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A previously published case-control study of agricultural
risk factors involved male cases of non-Hodgkin’s lymphoma
registered under code 202 of the International Classification
of Diseases (ICD). This study has been expanded with the
inclusion of cases registered under ICD code 200, and addi-
tional controls. The expanded study comprises 100 ICD 200
cases and 83 ICD 202 cases registered during the period 1977-
81, together with 338 controls selected from other cancer
registrationsduring the same period. The largest relative risk
for specific farming types was for orchard workers (odds ra-
tio=37, 90% confidence limits 1.1-12.1). No elevated risks
were observed for exposureto farm animals, nor for potential
exposure to phenoxy herbicides (odds ratio= 10. 90% confi-
dence limits 0.7-1.5), or chlorophenols (odds ratio= 14, 90%
confidence limits 0.8-2.3). The previous finding of an excess
risk associated with fencing work was weakly supported by
the expanded study (odds ratio= 1.4, 90% confidence limits
1.0-2.0). However, the previous finding of an excess risk asso-
ciated with meat works employment was more strongly sup
ported (odds ratio = 1.8, 90% confidence limits 1.2-2.6). One
relevant risk factor is 2,4,6-TCP which is used in the treat-
ment of pelts, but the excess risks do not appear to be con-
fined to pelt department workers. An alternative hypothesis
isthat meat workers may be exposed to oncogenic viruses.

A previous analysis of the occupations of male malignant
lymphoma patients recorded by the New Zealand Cancer Reg-
istry during the period 1977-8, compared with other cancer
controls, found that agricultural workers were at increased
risk of developing malignant lymphoma (Pearce et al., 1985).
Similar excesses have been found in studies in other countries
(Blair ez al., 1985; Buesching and Wollstadt, 1984; Burmeis-
ter, 1981; Burmeister et al., 1983; Cantor, 1982; Goldsmith
and Guidotti, 1977), including a Swedish study which found
an association between malignant lymphoma and exposure to
phenoxy herbicides or chlorophenols (Hardell et al., 1981),
both of which have been widely used in New Zealand since
the late 1940’s (Smith et al., 1983).

The New Zealand non-Hodgkin's lymphoma excess oc-
curred almost entirely among relatively young patients regis-
tered under code 202 (non-Hodgkin’s lymphoma other than
lymphosarcoma and reticulosarcoma) of the International
Classification of Diseases (ICD) (WHO, 1967, 1977). Accord-
ingly, interviews were conducted with patients from this
subgroup and their matched controls with other cancers. The
Interview findings (Pearce et al., 1986a) for exposure to phe-
noxy herbicides or chlorophenols were largely negative. How-
ver, the interview data suggested that the overall excess risk
Or farmers was attributable to excesses among farmers who
had carried out fencing work or been employed in a meat
works, with particularly high risks for those who had carried
out both activities. As more resources became available it was
dec_lded also to interview the non-Hodgkin’s lymphoma cases
Tegistered under ICD code 200 in order to provide a more
Complete comparison with findings from other studies. This
Teport thus extends the previously published study in several
Ways. First, interview findings for the risk factors previously
®xamined are presented for the additional group of cases reg-

istered under ICD 200. Second, the data for the previously
interviewed ICD 202 cases are re-analysed with additional
controls. Finally, for both case groups, data on additional risk
factors are also presented, including: type of farming; contact
with farm animals; and history of various medical conditions
and allergies.

METHODS

The expanded target case population (Pearce et al., 1985)
comprised male public hospital patients who were registered
under 1CD codes 200 and 202 during the period 1977-81and
who were under 70 years of age at time of registration. ICD
code 200 comprises lymphosarcoma and reticulosarcoma. The
cases registered under ICD code 202 had been interviewed
previously, and this group comprised all other non-Hodgkin’s
lymphomas, primarily nodular lymphoma and unspecified non-
Hodgkin’s lymphoma.

Table | shows the number of exclusions, the target popula-
tion, and the response rates. Relevant laboratory reports of
cases coded as non-Hodgkin’s lymphoma were examined by
one pathologist and 10 cases without a documented tissue
diagnosis of non-Hodgkin’s lymphoma were excluded. Rea-
sons for other exclusions of cases or controls included: private
hospital patients who had been wrongly coded at the Cancer
Registry; duplication at the Cancer Registry; wrongly coded
age; and persons who had come to New Zealand solely for
medical treatment.

