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ABSTRACT The risk of malignant lymphoma after possible exposure to phenoxy acid herbicides was
studied in 354 620 Swedish men who, according to a national census in 1960, were employed in
agriculture or forestry. The cohort was divided into subcohorts according to assumed exposure and
compared with 1 725 645 Swedish men having other economic activities. All were followed up in the
Cancer-Environment Register between 1961 and 1979. Non-Hodgkin lymphoma was found in 861
men in the study cohort. The relative risk was not significantly increased in any subcohort, did not
differ significantly between the subcohorts, and showed no time related increase in the total cohort
or any subcohort. Hodgkin's disease was found in 355 men in the study cohort. Relative risks
significantly higher than unity were found among fur farming and silviculture workers where the
relative risks were 4-45 and 2 26, respectively. All five cases in the former group were engaged in
mink farming. A time related rising trend in relative risk was found in the silviculture subcohort.
Elsewhere the relative risk did not diverge from unity and no time related trend was discernible.

Exposure to phenoxy acid herbicides or chloro-
phenols have been associated with a subsequent
increased risk of Hodgkin's disease (HD) or of non-
Hodgkin lymphoma (NHL), or both.15 The
increased risk has been found in, for example, Viet-
nam veterans exposed to Agent Orange and workers
in a British plant making pentachlorophenols. In a
recent study Hoar et al found farm herbicide use to be
associated with NHL but not with HD.5 They also
found a sixfold increased risk ofNHL in men exposed
to herbicides for more than 20 days a year. According
to Hardell "The mechanism of the relationship is
unclear, though a conceivable mode of action may be
immunological depression, which is described for
dioxins, especially TCDD, or mutagenic effects by
phenoxy acids, which were demonstrated in some test
systems (Seiler)."' Several other studies, however,
have failed to observe any such relation.6 -10 An
excess of total cancer mortality has been observed in
some groups of workers exposed to phenoxy
acid "14 but not in other groups." -23

Most occupational handling of phenoxy acid herbi-
cides in Sweden occurs in agriculture or forestry. A
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study of cancer morbidity among Swedish agricul-
tural workers in 1961-73, based on the Swedish
cancer-environment register (CER), found no
increased risk of malignant lymphoma.24 The CER
has since then been supplemented with malignant
tumours notified between 1974 and 1979 and now
comprises all cases of cancer diagnosed in Sweden in
1961-79. This allows the study of large cohorts over
long periods, which in turn provides opportunities for
the analysis of time trends.
The aim of the present study was to analyse the

time related trend in the risk of malignant lymphoma
not only in Swedish agricultural but also in horticul-
tural and forestry workers due to the greatly
increased use of phenoxy acids over the past
decades.25

Material and methods

The studied cohort consisted of 354 620 Swedish men
born between 1891 and 1940 who stated that they
were employed in agriculture or forestry in a nation
wide population and housing census in 1960 (PH 60).
To obtain groups with presumably more homoge-
neous exposure to phenoxy acids, the cohort was
divided into six subcohorts. The reference cohort
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comprised 1 725 845 Swedish men of the same age and
employed in other economic activities than agricul-
ture or forestry according to PH 60. Table I shows the
number of men and person-years of follow up.
The cohorts were defined by economic activity

(industry) instead of by occupation, since a previous
study26 had shown that the coding of economic activ-
ity was better than that of occupation in PH 60.
The assumed exposure to chemical herbicides in the

various subcohorts was based on figures for estimated
sales of phenoxy acids25 and estimated use of
different herbicides in agriculture, forestry, and horti-
culture (D Johansson, personal communication). The
assumptions are therefore only rough estimates of
true exposure. No information on active or passive
individual exposure was available. In a postal survey
concerning the use of pesticides in the studied cohort
during the 1950s, 1960s, and 1970s, however, at least
25% stated that they had used phenoxy acid herbi-
cides one day or more during that period. The use of
protective equipment has been very sporadic, particu-
larly during the 1950s and the 1960s (J Dich, personal
communication).
The phenoxy acid compound predominantly used

