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Epidemiological studies have revealed an
increased risk of cancer, notably soh-tissue Sarcomas
and non-Hodgkin's lymphomas. in people
occupationally  exposed to chiorophenaxy
herbicides. including those contaminated by
2,3, 7. 8-tetrachiorodibenzo-p-dioxin (TCDD). We
report herea historical cohort study of mortality inan
international register of 18 910 production workers
or sprayers from ten countries.

Exposure was reconstructed through
questionnaires. factory or spraying records. and job

sionss Cause-spec hic natgral death rates were
wsed as reference No =acess was observed r
ail-cause montality for all neoplasms for ire most
common epithehai cancers. or for lymphomas. A
statistically non-significant two-fold excess risk.
based on 4 observed deaths. was noted tor soft-
tissue sarcoma with a standardised mortality ratio
(SMR) of 196 and 95% confidence interval {Cl)
53-502; this was concentrated as a six-fold
statistically sianificant excess. occumng 10-19vears
from first exposure in the cohort as a whnole
iISMR =606 [165-1552]) and, for the same time
et ae 3 mipelinld excess among so'a"°rs

SIS - 0G4 L'U~ &D,\,“ Rioks upRTa W
innreasaed for cancers of the testicle, rhyrond other
IMaSChA anunds and nose and radl cau ny hased

AN small numbers ot deatns

excess of soft-tissue sarcomas among
Sprayers s compatible with a causai role ot
chlorophenoxy herbicides but the excess does not

seem 10 be speciically associated with those
herbicides probably contaminated by TCDD.
Lancet 1991 338: 1027-32.

Introduction

Chlorophenoxy herbicides have been used extensively
since the mid-1950s for control of weeds and for removing
unwanted brush on non-crup land.! [n the 1960s an equal
mixture of 2,4-dichloro and 2,4,5-tnchloro phenoxyacetic
aads. agcm orange was heavily used in South Viemamand
Cambadia for defolation by the US armed forces. Since
1969 in several industnahsed countries, production and use
s seme compeunds. and speaally of 0 2045
richlorophenoxyacetic aad 243-T  and it denvatves
have been reduced or hanned. Chlonnated phenols are
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mtemmedidtes @ the production o these chiorophenoxy
herbicides and are also used directy for wood preservaon.
Roth griwps ofoompounds may by oo
production process with potycnicnnated dioxins and mrans.
including tetrachlorodibenzo-p-dioxin (dioxin, TCDD],
which is a widespread contaminant of the general
environment.

Studies of cancer risks have revealed excesses for
soft-tissue sarcoma and non-Hodgkin's lymphoma in
populations exposed to chlorophenoxy herbicides,
chlorinated phenots, dioxins, and furans during
manufacture and spraying or after accidents.? ® In 1987 an
Intematonal Agency for Research on Cancer (JARC)
working group concluded that there was “limited’ evidence
of hurnan carainogeniaity for chlerophenoxy herbisides and
chlorinated rhenols.”™ A recent paper.’ focusing on
2xposire i chemical plants 10 "dioxin”, reported excesses
for cancer of the respiratory tract and soft-tissue sarcoma,
but could not exciude the contnbunion of smoking and other
exposures in the workplace. We present here the first
detailed mortality analysis of a large international cohort of
workers ' the International Register of Workers Exposed o
Phenoxy Herbicides and their Contaminants) set up by the
IARC in associavon with the US National [nstitute of
Environmental Health Sciences (NIEHS). Results for some
cohorts in the register have been reported earlier*2° Y but for
different follow-up periods.

