0.7-3.8) 1.8

13354y 1.10 (0.4-3.2) 1.82% {1.04-3.2) 4.0
Industrial chemicals '

Organic solvents 1.10 (0.7-1.7) 1.35% (1.06-1.7) 29.8

Lead-lead arsenate 151 {0.9-2.6) 1.60* {1.1-2.9) 12.0

Welding-metal fumaes 1.30 {0.9-2.0} 1.31%{1.03-1.7) 31.1
Chloracne 1.32 (0.8-14.0) 2.12 (0.6-7.0) 10
Skin blisters from chemicals 1.72 (0.9-3.2) L6 (0.7-1.6} 1.8
Cigarette smoking 0.93 {0.8-1.4) 085 (0.5-1.1) 73.5
Coffee drinking 0.49 (0.4-1.2) 1.28 (0.9-1.9) £29.8

[ SR w—

¢The percentage of the total study population with each condition or factor is also presented,

b P Db,

and NHL for a number of such conditions or factors.
All assessments were made from subject inierviews, not
from medical records. Immunosuppressant drug therapy
received for any reason prior to the year of diagnosis of
NHL was the greatest visk factor for either cancer.
Immune deficiency in a blood relative was also asso-
ciated with an increased {although nonsignificant) risk
of NHIL. In contrast, the use of corticosteroids for
observed periods of use up to 29 years was not associated
with an increased risk of either cancer type,

Of specilic note is the 1.38-foid increased risk of NHL
observed in reladon to a history of rheumatoid arthricis.
Although not statisiically significant, this observation is
interesting in light of the current coatroversy surround-
ing the question of increased risks of NHIL among per-
sons afflicted with autoimmune diseases (27). Preexist-
ing skin cancer was also associated with a slightly
increased risk of both 5718 and NHL. Although the
1ype of skin cancer was not ascertained in this swudy,
several histologic types of STS and NHI. can have der-
mal manifestations that could have been misreported as
“skin cancer.” Among these are the soft tissue tumors,
dermatofibrosarcoma (88382/3) and Kaposi’s sarcoumna
(9140/3), and the non-Hodgkin's lymphoma, mycosis
fungoides (9700-9701/3). Kaposi's sarcoma was excluded
from evaluation in this study, and noane of those report-
ing skin cancer was found to have this form of STS.
Among those 12 §TS cases reporting a prior history of
skin cancer, none was found 1o have dermatofibrosar-
coma; among 53 NHL cases, none had confirmed
mycosis fungoides,

Malaria was evaluated as a potential risk factor for
STS and NHL in light of studies suggesting an etiologic
assoctation between malarial infection and the risks of
developing sarcomas or lymphomas through mecha-
nisms involving plasmodial suppression of tmmune
defenses against malignant diseases (28, 29). The risk of
developing neither STS ner NHL was significantly ele-
vated in association with a self-reporied prior history of
malaria alone.

Finally, table 7 presenis risk estimates associated with

vartous occupational and/or lifestyle facrors that were
observed in the present study o independently alter the
risk of 5TS or NHL and that might, therelore, be con-
sidered as potential modifiers of the effect of chemical
exposure on cancer risks. Of particular note is the sig-
nificanily increased risk of NHL seen among men with.
previous exposure G organic solvents, lead or lead arse-
nate pesiicides, and welding and metal fumes. The risk
of NHL was also elevated among men reporting pre-
vious exposure to the organochlorine insecticides chlor-
dane and DDT. Also of note is the increased risk of both
STS and MHL observed among those reporting a prior
incidence of chioracne. Although this condition was not
clinically confirmed in this study, this observation is of
considerable interest inasmuch as chloracne is an impor-
tant clinical manifestation of exposure to high levels of
chiorinated dibenzodioxins and furans in humans (3¢).
The statstical association of reported chloracne with
phenoxvherbicide exposure was of borderline signifi-
cance (P<_.075) in this study. Neither cigarette smoking
nor coffee drinking was a risk factor for either cancer.