in Swedish agriculture is 4-chloro-2-methyl-
phenoxyacetic acid (MCPA). The two compounds
2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and some
of their esters have also been used, although to a
lesser extent than MCPA.24 In Swedish forestry the
herbicide mainly used since the early 1950s is 2,4,5-T,
but 2,4-D has also been used.
The six subcohorts and their presumed exposure to

phenoxy acid or other herbicides were as follows.
I Land/animal husbandry-This group comprised

owners and tenant farmers and also men who stated
that they had farming occupations even with indus-
trial employers. The subcohort was assumed to have
been exposed mainly to MCPA and to some extent
also to 2,4-D or 2,4,5-T, or both.

2 Horticulture-All men who stated that they
worked in market gardens were included in this group
but not those who tended parks or cemeteries. The

Table I Number ofmen and person-years offollow up in
agricultural andforestry workers and in the reference cohort

Men in Person-vears
census of fillow up
(1960) (1961-79)

Agriculture/forestry (total): 354 620 6070 769
Land/animal husbandry 254417 4330717
Horticulture I1 626 199 281
Other agricultural occupations 14 126 243 781
Silviculture 7 215 126 624
Timber cutting 61 153 1 066316
Other forestry occupations 6083 104050

Reference cohort 1 725845 30 131 674
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subcohort was assumed to have been exposed to other
herbicides than phenoxy acids.

3 Other agricultural occupations-Reindeer
husbandry, fur farming, or miscellaneous
occupations in farm or horticultural work and care of
animals other than livestock constituted this group.
The men's exposure to herbicides was assumed to
have been heterogeneous.

4 Silviculture-These men reported that they were
engaged in planting, thinning, or other duties in the
care and maintenance of forests. They had pre-
sumably been exposed to 2,4,5-T and to some extent
also to 2,4-D.

5 Timber cutting-Felling and trimming of trees
and transportation of timber were the occupations in
this group. The men were considered to have been
passively exposed to 2,4,5-T and 2,4-D in connection
with their work.

6 Other forestry occupations-Rafting of timber,
timber scaling, hunting, game keeping, or other,
imprecisely defined forestry work were all assigned to
this group. The exposure to phenoxy acid or other
herbicides, or both, was assumed to be hetero-
geneous.
Phenoxy acids contain the contaminants poly-

chlorinated dibenzo-para-dioxins (PCDDs). Only
2,4,5-T, among the phenoxy acids, is considered to be
contaminated with 2,3,7,8-tetrachloro-dibenzopara-
dioxin (TCDD), which is the most toxic dioxin
isomer. Other phenoxy acids are contaminated with
dioxins that are less toxic than TCDD. The forestry
subcohorts 4-6 were therefore assumed to have been
more exposed to TCDD than the agricultural sub-
cohorts 1-3.

Although the purpose of division into subcohorts
was to obtain groups with relatively homogenous her-
bicide exposure, a relevant point is that in Sweden
many agricultural workers periodically do forestry
work and vice versa. Thus even within the subcohorts
there was heterogeneity in such exposure. The men of
the study cohort, however, may be assumed to have
been exposed to phenoxy acids to a greater extent
than men whose contact with these substances was
limited to leisure time.
FOLLOW UP OF THE COHORTS
All cases of malignant lymphoma were identified in
the CER. The tumors included were HD and NHL
according to international classification of diseases,
7th revision."
CER was established by a computerised record

linkage between the nationwide cancer register and
PH 60; it contains all cancer register data of primary
tumours notified between 1961 and 1979. These data
include the unique personal identity number given to
all residents in Sweden (which includes date of birth),
site and histological type of tumour, basis for and
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date of diagnosis, and date of death and underlying
and contributory causes of death. These data derive
from the obligatory notifications of cases of cancer by
clinicians and pathologists and from death
certificates. The data supplied by PH 60 to the CER
concerned occupation, economic activity (industry),
and domicile in 1960. The constitution and
deficiencies of CER have been discussed elsewhere.28
The numbers of person-years of observation in the

total study cohort, the subcohorts, and the reference
group were calculated from I January 1961 until 31
December 1979 or until death before the closing date.
Each fatal case was calculated to have contributed
half a person-year for the year of death.

