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Epidemiological studies have revealed an
increased risk of cancer, notably soft-tisuesarcomas
and non-Hodgkin's lymphomas, in people
occupationally  exposed to  chlorophenoxy
herbicides, including those contaminated by
2, 3,7, 8-tetrachlorodibenzo-p-dioxin (TCD D). 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
~storess Cause-specific natoral death rates were
used as reference. No excess was obsened :n
all-cause monality for all neoplasms. for tre most
common epithelial cancers, or for lymphomas. A
statistically non-significant two-fold excess risk.
based on 4 observed deaths, was noted for soft-
tissue sarcoma with a standardised mortality ratio
(SMR) o 196 and 95% confidence interval (Cl)
53-502; this was concentrated as a six-fold
statisticailv significant excess. occurring 10-19vears
fom first exposure in the cohort as a whole

(SMR =606 [165-1552]) and. for the same time
rannd  ae 3 nipe-Inld axcess among JD'J“EYS

WOAR -8l (188 2574, Riovs apis R
'nf‘masnd for cancers of the testicle. thyroid. other
Imanie alands and nose and rasdl can y based
on <man numbprs ot deatns

The excess of softtissue sarcomas among
sprayers is compatible with a causal role oi
chiorophenoxy herbicides but the axcess does not

seem to be specifically associated with those

herbicides probably contaminatedby TCDO.
Lancer199%. 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-crop land.' In the 1960s an equal
muxture of 2,4-dichloro and 2,4,5-thchloro phenoxyacetic
acids agent orange® was heavily used in South Vietmam and
Cambodia for defoliation by the US armed forces. Since
19691n several industnalised countnies, produchon and usc
of  some compounds.  and  especially of - 2,45
wihlorophenoxyacene and  24.3- I and sty Jdervauves
hair been reduced or hanned Chlonnated phenols are
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intermediates @ the production vl these chloruphenosy
herbicides and are also used du'ecdy for wood prcscrvanon
Roth griups of compaiinds may rated duris
production process with poiycnlennated dioxins and turans,
including tetrachlorodibenzo-p-dioxin {(dioxin, TCDD;,
which is a widespread contaminant of the generaj
enviropment.’

Studies of cancer risks have revealed excesses for
soft-tissue sarcoma and non-Hodgkin’s lymphoma in
populations <xposed to chlorophenoxy herbicides,
chlorinated phenols, dioxins, and furans during
manufacture and spraying or after accidents.? * In 1987 an
International Agency for Research on Cancer (IARC)
working group concluded that there was “limited’ svidence
of human carcinogenicity for chlorophenoxy herbicides and
chlerinated  phenols.”™ A recent paper.® focusing on
2xposure i chermical plants o “diexan ", reported excesses
for cancer of the respiratory tract and soft-tissue sarcoma,
but could not exciude the contnibunon of smoking and other
exposures in the workplace. We present here the fisst
detailed mortality analysis of a large international cohort of
workers {the Intemational Register of Workers Exposed to
Phenoxy Herbicides and their Contaminants) set up by the
IARC in association with the US National Institute of
Environmental Health Sciences (NIEHS). Results for some
cohorts in the register have been reported earlier*4? 12 but for
different follow-up periods.

Material and methods

Study population
The register incorporates infermaton ~n 17 372 male woskers.
1537 famale workers. and | of unknown sex, distnbuted among