Not shown in table 7 are a number of other factors or
conditions that were also evaluated as potential risks
factors, but for which no sigaificant or suggestive asso-
ciations with either STS or NHL were {ound. These
include: exposure to radiation, x-rays, or radicactive
materials; exhaust fumes from motorized equipment;
home use of phenoxyvherbicides; residency near areas
sprayed with weed killers; tuberculosis vaccination; con-
sumption of multiple vitamins; eating fish caught in
Puget Sound; and use of alcohol.

Logisuic regression analysis was used to estimate the
potential interaction between phenoxyherbicides or
chlorophenols and various other single variables appear-
ing in table 6 or 7 as well as others of interest. Interven-
ing variables for which the interaction with phenoxy-
herhicides or chlorophenols were determined included:
organochlorine pesticides (DDT+chlordane), lead-lead
arsenate, welding or metal {fumes, inherited or acquired
diseases of the immune sysiem, any prior cancer, prior
skin cancer, home use of phenoxyherbicides, family his-
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tory of cancer, and [amily history of diseases of the
imimune system. All analyses were controlled for age.
Results of the logistic regression analysis for these vari-

ables confirmed the magnitude of the risks shown in

tables 6 and 7. None of the interactions between chlori-
nated phenol or phenoxyherbicide exposure and these
variables was statistically significant, with the exception

of that between phenoxyherbicides and organic solvents

as a risk factor for NHIL. The odds ratio lor joint expo-
sure compared with exposure to neither substance was
1.50 with a 95% confidence interval of 1.03-2.18. The
odds ratio estimates from the model for exposure solely
to organic solvents or phenoxyherbicides were nonsig-
nificantly 1.12 and 0.85, respectively. The significance of
the joint exposure in this case may be a result of the
large number of comparisons made in this study or, pos-
sibly, due to a genuine synergistic effect.

Positive although nonsignificant interactions were
also observed between exposure to either phenoxyherbi-
cides or chlorophenois and coexisting or preexisiing
autoimmune diseases or imunune deficiency syndromes
when those listed on tabie 6 and others (mononucleosis,
celiac sprue, and Sjogren’s syndrome) were considered
jointdy. This interaction was most notable with chioro-
phenols where the odds ratio for joint exposure (com-
pared with neither) was 1,40 (0.95-2.07) as compared
with 0.81 (0.72-1.14) and 1.32 (0.99-1.78), respectively,
for chlorophenol or immune deficiency alone. These
observations are worthy of note in light of the widely
held theory (3I) that the etiology of malignant lym-
phomas involves failure of immunoregulation in the
face of a persistent stimulus for lymphocyte proliferadon.
In awtoiminune diseases, chronic antigenic stimulation
is provided by the coustant exposure to seif-antigens,
whereas in primary immunodeficiency syndromes, re-
current infections are the likely source for antigenic
stimulation. In contrast, TCDD is well recognized as a
suppressant of both humoral and cetl-mediated immun-
ity in animalis (32-34) and has been recently character-
ized as a depressant of cell-mediated immunity in
humans during prolonged, low-level exposure (35).
Immunosuppression by other PCDDs has also been de-
scribed (36). Therefore, further consideration should be
given to the possibility that the statistical interactions,
however slight, observed in this study between phenoxy-
herbicides or chlorophenols and imimunosuppressive
disorders have biologic relevance with respect to the eti-
ology of NHL in humans.