Relative risk estimates (RR) (Mantel-Haenszel
incidence density ratio) were calculated for the
cohorts versus the reference group, with adjustment
of potential confounding variables by stratification.29
Stratification variables were year of birth in five year
classes and domicile in 1960 (county or the cities of
Stockholm, Gothenburg, and Malmo). The cases of
malignant lymphoma were grouped in three periods
according to year of diagnosis: 1961-6, 1967-73, and
1974-9.
Age standardised incidence of malignant lym-

phoma per 100000 of the total Swedish male popu-
lation between 1961 and 1979 was obtained from the
Swedish Cancer Registry. These data together with
RR and numbers of cases in the respective cohorts
were used to estimate the age standardised incidence
per 100000 in the study and the reference cohorts in
the three periods studied.
The size of the subcohorts varied widely and the

standard errors and the confidence intervals (CI) for
RR were therefore calculated according to different
principles. Standard errors and CI were calculated
according to Breslow30 for the total study cohort
(agriculture and forestry) and the largest subcohort
(land/animal husbandry). The confidence limits for
RR in the other subcohorts were calculated with a
Poisson distribution table. These subcohorts were
considerably smaller than the reference group, in
which the standard error was regarded as negligible.

Trends in RR for the three periods of study were

tested according to Breslow and Day.3" The hypo-
thesis of homogeneity in RR against heterogeneity
between subcohorts was tested according to Breslow
and Day.3

Results

Between 1961 and 1979 a total of 1216 malignant
lymphoma was reported in the study cohort and 4929
in the reference cohort. The number of cases ofNHL
in the study cohort was 861 versus 3500 in the refer-
ence cohort. No RR in the subcohorts differed
significantly from unity (table 2). Moreover, the sub-
groups did not differ significantly as regards RR, and
tests of trend showed no time related change in RR in
any subcohort (table 2). The age standardised inci-
dence of NHL increased both in the total study
cohort and in the reference cohort.
The total number of cases of HD in the study

cohort was 355 and 1429 in the reference cohort. RR
significantly greater than unity was found in the sub-
cohorts other agricultural occupations and sil-
viculture (table 3). A statistically significant increase
in RR with time was also found in these subcohorts
(table 3). In the other subcohorts RR did not differ
significantly from unity and no time related trend was
detectable (table 3). The age standardised incidence of
HD was about the same in periods I and 3 in the
study cohort, whereas in the reference cohort a
decrease over time was discernible.
The subcohort other agricultural occupations was

miscellaneous and was therefore divided at the lowest
classification level-that is, according to the three
digit code for economic activity used in PH 60. The
result of this analysis is summarised in table 4. Only in
fur farming was the RR found to be statistically
higher than unity.
The hospital records, PH 60 forms, and records

from population registers of the people in the sub-
cohorts with tendency to excess risk for HD were
reviewed-namely, the 15 silviculture workers (table
3), the five men engaged in fur farming, the four men
in animal care other than stock husbandry, and the 12
men in other relevant occupations (table 4). The aim

Table 2 Observed number ofcases ofnon-Hodgkin lymphoma in 1961-79, relative risks and 95% confidence intervalsfor the
total period, and relative risksfor the three periods

Observed No of Relative risk with 95% confidence
cases interval Relative risk 1961-6, 1967-73, 1974-9