TABLE i—UESCRIPTION OF CORORTS IN INTERNATIONAL
REGISTER

Man chemicals

Cahany nsk . soraved or produced
“lAustrala M (%5583 2457 24D
2. Austra 59, PC | B | 197156 | 24,5-T.2,4-D
. MCPA245-TCP
| . i +DCP
3,Canads | 122 S ‘M.’ 955-&’2.4.5-72,4-0
4, Denmark* 3843 P B - 195592 : MCPA MCPP
, H ! ; 2,4-DP
tosis P i B | 195582124 DPMCPA
. 62 P B 11955851 234,6-TeCP
325 P ' B 19708 2.4.5-TCP
i P B ieeToi6 24D MOPA
tnT P B lussas 2 M
e ? B !iedeesn
JaTY P B T
. MCPA MCPB
: 2,45-TCP
I2.New Zesiand TMY S B T3T 245-T MCPA 2,4-D
13, Sweden 2 P B o5 2.4-D MCPA MCPP
) ' P i 246-TCP
14, UK* Vs o P I M 1955871 MCPA
15, UK Lol P M 1900s PCP
16, UK LT P My i 197587 | 2,4-DB MCPA
| | MCPP24-D 2.4
! P | DP245-T
17, UK ©os P oMl | MCPB PBA
18, UK 1215 P f Mt 2,#-DP 2.4+-DB
' i . MCPA MCPP
19, UK s® P ’ 106087 | MCPA MCPP24.D
! ' ! ' 24.DP
00K [ SERE 1"~w' MCA

s = spravers D = production PC
M - maies. B < both sexes

24D Jdorcrarerescunaietc aca 13 0P 0 2doact.arophenoar:.
oropanmc ac:a J4-CB - 4.2 4-cichioropnenory bulanac aci 2457 - 245,
acetic acd 245-TP=2.12 4 S.nchiorophenory) - propanoic

Rloracne cases 1 nvoduchon

wenty cohorts from ten countnes (able 1 . Since pubi: of the
register populaton® minor cor have led 1o the exclusion of
62 workers found to be incligible. Workers from one Briush
company which both produced and sprayed herbiades have been
separated here into two cohorts - 14 and 200,

The register ncludes workers ever smploved m production or
SPraving, ¢xcept i the cohorts from Avstmha, (nads, and New
Zaaland, 1t which murumum atploviment peniods of §ovear, o
months, and | month, respecuvely, were speaified. Eligibiliey of
cohorts d ded on the compl at pany level of records
xdennfwlg workers and on the ability 1 ensure traang rates of 95%

#crd: MCPA » (4-Chiorg- 2- methyl-phenoxy) - aceteC acxd. MCPP = 2.(d-chiora-2-
methyl-pheraxy)propsno &, MCPB = 4-14.chioro- 2- methvi-phenosy)
outenas acxd. 3.4-0CP = 2.4-duhiorophenoi, 2.4 5-TCP v 2.4 5-tnchiorophenol
2.48.TCP = 2.4.6. tnchiorophenol 2.3.46-TeCP = 2. 3.4 6-tetrachiorophenoi.
PCP ~ PBA i

JACTET 4 SuOMCIS IPOM S ark aRd 1P LT -a) LNgracm Ase «2 00T TUNNG

ISP B IND T
TEormyataes ing Dacxery TH82 87 ~1mavren s 10R7 .37 Deogess

Ay < 1 365-37

Exposed workers n=13482) compnse all known to have
sprayed chiorophenoxy herbicides and all who had worked in any of

or more. Follow-up for moruality was based eithes on computensed
nagonal record systems or on actve follow-up procedures.
Additonal informaton on cases of soft-ussue sarcoma and
non-Hodgkin's tymphoma cases was sought from medical records
and cancer registies. Denmark. New Zeaaland, Finland, and
Sweden provided wnadence daw irom populaven-based cancer
regstnes. Person-vears at nsk were calculated from 1955 onwards
snce onlv from tRat vedr swere ancerospedtfic moraity rates
dVLiiadic (0T dii PArUIPLUNE COMNINICS. EXCluded 1rom the anatyus
were 220 workers who aither died or were lost 1o follow-up before
1955, 105 workers with unknown vear of tirst sxposure, 131 with
unknown vear of Mirth, | 41th unknown sex, and o) with other
mussing informauon. The 18 390 workers included compnse 16 863
males and 1527 females, and 307 438 pervon-yvears 4t nsk were
accumulated, wath an average follow-up of 17 vears. Workers lost o
follow-up consututed 5% of the total cohort, and tn no ndivdual
cohort did this proportion exceed 10%s.