DISCUSSION

The results of the present study demonstrate signili-
cantly increased risks of developing NHL among men
in occupations involving farming and {orestry herbicide
spraying and for occupations involving prolonged
phenoxyacetic acid herbicide exposure when a latens
period of 15 or more years before cancer diagnosis is con-
sidered. However, neither phenoxyherbicides nor chloro-
phenols alone appear to constitute a sufficient cause
of either NHL or STS when evaluated within a popula-

jNCI. VOL. 78, NG. 5, MAY 1987

tion residing in western Washington State, since in-
creased cancer risks were not observed for numerous
other occupations or activities involving comparable
oppertunity for exposure to these substances. In this
regard, the present findings are not consistent with
results of studies conducted in Swedish and other popu-
lations, which report consistent and substantially in-
creased risks of both types of cancer in association with
occupational exposure to specific chlorophenols or

" phenoxyacetic acids or to combinations of these

chemicals,

In consideraton of possxble reasons underlying the
apparent lack of consistency between the results of
Swedish studies and those conducied here and elsewhere,
three issues that have not received major attention with
regard to this quesiton include: a) differences in the
intensities or dosages of chemicals received by workers
in comparable occupational activities, b) differences in
the extent of environmental {(nonoccupational) exposure
to the chemicals received by the respective study popula-
tions, and ¢) differences between study populations with
respect to the proporiional distribution of other risk fac-
tors that in combination with phenoxyherbicides or
chiorophenols contribute causally to the cancers puta-
tively associated with chemical exposure alone.

In addressing the question of differences in dosages of
chemicals received by workers engaged in comparable
job activities, it is likely that, should the chemicals under
investigation independently increase cancer risks in hu-
mans, this effect should be more apparent among per-
sons receiving higher dosages. In considering this possi-
bility as it pertains specifically to application of
phenoxyherbicides, it is known that spraying activities,
as well as work in sprayed arcas, extend over substan-
gally shorter periods of the year in Sweden than occur
in western Washington State, owing largely to climatic
differences in the length of the growing season. Thus
Swedish workers participate in activities it1 which phe-
noxyherbicide exposure is typically consolidated within
a 2- to 3-moath period annually, during which spraying
activities involving intensive herbicide exposures that
extend over several consecutive weeks at a time are not
uncommon (I, 37). In conuast, the annual spraying sea-
son in the Pacific Northwest extends over 6-7 mounths,

during which individual spraying episodes usually span

only a few days at a time and may be separated by weeks
or even months during which no spraying is performed.
Such differences in herbicide use patterns could concetv-
ably lead w Swedish applicators receiving appreciably
higher cumulative exposures to biologically active sub-
stances than occurs among workers engaged in less
intensive use pauerns, as supporied by several studies of
this question (38, 39}

To analyze this possibility quanuatively, we have
employed the pharmacokinetic model developed by
Gehring et al. (40) fromn the oral study of 2,4,5-T in
humans o calculate maximum absorbed daily dosages
of herbicide received by Swedish and American workers.
The workers in question engaged in activities with
comparable job description, namely, herbicide applica-




tor with the use of tractor-drawn equipment. Calcula-
tions, based on urinary herbicide concentrations with
the use of data derived from studies of applicators under
actuzl field conditions (37, 4I), indicate that the maxi-
mum daily dose of 2,45 T absorbed by American

workers in an application operation involving (wo -
sprayings, 2 weeks apart, is in the range of 12-86 ug/ke.

body weight, with a. mean maximum daily- dose of

4H pg/kg. In contrast, calculated maximum daily dosages -
received by Swedish workers, doing the same type of.
work but involving spraying for 3-4 hours/day over a-

