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Abstract
Objective—To update and add to a previously identified cohort of employees potentially exposed to the herbicide 2,4dichlorophenoxyacetic acid (2,4-D). The
putative association between 2,4-D and
non-Hodgkin’s lymphoma has been debated for more than a decade.
Methods—Cohort members were male
employees of The Dow Chemical Company who manufactured or formulated
2,4-D any time from 1945 to the end of
1994. Their mortality experience was
compared with national rates and with
more than 40 000 other company employees who worked at the same location.
Results—330 Deaths were observed
among 1517 people compared with 365
expected (standardised mortality ratio
(SMR)=0.90, 95% confidence interval
(95% CI) 0.81 to 1.01). There were no significantly increased SMRs for any of the
causes of death analyzed. When compared
with the United States rates, the SMR for
non-Hodgkin’s lymphoma (NHL) was 1.00
(95% CI 0.21 to 2.92). The internal
comparison with other Dow employees
showed a non-significant relative risk of
2.63, (95% CI 0.85 to 8.33). Death was
attributed to amyotrophic lateral sclerosis
(ALS) for three cohort members. Compared with the other company employees,
the relative risk was 3.45 (95% CI 1.10 to
11.11). The cases were employed in the
manufacture or formulation of 2,4-D at
diVerent periods (1947–9, 1950–1, and
1968–86), and for varying durations of
time (1.3, 1.8, and 12.5 years).
Conclusion—There was no evidence of a
causal association between exposure to
2,4-D and mortality due to all causes and
total malignant neoplasms. No significant
risk due to NHL was found. Although not
an initial hypothesis, an increased relative
risk of ALS was noted. This finding is
unsupported by other animal and human
studies.
(Occup Environ Med 2001;58:24–30)
Keywords: 2,4-dichlorophenoxyacetic acid; phenoxy
herbicide; occupation; non-Hodgkin’s lymphoma