For each of the cases, 4 male cancer patients who had the
same year of registration and were born within 2 years of
patients’ date of birth had previously been chosen as controls
for the study on the basis of Cancer Registry information on
occupation (Pearce et al., 1985). For the cases registered
under ICD code 202, 2 of the 4 control patients were selected
at random for interview, and the same exclusion criteria were
applied as had been used for the cases. The interviews were
conducted concurrently with those of the other cancer controls
for a case-control study of multiple myeloma and farming
(Pearce et al., 1986b), yielding a series of 315 interviews from
a group of 389 eligible controls. The additional cases regis-
tered under ICD code 200 were interviewed towards the end
of the time period during which the series of 315 controls was
interviewed. An additional group of 30 controls was included
in order to keep the interviewer “blind”, and interviews were
conducted with 23 of these. The expanded non-Hodgkin’s
lymphoma case-control study thus comprised interviews with
100 cases registered under ICD code 200, 83 cases registered
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TABLE | - TARGET SAMPLE, ACHIEVED SAMPLE,
AND REASONS NOT INTERVIEWED

ICD 200 ICD 202 Cancer
cases cases controls

Initially identified in 136 106 446

cancer registry

1977-81

Ineligible:
Histology 4 6 -
Other reason 1 6 27

Target sample 121 94 419
Hospital could not 5 1 9

identify or had no

information
Medical advice not 3 2 15

to contact
Refusal 2 0 14
Unable to contact 11 8 43
Achieved sample 100 83 338
Achieved sample as 83 88 8l

percentage of

target sample (%)

TABLEII - DISTRIBUTION OF HISTOLOGICALTYPES OF NON-HODGKIN’S
LYMPHOMA CASES

Number of
Cell type u‘l;nasgsr 0
NoLduIar r$42)_
ymphocytic (28)
Well differentiated 6
Poorly differentiated 22
Mixed = 9
Histiocytic 4
Unclassified 1
Dllf_fuse Ll 15)
ocytic (44
ng" di ere(ntigted 12
Poorly differentiated 32
Mixed 12
Histiocytic 54
Unclassified o 5
Leukaemic reticuloendotheliosis 3
Mycosis fungoides 2
Unclassified 21
Total 183

under ICD code 202, and 338 controls. The entire control
group was used in all analyses to provide greater precision for
the estimates of control exposure.

Interviews were conducted by telephone with those patients
considered to be well enough, or with the patients’ next-of-
kin. All interviews were conducted by one interviewer who
was not aware of whether the patient had a non-Hodgkin’s
lymphoma or was a cancer control. The questionnaire was
similar to that used in previously published case-control stud-
ies (Pearce et al., 1986a,b; Smith et al., 1984). As before,
stem questions were used to identify whether or not study
subjects had carried out activities, or worked in particular
occupations, which entailed a potential exposure to phenoxy
herbicides or chlorophenols. If the response to a stem question
was affirmative, then a series of subsidiary questions were
asked to clarify the work done and the actual potential for
exposure, firstly in general terms, and then in specific terms,
seeking the identity of the chemicals used. Additional ques-
tions were also asked concerning involvement in various types
of farming, contact with various farm animals, and history of
various medical conditions and allergies. The medical condi-

tions selected for questioning were those which had beep
associated with tumors of the lymphatic and haemopoietic
system in previous epidemiologic studies or case-series re-
ports, and which were expected to have sufficiently high inei-
dence in the control population.

The Statistical Analysis System logist procedure (Harrell,
1983) was used to perform an unconditional maximum likel;-
hood logistic regression analysis, adjusting for decade of birth
and whether the subject or the next-of-kin was interviewed.

RESULTS

Most cases of non-Hodgkin’s lymphoma had been reported
using Rappaport’s classification (1966), and the others were
reclassified according to this classification by one pathologist
when sufficient detail was obtained from the histology reports,
The remainder were included in unclassified categories (Table
1I). Unfortunately, appropriate information was not available
to permit the use of other classifications. The case group
included 3 cases of leukaemic reticuloendotheliosis, and 2
cases of Mycosis fungoides, which are not non-Hodgkin’s
lymphomas despite being registered under 1ICD code 202.
However, excluding this small number of cases made no dif-
ference to the findings, and they were included in all analyses
presented here in order to provide greater comparability with
other studies based on the ICD classification.