Exposure assessment

Quesuonnaires were constructed for factones producing
chlorophenoxy hertiaides or chionnated phenols and for spraying
cohorts. These were completed with the assistance of industrial
hypeausts, workers, and-or factory personnel. !ndustry and uther
production records were also used. Job hustones were exarmuned
when available. Workers were classified as exposed, probebly
cxposed, exposure unknown, or non-exposed:

the following departments at racwna pmduanx ch.lmophamy
habladaorchlonmled henols: sy
packing, repur.‘ b v, chemical effluent,wasee,
| hi portation stores warehouse, plant

supemsnon. cleurung Jduring scadent. and other and unclassified
exposure.

Probably exposed workers (n= 416! comprise all workers in
cohorts 15 and 15, 00 on sties wers avaiable ot o wag d that
most workers would have been exposed. Exposed and probabiv
exposed are aggregated for some analvses. s indicated in the text.

Norkers withunknown erposure n =341 hadnowntormation
N eXPosule suatus

Non-exposed ~orkers n = 3951 were those never emploved in
the parts of factonies whach produced chlorophenoxy herbiaides or
chlorinated phenols and who never sprayed chiorophenoxy
herbiades came mainly from Australia, Denmark, Nethertands,
New Zealand, and UK 224, 1966, 1283, 214, and 180,
respectuvely.. Although not exposed to chlorophenoxy herbicides
they were expused to other cherrucals, such as dves and
rodenucides.

Workers were also categonsed as producers |12 492" and sprayers
15898

Exposed and probably exposed workers were also classtfied by
groups of chemicals produced or spraved 9377 chlorophenoxy
herbiades, 408 chlortnated phenols, and 4113 both: and wathun the
manufactunng cohorts by Jepartment : 3034 mawn producnion, 1322
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TABLE H—MORTALITY BY DETAILED CAUSE AND EXPOSURE TO CHLOROPHENOXY HERBICIDES AND/OR CHLOROPUENOLS.

80OTH SEXES
SMR {95% CI) (no of observeo deatns)
Cause of death (ICD 8) Exposed ] Probabiy i N : \
usas 92* (8596 - 1870. l 122:93-158) ' 58, 103:93-114 392 157* 119-203) .
nant neoptasms (140-207) 101 (92-110; /499 | 129 (74-210) 1 16 | 9981-120° 100 | 138.72-231) . 1.
cal cavity and pharynx (140-149} 116 (58-207 + 1] 001942} /0, | 59 (2-330° [/ L 66717-3714)
ophagus 150: 60126-119) - 8. | 0/0-971) /0. 255 (83-59%" 5 | 0°0-2170) /0
nach 151 89 .64-121. - 40. . 0.0-30%, 0 ! 85 34-175 7 ' 00492, . 0.
sune, except recrum . 152-153 113 °81-154- ¢ . 00479 0 67 '22-1% < 164 813 1
tum 134 . 110 7063 4 179 5995/ . 43:5-1% 2 238 6-1327 1
2., galibladder and hiieduc 195-146 L IRREI DN | N w2170 0 3 10-%0 LS -y
creas (157 1D TRid 36 185 %1032, J . 61 13177 3 OR300
roncum ‘158" 136 019-564) - 3+ 0.0-12296, 0. Q:0-1085. 7 , 3333 M4-18572
Teafied digmbve crzans - 190) 331.90-846° < 00-12296, 0 | 870" lO&)Hl P 0 0-18 444 ¢
© & nasal anages lad AT LY [CRC I I . I e 3RO
v (16), 145:03-28% &. . 0:0~30%4) - 0, b ; RV Ve T
thes, brinchus and lung '162° 102 87-118 177 ' 2214°110-%% 1J 140 l(!\—lﬂ)‘ w0 | 110.23-320) 3
nective and other soft ussue 171 N1 55515 4 O 0TIR U O (RTE 2 0=12206
VIT2-1T3) 32¢ 704 3 ! 0/0-2838" .0 144 30422 3 | 0.0-2049. 0
¢ breast (174) L NS R-1246) 2, 0(0-36889) /0. ‘ 0(0-3689) : 0. ' 0(0-36 889}
wie bresst . 174) W (1-106 - 1, ‘ - - 114(31-2902 /4 h 0(0-15372 10
rale gerutal organs /180-184) ; 4 (19-274) ' 3) ; -— - X 89 (18-260! ' 3, | 0(0-75%:0/
mate 1850 111 :75-158) ' 30, | 0(0-671) 0. ' 20 (51431 2, Loare-2in .
s (186 225 9040 ¢ 7 0:0-5270) /0. 010444 O ! 0.0-3074):0
Ider /188" 80 42-1% /3 2761200}/ ! 56 7-202: 2 i 0(0-1085, -0
ney 149 L 1 0 0=1537 0 15 1-197 / 0 0-1366: 0
wrenn 191-192 We Q01028 9 w0 18-250 556 67-2007
Itarma guand o +5 A 1 DAL a-12% - A 01844 O
Uther endixenng & wl ¢ RIS LS L I IR A [t U]
i-defined s 198 100 I N D oaNm A 183 5357 < 323 81797
Lymphosarcoma 200, 202; L " ! 0°0=147H U 17h i35 4 9 .0
Hodgkins Jdiscese 1 2011 3931412, ; 7601 19-4286) -/ ' 0(0-332: G i 0¢0-3353) - 0/
Multple myelama 203 A 10=17R5 . 4 0 0-2838) 0. i 160 (10578 *2 0:0-3074) 0,
Leukaamis and aleukserrus 204-207 U7 . 70-186. 18 0:0-1118) .0 88:18-2% 31 Q:0-1025" - 0.
Bemgn and unspecified neoplasms (210-239) 199 [(3-348" 12 0:0-24%9) /0 370010370 8. 0/0-2306" 0/
Crculatory system (390-458) Q0% 0T ART 1 72-18%8 28 WX R-116 162 1131764187 16,
Seszestory system 460-519; BRI U 4 .2y < 106 A-15% € 101 524000 ¢
Accidents, po:sonings. violence (E800-£999) TR so=ilo %4 low 35594, WR.TT-le, 3O 1RILSIN 06
Unknown causes - 0. — 0 . — -1
*p<0-0%
mantenance and cleaning, 1663 other, 1907 le). A d ignifi at p < 0-05 (two-tal) when the CI