Herbicides have widespread use in the United
States in agriculture, rights of way, and lawn
care. One of the most commonly used
herbicides in the United States, 2,4dichlorophenoxyacetic acid (2,4-D), has been
approved for use for more than 50 years. Given
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its long and widespread use, 2,4-D has been
extensively studied in both animals and humans. Despite the conclusions of a World
Health Organisation (WHO) panel stating that
2,4-D has been adequately studied and is not
genotoxic,1 there remains some controversy
over the human carcinogenicity of 2,4-D,
particularly
related
to
non-Hodgkin’s
lymphoma (NHL).
Early case-control studies linked NHL to
phenoxy herbicides in Sweden2 and Kansas.3 4
Subsequent case-control studies of NHL,
which collected information specific to 2,4-D,
were inconsistent. One of these, a study
conducted in Nebraska, found an increased
odds ratio with increasing number of days of
2,4-D use. However, this trend was not found
when the data were limited to self respondents.5 A related study of canine malignant
lymphoma, (similar to NHL in humans) found
a positive trend of owner applications of 2,4-D
and increased risk.6 Reanalyses of these data by
independent researchers have been unable to
confirm or replicate a dose-response relation.7
Other case-control studies of NHL have not
found a positive association of frequency of
phenoxy herbicide or use of 2,4-D.8–10
Cohort studies of farmers, pesticide applicators, and golf course superintendents are also
equivocal. Some have suggested a positive
association11 12 whereas others have not.13–15
The research eVorts to determine the potential
of 2,4-D for human health risk have been hindered by the multiplicity of products used—
such as other herbicides, insecticides, fungicides, fertilisers, and petroleum products.
Further complicating this research is the
diYculty in determining the level of exposure
to 2,4-D of individual people. Such studies are
often limited to subjects’ memory of past use of
the pesticide, typically going back several
decades. If the subject is dead, the investigators
must rely upon a proxy respondent to provide
the exposure information. Not unexpectedly,
these data are subject to reporting bias.16 17
Indeed, a review of more than 100 epidemiology studies relating to 2,4-D pesticides or agriculture, concluded that few studies had adequate exposure assessment to contribute to
the understanding of the eVects of exposure on
human health.18
Alternatively, populations of workers who
manufacture or formulate 2,4-D tend to
provide better exposure data. Three such
occupational cohort studies have found no significant excess of NHL.19–21 For The Dow
Chemical Company cohort, Bond et al found
two deaths due to NHL compared with less
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Methods
Briefly, 2,4-D has been manufactured, esterified, aminated, formulated, or packaged by
The Dow Chemical Company since 1945 in
four separate buildings in Midland, Michigan.
The original 2,4-D cohort was identified from
these four sites from plant rosters (census lists),
which were available annually until 1964 and
monthly thereafter. As a result, many potentially exposed employees who were working in
a production area for less than 1 year (or 1
month, after 1964) may have been excluded.
Subsequent to the identification of the original 2,4-D cohort, the Epidemiology Department of Dow Chemical has ameliorated its
employee registry by inputting complete work
history information (dates of each job, job title,
job change, location, etc) on all employees who
worked in Dow United States manufacturing
sites since 1940. In depth quality assurance
measures have been incorporated to ensure
accurate and complete data, including comparing a sample of subjects with the Internal Revenue Service form 941-schdule A.23 The
current database is now periodically updated
and appended from information provided by
Dow’s computerised personnel system. All full
time employees at Midland who worked more
than 3 days are included in the database. To
identify additional eligible subjects, the
1945–82 cohort was reidentified by replicating
the inclusion criteria defined in the study file
and with the epidemiology database. Also
identified were workers potentially exposed
after 1982. The entire cohort of potentially
exposed employees from 1945 to the end of
1994 was selected from job categories and
department codes within the computerised
work history.
A job exposure matrix was previously
defined for the 1945–82 cohort in which the
industrial hygienist ranked each job into low,
moderate, or high categories based on potential
time weighed average (TWA) exposure (less
than 0.1, 0.1–1.0, or more than 1.0 mg/m3).
The 1998 American Conference of Governmental Industrial Hygienists (ACGIH) recommended that the threshold limit value (TLV)
should be 10 mg/m3 for 2,4-D. Because process
improvements have led to significantly reduced
exposure over time, we added a “very low” rank
to the job exposure matrix for the 1983–94 jobs
which had non-detectable exposure monitoring concentrations or which involved less than
50% time in a low exposure area. These
employees were included in the study because
the potential for exposure remained, even
though exposure was not documented in the
industrial hygiene studies. Cumulative exposure was then calculated for each subject by
summing the product of the number of years
spent on each job and a weight assigned to each
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TWA (0.005, 0.05, 0.5, and 5). Cumulative
exposure was calculated for all four categories
and the cumulative dose index was expressed
as follows: very low (<0.05), low (0.05–0.49),
moderate (0.5–4.9), and high (>5).
Exposures to 2,4-D were primarily to
particulates, as 2,4-D is a solid at ambient
temperatures. Exposures to vapour were also a
possibility when 2,4-D was in the molten form.
These people were likely to be exposed to
additional chemicals during their work in the
2,4-D plants and subsequent Dow employment elsewhere. These potential exposures
would have been significantly varied based on
the plant, the period, and the job. However, the
common factor for this cohort was potential
exposure to 2,4-D.
Person-years at risk for mortality were accumulated for each subject beginning on 1 January 1945, or on the date of the subject’s first
potentially exposed job, whichever was later.
Vital status was followed up to the earliest of
(a) the date of death, (b) the date of last contact
for employees lost to follow up, or (c) 31
December 1994. Cause of death and vital status were determined from the company epidemiology database. Information on vital status is
periodically updated with information provided by company records, the National Death
Index, and the Social Security Administration.
Mortality outcome data are derived from copies of the death certificates. Causes of death
were coded by a certified nosologist according
to the revision of the international classification
of diseases (ICD) in eVect at the time of death.
All codes were then converted to the 8th
revision (ICD-8) for analytical purposes.
STATISTICS