Material and methods

Study population

The register incorporates infrrmanon ~a 17 272 male workers.,
1337 fomnaie workers. and | of unknown sex, distnbuted among
swenty cohorts trom ten countnes (table 1. Since pubbcation of the
register popul * minor cor have ted to the exclusion of
62 workers found w0 be mneligble. Workers from one Briush
comp which both produced and spraved herbiades have been
separated here 1nto two cohorts 14 and 20

The register includes workens cver emploved in production or
SPrAVING, oXCept 1 the conerts irom Austmalia, (anada. and New
Zaaland, 0 wiidh munimum employTnent pefids of 1 ovear, o
months, and | mondt, respecuvely, were speaified. Ebgitibiny of
whorts depended un the compl at company level of records
identfying workers and on the ability to ensure tracing rates of 95%
or more. Follow-up for moruality was based ¢ither on computensed
nstonal record systerns or on acuve follow-up procedures.
Additonal informauon on cses of soft-ussue sarcoma and
non-Hodgkin's lvmphorna cases was sought from medical records
and aancer regstnies. Denmark. New Zealand, Finland., and
Sweden provided madence data from populauen-based ancer
registries. Person-vears at nsk were calculated from 1955 onwards
since Anly Srom that vear were ancersspeatfic moeranty rates
AVlubie (OF dii PArUGPHURg COUNUIEY. EXxciuded [rOm the anaiysis
were 220 workers who esther died or were lost to follow-up before
1955, 105 workers wath unkpown vear of first sxposure, 131 with
unknown vear -t tirth. 1 with unknown sex, and o3 with ather
mussing wuormation. The 18 390 workers included compnse 16 863
males and 1327 females, and 307 438 person-vears at nsk were
accumnulated, with an average follow-up of 17 vears. Workers lost to
follow-up construted 5% of the total cohort, and 1n no individual
cohort did this proporton exceed 10%.

Exposure assessment

Quesuonnaires were constructed for factones producing
<hiorophenoxy herbiaides or chlonnated phenols and for spraving
whorts. These were compieted with the assistance of industnal
hygenusts, workers. and-or factory personnel. Industry and other
production records were also used. Job lustones were exarmined
when svalable. Workers were classified as exposed. probably
exposed, exposure unknown, or non-¢xposed:

TABLE 1 —OESCRIPTION OF COROATS IN INTERNATIONAL

REGISTER
ot at Main chemicals
Cohort  subjects cohort ‘Sex.  nsk | soraved or produced
1. Austrabia 27T S M 1A 23507 24D
- Austna 139 . PC | 8 19718 2,4.35-T.24-D
I i [ | amcpazas-Tcp
. . i I 24-DCP
3, Canads [ 12220 S | M, 19558 24,5T24-D
4,Denmark* 3843 P - B ' 105542: MCPA MCPP
S.Devmark | 16 - P gl uo«:s—e:f 24-DPMCPA
6Fmland 620 P B ess8sianaeTeCcr
7. lualy 13250 P LB 197080 245-TCP
3. laly 4 P B T 24D MCPA
3 Netheriands LN P B 1ERRs
' Netherands BEX 2 B e
11 New Zzaland IR P B ieesT
ILNew Zemana TN s Bt 14.5-T MCPA 2,3-D
13, Sweden X P B 14586 3.4.D MCPA MCPP
; i i 24,6-TCP
14, UK* 11sn P 1M 1945877 MCPA
15. UK 145 P | M| 1960-85 . PCP
16, LK LH4T P M 197587 2.4-DB MCPA
| Pl | MCPP 24-D 2.4
i | DP2,4,5-T
17.UK i 353 P M, . .t-87: MCPBPBA
18, UK 127 P M | 196987 23-DP 24+-DB
: ¢ MCPA MCPP
19, UK S3 0 P M ieea®? MCPA MCPP 24D
i ' Pl ' 24-DP
! VieeL T IO

s = spravers p = production PC - chioracne Cases :n oroduction

M - maies, B - botn sexes

TED liorerorrprescniaier wag J30P 0 2d tet uroprerony:

waoenoc acd 14 CB -4 2 4.achioroprenory butanoic acid 2457 245
rchiorophenoxy) acetic acxi 24 5-TP«2.:2 4 5-mechiorophenoxy) -propanoc
acid. MCPA = (4.chioro-2- methwi. ohenoxy) - acetic acid. MCPP = 2.{4.chioro-2-
methyi-pheroxvipropano  acrd MCPB8 = 4.i4-cnigro- 2- methvi-phencay
outanowc acid I 4.0CP = 2. 4-axchioropnenol, 2.4 5-TCP = 2.4 5.1nchiorophenol
248.TCP=2 l 8- "\QNUM 2,348.T¢CP =2 23.4 §-retrachioropnenai
PCP - 84 « ph acd