substantiai number of workers produang chlorophenoxy
herbicides may also have exposed to chlorophenois (eg, p-chloro-o-
cresol) which are used as raw materials in the synthesis of

enoxy aaids. Exposure to the most toxic dioxin congener
(2,3,7.8,-TCDD) may occur duning production of 2,4.5-TCP and
2.4.5-T, and Juring sprayving of herticides contaning 2,4.3-T or its
deevagves Facomes 13,08 010.3018.07.1% and 20 n = aB43 had
euher not produced 2.4.5-T or had produced very hirtie of it around
© thanes per vear Junng the studv penad Wierkers in t}‘ﬁc
10Tes »\crc -\pm:d '\, varous

doeno(ux}ude 100. TheWHO Moruality Data Bank was used tc

i morality rates for sex. age (in 5-year age
wwps,.andalmdzrpenod(m S5-year peniods, except when such a
penad coinades with an [CD revision;. Duranon of exposure was
treated as 2 time-dependent vanable m the allocavon of person-
vears at nsk. Poisson regression analvsis was applied for selected
sites. ®

Coding

Coding of underiying cause «f Jeath was Jone nagoraily. A
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TABLE W MTRTAGTY FOR ALL MALIGHNANT NEGFLASMS AND FOR SOFT-TISSUE SARCOMA AND NON - HODGRIN § LYMPHOMA