The mortality experience of the study cohort
was compared with mortality in the United
States with computer software developed by
Monson.24 The program calculates expected
numbers of deaths in 57 categories by summing across 5 year age and calendar-year intervals. The ratio of observed to expected deaths,
or standardised mortality ratios (SMRs), was
calculated with United States rates. The 95%
confidence intervals (95% CIs) were calculated
around the SMR point estimates. As less than
4% of the cohort was non-white, white male
reference rates were used. Life table analyses
were performed for the entire follow up period
and with allowance for a 20 year minimum
induction latency period. For the latency
analyses, the person-years at risk began accruing 20 years from the first date of employment
in an exposed job. People who died within that
period were excluded.
Rates for NHL are not included in the 57
major and minor causes of death used by the
Monson program. More detailed rate files for
99 causes of death were obtained from the
National Institute for Occupational Safety and
Health (NIOSH) for the years 1960–94.
Person-years at risk between 1945 and 1960
were excluded, as were 17 people who died
before 1960. We used the life table analysis
program from NIOSH (PC LTAS, version 1.0)
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than one expected, among Dow employees
potentially exposed to 2,4-D and its derivatives
from 1945 to 1982.21 In an update to the end of
1986, no new deaths due to NHL occurred.22
The purpose of the current study was to add to
the original Dow Chemical cohort and update
the mortality experience to the end of 1994.
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Results
We identified 1567 people who were potentially exposed to 2,4-D between 1945 and
1994, inclusive (table 1). One subject died outside the United States. Death certificates were
obtained for all remaining deaths. Most of the
cohort was first exposed before the age of 35.
Only 50 women were in the cohort. All women
were living at the end of 1994, except for one
who died from external causes. Due to the few
women, the limited number of person-years at
risk, and the single death due to causes
unrelated to exposure to 2,4-D, detailed statistical analyses were confined to men.
Included were 863 male subjects from the
original 2,4-D cohort, although previous publications of the cohort have reported on 878
subjects. Excluded were 14 women and three
part time workers (two of whom were also
women). Part time workers do not meet the
criteria for entry into the current epidemiology
Table 1 Vital status and employment characteristics for
workers potentially exposed to 2,4-D (1945–94)
Men
n

Women
%

Employees (n)
1517
100
Vital status on 31 December 1994:
Alive
1185
78.1
Dead
330
21.8
Lost to follow up
2
<1
Age at first exposure (y):
<25
579
38.2
25–34
583
38.4
35–44
249
16.4
>45
106
7.0
Year of first exposure:
<1950
289
19.1
1950–9
341
22.5
1960–9
347
22.9
1970–9
266
17.5
1980–2
25
1.7
>1983
249
16.4
Years since first exposure:
<10
236
15.6
10–19
191
12.6
20–29
365
24.1
>30
725
47.8

n

%

50

100

49
1
0

98.0
2.0
0

12
24
11
3

24.0
48.0
22.0
6.0

0
0
0
11
2
37

0
0
0
22.0
4.0
74.0

35
15
0
0

70.0
30.0
0
0
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Table 2 Distribution of 2,4-D male cohort by cumulative
dose and duration of exposure
Duration (y)*
Cumulative dose

<1

1–4.9

Original cohort (1945–82):
Very low
169
1
Low
152
106
Moderate
92
99
High
0
86
Total
413
292
Newly identified (1945–82):
Very low
240
0
Low
87
2
Moderate
71
3
High
0
1
Total
398
6
Newly identified (1983–94):
Very low
121
55
Low
0
52
Moderate
0
0
High
0
0
Total
121
107

5–14.9

>15

Total

0
16
41
48
105

0
0
18
35
53

170
274
250
169
863

0
0
1
0
1

0
0
0
0
0

240
89
75
1
405

4
17
0
0
21

0
0
0
0
0

180
69
0
0
249

*Adjusted for breaks in service and accumulated to the end of
1994.

database. An additional 405 employees were
identified who would have been eligible for the
original cohort, if the work history records had
been computerised at the time. Most of these
subjects were potentially exposed for less than
a year with resulting very low and low cumulative dose indices (table 2). Also new to the
updated cohort were 249 men who began
working in 2,4-D production areas since 1983.
These jobs were classified as low or very low
exposure.
The resulting cohort under study comprised
1517 male employees who contributed 39 799
person-years at risk for an average follow up of
26.2 years. There were 330 deaths, representing an additional 198 deaths since the previous
update. The results of the life table analyses are
presented in table 3. Fewer deaths than
expected were found due to all causes and due
to all malignant neoplasms. A significantly
decreased SMR was found for non-malignant
respiratory diseases for zero years latency
(SMR 0.35, 95% CI 0.15 to 0.68) and for 20
years latency (SMR 0.38, 95% CI 0.15 to
0.77). No significantly increased SMR was
found for any of the underlying causes of death
categories analysed. No cases of soft tissue sarcoma were found upon a review of the death
certificates.
The three deaths due to NHL in this cohort
were equivalent to the number of expected
NHL deaths in the United States (SMR 1.00,
95% CI 0.21 to 2.92). All three subjects were
first employed before 1965. However, one was
not identified on the employee rosters used to
create the original cohort. This employee was
employed in the 2,4-D plant for less than 5
months during 1955 in a low exposure job and
died 23 years later. The other two deaths
occurred a relatively short time after first exposure (within 3 and 11 years). Due to their short
time between date of recruitment in a 2,4-D
job and date of death, they were excluded from
the 20 year latency analyses.
The results of the internal analyses are
presented in table 4. There were 40 600 unexposed manufacturing workers in the comparison group with 14 516 deaths and more than