Table 111 gives the findings for various occupations and
activities potentially associated with exposure to phenoxy her-
bicides, and Table IV gives the specific findings relating to
exposure. The proportions of cases and controls who had
worked in the various occupations were very similar. Elevated
odds ratios were observed in the ICD 200 case group for
persons carrying out spraying for the Ministry of Works, or as
forestry or railway workers, but each of these estimates was
based on a single exposed case. None of the odds ratios
relating to specific phenoxy herbicide exposure were elevated.

Table V gives the findings for various occupations and
activities potentially associated with exposure to chlorophe-
nols. The elevated odds ratios for meat works employment
and fencing work in the ICD 202 case group were supported
by the findings for the ICD 200 case-group, although the
fencing work association was relatively weak. The findings
for meat workers and fencers did not show any clear associa-
tion with specific subtypes of non-Hodgkin’s lymphoma, al-
though this may be due to the small numbers involved in the
comparisons (Table 11),or because only the Rappaport classi-
fication was used.

Table VI reports the specific findings relating to chloro-
phenol exposure. The odds ratios for potential chlorophenol
exposure were elevated, but this was largely due to the find-
ings for meat workers which included workers potentially
exposed to chlorophenols in pelt departments. The odds ratios
for all non-Hodgkin’s lymphoma for the 3 categories of chlo-
rophenol exposure were 1.2, 1.1, and 1.0, respectively, when
meat workers were excluded from the analysis.

Our initial analysis (Pearce et al/., 1986a) suggested that
there was a statistical interaction between the effects of fencing
work and meat works employment, and this is further investi-
gated in Table VII. In both studies, the odds ratio for exposure
to both factors was greater than the product of the odds ratios
for exposure to each factor alone.

The findings for various types of farming work are pre-
sented in Table VIII, and those for exposure to various farm
animals in Table IX. There are few New Zealand farms solely
involving cattle, but there are a number of “mixed/dry stock”
farms with both sheep and cattle. Cropping farms primarily
involve market gardens which grow vegetables and fruit for
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TABLE 11 - ODDS RATIO ESTIMATEPSOEI_OR

NON-HODGKIN'S LYMPHOMA AND FARMING

NON-HODGKIN'SLYMPHOMA FOR OCCUP.
ENTIAL EXPOSURE TO PHENOXY HERBICIDES

A\TIONS AND ACTIVITIES INVOLVING

1CD 200 ICD 202 All NHL
Exposure 90% X 0% 90%
’ T G ope Rme M ol fme Bme o o
Farming 41 0.9 0.6-1.3 40 12 0.8-1.8 81 143 10 0.8-14
Used any agricultural 14 0.7 04-13 19 14 08-23 33 55 10 0.7-15
chemical spray
Sprayed gorse, 11 0.7 04-14 14 12 0.7-22 25 43 0.9 0.6-15
blackberry, pasture,
cereal or peas
Forestry worker 8 0.8 04-15 7 0.9 0.4-1.9 15 30 0.8 0.5-14
Sprayed chemicals 1 2.0 0.2-215 0 — — 1 1 11 0.1-117
Railway worker 8 0.6 0.3-1.2 12 12 07-22 20 40 0.9 05-14
Sprayed chemicals 1 32 03-37.8 0 — — 1 1 14  01-15.0
Ministry of works 9 1.2  06-23 6 0.9 0.4-19 15 27 10 0.6-1.8
Sprayed chemicals 1 6.1 0.6-65.8 0 — — 1 1 2.1 0.2-21.6
Town council worker 9 0.7 04-1.3 9 0.8 0.4-16 18 4 0.7 05-1.2
Sprayed chemicals 2 05 0.1-20 1 04 0.1-24 3 10 0.5 0.2-15
Chemical sprayer 1 15 0.2-11.8 1 16 02-122 2 1 1.7 03-77
Aerial spray work 0 — - 1 14 02-113 1 2 06 01458
Ever sprayed an 55 11 08-17 51 14  09-21 106 170 12 09-17
agricultural chemical
‘Stratified for decade of birth and whether the subject or a relative was interviewed.
TABLE N - ODDS RATIO ESTIMATES FOR NON-HODGKIN'S LYMPHOMA FOR VARIOUS CATEGORIES OF EXPOSURE TO PHENOXY HERBICIDES'
1CD 200 ICD 202 All NHL
Exposure Exposed  Odds 0% Exposed  Odds 90% Ex Exposed  Odds 90%
c&s ratio cor?ifrlrc]ii(g]ce cs:es ratio Con&cij{esnce cﬁs:d corl:)rols ratio COHI:]?tesnce
Ever potentially 23 0.9 0.6-15 21 11 0.7-18 4 72 1.0 0.7-15
exposed before
cancer registration
Potential exposure of 15 0.8 0.4-1.3 17 12 0.7-2.0 32 56 0.9 0.6-14
more than 1 day at
least 5 years before
cancer registration
Probable or definite 13 0.7 0.4-13 16 12 0.7-2.1 29 50 1.0 0.6-15
exposure of more
than 1day at least
5 years before
cancer registration
Probable or definite 9 0.6 0.3-1.2 14 13 0.7-2.2 23 41 0.9 0.6-1.5
exposure of at least
5 days more than 10
years before cancer
registration
‘Stratified for decade of birth and whether the subject or a relative was interviewed.
TABLEV - ODDS RATIO ESTIMATES FOR NON-HODGKIN'S LYMPHOMA FOR OCCUPATIONS AND ACTIVITIES INVOLVING POTENTIAL
EXPOSURE TO CHLOROPHENOLS'
ICD 200 ICD 202 All NHL
Exposure sed 90% s 9% X| Odds 0%
Eows! QM comere  Ego O condene Bl Boowd Ol contdanc
Fencing work A 1.3 0.8-1.9 A 16 11-25 68 93 14 1.0-2.0
Treated own posts 1 0.3 0.1-1.8 1 0.4 0.1-2.6 2 8 0.3 0.1-13
Saw mill or timber 14 1.0 0.6-1.7 10 0.9 05-16 24 45 0.9 0.6-15
merchant
Potential exposure 7 11 0.5-25 4 0.8 0.3-2.1 1 18 1.0 0.5-2.0
at saw mill or
timber merchant
Meat works 24 1.8 1.1-29 19 1.7 1.0-2.8 43 52 18 1.2-2.6
Pelt department 6 2.2 0.9-53 4 1.7 0.6-4.7 10 10 19 0.94.0
in meat works
Tannery 0 — — 2 10 0.3-4.1 2 7 0.5 0.1-1.8