S 0C 1OM 50l O e~ A ARG TNE U Tea K Tgacm ace svDCSET SLINY

PR I BN C E PIREH
170 packess S 37 anuman s 18R7.3% concary

Arhers « 3537

Exposed workers n=13482) compnse all known to have
spraved chiorophenoxy herticides and all who had worked in anv of
the following departments ac facmnes pmduang chbmphmoxy
hcrbuodeorchlommd henols: sy

e. reparr, lab v, ch I effluent. waste,
clamng, shipping transportavon stores, warchouse, plant
supervision. ciearung dunng acaident. and other and unclassified
expusure.

Probably exposed workers 1= 416 comprise all workers in
cohorts 19.and 1300 on scies were gvaiable hur g wgdeed thar
most workers would have been exposed. Exposed and probabily
exposed are argreated for some analyses. as ndicated in the text.

Norkers with unknown erposure n =41 had nomntormanon
SR EXPONAre sWtus

Non-exposed workers n ~ 3951 were those never emploved in
the parts of factones which prduced chlorophenoxy herbicides or
chlonnated phenois and who never spraved chlorophenoxy
herbiades came manly from Australia, Denmark, Netherlands,
New Zealand, and UK 224, 1966, 1283, 214, and 180,
respecuvely . Although not exposed to chlorophenoxy herbiades
they were cxposed to other chemucals, such as dves and
rodenocides.

Workers were also categonsed as producers 12 492" and sprayers
5898°.

Exposed and probably exposed workers were also classified by
groups of cherrucals produced or spraved 9377 chiorophenoxy
herbiaides, 408 chlonnated phenels, and 4113 both: and wathun the
manufactunng cohorts by Jeparonent : 3034 main production, 1522
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TABLE 1+—MORTALITY BY DETAILED CAUSE AND EXPOSURE TO CHLOROPHENOXY HERBICIDES AND/QR CHLOROPHENOLS.
BOTH SEXES

SMA (95% CI) {no of observeo deaths)