Occup Environ Med: first published as 10.1136/oem.58.1.24 on 1 January 2001. Downloaded from http://oem.bmj.com/ on February 25, 2021 by guest. Protected by copyright.

to calculate the SMRs for NHL and the other
lymphatic and haematopoietic cancers.25
To control for the healthy worker eVect, a
comparative mortality analysis was conducted
with an internal reference population of all
other Dow Chemical employees at Midland.
Person-years at risk and observed deaths were
tabulated for each 2,4-D exposure group, and
comparisons were made against the internal
control group stratifying by age, calendar year,
and pay status (hourly v salaried) with the
Mantel-Haenszel method adapted for cohort
studies.26 A relative risk (RR) was calculated for
each dose concentration relative to the unexposed reference group. Ninety five per cent
confidence intervals were calculated for the RR
point estimates, and trend tests performed with
Mantel’s single degree of freedom ÷2 test.27
Analyses were repeated with a 20 year lagging
period for exposures.28 People with less than 20
years of follow up from the date of recruitment
in a 2,4-D job were counted in the very low
exposure classification. They were not excluded from the analyses as was done with the
latency analyses.
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>20 Years since recruitment

Entire follow up period
Cause of death (ICDA-8)

Obs

All causes (000–E999)
330
Infectious and parasitic diseases (001–139)
5
All malignant neoplasms (140–209)
83
Cancer of digestive organs and peritoneum (150–159)
16
Cancer of respiratory system (160–163)
31
Cancer of prostate (185))
7
Cancer of testis and other genitalia (186–187)
1
Cancer of bladder (188)
1
Cancer of kidney (189)
2
Cancer of brain and other nervous system tissues (191–192)
3
Lymphatic and haematopoietic cancer (200–209)
9
Non-Hodgkin’s lymphoma (200, 202)*
3
Hodgkin’s disease (201)*
1
Leukaemia and aleukaemia (204–207)*
4
Myeloma (203)*
1
Other and ill defined cancer (171, 194–199)
10
Benign neoplasms (210–239)
1
Disease of nervous and sensory organs (320–389)
6
Diseases of circulatory system (390–458)
158
Non-malignant respiratory diseases (460–519)
8
Pneumonia (480–486)
4
Digestive diseases (520–577)
11
Genitourinary diseases (580–629)
4
All external causes (E800–E999)
42
People (n)
1517
Person-years
39799

Exp

SMR

95% CI

Obs

Exp

SMR

95% CI

365.0
4.2
86.9
21.5
32.9
5.2
0.5
2.0
2.2
2.7
8.5
3.0
0.6
3.1
1.2
6.6
1.1
4.2
167.0
23.2
7.2
16.8
4.2
40.3

0.90
1.19
0.95
0.74
0.94
1.34
2.24
0.50
0.90
1.09
1.06
1.00
1.54
1.30
0.80
1.51
0.95
1.42
0.95
0.35
0.56
0.66
0.96
1.04

0.81 to 1.01
0.38 to 2.77
0.76 to 1.18
0.43 to 1.21
0.64 to 1.34
0.54 to 2.77
0.03 to 12.47
0.01 to 2.78
0.10 to 3.25
0.22 to 3.19
0.48 to 2.01
0.21 to 2.92
0.04 to 8.56
0.35 to 3.32
0.02 to 4.46
0.77 to 2.70
0.01 to 5.30
0.52 to 3.09
0.80 to 1.11
0.15 to 0.68
0.15 to 1.43
0.33 to 1.17
0.26 to 2.46
0.75 to 1.41

241
4
66
15
26
5
0
0
2
2
7
1
1
4
1
8
0
5
130
7
3
7
3
11
1005
14356

255.0
2.3
66.9
16.5
26.3
4.7
0.1
1.6
1.7
1.7
5.8
2.8
0.6
2.9
1.2
5.1
0.7
2.9
124.3
18.7
5.4
10.5
2.8
14.5