‘Stratified for decade of birth and whether the subject or a relative was interviewed.
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TABLE VI - ODDS RATIO ESTIMATES FOR NON-HODGKIN'S LYMPHOMA FOR VARIOUS CATEGORIES OF EXPOSURE TQ CHLOROPHENQLS'
ICD 200 ICD 202 All NHL
. " N o ed A
Exposure E’égggg d ?,ﬂ?.f Cortience Expose ?:‘?; Conttence "rpos Egﬁ?ﬁm S Qdds Confidence
limits limits limits__
Ever potentially 12 14 0.8-2.7 9 1.3 0.7-2.7 21 27 1.4 0.8-2.3
exposed 20
Potential exposure 11 1.3 0.7-24 9 13 0.7-2.7 .27 13 0.8-2.3

of more than 1 day
at least 5 years
before cancer
registration

Pg]leqtial 9 g%sure 7 11 05-24 7 14 0.6-2.9 14 21 13 0.7-2.3
at leas! ays
moare than 10 years
before cancer
registration
‘Stratified for decade of birth and whether the subject or a relative was interviewed.
TABLE VII - ODDS RATIO ESTIMATES FOR NON-HODGKIN’S LYMPHOMA FOR SEPARATEAND JOINT EFFECTS OF FENCING WORK
AND MEAT WORKS EMPLOY.MENT’
1ICD 200 ICD 202 CAILNHL
i Meat 9% 90 N 90%
Fencing works Exposed Qds ComTigtesnce E)EE?-S»& ?ad‘?: Com‘ig{esnce toms ?adtﬁ Confidenc’e
No No 55 10 — 42 1.0 _ 97 212 Q —-
Yes No 21 1.6 0.8-3.1 2 19 0.9-4.1 43 4 %.7 1.0-30
No Yes 11 15 0.8-2.9 7 12 0.6-2.6 18 33 14 0.8-2.3
Yes Yes 13 34 0.8-14.3 12 4.0 0.8-19.5 25 19 3.8 12-121
‘Stratified for farming, decade of birth, and whether the subject or a relative was interviewed.
TABLE Vil = ODDS RATIO ESTIMATES FOR NON-HODGIINS LYMPHOMA FOR VARIOUS TYPES OF FARMING’
1CD 200 1ICD 202 ALL NHL
. Exposure E’ég;’::d ?:?: Colr‘]gf(ipnf%ce E’ég;’::d 0Odd corﬁ:ﬂ%ce E,Ez,sed E:E?:f, %j; Coﬁé%ce
Sheep farm 13 0.9 0.5-15 15 13 0.7-2.2 28 47 11 0.7-1.6
c=aly farm 19 0.8 0.5-14 18 0.9 0.6-1.5 37 75 0.9 0.6-1.3
Mixed/dry 12 0.9 0.5-1.7 9 0.8 0.4-15 21 38 0.9 05-14
stock farm
Cropping farm 5 11 0.4-2.7 3 0.8 0.3-23 8 14 0.9 04-2.d
Poultry farm 1 0.7 0.1-4.9 0 _ — 1 4 0.4 0.1-25
Oreharc _ 3 __ 35 ©:9=14.0 3 43 13173 6 3 37  11-194