Cause ot death {1CD 8) Exposed i Probably exposed Non-exposed Unknown
All causes 92¢ BB-96 1870 T 122:93-158" 58, 103:93-114 392 157* 119-20%) 57
Maiignant necplasms (140-207) 101 {92-110; /1 499. 129 .74-210) 1 16, | 998)-120" 100 , 135 .72-231) .13,
Buccal cavity and pharynx (140-149) 116 (58-207) - 11 I 0:0-1942; /0. i 59(2-330° / t86TI17-371) 01
Qesophagus 130 ! 60:26-119! - 8. | 0/0-9711 .0 ! 25583595 5 i 00-2170" <0/
Stomach - 151 89 . 64121 0. 0.0-305. 0 85 M-175 7 ' 0 0—4e2} 0
Intestune. except fectum 192-153 13 81-14 4/ 0 0~479 0 67 22-1% 164 +013° !
Rectum 1341 110 T0-163 24 179 5005 ¢ 41515 238 61327 4
Liver, gallbladder and Miedust “5—-5& -1 b A=21700 0 83 1030 2 438 11-242)
Pancreas 157 12 Thiod 26 185 51032 [ 13177 2 IORU VR
Peroncum 158 156 13-364: & 9 0-12296, 0. | 0-1085 3333 418572
T memecrficd dioovave orgens . 1500 331.90-840) ¥ 0 0-12296 0 ) 1 0 0-18 4+ .0,
Nowe & nasal avnes [ 2N sl ol lve R
Larwmx (161, 145.63-285: 8. 0.0-3074; 0 [URV-S Vo S
Traches. bronchus and lung 162 102 97-118 177 2210 110-3050 /) 110.23-330" 3,
Connective and other soft ussue 171 RUBELSLIC I =TS Soaeies 9
Skn (172-173: I2* T840 3. ¢/0-2838" ¢ 0.0-2049. 0,
Maie brag [174) HH542-1246) - 2, 0/0-36889; 0. 0(0-3689) 0. 1 0:0-36 889° O
Fernale breast | 174) 0 (1-100. 1. — - 114(31-29% 14 0:0-153N <0/
Femaie gerutal organs ' 180-184) . 4 19-274) ' 7y —_ - 89 (18-260 '3, 00730,
Prostate 185} LO1TS-158) 30 0/0-6711 0, 40 (51431 2. 207 6-1211 4
Teans (186" 225 90— T 0.0-5270) /0. 0044 0 0:0-3074) 0
Bladder / 188" 80 42-1% .13 227 6-1200} -/ P 56 7-202. 2 t 00-1085: ‘0
Kidnev 1%9 QT R-1TY O 0-153T 0 35 1-197 0 013686 0
Bnm i9f-192 We 1A A A s BN s (6250 556 67-2007 7
[ L N KR LS L PR e 3 A% TR AH 0
WY oA e VasiesRa o RIS RECS e
PREIICS S S DN 0 183 50-387 « 323 5797
9T 8-17Y 7 D0-1478) 0 17h 40435 4 VRIS PRV
39/5-14) 2, B 769 194286, [ 0(0-332: 0.0-335%) -0,
Muluple myeloma 20Y 69 10-17RY . ¢ 0 0-2838° 0 160119578 *2 ' 0(0-3074) ‘0,
Leukacmia and aleukacrrus “204-207" 17 .70-i80: 18 0 0-1118. ¢ 88 [18-2% 7 0 0-1025° -0
Benign and unspeciied neopiasms (210-239) 199¢ 10%48 12 0°0-24%9 0 37*103-TW S 070-2306 0.
Cucylatory system (390-458 QY -aT KET 111 72-165 2% W RE-l16 162 113764183 16
Faso ratory sysiam WSRO 515, TIe s e SoNR Ehh) B 106 oR-1% ¢ 191 52400 4
Accidents, porsomngs. violence (E800-£999) o) se-tin ;74 iov 35— 8L Tl o e SIs gk
Unknown causes — 5. — 0 . — It — 1
"0« 0-0%

maintenance and cleaning, 1665 other, 1907 unclassifiable). A
substantial number of workers produang chlorophenoxy
herbicides may also have exposed w chiorophenols (eg, p~chloro-o-
cresol) which are used as raw materals i the synthesis of
chlorophenoxy acids. Exposure to the most toxic dioxun congener
(2,3,78,-TCDOD) may occur dunng producton of 2,4.5-TCP and
2.4.5-T.and dunng spraving of hertiades contmrng 2.4.3-Toruts
mvagves | Factones §3.48 10001507 1% and 20 n < n&45 had
cuhcr not produced 2.4.3-T or had produced very hrtle of it around
17 T apes per vear Jduneg the study pennd \Vr"kc« mn these
< owere exposed  tvovanous
«fuennated phenel. poivahionnated LidaracGioxins., .o
Mt were prodably notesposed to F'CDD L wiuun e
Populduon 1 was possible to ditferentate wor prcacty exposed
0 TCDD and workers probably not exposed 10 TCDD
Production acaidents were known te have occurred n two
cohorts . factories T and 91, 319 workers being exposed. There were
181 chioracne cases among workers in the whornt, 128 of whom
came from cohort 2, which incorporated only workers diagnosed
with chloracne. 9 producuon workess with a history of chloracne
frtmexposure o polvchlonmtcd dmm n 1971-73 had 2 median