0.94
1.74
0.99
0.91
0.99
1.07
—
—
1.19
1.17
1.21
0.36
1.70
1.39
0.84
1.57
—
1.72
1.05
0.38
0.55
0.66
1.07
0.76

0.83 to 1.07
0.47 to 4.44
0.76 to 1.26
0.51 to 1.50
0.64 to 1.45
0.35 to 2.50
0.0 to 29.01
0.0 to 2.24
0.13 to 4.30
0.13 to 4.22
0.48 to 2.48
0.01 to 2.00
0.04 to 9.43
0.38 to 3.56
0.02 to 4.69
0.73 to 2.99
0.0 to 5.47
0.56 to 4.02
0.87 to 1.24
0.15 to 0.77
0.11 to 1.62
0.27 to 1.37
0.22 to 3.13
0.38 to 1.36

*United States rates from NIOSH life table analysis program (LTAS).

one million person-years. These analyses have
the advantage of a comparison population
similar to the exposed cohort as well as
separating the RR by dose level. The RR was
slightly higher than the corresponding SMR for
all categories. The overall RRs for deaths due
to all causes and all cancer were 1.10 (95% CI
0.98 to 1.22) and 1.05 (95% CI 0.85 to 1.30),
respectively.
Expected rates for NHL (ICD 200 and 202)
were computed with the internal Dow Chemical population. The resulting pooled RR for
NHL was 2.63 (95% CI 0.85 to 8.33). Two of
the deaths due to NHL occurred in men with
moderate cumulative exposure, suggestive of a
dose response. However, due to the short
period between first exposure and death, all
deaths were classified with very low cumulative
exposure after lagging the exposure by 20
years.
Closer inspection of individual death certificates showed that three of the six deaths from
diseases of nervous and sensory organs were
attributed to amyotrophic lateral sclerosis
(ALS). The RR was significantly increased
when we limited the analyses to deaths due to
ALS (RR 3.45, 95% CI 1.10 to 11.11). Lagged
analyses were similar as all three employees
died more than 20 years after their first
exposure. The cases were employed in the
manufacture or formulation of 2,4-D at diVerent periods (1947–9, 1950–1, and 1968–86),
and for varying durations of time (1.3, 1.8, and
12.5 years).
Discussion
The previous Dow Chemical 2,4-D cohort
studies have been criticised for their small
sample size. Indeed, for rare diseases such as
NHL, it is diYcult to identify any cohort suYciently large to attain a great deal of statistical
power, especially one that would have the
nearly complete follow up of this research. This
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update of the Dow Chemical 2,4-D cohort
provided 8 additional years of follow up data
for the original cohort and nearly 20 000
person-years. The cohort was expanded by
more than 600 employees and 198 additional
deaths were observed. We found no increased
risk of NHL compared with the United States
population. When compared to the other Midland Dow Chemical employees, the relative risk
was increased, but with a wide confidence
interval (95% CI 0.85 to 8.33). We cannot
explain why the expected number of deaths
attributed to NHL is higher in the United
States than in our local comparison population. The three employees who died of NHL
were occupationally exposed to 2,4-D for only
4.1, 4.7, and 31.2 months. None of the workers
held the same type of job, and the last death
due to NHL occurred in 1979. These exposure
characteristics are not indicative of a causal
association of 2,4-D and NHL. This is consistent with the lifetime studies in the mouse, rat,
and dog that have found no oncogenic
response to 2,4-D.29 30
Cancers such as NHL are not uncommonly
found among patients with immunodeficiencies, particularly in patients infected with
human immunodeficiency virus (HIV). Some
have suggested that immunotoxicity may be the
mechanism by which some pesticides may be
carcinogenic.31 32 The supporting evidence is
inconclusive. Immunosuppressive eVects in
mice were found after acute high doses of
n-butylester of 2,4-D, although the authors,
Blakley and Schiefer, concluded that “it is
unlikely that 2,4-D esters will have any major
immunotoxicological significance in agricultural communities.”33 Two other mouse studies
found immunostimulatory eVects and no
eVects.34 35 The reason for the disparate findings of the three studies has not been clarified.
Results of subchronic and chronic toxicology
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Table 3 Observed and expected deaths and risk statistics among male employees allowing for 0 and 20 years of latency using United States white male
mortalities to calculate expected deaths
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Exposure lagged
0y
Cause of death (ICDA-8)
All causes (000–E999)

