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Four vears of additional mortalizy tollow-up through 1936 are reported tor
a previously studied cohorr of 878 chemical workers who were potentially
exposed io 2,4-dichlorophenoxyacetic acid (2.4-D) and its derivatives between
1945 and 1983. Observed mortality was compared with expected levels based
on dearh rates of the U'S population und of 36 804 “unexposed” workers from
the same manufacturing location. Non-fodekin's imphoma NHL, was 1
particular focus of the stuav because of a suggesied association wih 2.4-D
expostire in some Case-CoNrrol studies. For the total observation period. the
standardized mortality ratios for all causes and for malignant neoplasms
were 92 and 91. respectively. Analvses using the internal comparison group
vielded virtually identical results. The initial study had found rwo deaths
from NHL, borh of which occurred under circumstances fie. short latency
and modest exposure) which made it less plausible that they were related 10
2.4-D exposure. No new deaths from NHL were observed in the extended
soliesw-up period und moerigliny or this cause showed o ronseatisuezih
significant excess (standardized mortality ratio. [ 96. 95% confidence interval
24 10 "08; for the iotal observation period Analvses by production area. and
by two different measures of exposure. combined with two different ap
proaches to account for latency, did not show patterns suggestive of a causal
relationship between exposure to 2,4-D or its derivatives and any particular
cause ot'deaih.
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idemiologic studies of populations
uith occupational exposure to phen.
oxy herbicides have generated incon.
sistent evidence of saociatiogs with
arious cancers, Including soft-tissue
sarcomas and the malignant lympho-
mas.'"** Recent reviews have cop.
cluded that there is currently not
enough coherent evidence to confirm
that the phenoxy herbicides in gen.
eral. or 2.4-dichlorophenoxvacetic
acid (2.4-D) in particular. represent a
carcinogenic hazard to humans, -
.Additional follow-up of cohorts was
suggested to help clarify the issue.
In 1988, two of the authors (GGB
and RRC) first reported a studyv™® of

hee 35 Ewort of ¥FB empiefets

who had been engaged in the manu-

facture. formulation, or packaging of
2,4-D and its amines and esters. The -

current study provides 4 years of ad-
ditional mortality follow-up of this
cohort through 1986.

December 31. 1982 were identified
from plant rosters Employees' work
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stor) records were compiled and
ir job assignments were classified
po three categories of potential time-
ighted average exposure (ie. less
0.1. 6.1 to 1.0. or more than 1.0
m*). Cumulative exposures were
lated for each worker by multi-
ing the time spent On each job by
weight assigned to its respective
time-weighted average value (ie. 0.05.
0.5.0r $ mg/m*) and summing across
1l jobs.
~ Vital status was successfully ascer-
1 ained for all cohort members through
k"ﬁfé using records of the company.
Social” Secunty Administration.
bhd the National Death Index. Death
ificates were coded according to
of the [nternational Classifica-
of Drseases’ (ICD) revision in ef-
at the time of death. Cause of
death codes were then grouped ac-
wrding to the cutegones of the ath
ICD Rewvision for analyses using a
ified life-table program.” To cal-
ate expected numbers of deaths
&8 non-Hodgkin's lymphoma
(NHL). US rates for 1940 to 199
1=ew Ob2ined from the Nanonal Czn.
®r for Health Statistics. Exact. test-
&sed. two-sided confidence intervals
‘9‘ CI) were calculated according to
e method of Miettinen using the
ms of Rothman and Boice.*
yses were done by production
and by two measures of expo-
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sure: duration and cumulative dose.
Analysesby duration of exposure con-
sidered latency categorized in 5-year
intenals. Cumulative dose was ana-
lyzed with either no latency period or
lagging exposures by a fixed interval
of 15 vears.*” Examination for trends
across standardized mortality ratios
(SMRs) was done using a x* test with
1 degree of freedom."*

Using a method of direct standard-
ization." monality among the 2.4-D
cohon was also compared with that
Jf other workers who were also 3c-
tively employed at this manutactunng
jocation at any time dumng 1945
through 1982. Adjustment was made
for age. calendar year. and pay status
ie. hourly or salary). The internal
comparison group differed slightly
from the one used for the onginal
study as some temporary workers
were excluded. as were foundn | A g -
us from 3 satellite operation

Results

During the additional 4 vears of
idlo\\-up there occurred fewer deaths
than were expected from all causes
and from total cancer, uith the latter
difference achieving statistical signifi-
cance (Table I} Overall. for the total
follow-up period the all causes SMR
was 92 (95% Cl. 77 to 109).and the
total cancer SMR was 91 (95% CI. 61
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to 131). For no cause of death did
employees experience a statistically
significant increased risk compared to
the US population, or to other. “unex-
posed"* workers from the same loca-
tion (Table 2).

