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Abstract
Objectives—To determine mortality and
cancer incidence relative to exposure to
phenoxy herbicides.
Methods—A cohort of Swedish lumber-
jacks of which 261 were exposed to
phenoxy herbicides, and 250 were unex-
posed, was followed up for mortality from
1954 to 1994, and for cancer incidence
from 1958 to 1992. The number of days of
exposure to phenoxy herbicides was deter-
mined from pay slips. With the county
population as a reference, standardised
mortality ratios and cancer incidence
ratios (SMR and SIR) were calculated.
Results—Mortality and cancer incidence
were low with two exceptions; a small but
highly exposed group of foremen showed
an increased cancer incidence (SIR 274,
95% confidence interval (95% CI) 100 to
596), and over all mortality (SMR 141, 95%
CI 68 to 260). Of three cases of non-
Hodgkin’s lymphoma, two were found
among the most exposed workers.
Conclusions—The results provide some
support to claims of previous studies that
exposure to phenoxy herbicides might be
related to non-Hodgkin’s lymphoma and
to an increased overall cancer risk.
(Occup Environ Med 2000;57:718–720)
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Phenoxy herbicides, 2,4,5-trichlorophen-
oxyacetic acid (2,4,5-T) and 2,4-dichlorophen-
oxyacetic acid (2,4-D), have been used world
wide for weed control in agriculture and
forestry. They have been associated with an
increased overall risk of cancer, and increased
risks of soft tissue sarcoma and non-Hodgkin’s
lymphoma.1 They are often contaminated with
polychlorinated dioxins, which in bioassays
have been shown to be carcinogens.1 In human
carcinogenesis, however, the evidence for an
aetiological role of phenoxy herbicides is
inconsistent and controversial.2

In Sweden, phenoxy acids were used in
forestry from the 1950s until the use of 2,4,5-T
was totally prohibited in 1977. The use of
2,4-D in forestry was banned in 1983, and in
all other sectors in 1990. In some Swedish for-

estry companies, the workers’ use of phenoxy
acids was registered for wage calculations. In
such cases, good exposure estimates can be
made. This mortality and cancer incidence
study of lumberjacks at a Swedish forestry
company, which used phenoxy acids during the
period 1954–1967 has taken advantage of these
good exposure estimates. In a previous study of
this cohort,3 its fate was followed up to 1978.
The cohort has been expanded by the addition
of the exposed female workers, and follow up
time has been prolonged with the aim to deter-
mine mortality and cancer incidence relative to
exposure to phenoxy acids.

Subjects and methods
STUDY POPULATION

The source material consisted of records main-
tained by a Swedish forestry company. The
study population comprised men and women,
who were resident in Sweden and employed by
the company at any time between 1954 and
1967. The number of working hours or days of
the lumberjacks’ diVerent work tasks was noted
on the pay slips. Those registered as exposed to
phenoxy acids for more than 5 working days
were referred to as an exposed subcohort,
whereas those who had been registered as
exposed to pesticides other than phenoxy acids
and DDT were excluded from the study. Those
who were not exposed to any type of pesticides
were referred to as an unexposed subcohort.
There were very few unexposed women, which
is why they were excluded from the study. With
these criteria, the final study population
consisted of 514 people distributed in four
subcohorts: 145 exposed male and 103 ex-
posed female workers, 16 exposed foremen,
and 250 unexposed male workers.

FOLLOW UP

The cohort was followed up for mortality from
1 January 1954, or from the start of employ-
ment, to 31 December 1994 in the National
Register of Causes of Death. New cases of can-
cer were identified from the Swedish Cancer
Register from 1 January 1958 (or from start of
employment if later) until 31 December 1992,
or until death if it occurred before that date.
Death certificates with registered underlying
cause of death were provided by Statistics Swe-
den. The life outcomes of three exposed and
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seven unexposed male workers could not be
traced, and the subsequent analyses were based
on 261 exposed and 243 unexposed lumber-
jacks.

EXPOSURE DATA

The notes on work types on the pay slips were
interpreted with the aid of foremen, workers,
and oYce personnel who had been employed
during the period 1954–67. Phenoxy acids
were used in two ways:

“Pocketing”—a groove was cut in the trunk
of the tree, and the herbicide was poured into
this cut “pocket”.

“Spraying”—a container with the herbicide
was carried on the back. Up to the middle of
the 1960s, it was sprayed with a manual pump
and after that with a motor driven pump.

In pocketing, 3–6 l of concentrated herbicide
were used per person and day, which corre-
sponded to 1–2.5 kg 2,4-D salt and 0.2–0.3 kg
2,4,5-T salt. In spraying, the same total
amount of herbicides was used, but the relation
of 2,4-D and 2,4,5-T was 2:1. No information
on possible contamination with dioxins exists.