All cancer (140–209)

All lymphopoietic (200–209)

Non-Hodgkin’s lymphoma (200, 202)

Nervous and sensory organs (320–380)

Amyotrophic lateral sclerosis (348.0)

Non-malignant respiratory disease (460–519)

All digestive system diseases (520–577)

External causes (E800–E999)

20 y

Cumulative
dose

Obs

Exp

RR

Obs

Exp

Very low
Low
Moderate
High
Total
Very low
Low
Moderate
High
Total
Very low
Low
Moderate
High
Total
Very low
Low
Moderate
High
Total
Very low
Low
Moderate
High

90
70
93
77
330
28
12
24
19
83
1
1
3
4
9
1
0
2
0
3
0
2
3
1

82.2
62.3
84.9
72.2
302.2
21.7
16.1
22.3
19.0
79.1
2.4
1.8
2.3
2.0
8.5
0.3
0.2
0.3
0.3
1.1
0.8
0.6
0.9
0.8

1.09
1.12
1.10
1.07
1.10
1.29
0.75
1.08
1.00
1.05
0.42
0.56
1.28
2.05
1.06
3.28
0.00
6.11
0.00
2.63
0.00
3.20
3.52
1.30

151
46
73
60

143.6
38.5
62.9
56.7

1.05
1.20
1.16
1.06

38
9
19
17

34.9
10.7
17.6
15.8

1.09
0.84
1.08
1.08

3
1
1
4

4.3
1.0
1.7
1.5

0.71
0.96
0.60
2.71

3
0
0
0

0.7
0.1
0.2
0.2

4.49
0.00
0.00
0.00

1
1
3
1

1.3
0.4
0.7
0.6

0.75
2.27
4.42
1.55
*

Total
Very low
Low
Moderate

6
0
0
2

3.2
0.2
0.2
0.2

1.92
0.00
0.00
8.04

0
0
2

0.4
0.1
0.2

High

1

0.2

4.54*

1

0.2

0.00
0.00
10.2
0
5.57
*

Total
Very low
Low
Moderate
High

3
3
1
1
3

1.0
5.0
3.9
5.5
5.1

3.45
0.60
0.26
0.18
0.58*

4
0
1
3

7.4
2.9
4.7
4.5

0.55
0.00
0.21
0.66
*

Total
Very low
Low
Moderate
High
Total
Very low
Low
Moderate
High
Total

8
7
1
2
1
11
14
13
9
6
42

19.2
3.1
2.3
3.2
2.7
11.3
9.2
6.6
7.5
5.0
28.3

0.41
2.28
0.43
0.63
0.37
0.98
1.52
1.96
1.21
1.20
1.49

9
0
1
1

5.5
1.4
2.3
2.0

1.64
0.00
0.44
0.49

33
4
3
2

20.9
1.9
2.9
2.3

1.58
2.11
1.04
0.86

RR

95% CI

0.98 to 1.22

0.85 to 1.30

0.55 to 2.08

0.85 to 8.33

0.85 to 4.35

1.10 to 11.11

0.21 to 0.81

0.54 to 1.79

1.10–2.04

Very low=<0.05; low=0.05–0.49; moderate=0.5–4.9; and high=>5.
*p<0.05, test for trend.