‘Stratified for decade of birth and whether the subject or a relative was interviewed.

the consumer market, but some involve the production of
wheat and other grains. The only elevated odds ratio was for
orchard workers.

Finally, elevated risks were observed for persons with re-
ported histories of rheumatoid arthritis, eczema and food aller-
gies (Table X). No patterns were discernible concerning the
assoclation with food allergies, which included allergies to
flour, dairy products, mushrooms, and seafood.

DISCUSSION

A major reason for conducting these case-control studies
was to ascertain whether the association between exposure to
phenoxy herbicides or chlorophenols and malignant lym-
phoma, which had been observed in the Swedish study (Har-
dell er al., 1981), existed in New Zealand, The initial analysis
(Pearce et al., 1986a) of cases registered under ICD code 202
did not find an association of non-Hodgkin’s lymphoma and
phenoxy herbicide exposure, but was not strictly comparable
to the Swedish study (Hardell et al., 1981) which primarily
involved cases of non-Hodgkin’s lymphoma coded under ICD
200. The Swedish study also involved cases of Hodgkin’s

disease (ICD 201), but the findings were similar for the Hodg-
kin's disease and non-Hodgkin’s lymphoma cases. The ex-
panded New Zealand study thus has the advantage of greater
comparability with the Swedish study. A 2-tailed test of het-
erogeneity of the findings in the 2 studies indicates that the
differences go well beyond what might be expected by chance
(»<0.01), and the New Zealand findings suggest that, even if
there was a real causal link, it is most unlikely that the true
relative risk would be greater than 1.5 for persons exposed to
phenoxy herbicides, or 2.3 for persons exposed to chlorophe-
nols. The discrepancies in the findings of the two studies aré
puzzling, particularly in the light of the recent case-control
study of non-HodgKin’s lymphoma in Kansas (Hoar et al.,
1986) which found an overall relative risk of 2.2 for phenoxy
herbicide exposure. The effect corre%)onded with the use of
2,4-dichlorophenoxyacetic acid (2,4-D), since usage of other
phenoxy herbicides was small.

The New Zealand study differed from those in Sweden and
Kansas in that the control group consisted of other cancers
selected from the National Cancer Registry. The main advan-
tages of using other registrants as controls lie in the minimik
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TABLEJX - ODDS RATIO ESTIMATES FOR NON-HODGKIN’S LYMPHOMA FOR CONTACTWITH VARIOUS FARM ANIMALS®

1CD 200 ICD 202 ALL NHL
Exposure Exposed Odds Cordilence Exposed Oads Co¥dénce Exposed Exposed Odds Corgii#ience
cases ratio limits cases ratio limits cases controls ratio limits
Sheep 36 0.9 0.6-1.4 37 1.3 0.9-2.0 73 122 1.1 0.8-1.5
cows 38 0.9 0.6-1.3 33 0.9 0.6-1.4 71 134 0.9 0.7-1.2
Cattle 27 0.8 0.5-1.3 30 1.3 0.8-2.0 57 96 1.0 0.7-1.4
Poultry 41 1.5 1.0-2.2 28 10 0.7-1.6 69 106 1.2 0.9-1.7
Pigs 29 1.0 0.6-1.5 27 1.0 0.7-1.6 56 97 1.0 Q.7-1.4

‘Stratified for decade of birth and whether the subject or a relative was interviewed

TABLE X - ODDS RATIO ESTIMATES FOR NON-HODGKIN’S LYMPHOMA FOR VARIOUS MEDICAL CONDITIONS AND ALLERGIES®

ICD 200 ICD 202 ALL NHL
Exposure ©Odd 90% Exposed  Odd 0% Exposed  Exposed  Odd 90%