& sarcomas ~phamas

A iding i oGS
- [ Ots | Exp . SMR{(95%Ciy | Obs | & | SMA (95%Cl) ' Obs | Exp | SMA (35%Cl)
Exoosure ! ' ’ T
Fapeoed A PN s + e o L Y R “5 4i-lov
Non-exposed 100 9991120, 0 | 042 0.0-878; 4225 185
Tvpe of cohorr i i !
Pmducton 263 25801 . OR-@n-tly H ] sy ! 2 T 119 Ay2ay
Sprayers [ B2 MM 0591, ! 3 I 101 Fhels) | 3 o2 | 49 (10-140)
! |
Chermicals produced or sprayed* i “ ' | . ! ! h
Both f 12 10670 i 105 {86-126) 1 L | 048 | 20851161 4 { 237 . 169:46430)
Phenioxy 384 38528 ! 100901100 ¢ 3 150 | 200 41-585) 7 896 ' I8.32-161
Chlorophenols {19y 1682 H3eeTe D0 L 0U6 - 006148) 0 O3 | 010-1i%0)
i ;
TCDO exposure* i It | ! : i { ; !
Probable 236 1 21512 | 110196-125) P2l reo ao0p2em3 | 5 s f 87 (28-203)
Unlikely 279 | 29376 95 84107 v 104 193 /236951 ! Ll seg C 13720
Years since /15t exposure*®
30 - it} S8 A Il 024 N D-1537 1 58 130 14330
20-29 171 15919 Bl 052 3 118 29 18250
W9 17a 1o 9 4 u b P 2T 3i-290,
0-9 00 ;3453 S 050 ! 267 | 38.1-209)
Ourstion o exzszure® (1) '
20~ C%» 217 wse0-us - 0 015 °0-2459) 1 192 98,354,
10-19 M 616, 917e-12) |2 029 690 (84-2491) | 181 | 5501-308)
1-9 | 23054 10269115 | 0 ! 089 0/0-415) 3 536 | S612-168
<1 [ 168 15508 | 108 92-126n | 2 | 059 3% (41-1125) 6 335 | 179 (66-390)
Nanarinmans { i I ‘
Depsrtmant | | ‘ i
Production | 62 | 6038 | 103713 l 0 029 00-1272) | 2 1490 143 (17-516)
Mamntenance {40 202 9568130 | 0 . 015 00-2459) | 1 291 ‘110{}412)
Other exposure | 42 65 1067e14n | 1 ! o016 e25i06-M82 1 000 | 33360074
Unclassified 107§ u4l0 D osm-un o0 ] 015, 00405 | 208 | 9612247

*Exposed and ornbably expased warkers ace grouped together

exposure status had high all-auw moraiiv  table 11,
espearally lor acaidents. posonung, and vielence inctuding
suicide SMR = 319 {182-518]).

Table 1t gves SMRs {and 95% Cls) and observed deaths
for major causes of death and for malignant neoplasms by
site and exposure for both sexes combined since only 10
deaths from cancer were availaple lor analvsis among
exposed fernales. Sigruficant excesses were observed among
males tor maligrant divrad wnd benign and wispeatiod
neoplasms in the exposed category, malignant neoplasms of
achea, bronchus and lung in the probably exposed
aategory, and malignant neoplasms of unspecified digestdve
organs and benign and unspecified neoplasms 1 the
non-exposed category; significant deficits were observed for
malignant neoplasms of skin and of brain.

Exposed workers had SMRs above 200 for neoplasms of
unspecified digesdve organs, neoplasms of the nose md
nasal cavity, soft-ossue sarcoma, breast cancer (in males;
and for neoplasms of the tests, other sndecmine glands and
<y rand.

Table 11 g@ves combined SMRs for exposed and
probabdly exposed workers 0f both sexes, for all neoplasms,
soft-ussue sarcomas and non-Hodgkin's lvmphomas. The
partern of nsk for all neoplasms bv tune first exposure did
not indicate a strong heaithy worker effect, and mortality did
not vu), substannally between the groups exarmined.

Soft tssue sarcoms

4 deaths were observed, all among exposed male workm
‘table 111, So increased nsk was observed among
produrnon workers (1 death,, whereas mortality appeared

wn be (ncreased among sprayers ‘3 deaths. SMR =297
to1-do8j;. All deaths occurred 10-19 vears after first
exposure, giving rise, for this ame interval, to a ru-fold
excess risk in the cohort as a whole table 111) and an even
grater excess among exposed sprayers ‘3 deaths,
SMR =882 (182-2579]). No differentiation N risk was
observed in relation to duration of exposwre or probable
TCDD exposure. 5 additional cases of soit-uissue sarcoma
were recorded 1 cohort members who UCKIC auive at the end
of follow-up or who had died with a cernfied cause 0fdeath
other than ICD 171. Thewincluded | non-fatal case i the
non-exposed group. Details of all 9 cases are given in
wble 1v.