consecutive 2-week period, ranged from 11 to 315 pg/kg,
with a mean maximum daily dosage of 90 pg/kg. Max-
imum daily dosages received by American workers
invoived in other modes of herbicide application were
backpack crew, 19-164 ug/kg; helicopter crew, 17-23
pg/kg; and mixers, 12-138 ug/kg. These results suggest
that maximum daily dosages of herbicides received by
Swedish applicators could substantially exceed those
received by American coumrterparts as well as those
engaged in other modes of spraying operations. From
the pharmacokinetic studies in humans (40}, it is known
that 2,4,5-T is absorbed and excreted in the urine with a
half-life of about 1 day following a single oral exposure.
Moreover, from measurements of urinary 2,4,5-T, the
maximum dose that can be absorbed on repeaied expo-
sures is estimated o be about 100 ug/ke/day, with the
expected maximuam concentration in plasma of individ-
uals receiving repeated daily doses reaching a platean
after 3 days of such exposure. Based on these considera-
tions, the calculated mean maximum daily dose of
2,4.5-T rveceived by Swedish workers under the occupa-
tional citcumstances described above (90 pg/kg) would
approximate that required to produce the maximum
plasma concentration of 2,4,5-T that could be sus-
tained during spraying operaticns. Thus Swedish appli-
cators would experience higher sustained tssue levels
during repeaied requent exposure episodes, as well as
higher tissue concenirations of any PCDDs or other con-
taminants that would be concomitantly absorbed than
would be expericnced by American counterparts, who
receive lower exposures on a more sporadic basis.
Although the implications of these calculations with
respect 10 human cancer risks are difficult to estimate,
they are nevertheless of interest in light of findings from
recent siudies of Swedish subjects (#2) involving analysis
of PCDDs in ahdominal fat from both cases of $TS and
NHL as well as control subjects. These studies reported
that cancer cases exposed to phenoxyherbicides 16-31
years previously had levels of highly chlorinated PCDDs
signtficantly higher than control subjects unexposed to
phenoxyherbicides. Interestingly, no differences in case
or controt TCDD levels were seen. These {indings are
consistent with the observations from both Swedish (2)
and Danish (7) studies of increased cancer risks among
persons exposed to phenoxyherbicides and chlorophenols
that do not contain detectable levels ol TCDD per se but
that are most likely contaminaied with a variety of other
chiorinated dibenzodioxins and furans (43, #4), some ol
which have been shown to have carcinogenic potendial
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(45, 46). Moreover, the capacity of TCDD, and presum-
ably its approximate isostereoisomers, to act as a cocar-
cinogen (¢7) and a tumor promoter (48, 49) have been
well characterized. These properties are highly dose
dependent, Thus the exposure of Swedish workers to
poteniiaily higher concentrations of biologically active
substances associated with the use or manufacture of
phenoxyherbicides or chlorinated phenols is a consider-
ation possibly consistent with the higher cancer risks
observed in studies on such subjects. A recent study by
Hoar et al, (25) showing that the relative risk of NHL
dramatically increased with the number of days of
phenoxyherbicide use per year among agricultural
workers in the United States supports this view.

Differences in risk estimates observed between this and
the Swedish studies might also be accounted for on the
basis of variation in the exient of nonoccupational
exposure received by the general populations in areas
where the studies were conducted. Several investigators
(50, 51) have recently reported widespread contamina-
tion of the general population in the United States and
Canada with PCDDs and PCDFs, based on analysis of
human fat samples. The findings indicate that, although
higher levels of total dioxins and other contaminants
may be seen in some exposed persons, there is consider-
able overlap in actual tissue concentrations of such sub-
stances between some persons with confirmed occupa-
tional exposures and others who are not previously
known to have been exposed through job-related activi-
ties, These observations suggest that epidemiologic stud-
ies conducted in areas where the extensive use of
phenoxyherbicides and chlorophenols has occurred may
have inadvertendy included subjects who have expe-
rienced significant exposure to the chemicals of concern
outside of the occupational setting. Should this be the
case, it is possible that estimates of actwal risk based on
recall of occupational exposures alone may be underes-
timated, owing to nondifferential misclassilication of
subjects according to exposure status {52).

To estimate the extent o which nonoccupational
exposure to phenoxyherbicides may have occurred in the
present investigation, we have evaluated data from sev-
eral air-monitoring studies {53, 54) conducted during
the spraying season in the Pacific Northwest. These data
indicate that phenoxyacetic acids as well as PCDDs can
be transported in the atmosphere, either as vapor or
adsorbed on particles, for distances ranging {rom several
hundred fees up w0 a mile from the application area (54),
depending on weather conditions and mode of disper-
sion. The maximum concentration of 2,4,5-T, for ex-
ample, found in 24-hour collections from sampling sta-
tions in one study (55) was 3.4 pg/m>. Congentrations of
up to 10 pg/m? of other phenoxyherbicides have been
detected at sampling sites in agricultural regions of
Washington Swate (56), If it is assumed that a 70-kg per-
son inhales 30 m? of air per day, a person residing 10 the
proximity of a sprayed area could conceivably receive a
dose of 2,4,5-T equal 10 1.5 pg/kg/day during the spray-
ing operation solely from awmospheric sources. These
levels are on the order of 10-50 times less than those
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received from occupational sources, as described above,
. and moreover are received via a different route of expo-
- sure (inhalation versus. dermal), which could alter ab-