Non3R | migher

edian 19,
ernal wontrols - madan 16, range
0 he publishad elsewhere

Statistical analysis

wd
TOMALN sates SMRY with 957 contrdence qitervals C L nasen
o the Poisson distribution ™ An excess o deficit of an SMR 1e

G e Cmne et e sewe ] G Qe e SLadibdl

regarded as suasocaily significant at p < 0-05 {two-wl) when the CI
Joes not inciude 100. The WHO Morality Data Bank was used to

i martality refe rates for sex, age (in 5-year age
groups,. and calendar penod (in 5-year periods, exoept when sucha
penod coinaides with an [CD revision;. Duration of exposure was
weated 28 2 ume-dependent vanabile i the aliocanon of person-
vears at nisk. Poisson regression analysis was applied for selected
sites. ™

Coding

Cading of underbving cause of ocath 4as Jone matoraily. A

version fable has been prepared n TARC w aliow the pooling <1
resuits over deferent ICD revisions 7 About ®7. of woft-t
sarcomas .one of the a pnon acopiasms of niersst Jevelop in
parenchymal organs™ and are not coaded under 1CD 171 (8th and
Jth revision, “maiigrunt nevplasms of wonnective and other soft
vesue™ Histological diagnoses were not generally available and
reference mortality rates are not available for sarcomas not coded as
ICD 171. SMRs for soft-tssue sarcoma therefore relate only ©
sarcomas coded as 1CD 171, lnformauon oo other sarcomas,
identified from medical recnrds and cancer registranon, is presented

QUL OL MAUSULA alidls My hus Sulil,

Results

War Loalr

Adi-cdune mert : IS B
manonal rates - SMR =95 [Qv o CI 01-90], : or‘g
WS Al h\":n

aase of low ”m":x

sooosed workers e

VS S TV SO QU A SN

SMR =72 [oo—m]. respecuvety). Workers with un};nowﬁ
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MORTALTY FOR ALL MALGINANT NEGPLASME AND FOR SOFT-TISSUE SARCOMA AND NON-HODGKIN S LYMPHOMA
SEPARATELY BOTH SEXES

A idngoa ol neGLigsity

Son

- (Cbs . Exp . SMA (95w L, Obs 1 Exp 1 SMR(36%CD) TObs . Exp ' SMR (95% CI)

Exposure

S 3t PR S S

Non-exposed S 100 10138 | 99 81-120
Type of cahorr* !

Prnduction 25801 99 15111

Sprayers ,o202 , 24994, 105 93-11s,
Chemicals produced or sprayed™ !

Both 12 | 10670 105 :86-126)

Phenoxy 384 ' 38528 100 90-110)

Chlosophenots 19 , 1682 !13,68-176.
TCDD exposure” " I !

Probable 236 { 21512 | 110196-125)

Unlikeiy D279 ) 29376 1 9584107
Yaars since fiest exposure*

30 - 73 SHa) 84 ho-105

20-29 171 15919 107022125

w9 ity 00 49 TN il

09 100 | 3453 106 86-129
Ouration o sxz250re* [yr)

20~ % 2T 35 60-118;

10-i9 7 J 016 97(76~122)

19 234 | 23084 102/80-115)

<1 | 168 ‘ 15568 108 :92-126)
Department ! |

Production [ 62! 038 103(79-132)

Mamtenance | 40 ’ 202 95(68-130)

Other exposure 142 ' ¥Db5  106(76~143)

Unclassified P07 0 11410 %477-113)