Flhsee Gt Confience  ERCEL 0 comidence S WG o Confidence
Rheumatoid arthritis 3 15 0.4-4.7 4 2.2 0.7-6.3 7 7 1.7 0.7-4.2
Eczema 4 2.5 1.3-4.6 9 1.6 0.8-3.2 23 21 2.0 1.2-34
Asthma o 6 0.6 0.3-1.3 9 1.2 0.6-2.3 15 29 0.9 0.5-15
Asthma medication 5 0.8 0.3-1.9 5 1.0 0.4-2.3 10 19 0.9 0.4-1.7
Hay fever 14 0.8 0.4-1.3 11 0.7 0.4-1.2 25 52 0.8 0.5-1.2
Food allergies 8 4.8 1.9-11.9 5 3.3 1.2-9.2 13 7 3.8 1.7-8.5
Drug allergies 2 0.4 0.1-1.3 10 2.1 1.14.3 12 20 1.2 0.6-2.2

‘Stratified for decade of birth and whether the subject or a relative was interviewed.

zation of information bias since cases and controls are drawn
from the same registry. This study design also minimizes
selection bias due to geographical differences in registration,
while any bias due to other cancers being associated with
farming is likely to be small, since the overall cancer mortality
in New Zealand farmers is identical to national mortality rates
(Pearce and Howard, 1985). Furthermore, the previously pub-
lished analysis (Pearce et al., 1986a) also included a second
control group from the general population as an additional
check, and this gave very similar findings to those obtained
with the main control group of other cancer patients. Lack of
validation of the exposure data based on personal recall is also

a potential problem in the present study. This might be ex-
pected to apply equally to cases and controls (since both

groups involve cancer patients), and hence to reduce the ob-
served relative risk (Copeland et al., 1977). However, in
Hoar’s study (1986) there was little change in the findings
when exposure was based on the records of pesticide suppliers,
rather than on personal recall.

Hence, the phenoxy herbicide findings in the expanded study
appear unlikely to be due to bias, although the possibility of
unidentified confounding factors always exists. A further pos-
sibility (Pearce et al., 1986a), is that phenoxy herbicide and
chlorophenol exposure could be carcinogenic only when oc-
curring jointly with other exposures present in Sweden and
Kansas, but not in New Zealand. However, this study provides
no evidence that can be used to assess this speculation.

The major positive findings from the expanded study relate
to fencing work and meat works employment.

We have previously suggested (Pearce et al., 1986a) that the
excess risk associatt] wﬁh fencin wo%k could be due to
exposure to pentachloropheno (chp) which 1S occasionally
used for timber preservation, or to sodium pentachlorophenate
(NaPCP) which is widely used for anti-sapstain treatment. On
the other hand, it has been estimated tﬁat 99% of fencing

timber produced in New Zealand since 1955 has been treated
by vacuum-pressure impregnation with a copper chrome arse-
nate (CCA) solution (Department of Statistics, 1983), of which
arsenic comprises 30-50% of the active ingredients (Timber

Preservation Authority, 1980). Hence, another risk factor off
interest is arsenic which has been associated with an increased
risk of lymphatic and haemopoietic malignancies in several
studies (Axelson et al., 1978; Baetjer et al., 1975; Fergusson,
1976; @Kk et al., 1974). It has been suggested that arsenic may
not generally act as a direct carcinogen, but may primarily act
as a co-carcinogen (Pershagen, 1983), and the finding of a
strong excess risk associated with joint exposure to fencing
work and meat works employment is of interest in this regard..
The findings for orchard workers may also be relevant due to
the past use of lead arsenate spray in orchards (Nelson et al.,,
1973), although many other chemicals may also have been
used.

The previous finding of an association of non-Hodgkin’s
lymphoma with meat works employment has been supported
by the expanded study. We have previously suggested (Smith
et al., 1984) that one potential risk factor was exposure to
2,4,6-trichlorophenol (2,4,6-TCP) or other chemicals used in
the treatment of pelts. 2,4,6-TCP is highly skin-permeating
(Roberts et al., 1977) and the treatment of pelts has involved
the workers’ manually removing pelts from the treatment so-~
lutions and handling wet skins without protection. Some com-
panies now use other systems involving less direct contact.
Studies in rats and mice have shown that 2,4,6-TCP can cause
lymphomas, leukaemias and hepatocellular carcinomas (Na-
tional Cancer Institute, 1979).