sorption rates appreciably. However, 24% of STS cases,
23% of NHL cases, and 21% of control subjects in the
present study responded. positvely to the question
“Have you ever lived in an area where weed spraying was
routinely done by truck or airplane?” This response
suggests that. considerable population exposure to
phenoxyherbicides and their contaminants from enwvi-
ronmenzal sources could have occurred over the 40-year
exposure-assessment period. Eliminating subjects who
reported residential or home use exposures to phenoxy-
herbicides or chlorophenols in the present study did not
alter the estimated risks of developing STS or NHL.

Hence it is untikely that bias due 1o such exposures

could account for the large differences in risk estinsates
observed hetween these and the Swedish studies. Never-
theless, should phenoxyherbicides and/or their contam-
inanes increase the risk of cancer at environmental expo-
sure levels, or, as recently suggested, produce subclinical
immune system alterations that may predispose to such
risks (35), it is possible that risk estimates based solely
on assessment of accupational exposures could be atten-
vated as a result of exposure misclassification. Confi-
mation of this possibility awaits further investigations
based on direct analysis of tissue chiemical content or the
developinent of a reliable surrogate measure of past
chemical exposure,

A third possible teason for a lack of consistency
between the results of this and the Swedish studies nay
be differences between the siudy populations with re-
spect to the proportional disuribudion of factors or con-
ditions other than chemical exposure thar contribute to
the cancers under evaluation. If, for exampie, a specilic
inherited, lifestyle, or emvironmental condidon that
independently predisposes to increased risks of the
cancer(s) associated with chemical exposure is more prev-
alent among Scandinavians than among other popuia-
tions, increased cancer risks could be observed in the
former group, even if the prevalence of phenoxyherbi-
cide or chiorophenol exposure were the same or even
less than that occurring elsewhere. In this regard it is
interesting to note in the present study that exposure (o
the insecticides DDT and lead arsenate as well as 10
agricultural and industrial chemicals, such as organic
solvents and welding-metal fumes, are associated with
significantly increased risks of developing NHL. (table 7).
Compromise of the immune system (31), exposure 1o
zoanotic viruses (24, 57), and chronic mitogenic stimuli
{24, 31) have also been suggested as etiologic factors for
NHL.

The extent to which differences in the proportional
distrtbution of such factors between Swedish and the
local study populations might account for the inconsis-
tencies obiserved between the resulis of this and the
Swedish studies cannot be currently estimated, since
neither the specific conditions that modify the effects of
chemical exposure on cancer risks nor their prevalence
among the respective populations have as yet been iden-
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tified. However, information based on interview re-
sponses from existing studies () indicates that Swedish
populations may have had as much as twice the [fre-
quency of exposure to DDT (5.8-7.8 vs. 3.8% locally} as
well as to towal insecticides (14.6 vs. 7.9%), and this
higher exposure may underlie some increased risk of
developing cancer, particularly NHL, independently of
or in combination with the chemicals currently under
stody. On the other hand, the frequency of exposure o
organic solvents, for which a small but significant inter-
action with phenoxyherbicides was observed in this
study, was approximately equal (28.2 vs, 29.9%) between
Swedish and Iocal study populations. Similarly, the fre-
quency of cigarette smoking, now or ever, among Swed-
ish and local study populations was comparable {71 vs.
73%). Little or no data are available regarding popula-
tion differences in nutritional, medical, or other life-
style factors that might serve as component causes of
STS or NHL or that modify the effect of chemical expo-
sures on cancer risks.