T S 4 o T R A e
0, 042 0.0eTs 4025 1B asss)
: M e wsan 2 S 13 ARdey
3 101 297 i-d08) | 3 e | # 10-140)
‘ ;
1 048 | 28(5-1161) ‘ 4| 23 | 169/46-432)
3 150 | 200 41-58%) | 7 396 ' T8 32-i61
0 006 . 006148 1 0 - 03 | 0.0-11%)
X i
;
2 100 200 24-723) 5 576 87.28-203)
2 104 193 23405 5 se& 10273720
024 A s Doass e e
452 2 nat0e 3 1w g9 20
] V1) o (t51552 bl 3ay
3 050 0 0-738, 1 167 |
b 315 002459 | 1 P92 98 35%)
21 029 'e0s2n | 1 181 | 55(1-308)
o | os ! oo0an 31 536 ! ose1a-en
2 1\ 059 | 33941-1125) 6 | 335 111966390
i H
i i i !
0 0x | 0wz ' 2 10 maTsle
0 i 015 00-245) | 1 i 991 | 1103612
11 ote esie3ez | 3 . 990 | 3339070
0 | 035 , 0010541 | 2 | 208 | 96(12-M7

*Exposed and probably 21posed ~orkers ae grouped together

exposure starus had high all-cause mortaliv table 11,
especiaily tor acadents. posorung, and violence including
suicide SMR = 319 {182-518]).

Table 11 g vaSMRs (and 95°% Cls) and cbserved deaths
for major causes of death and for malignant neoplasms by
site and exposure for both sexes combined stnce only 10
deaths from cancer were available for analvsis among
exposed females Significant excesses were observed among
males :0r malignan: id 1nd benign and Lnspeatied
neoplasms in the exposed category, malignant neoplasms of
Tachea, bronchus and lung wn the probably =xposed
category, and malignant neoplasms of unspmficd digestve
organs and benign and unspecified neoplasms in the
non =exposed category; significant deficits were observed for
mialignant neoplasms of skinand of brain.

Exposed workers had SMRs above 200 for neoptasms of
unspecified digestive organs. neoplasms of the nose and
nasal cavity, soft-tissue sarcoma, breast cancer (in malss)
and for necplasms of the tesns, other endecrine glands and
diyrand.

Table 11 gva combined SMRs for exposed and
probably exposed workers of both xxcs, for all neoplasm.
soft-tissue sarcomas and non-Hodgkwn's lvmphomas, The
pattern of nsk for all neopiasms bv tme first exposure did
not indicate astrong healthy worker effect, and mortalicy did
not vary substannatly between the groups examined.

Soft tissue sarcoma

4 deaths were observed, all among exposed male workm
‘table 111, So increased nsk was observed among
production workers /1 death , whereas moralitv appeared

to be increased ameng sprayers ‘3 deaths, SMR =297
[61-808],. All deaths occurred 10-19 vears after first
exposure, giving nise, for this time interval, to a six-fold
excess risk in the cohort as a whole {table 111) and an even
greater cxcess among exposed spravers ‘3 deaths,
SMR =882 [182-2579]). No differentiation in risk was
observed in relation to duration of exposure or probable
TCDD exposure. 5 additional cases of s0-tissue sdarcoma
were recorded in cohort members who were yinve at the end
of follow-up or who had died with a cerufied cause of death
other than ICD 171. These included 1 non-fatal case in the
non-exposed group. Details of all 9 cases are given in
able 1v.

Malignant lymphoma

{4 deaths from non-Hodgkin's lymphoma ICD 200,
202, 8th and 9th revision) were observed among men and |
wmeng women: || deaths were in exposed werkers. all men
Moruality forexposed probably «xposed workers was close
0 expected SMR =95} wath production workers having a
smail stausticallv msgnificant increase in mortalicy 3
deaths, SMR = {49} able t11). 0 out of 11 deaths cccurted
more than 10 vears after first exposure. 6 Jdeaths occurred
among workm exposed fordunayar, and no diffsrence in
sk could te seen 1n relation to exposure 10 TCDD or type
of chemical produced. The highest SMR among production
workers was for those 1in “other jobs™ /transport storage,
laboratory workers, plant supervisors). 4 dJdeaths from
non-Hodgkin's lymphoma were observed among non-
exposed workers in one Danish factory . cohort 4). Mortality
for non-exposed workers was higher dun that of all exposed