Land/animal husbandry 670 097 (089, 1-06) 1 06 096 095
Horticulture 22 0 71 (045, 108) 049 094 063
Other agricultural occupations 37 1-11 (078, 1-52) 066 1 61 090
Silviculture 10 066 (032, 1-22) 0-75 0-73 0-57
Timber cutting Ill 0-87 (0-72, 1-05) 0-74 0 85 0-93
Other forestry occupations I 1 0 81 (0 40, 1-46) 0-93 0-56 0 99
Total study cohort 861
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Table 3 Observed number ofcases ofHodgkin's disease in 1961-79, relative risks and 95% confidence intervals for the total
period, and relative risksfor the three periods

Observed No of Relative risk with 95% confidence
cases interval Relative risk 1961-6, 1967-73, 1974-9

Land/animal husbandry 242 1-02 (0-88, 1-18) 0-92 0-99 1 17
Horticulture 10 099 (0-48, 1 82) 0-87 1-04 1-07
Other agricultural occupations 22 1-74 (1-08, 26b1) 1-25 0 80 3-53*
Silviculture 15 2-26 (125, 3 69) 0 52 2 25 3-85t
Timber cutting 61 105 (0.80, 1-35) 097 1 27 0-84
Other forestry occupations 5 0 81 (0 26, 1 90)4
Total study cohort 355

*Test of trend X2(1) = 5 23.
tTest of trend X2(1) = 4 97.
$Number of cases in the subcohort was too small to permit division into different periods.

was to seek clues to the cause of the disease.
The reviews of the 15 cases from the silviculture

subcohort showed that eight had had posts in man-
agement or administration. All five fur farming work-
ers were found to have worked with minks. One had
also worked with fox breeding and one had been a
railtrack worker. All four workers with other animal
care had been engaged in poultry farming. The 12
cases in other relevant occupations had miscellaneous
occupations such as cemetery worker, gardener in the
parks of the town, landscape gardener, or bee-keeper.

Discussion

In another study from Sweden Hardell et al reported
that exposure to phenoxy acids or chlorophenols
may be a causal factor in malignant lymphoma.'
The occupational groups in Sweden with greatest
exposure, both active and passive, to phenoxy acids
are agricultural and forestry workers. In the present
study, covering the period 1961-79, no increased risk
ofNHL could be found in such workers. Nor was any
time related trend in RR for NHL found, although
use of phenoxy acids has increased since the late
1940s.
A statistically significant increased relative risk of

HD was found among men engaged in silviculture
and there was also an increasing time related trend in

Table 4 Observed number of cases of Hodgkin s disease in
1961-79, relative risks, and 95% confidence intervals for the
total period in subgroups of "other agricultural occupations"

Observed Relative risk
No of with 95%
catses con utidence interv1al

Reindeer husbandry 0
Fur farming 5 4 45 (1 41, 1015)
Other animal care

(not livestock) 4 2 92 (0 79, 7 41)
Veterinary work I
Other relevant occupations 12 41 (0-72, 2-46)
Other agriculture 22 1 74 (1 08. 2 61)

RR. Most of the men with HD in the silviculture
cohort were in administrative positions. Some of
them presumably had worked for many years in for-
estry, with corresponding exposure to phenoxy acids,
whereas others may have come more or less direct
from university and therefore had less exposure. In
fur farming phenoxy acids presumably were not
occupationally used and therefore the exposure
probably was less than in other subcohorts in the
study. Two of the fur farming men lived close
together in the same village.
Our study differs structurally from the earlier

Swedish investigation,' which was a case-control
study. A case-control study relies heavily on recall of
distant events, with information sometimes provided
by relatives of dead subjects and therefore some risk
of uncertainty in the assessment of results. Our study
was based on cohorts with presumed occupational
exposure to phenoxy acids. One advantage of using
CER and PH 60 was that data could be obtained con-
cerning large numbers of people over long periods. A
major disadvantage, as in many other register based
studies, was the lack of individual data on
occupational exposure. We have information only on
the proportion of the workers in the studied cohort
who have been exposed to phenoxy acids. The
differences between the Hardell study and register
based follow up studies have been discussed in a study
on the risk of soft tissue sarcoma in the present
cohorts.32