studies in the dog have found that 2,4-D is not
immunotoxic.30
Contributing to the debate is a human study
of 10 farmers for which blood samples were
collected before and after application of 2,4-D
and another phenoxy herbicide.36 Based upon
concentrations of lymphocyte subsets—for
example, circulating T helper cells, natural
killer cells, etc—Faustini et al concluded that
the participants experienced immunosuppressive eVects due to exposure to phenoxy
herbicides. No external control group was
investigated. A control group—such as farmers
who were merely cultivating—is important as
exposure to sunlight may37 or may not38 39 be
immunosuppressive.
If 2,4-D were immunosuppressive, not only
an excess of lymphatic and haematopoietic
deaths, but also an excess of infectious and
opportunistic diseases would be expected. In
the current study, we found no significant
excess of deaths due to infectious and parasitic
diseases (SMR 1.19, 95% CI 0.38 to 2.77),
pneumonia (SMR 0.56, 95% CI 0.15 to 1.43),
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or lymphatic and haematopoietic cancer (SMR
1.06, 95% CI 0.48 to 2.01).
A non-significant increased SMR was found
for ill defined cancers. This increase was similarly found in the previous Dow Chemical
studies.21 22 All other and ill defined cancers
had unspecified sites. By definition, these cancers are diYcult to interpret as a group because
the site of origin is unknown.
An unexpected significant excess of deaths
attributed to ALS was found. Increased
mortality from ALS was not an initial hypothesis in this study, as extensive state of the art
animal toxicology studies have shown no
evidence of 2,4-D toxicity to the nervous
system,40 nor have other cohort studies of people with exposure to 2,4-D reported increased
rates of ALS.11 19 The disease ALS is a largely
fatal neurological disease with an unknown
aetiology. A plethora of risk factors from heavy
metals, trauma, and occupation, to physical
activity have been investigated, but only sex
(male) and genetic predisposition seem to be
consistently found.41 42 In the context of 2,4-D,
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Table 4 Mortality summary by cumulative dose of exposure to 2,4-D relative to 40 600 unexposed male workers from the
same manufacturing location, (RR=1.00 for unexposed)

Mortality update in chemical workers potentially exposed to 2,4-D 1945–94

Conclusion
In summary, this study represents an updated
cohort of workers potentially exposed to 2,4-D.
In general, we found no evidence of an
increased risk of death due to all causes or total
malignant neoplasms. No significant risk of
NHL was found. A significantly reduced SMR
was found for non-malignant respiratory diseases. A higher than expected number of cases
of ALS was found. This finding is not consistent with previous human or animal studies and
may be unrelated to exposure to 2,4-D .
All authors were employed by The Dow Chemical Company.
The Dow Chemical Company and Dow AgroSciences funded
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Ken Bodner for their programming expertise.
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exposure to pesticides and agricultural chemicals have shown no significant association in
several studies.43–45 A significant association of
exposure to pesticides was found in a recent
case-control study of ALS.46 However, the
investigators did not find a significant association of exposure to herbicides.
The human health significance of the current
ALS finding is unknown. Whether the significant RR of ALS found is a true or false positive
must be questioned. The molecule 2,4-D does
not bioaccumulate, is rapidly cleared from the
body, and is excreted unchanged within 48
hours. The paucity of confirming animal or
human data on neurotoxicity of 2,4-D and the
lack of any association of herbicides with ALS
suggests that the three cases of ALS in this
cohort are unrelated to exposure to 2,4-D.
Overall this update was limited by the
unavailability of potentially confounding lifestyle factors such as diet and smoking. The
study is also limited by the end point of
mortality. Mortality is greatly influenced by the
stage of disease at diagnosis and the quality of
treatment, which may in turn be influenced by
social factors such as education, access to
health care, and membership to a health insurance plan. Incidence studies, however, are also
problematic because there is not a national
tumour registry system in the United States.
The major limitation of these studies, as noted
by other Dow Chemical investigators, is finding
the residential data for employees that have left
the company.47 48
Conversely, the current study had several
strengths. Follow up of the cohort was nearly
100% complete. We were also able to use an
internal comparison population. National mortalities, although more stable, may introduce
bias because workers must initially be healthy
to gain employment and having access to
health insurance may reduce early mortality.
Another strength of the current cohort is that
potential exposure to 2,4-D has been estimated
from industrial hygiene monitoring data. As
well as objective exposure data, the cohort
members were potentially exposed to 2,4-D on
a daily basis. This contrasts with farmers who
typically only apply the herbicide a few times
each year and then may apply a myriad of other
herbicides, insecticides, and fungicides over
their lifetime. We were also not reliant upon the
memory of the cohort members to estimate
exposure.
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Vancouver style
All manuscripts submitted to Occup Environ
Med should conform to the uniform requirements for manuscripts submitted to biomedical journals (known as the Vancouver style.)
Occup Environ Med, together with many
other international biomedical journals, has
agreed to accept articles prepared in accordance with the Vancouver style. The style
(described in full in the JAMA[1]) is intended
to standardise requirements for authors, and is
the same as in this issue.
References should be numbered consecutively in the order in which they are first mentioned in the text by Arabic numerals on the
line in square brackets on each occasion
the reference is cited (Manson[1] confirmed
other reports[2][3][4][5]). In future references to papers submitted to Occup Environ
Med should include: the names of all
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authors if there are three or less or, if there are
more, the first three followed by et al; the title
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