b
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TABLE IV—DESCRIPTION OF 9 CASES OF SOFT TISSUE SARCOMAS

Years | Years

T Year
| Sex of , since hml of
Case* ) age  demh! Cause of death Hrstology? Longest heid job exposure | exposure
1. Australa M. 46 <1980 - Connectrve tissue lower mb . :
! ACD 171 Fibrosarcoma of the hip Spraver 1 116
"M,32 <1980  Connecuve ussuc lower mp
ICD 1T Neurofibrosarcoma, jower bmb  Producoan, ransportanon storage 10 <1
M. Abve. Maain Al arema possidie
. Jan. 1983 pomarcuema, reropenineum. Produciun unspeafied 14 <1
"M, 4T <1980 Ni-defined canoer Hacmangopencytuma, bek TProduction GaESpUraton Sorage 21 R
TMOAS IR Peregee opcer T cwmvenarcma, prostate , Producton, transportation storage © 17 1 2
M35 A,
, Jan. 1988’ .. Fibrous hrsnocytoma, lower bmb: Spraver 12 il
T, New Zaaand M. €S 1090 - Connectve tissue upper imb
. ICD T Neurtlenmnona Spraser B 12
8, UK ‘M, 43 <1980 | Connective tasue unspeafied | Spadie celi neunlemmomal .
' ! 1D ! sarcoma ! Speaver Y
9. Dewnark  [M.5% Abve, ! ; i |
: ,jan, 1984 .. | Laomyosarcuma. (arynx ' Nan-cxposed o ‘ <1

1 sdditonst inCident case occured after the end of folow-uo in New Zesiand
*Canes 2 3.4 5 8. and 9 praviously reported 247
*Prec.se year 01 Geath not prov-ded ‘or sessons of configentiatity

THIZIDIOPY OM CANCH 1MQISITBIION O TOKCA: ECOIIS HIBTOIOPY reCMT MOt "atreved ‘D0 case |

workers, and simular to that of production workern  tablie
111) The cases arose 1 seven countnies  Not included in
able 111 are 3cases 1n wohort members who were ahve at the
end of follow-up or whose cerdfied underlying cause of
darh was not {CD 200 or 202

Morwality trom Hodgkin s disease was below expectation

Other neoplasms

More than two-fold increases mn nisk were noted among
exposed workers for several less common neoplasms. most
of which have not been previously associated with exposure
1o chlorophenoxy herbicides. 7 deaths from testicular cancer
were recorded, with at least a two-fold increase in mortality
for the combined group of exposed workers (SMR = 220
[89—454) and for the producton workers (5 deaths,
SMR =278 [90-648]}. 5 deaths occurred 5 or more vears
after first exposure, and risk was higher in workers probably
exposed 1o TCDD 'SMR =206 compared to thuse
prebably not exposad SMR =164 Thyroid  =ncer
mortality was increased for the combined group of exposed
vorkers 3 deating SMR - RT 97N the oxeess
ppiving hoth o spravers and production workers, with
deaths registered 1 three countines. 3 deaths from thyeed
cancer occurted 1O of more vears after st exposure, oid
risk was higher for workers probably exposed to TCDD
(SMR = 426’ compared to these probably no exposed
(SMR = W8, 3 deaths from neoplasms of vther endocnine
glands occurred i the UK with increased mortality for the
combined group of exposed workers (SMR =454 {94~
1328]), and separately in sprayers and production workers.
Increased moraiin from neoplasms of nose and nasat caviry

3 deaths, SMR =283 [58KR271 was wwmilarly ooserved
vnly in the UK, wath the highest nsk in spravers.

The mortality of cases expesed rhrough wetdents was not

C N dmrees, i e

or for all neoplasms 13 deaths, SMR =120
Simstarle. no ncreased msk o was seen

for
= D R O T
{33=113], or for W neoplusms S Jeaths, SMR =98
132-228). No deaths from soft-tissuc safcoma or non-
Hodgkin's lytnphoma were observed in these groups, but
the expected numbers were very low.