Mean exposure time to phenoxy acids was
30 days working with spraying or pocketing
(range 6–114 days) for the exposed workers
and 176 days (range 1–317 days) for the fore-
men. All foremen and most (83%) of the
exposed lumberjacks had also been exposed to
DDT for a few years in the 1960s.

ANALYSIS

Standardised mortality and cancer incidence
ratios (SMR, SIR) were calculated by the
person-year method.4 Expected mortality and
cancer incidence were calculated from the
death and cancer registers, with standardisa-
tion for age (5 year classes), calendar time (5
year classes), sex, and county. For the calcula-
tion, the computer programme OCMAP was
used.5 The 95% confidence intervals (95%
CIs) of SMR and SIR were calculated with an
exact method based on the Poisson
distribution.6

Results
The total number of deaths in the cohort was
below that expected in the region. For all men
taken together, the SMR was 91 (95% CI 79 to
104), and for the women 70 (42 to 110). The
number of deaths from diagnosed tumours was
also lower than expected with SMR 88 (63 to
120) for men and 88 (35 to 181) for women. In
fact, in all the subcohorts, death rates were
below those expected regionally, with the
exception of the foremen. This small (n=16)
group showed an increased total mortality,
SMR 141 (68 to 260) as well as an increased
mortality from tumours, SMR 186 (CI 39 to
545) and from circulatory diseases, SMR 132
(43 to 307).

The cancer incidence was likewise lower
than expected for the cohort as a whole. For all
diagnosed malignant tumours, the SIR for the
total male population was 89 (67 to 116) and
86 (61 to 118) for the women. In the
subcohorts, the total cancer incidence was
lower than expected, again with the exceptionTa
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of the foremen, who had a significantly
increased incidence, SIR 274 (100 to 596,
table). Of the specific cancers, the finding of
three cases of non-Hodgkin’s lymphoma, two
in the exposed and one in the unexposed sub-
cohorts is noteworthy (table).

Mortality and cancer incidence were also
calculated relative to total number of days in
work with phenoxy acids as an indicator of
cumulative exposure. For this, two levels were
used; less than 26 days (below median
exposure) and 26 or more days (above median
exposure) in work with phenoxy acids. These
calculations did not show anything but random
patterns. However, both exposed cases of non-
Hodgkin’s lymphoma were encountered in the
highest level of cumulative exposure to phe-
noxy herbicides, SIR 235 (29 to 850) where the
expected number of cases was 0.85. They had
been exposed for 114 and 45 days, respectively.
The third case was found in the unexposed
subcohort, where the expected number of cases
was 1.23.

Discussion
Many studies on the role of pesticides in the
aetiology of human cancer have been
published.1 2 However, despite evidence from
laboratory studies supporting a cancerogenic
role for many pesticides, the evidence from
epidemiological studies is weak.7 A consistent
increased incidence of all cancer in general has
not been found. For individual or classes of
pesticides linked to specific cancers, associa-
tions between exposure to phenoxy acids and
non-Hodgkin’s lymphoma and soft tissue
sarcoma have been shown, even though the
risks do not seem to be particularly
increased.1 8 9 Also, it seems as though they are
mainly related to dioxin contamination.1

In the present study, a low total mortality
and cancer incidence was the most conspicu-
ous finding, which might depend on the selec-
tion of strong and healthy people to the
demanding job of a lumberjack. Studies on the
health eVects of pesticides generally have two
limitations: small study populations and impre-
cise exposure estimates.9 The cohort of this
report is small. However, its exposure was rela-
tively well described for number of exposed

days, and the follow up of the people in the
cohort was nearly complete (98%). Also, as the
national cancer register is of high quality,10 it
does not seem likely that the absence of
increased risks in the studied cohort and
subcohorts would be due to defects in the
study design or execution.

From the general pattern of decreased risks
in the study results, there were, however, two
important exceptions.

The first is the very small group of foremen,
who had a significantly increased cancer
incidence (table), and an increased overall
mortality. This subcohort was substantially
more exposed to phenoxy acids than all others,
and had also been exposed to DDT for a few
years.

The second consists of the two cases of non-
Hodgkin’s lymphoma (table) among the highly
exposed male and female lumberjacks (SIR
235).

In view of earlier findings of an increased
overall risk of cancer as well as of non-
Hodgkin’s lymphoma among lumberjacks,1 7–9

these study results are worth bearing in mind.
However, the associations are based on small
numbers, and it is impossible to draw any con-
clusions on the aetiological connection be-
tween malignant disease and phenoxy acids.
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