The possible loss of sensitivity in the present study
due to definition of the cohorts on the employment
status in a single year may be regarded as small. Of all
the men aged 25-64 and employed in agriculture,
forestry, or fishing in 1960, only 13% were not in
corresponding occupations in 1950.33 Of the men
employed in other economic activities in 1960, 8%
had been employed in agriculture or forestry in
l95O.33
One explanation tor the absence of increased risk

of malignant lymphoma, particularly NHL, in the
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studied agricultural and forestry workers could have
been underdiagnosis. Agricultural workers are known
to use the health services less than do other
occupational groups.34 Some types of tumour con-
sequently will be less likely to be detected and notified
to the cancer register. Moreover, Swedish agricultural
workers were shown to have a decreased risk of can-
cer in general.24 Factors that may contribute to this
decreased risk include lower consumption of tobacco
and alcohol, a different diet, good general health, and
more than average physical activity. The importance
of such factors for the development of malignant lym-
phoma is not clear. To reduce healthy worker effect,
the study cohort was compared with all men gainfully
employed in economic activities other than agricul-
ture or forestry rather than with the total male adult
population.
The diagnostic criteria for various tumours are

constantly being revised. One result may be that for
certain tumours appreciable time related differences
in incidence may seem to arise. Concerning malignant
lymphoma, some cases formerly registered as HD
may now be classified as NHL. The age standardised
incidence of NHL showed a time related increase
both in the study cohort and in the reference cohort.
HD, by contrast, showed a decreasing incidence in the
reference cohort, concomitant with no change in the
study cohort. A time lag in the diagnostic revision in
rural hospitals might explain the rising trend shown
by HD in the study cohort.

In Vietnam veterans claiming exposure to Agent
Orange the incidence of malignant lymphoma was
found to be higher than the average among American
men.2 Support for the earlier Swedish findings1 has
also been provided by a British study of workers in a
plant making pentachlorophenol, with two cases of
NHL of the scalp, whereas the expected figure was
0 28.3 A review of five patients with NHL of the skin
in Sweden showed that four of them had been
exposed to phenoxy acids.4 A case-control study in
Kansas showed an excess risk for NHL that increased
significantly with number of days of herbicide
exposure a year and latency.5 A cohort study in
Denmark of employees at a plant manufacturing
phenoxy herbicides showed a non-significant excess
risk of malignant lymphoma (7 observed cases, 5 37
expected) after exposure to phenoxy herbicides.6

Excess incidence of HD has been found in wood-
workers who could have been exposed to penta-
cholorophenol.35-3 Risk of HD or NHL, or both,
was found to be increased also in farmers.40-42 In a
study of myeloproliferative and lymphoproliferative
disorders in Tasmania during 1972-80 the RR for
NHL among farmers and farm labourers was 1 80
(p < 0 05). For HD the RR was 2-33, but the excess
was not statistically significant.40 In a study on farm-

ing and mortality in California 1959-61 the SMR was
109 for HD and 0 76 for NHL among farm resi-
dents.41 In a case-control study ofNHL in Wisconsin
in 1968-76 the odds ratio for farming occupations
was 1-22 .42 The association with such work was
greater among decedents younger than 65. Analyses
of death certificates for white male Iowans in 1964-78
resulted in an odds ratio of 1 26 for NHL among
farmers.43 A study in New Zealand found that agri-
cultural workers had an increased risk of NHL.44

Handling of domestic animals, especially rabbits,
has been proposed as an aetiological factor in HD,4s
as were p5oultry viruses, though with little support
from human studies.46 Veterinarians have been
shown to be at increased risk of HD, and also of leu-
kaemia, NHL, and myeloma.47 The finding in our
study of an association between HD and fur farming
and poultry breeders, respectively, will be investigated
in an extended study.
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