The prospect that inherited factors or conditions
among Scandinavians might contzibute to increased
risks of developing cancer in that popuiation when
exposed to the chemicals under investigation is another
possibility that might account for differences in risk
estimates observed. Although specific studies of this
question have as yet to be accomplished, laboratory
investigations have shown that the binding affinity of
the TCDD receptor in biological tissues, as weil as sub-
sequent receptor-mediated events, are genetically deter-
mined and may vary considerably even among different
strains of the same antmal species (58). That such varia-
tions are also a characteristic of human genealogy is
suggested by recent swudies {59} that demonstrate both
the presence of the Ah (TCDD) receptor in human lung
as well as considerable heterogeneity in the human
population in regard to lung Ah receptor concentrations.

. Moreover, evidence of heritable differences in aryl hydro-

carbon hydroxylase induction among humans {60) has
been presented. Recently, a hereditary predisposition for
the development of STS has been described in the study
of Danish phenoxyherbicide manufacturers (7). How-
ever, no attempt has been made to determine the fre-
quency of this condition among Scandinavian or other
populations or to investigate the extent to which the
presence of such a condition couid modify the effect of
chemical exposare on cancer risks.

In the present investigation, we have taken advantage
of the fact that approximately 6% of the population of
the study area is of Scandinavian heritage {67) to make a
crude evaluation as to the extent to which this factor
(Scandinavian heritage} might constitute an increased
risk of $TS or NHL in associaiion with phenoxyherbi-
cide or chiorophenol exposure. For this assessment, the
surnames of all siudy subjects were segregated into
Scandinavian or “other categories by a member of the
University of Washingwon Deparunent of Scandinavian
Languages and Literature who had experiise in Scan-
dinavian genealogy. Through this effort 169 subjects
with Scandinavian surnames were identified including




15 8TS cases, 66 NHIL cases, and 88 controls. No
increased cancer risks were associated with having Scan-
dinavian as compared with non-Scandinavian names.
However, whent the analysis was restricted to Scandi-
navians only, the risk estimates for STS in relation to past
occupational chemical exposures were substantially
greater than those observed among the study population
as a whole both for high-levei phenoxyherbicide [2.8
{0.5~15.6)} and high-level chiorophenol [7.2 (2.1-24.7)]
exposures. These estimates are comparable in magni-
tude to those reported among subjects in Swedish (1-5)
and Danish (7) studies, Moreover, the distribution of
predominant histologic types of STS was comparable to
that reported from the Swedish studies (2. No increased
risks of NHL in relation to chemical exposures were
observed among persons with Scandinavian surnames.
Although the assignment of Scandinavian ancestry in
these studies remains unconfirmed, the results are inter-
esiing inasmuch as they suggest that factors specific to
Scandinavian descent, as opposed to residency or occu-
pation in Scandinavian countries, may contribute to
increased risks of STS when exposed 1o the chemicals
under evaluation in this study. Further investigation of
this issue may be warranted to help resolve the inconsis-
tency between Swedish siudies and those conducted
elsewhere.

In conclusion, the resulis of the present investigation
demonstrate increased risks of NHL in several specific
occupations in which phenoxyacetic acid herbicides are
used, as well as for prolonged occupational exposure to
these subsitances. However, they are not consistent with
results from Swedish and other studies reporting sub-
stantially increased risks of either §TS or NEHL asso-
ciated with phenoxyherbicides or chlorophenols as sole
or major component causes of these diseases. Since
methods of study design and analysis in this and the
Swedish studies were similar in most respects, it is pos-
sible that factors specific 1o the populations under eval-
uation account for the inconsistencies observed. Con-
cerns that bear further consideration in this regard
include possible diiferences in the intensity or distribu-
tion of chemical exposures between the study popula-
tions and variations in the proportional distribution of
specific inherited, life-siyle, and/or environmental fac-
tors that modify the effect of chemical exposure on the
risks of cancer development.
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