Malignant lymphoma

{4 deaths from non-Hodgkin 1 lvmphoma ICD 200,
202, 8th and 9th revision) were observed among men and |
among women | | deaths were N exposed workers all men
Moralitv for exposed probably exposed workers was close
10 expected SMR =95 wath production workers having a
small suosucally  nsignificant increase :n mortalin S
deaths, SMR =149 table 11 10outot 11 deaths occurred
mote than 10 vears after first exposure o Jdeaths occurred
among workers exposed for than a vear, and no difference 1n
nsk could £ seen 1 relation to exposure to 1 CDD or rype
of chemical produced Thehighest SMR among produrnon
workers was for those in “other jobs * transport storage,
iaboratorv workers, plant supervisors 4 deaths from
non-Hodgkin's Ivmphoma were observed among non-
exposed W I K mn one Danish factory cohort 4 Mortality
for non-exposed w r k m was higher thanthat ot all exposed

FE s ¢
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TABLE IV—DESCRIPTION OF 9 CASES OF SOFT TISSUE SARCOMAS

Yews | Yeors

| Year ,
| Sex, of smu hml of
Case® 5 age  deant Cause of death Histology? ' Longest heid job npowrejnposuu
N . 1 1 i
I Austraim  'M.46 <1980 ' Connectrve tissue lower lmb ‘ : !
! aeD 7 Fibrosarcoma of the hup + Spraver L boe
2,Denmark 'M.32 190 Connecuve ussuc lower mb :
ICD Tt Neurofibrosarcoma. lower lmb Producton, mansportanion storage 10 <]

3 Denmars M. M Abve.

4, Denmark ‘M, 47 <1980 I)-defined cancer

NMaenohmal arcoma possble
Jan, 1984, iposanma, retroperioncum  Productan unsspoafied 14
Haemanpopencyviuma, beck Production Uansporaton stonge 2t ,

S. Dunrmark TAMUAST et Penegne oo | exmvimarciena. prostate ; Produchon, Iransportanon storsge 7o 2
o, New Zauane M. 35 Asve,
, an. 1968 . Fibrous nnnocytoma, iower mb; Speaver Nt P
T.New Zizand ML %8 1090 - Connective tasue upper imb '
. DT Neunkanmoma Spraver 14 12
8,UK m.u < 1980 | Connective tissue unspeafied ISnn!kcdlneunlcnmmul : :
i DT sarcoma ! Spraver o<
9, Denmmark }\A se Alive, ! ) i i ;
: Jun, 1984 . . Laomyomrcuma, larynx : Nan-exposed L. Y

1 scditonal incident caue occured ahter "nm M tollow - up 1n New Zssianct
*Casee 2 3 4 5 8 and 9 previousty reporned
*Prec.se vear of Geath not provided tor rassans of confidentianty

THISTOKIgY HOM CANCH TAQIRTELION O TWIAKA: 19COMTS HISIGIOQY rCONd MOT retraved for Case |

workers, and surular to that of producton workers table
11;. The cases arose in seven countnies  Sot mcluded n
table 111 are 3 cases in cohort members who were alive at the
end Of follow-up or whose certfied underlying cause of
death wes not [CD 200 or 202

Mortatitv from Hodgkin's Jdisease u as below expectation

Other neoplasms

More than two-fold increases in nsk were noted among
exposed workers for several less common neoplasms. mast
of which have not been previously associated with exposure
to chlorophenoxy herbicides. 7 deaths from testcular cancer
were recorded, with at least a two-fold increase in mortafity
for the combined group of exposed workers (SMR =220
(89—-454) and for the production 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 to TCDD 'SMR =296 compared to thuse
prebably not exposed SMR = 1647 Thyrod  cancer
morality was increased for the combined group of exposed
workers 4 Jdeaths, SMR = 3F7 Q7910 the eveees
sppiving both o spravers and production workers, aitn
deaths registered i three countries. 3 deaths {re vrerd
cancer occurred 1 or more years after first exposure, and
risk was higher for workers probably expused to TCDD
{SMR = 426, compared 1o these probably no exposed
(SMR = 308". 3 deaths from neoplasms of other endocrine
glands occurred in the UK with increased mortaiity for the
combuied group of exposed workers (SMR =454 [04-
1328}, and separately in sprayers and production wurkers.
Increased mortalies from neoplasms of nose and nasal canty
3 deaths, SMR =283 [SRR2T] was amilariv coserved
ondy mn the UK, with the highest nsk in spravers.