Resuits were sirtualiv wnchanged when analyses were
repeated wilh exciusion of i workers with less than one year
cxposure. Analyses by time since first exposure and duration
of exposure for workers probably exposed to TCDD did not
show any trends. Analysis using Poisson regression for all
cause morality, all neoplasms. soft-tissue sarcoma, and
non-Hodgken's ivmphoma. did not reveal different pantern
of sk than that shown in the SMR anaiysis.

Discussion

The IARC register provides an opportunity to study,
with a common protocol, the mortality experience of
workers producing and spraying chlorophenoxy herbicides
and ‘or chlorinated phenols in ten countries. This cohort
study is the largest to have been done on these categories of
workers. Nonetheless the attempt to associate risks with
specific agents was only paruy successful because there was
often  simultaneous exposure to  several different
chiorophenoxy herbicides or chlorophenols table 1 and to
other pesucudes. raw  matenals, ntermediates,  and
processing chemacals. The nsk speafically  refated to
chivropnenosy aerbivides s best evaiusted by ooking it
spravers, whoe are exposed mamly to these compounds and,
:n snailer ameunis. o other herbicdes, and only 1o
negligible amounts of chicrephenol impunues. Workers
producing chlorophenoxy herbicides may also have been
exposed to chiorophenols during the production process. [t
was not possible t0 1dennfy a large group of workers exposed
solely 1o chiorophenols. The most toxic dioxin (TCDD) can
be formed Jduring production of 2,4,5-T or 2,4,5-TCP
the identification of factories which did not produce 2,4,5-T
Or Producey oy LTy ST anounts wid of sprayers not
using 2,4.5-T allowed a popuiation to be distungwished in

samer

may iead 10 accumuiation of ugh Ussue dundesis °
A non-significant increased risk was observed for soft

reforsprayersinan

IERYSIELINE T SO N SR E Lo ¥ o\ 31
malvas by Mme Since NSt OXPONUTE. AL ¥ Lased il vl
countriey’ accurred 10419 vears after first exposure, a fime

shorter than that voserved 1 dweden” of b TSA" The
increased risk was not confined to workers probably exposed
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to TCHD . Uf the 5 addiional registereud cases ot solt-lissue
sareoma, identificd from oth:"' morbi

fontds 5 Piediedts o
was in a worker probabiy c\pmed [} I\_DD

A small, non-significant increase in morality from
Cotiad oK e S TG W R s d
workers. most deaths occurning more than LU vears after tirst
exposure. 6 vutuf the 11 deaths were in workers exposed for
less than one vear. Other studies'*<? have, however, shown
risks associared with expuosure o chioropnenoxy heroiades
higher for non-Hodgkin’s lymphomas than for soft-tissue
sarcomas. There was no increase in mortality from
Hodgkin's disease, and the evidence for an association of
with exposure to chlorophenoxy herbiades has been weaker
than that for aun-Hodgkin’s lytnphorma.

We found increased risks for some uncommon neoplasms
but these results are difficuit to interpret bcclu\c of the small
numbers. Neoplasms of the thyroid and other endocrine
giands have not been previously inked with chivrophenoxy
Aerdicides B oman dut oxposure o TCDD  and
chlorophenols have been associated with neoplasms of the
thyrod and the adrenais in muce and rans.

Interpretation of our findings will be casier when
follow-up of this large cohort is longer—ie, when the
number of recorded deaths is greater. The pattern so far
indicates no increased mortality for neoplasms in general for
the most common epithelial cancers, and no clearly
detectable excess for non-Hodgkin's or for Hodgkin's
lymphoma. The significant six-fold excess of soft-tissue
sarcomas occurring in the period 10-19 vears since first
exposure in the whole cohort, rising to a nine-fold excess in
spravers. is compatible with a causal role for chlorophenoxy
herbiaades. though not speaticady for those probably
contaminated with TCDD.
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omments on a carber draft; David Mariow and Walliam Parsons for help
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