However, we also noted that there was an overall excess of
soft-tissue sarcomas among meat workers, and that focusing
on the pelt departments could be misleading. This observation
1s supported by the findings presented here, since the relative
risks for pelt-department workers are not markedly different
from those for other meat workers. Furthermore, the propor-
tion of meat workers reporting Pelt-department work was

and i association wyj chloro-

g]ear“dl expcggg;g 113 51% expanded Stvd(ljt{). other types of
In our previous report (Pearce et al., 1986a) we noted these
problems with the 2,4,6-TCP hypothesis, and suggested an
alternative hypothesis that meat workers may be exposed to
zoonotic oncogenic viruses. In a recent report, Johnson et al.
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(1986) also proposed this hypothesis and presented a compre-
hensive review of relevant evidence. In particular, they ob-
served that the greatest risk for Hodgkin’s disease in their
cohort study of meat workers was associated with slaughter-
ing, particularly of cattle, pigs and sheep, supporting the
hypothesis of an infective origin for these cases.

The increased interest in recent years in a potential role of
zoonotic oncogenic viruses stems from the generally increased
interest in RNA tumor viruses, or retroviruses, since the
discovery that sequences closely related to viral oncogenes
were present in human cells (Hall, 1984). These cellular on-
cogenes, or proto-oncogenes, have been discovered in the
genomes of all vertebrate cells examined so far and for each
of the viral oncogenes discovered to date.

The major interest in the agricultural field centres on the
possible role of the bovine leukaemia virus which causes
lymphosarcoma in cattle (Heath et al., 1975), and can induce
antibody production in other species (Olson et al., 1972). This
is a c-type RNA virus, one of a group of viruses which
represent the aetiologic agents of tumours of the lymphatic
and haemopoietic system in all the higher non-human mam-
malian species studied to date (Armenian and Hamaden, 1983).

Bovine leukaemia virus has been found in New Zealand
herds, although the prevalence of infection was low (Parrish
etal., 1981). The virus has been found in meat and unpasteur-
ized milk in other countries (Ferrer et al., 1981; Miller and
Van der Maaten, 1979). Preliminary human studies have shown
no evidence of infection (Donham et al., 1977), but this may
be because current laboratory techniques or knowledge of the
mechanism of infection are not sufficiently developed (John-
son et al., 1986).

Epidemiologic evidence for the role of zoonotic oncogenic
viruses is currently weak (Blair et al., 1985), although some
studies have found associations between various haematologic
malignancies and dairy (Bartsch et al., 1975; Heath, 1970;
Henricson et al., 1968), cattle (Blair and Thomas, 1979) or
poultry (Priester and Mason, 1974) farming. Most studies have
been ecologic in nature and have not included serological tests
for evidence of viral infection. However, it is not clear whether
such tests would be informative without more adequate knowl-
edge of the possible mechanism of infection. Furthermore, it
appears that viruses can cause tumours in animals without

serological evidence of viral replication (Francis et al., 1981.
Witter et al., 1970). The picture is further complicated by the
evidence suggesting that chemical leukaemogens activate jey;-
kaemogenic viruses, rather than inducing a somatic mutatiop
(Armenian and Hamaden, 1983), and that some viruses mg

be oncogenic only when combined with other factors (Fray.-
meni, 1979). Hence, although the evidence is currently weak
the zoonotic oncogenic virus hypothesis clearly warrants fur-
ther investigation.

Finally, although the main findings of this expanded study
relate to agricultural risk factors, the finding for rheumatoid
arthritis is of interest, since several other clinical reports and
epidemiological studies have suggested that patients with rheu-
matoid arthritis are at increased risk of non-Hodgkin’s lym-
phoma (Pearce and Porta, 1986).

In summary, this expanded study has supported the previous
finding of an absence of association between non-Hodgkin’s
lymphoma and exposure to phenoxy herbicides in New Zea-
land. It also supports a similar absence of association with
exposure to chlorophenols, although this finding is more open
to question, due to the marginally elevated risks for overall
chlorophenol exposure, and the major positive findings relat-
ing to fencing work and meat works employment. One rele-
vant risk factor in meat works is 2,4,6-TCP which is used in
the treatment of pelts, but the excess risks do not appear to be
confined to pelt-department workers. An alternative hypothe-
sis is that meat workers may be exposed to oncogenic viruses.
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