No new deaths from NHL were
identified in the additional follow-up
period. Overall, there were two deaths
from NHL compared with approxi-
mately one expected (SMR. 196:955
Cl. 24 to 208).

When allowance was made for a
{S.vear minimum latency perod.
there were only small changes in the
SMRs. An exception was the SMR for
NHL. which became zero because. as
discussed in the original publication.
both casesoccurred within a relatively
shon time after first exposure (3 and
10.5years. respectively).

Analyses of the four individual pro-
duction plants continued to show a
stauistically  significantly  elesation
(SMR. 351: 95% CIL. 11610 833) in
the category of "cancer of other and
unspecified sites" among employees
who worked in one of the four plants
referred to as the “2.4-D Plant.” hut
revealed no new findings of note.
Analyses by duration of exposure or
by estimated cumulative dose of ex-
posure did not show any statistically
significant trends. Tables summariz-
ing these analyses are available from
the authors upon request.

‘

. TABLE 1

Observed and Expected Deaths.' SMRs. and 95 Confidence intervals for Selected Causes of Death. Conort of 878 Workers

Traoseq 10 24-D

Updaled Follow-up Period.

Total Follow-up Peried,

Cause of Death (ICDA-8) 1983-1986 B 1945- 1986
\ Obs Exp SMR 95% Cl! Obs Exp SMR 95% C!
f MCauses (001-999 21 322 65 40-100 132 143.3 92 77-109
malignant neoplasms (140-209) 2 83 24 3-87 28 309 91  61-131
. 1= Oigestve organs and penitoneum (150-159) 0 20 -t 0-184 5 7.8 65  21-150
. E Raspvatory system (160-163) 0 23 -t 0-160 9 114 79 36-150
Gentounnary system (185-189, 1 09 111 3-619 3 3.2 94 19-274
Bram ang otner CNS tissues (191 182 v} Q02 -1 G-1844 o} i -t G-3¢06
{ Lymphatic and hematopotetic system 200-209) 0 07 -t 0-527 5 32 157 51-367
! No'* -Hoagxin s lymphoma (200 202y 0 03 -t 0-1230 2 10 196  24-708
it ang amizacteg sies 1T 1T tiled * PR $a7 d-2Ze 4 T In, 32-383
[ Menosclerollc heart disease (410-413) 9 103 87 40-166 46 46.1 100 73=-133
Y Ceranrziascuar ase (430-438, 2 16 125 15-482 9 69 ™ 60-248
Ll * 3 =z cren .= o T B

e A teas

¢ a'scm-y(-xars at nsk
| iy

13.365

2" Number of expected deaths are based on U.S. whute mortaity rates

ZT Values are inestimabie.
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TABLE 2
Mortaity Compar.sen of Sway Cehent wh interral Corpazon Group, Tete!
Foflow-Up Period, 1945-1986
Relative 95%
Causa of Death {ICDA-8}) Obs Exp Risk Confidence
Interval
All causes (001-9991 132 1271 104 0.88-124
All malignant neopiasms (140-209) 28 294 095 0.66-1 39
Oigestive organs and pentoneum (150~ 5 71 071 029-121
159)
Respiratory System (160-163) 9 106 0.85 044-164
Genitourinary system (185-189) 3 27 111 035-346
Brain and other CNS tissues (191, 192) 0 13 -1 -t
Lymphatic and hematopoietic system 5 32 157 065-378
(200-2091
Non-Hodgkin s lymphoma (200 202) 2 07 303 078-1185
Other and unspec:fied sites (171 175 6 3 201 091-4 46
194-199)
Artenosclerotic heart disease {410-413) 46 449 103 077-137
Cerebrovasculardisease (430-438) 9 63 142 073-275
Accidents (EB00-E949) 17 123 139 086-2 25

* Number of expected deaths are basad on Michigan Division male mortality rates. adjusted

for age. calendar year. and pay status
t Values are inestimable

Discussion

Mortality was updated an addi-
tional 4 gears. through 1986. for 878
emplovees who manufactured 2.4-D
and who had been studied originally
by Bond et al.”* A vanety of causes of
death were examined but special focus
was directed at NHL because of a
possible association with the use of
phenoxy herbicides. such as 2.4-D.
reponed from several case-control
studies.” '* **** but not supported by
similar studies done elsewhere.™ '* '* '®

A criticism of the case-control ap-
proach has been the potential for a
differential misclassification of expo-
sure arising from either "recall" or
‘interviewer" bias."* Methodological
guestions  have heen rased  about
whether farmers' next-of-kin can re-
call their past use of pesticides in suf-
ficient detail to permit valid estimates
of exposure.”" Questions have also
been raised about uncontrolled con-
founding due lo other farm expo-
sures,”” and the implausibility of infre-
quent. farm environment exposures
causing substantial increases in cancer
nisks, as suggested by some of the case-
control studies.””