ﬁc morwality of cases exposed through uudems was not

st ather ol sz A e SO e

[ ~137]) or for ail neoplasms 13 deaths, SMR =120
fhvk‘!“il‘ 5"" lar'v. no ncreased msk o was ween fur

" e epmdbiee 11 dnachy NMR sy

p)-nl)], or tur W uwp..xsxn 5 Jeaths, SMR =08
132222R}.. Nov deaths from sort-ossue safcoma of aon-
Hodgkin’s lymphoma were vbserved in these groups, but
the expected numbers were very iow.

Resuits were vistualiv anchanged when analyses were
repcated with exciusion o &l workers with iess than one year
exposure. 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 mortaiity, all neoplasms, soft-tissue sarcoma, and
non-Hodgken's lvmphoma, did not reveal different pattern
of risk than that shown in the SMR anaiysis.

Discussion

The [ARC register provides an opportumty o 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 15 the largest to have been done on these categories of
workers. Nonetheless the attempe (o associate risks with
specific agents was only partly successful because there was
often simultaneous exposure to several different
chlerophenoxy herbicides or chlorophenois table (: and o
other pestades. raw matenals, infermediates,  and
processing chemicals. The nsk speafically related 10
chiorophenuxy dcerbicides 1s best evaizated by woking at
spravers, whe are exposed mainly to these compuounds and,
in smditer ameunts, @ other herbicdes, and oniy o
negligible amounts of chiorophenol impunaes. Workers
producing chlorophenoxy herbiaides may also have been
exposed to chlorophenols Juring the production process. 1t
was not possible 10 idenafy a large group of workers exposed
solely to chlorophenols. The most toxic dioxin (TCDD) can
be formed Juring production of 2,4,5-T or 2,4,5-TCP so
the identification of factories which did not produce 2,4,5-T
or produced oniy veny wmall anounts wid of sprayers not
using 2.1.5-T allowed a popuianon to be disungwshed in
u.hh.h XPUsure to TCDD was unlikely ‘with the caveat that
N s T e T concenmane TCDD
may Icaa 10 accumuiation of tugh ussue durdens -~

A non-significant ncrzased risk was observed for soft
s AT TR b i e DK LR S sprayene inun
VIS DY NME SINCE NIST EXPONUTE. ALl ¥ vans il woud
countries’ occurred 10-19 vears after first exposure. a ime
shorter than that voserved i dwedeh of tw TSA The
increased risk was not confined to workers probably exposed
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te TCIDD. Ot the 5 additonal rezistersy cases v s01-Ussue
PO, idensificd from other *n'b' v or "’7(‘!‘!’1’!?\’

Tvnelar o piesmist

was 1n a worker probabiy L\p\)ﬁcd w I L_DD

A small, non-significant increase in mortality from
N..\.H.,l....“a Wi Dol A Jua

AR 4 2 (l "
workers. most deaths occurring more than [0 years atier Hrst
exposure. 6 outof the 11 deaths were in workers exposed for
less than one vear. Other studies'*** have, however, shown
ks assoutated with exposure © chloropinenoxy nerbiades
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 nas been weaker
than that for non-Hodgkin’s lymphoma.

We found increased risks for some uncommeon neoplasms
but these results are difficulr o interpret because ot the small
aumbers. Neeplasms of the thyroid and other endocnine
Ziands have not been proviously wiked with chi orapnmo\\
Aerdicides o oman but expoesure 0 TCDD and
chlorophenols have been associated with neoplasms of the
thyruid and the adrenals in mice and rats. ™

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 partern 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-tssue
sarcomas occurring in the penod 10-19 vears since first
exposure in the whole cohort, rising to a nine-fold excess in
spravers. is cumpatible with a causaj role for chlorophenoxy
herbicides. though not speaiticaily tor thuse probably
contaminated with TCDD.
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