Welldesigned cohort studies of
workers who manufactured the phen-
oxy herbicides offer the advantage of
documented records of exposure.

uhich presumably makes these stud-
ies less prone to misclassification er-
rors.” - Additionally, the workers are
likely to have received more frequent
and intense exposures relative to
farmers or other herbicide applicators,
especially during the early years of
production when industrial hygiene
controls were not as sophisticated.
The manufactunng environment also
offers 3 different set of potential con-
founding exposures than those found
on the farm. thus providing a useful
contrast.

Overall mortality in this group of
2.4-D production workers was 0b
served to have been comparable with
the US population (SMR, 92) and to
other workers from this manufactur-
ing site. and was slightly lower than
that reponed initially** (SMR. 100).
Similarly, mortality from total cancer
was comparable to expected levelsand
showed no trends with duration of
exposure. a measure of cumulative
dose or latency. This suggests that
these workers have. at least thus far.
not experienced a substantial cancer
hazard associated with their occupa-
tional exposure to 2.4-D.

The interpretation of findings for
specific types of cancer. including
NHL. is complicated by the small
number of observed and expected

events which resiricts the statisiicay
power of the study to detect or myje.
out modest increases in nsk. Althougs
no new cases of NHL were found, the
two casesohserved originalhy compay,
with about one expected n this o
hort. Taken at face value, this sligh
excess could be interpreted as being
in accord with other studies suggesting
that any risk of NHL from exposure
to phenoxy herbicides IS small.'-%
Moreover, an expert group recently
concluded” that these two NHI
deaths occurred *. .. under circym.
stances [modest exposure. short ta-
tent). and in the presence 0i ¢cop-
founding exposures] which seem un-
likely to implicate 2.4-D exposure."

An excess of deaths in the category
of ‘cancer of other and unspecified
sites™ was observed for employees on
one of the four production plants,
This category of death has been con-
sistently elevated among the general
work force at this manufacturing
site,>” and was found to be partially
due to historical death certification
practices.”" A review of the death cer-
tificates and job titles of the afTected
workers in the current study revealed
no further information useful for in-
terpreting whether they might be re-
lated to workplace exposures.

S odeaths were observed from soft-
tissue sarcoma. although again the co-
hort is small and fewer than one case
was expected. Nor were there any
deaths observed from brain cancer,
the cancer type that was statistically
significantly elevated ia male rats, but
not female rats or mice of either sex,
fed the highest dose levels of 2,4~
D.4'*? Brain cancer has not been
found in excess in any of the cohont
studies of phenoxy herbicide-exposed
workers conducted to date "%
“1-2* and docs not now seem likely to
be a consequence of human exposure
to 2.4-D.

In summary, this ¢-vear update of
monality among workers who manu-
factured 2.4-D did not show patterns
suggestiveof a causal association with
any particular cause of death. includ-
ing cancer.
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Erratum

Several paragraphs of text were inadveriently omitted from the ACOEM Position
Statement on National Health Care Reform. published in the June 1993issue. page 623.
The missing text. which should have appeared after the fifth paragraph. reads as follows:

The ACOEM Proposal

The American College of Occupational and Eavironmental Medicine proposes changes
in six key areas related to health care reform: coverage, financing, supply, demand,
administration, and information management.

Coverage

A basic package of benefits that emphasizes prevention, primary care,and continuity
of care should be provided. The basic benefits package should be defined to meet medical
practice guidelines. process efficiency standards. and outcome specifications rather than

3 to cover types of service. Only proven, cost=fTective. and appropriate technology. services.
. and pharmaceuticalswould be covered. Resources should be directed away from terminal
« care or low yield to more productive uses.
= Worksite-based pnmary care and health-promoting and preventive services should be
< reimbursed. These serices are often more cost effective and less disruptive to workers'
-2 . - .
-z and supervisors' schedules when provided at the worksite.
- To improve the quality of care and manage the disability of work-related illnesses and
=3 injuries, and to stop con shifting, we feel it is critical to create a uniform reimbursement
and medical management system for occupationally related :llness aad njury that
provides the same quality. efficiency, and efTectiveness as general medical senices. One
12 option is a merger of the two systems and disability coverage uith a focus on the
52 appropnate care of the worker and appropnaie and ¢ffective management of disability,
T3 especially the provision of modified duty to accommodate impairments. This might
3 E require a Federal law preempting state laws. The ‘work relatedness' test would become
i irrelevant, as would legal issues of compensability. Disability coverage for any absence

would be combined.

Financing

Al amencans should be required to purchase or obtain basic medical insurance for
medically necessary care from an employer-provided benefits plan or from another
(possibly government-organized) financing pool. Low-income Amencans would receive
ax credits or vouchers for this purchase. This is not intended io create a separate but
unequal system of care for those in small business or for the unemploved. The government
pian is a nsk-pooling mechanism.

We sincerely regret the omission,




