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ABSTRACT A previous case-control study which used the occupational information available on the
New Zealand Cancer Registry found that agricultural workers were at increased risk of developing
non-Hodgkin's lymphoma. The findings are now presented for the second phase of the study which
entailed interviewing 83 cases of non-Hodgkin's lymphoma registered under code 202 of the Inter-
national Classification of Diseases together with 168 controls with other types of cancer and 228
general population controls. The findings for the two control groups were similar, and there-were
no significant differences between cases and controls regarding potential exposure to phenoxy-
herbicides (odds ratio = 1-4, 90% confidence limits 0-7-2-5, p = 0-26) or chlorophenols (odds
ratio = 13, 90% confidence limits 0-6-2-7, p = 0-39). The odds ratio for fencing work, necessitating
exposure to several potential risk factors including arsenic and sodium pentachlorophenate was 2-0
(90% confidence limits 1 3-3 0, p = 0 01). The odds ratio for employment in a meat works, necessi-
tating potential exposure to 2, 4, 6-trichlorophenol and zoonotic viruses, was 1 8 (90% confidence
limits 1- 1-3 1, p = 0-04). There was a significant statistical interaction between the risks associated
with these two activities, the odds ratio for involvement in both activities compared with
involvement in neither being 5-7 (90% confidence limits 2 3-14-3, p = 0 03).

A previous analysis of the occupations of male
patients with malignant lymphoma recorded on the
New Zealand Cancer Registry during the period
1977-81 compared with "other cancer" controls
found that agricultural workers were at an increased
risk of developing this disease.' These findings were in
line with studies in other countries which have also
suggested a variety of potential risk factors.28 In
particular, Swedish studies have found an association
between malignant lymphoma and exposure to
phenoxyherbicides or chlorophenols or both.9 10
These have been widely used in New Zealand since
the late 1940s. "
The New Zealand excess was almost entirely

among relatively young patients registered under
codes 202 (non-Hodgkin's lymphoma other than lym-
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phosarcoma and reticulosarcoma) and 203 (multiple
myeloma) of the International Classification of Dis-
eases (ICD).'2 13 Accordingly interviews were con-
ducted with patients from these two subgroups, their
matched other cancer controls, and- members of a
general population control group. This paper
presents the findings from the non-Hodgkin's sub-
group with respect to occupations involving potential
exposure to agricultural chemicals.

Methods

The initial study population comprised 112 male
patients registered under code 202 of the ICD during
1977-81 and who were under 70 at the time of regis-
tration. 12 13 Six patients in private hospitals were
excluded for administrative reasons. For each case
four male patients with cancer who had the same year
of registration and were within two years of birth had
previously been chosen as controls' and two of these
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were selected at random for interview, yielding 212
other cancer controls.

After the start of the study six cases were excluded
because their histology reports did not confirm a non-
Hodgkin's lymphoma and a further 12 cases and con-
trols were excluded who were subsequently found to
be patients in private hospitals who had been wrongly
coded on the cancer registry. Reasons for other exclu-
sions included duplications on the cancer registry and
wrongly coded sex on the cancer registry (table 1).
The 300 male general population controls were

chosen at random from the 1982 edition of the New
Zealand electoral roll for which voter registration is
compulsory. Information on age was not available
from the electoral roll and hence it was not possible to
prestratify on this variable or to restrict the general
population controls to the appropriate age range.

It was not practicable to match deceased general
population controls to deceased cases and hence the
general population control group was intended to
provide a comparison with the subgroup of cases who
were alive and well enough for the interview to be
conducted personally, rather than with a relative.
Consequently, *we excluded 10 general population
controls who had died or were too ill to be inter-
viewed. Some who could not be contacted may also
have been in this category. General population con-
trols were asked if they had ever had cancer and one
person who had been diagnosed with a soft tissue sar-
coma was excluded. He had been a farmer during
1931-45 and had worked in the pelt department of a
meat works intermittently during 1939-45. Two who
had been registered with cancers other than soft tissue
sarcoma or malignant lymphoma were not excluded.

Interviews were conducted by telephone by one
interviewer who, for patients with cancer, was not
aware if the patient had a non-Hodgkin's lymphoma
or was an other cancer control. It was not practicable
to keep the interviewer "blind" regarding the general
population controls since a different explanation was
required for the initial telephone contact.
The questionnaire was similar to that used in the

previous study of patients with soft tissue sarcoma.14
As before, stem questions were used to identify
whether or not study subjects had worked in particu-
lar occupations in which there was potential for
exposure to phenoxyherbicides or chlorophenols. If
the response to a stem question was "yes" 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 identity of the chemicals used.
The odds ratios and corrected p values were com-

puted using the Mantel-Haenszel method'5 and
Miettinen's method was used to calculate approxi-
mate confidence limits for the odds ratios."6 Since the
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study was investigating previously reported findings,
one tailed significance tests and 90% confidence inter-
vals were used. All analyses were stratified by decade
of birth and by whether the subject or the next of kin
was interviewed. For comparisons with the general
population control group only the cases interviewed
personally (54%) were included in the analysis. In
some instances where the odds ratios were consis-
tently raised for both control groups the data were
combined and a pooled odds ratio calculated, once
again stratified on decade of birth and whether the
subject or a next of kin was interviewed. The statisti-
cal analysis system logist procedure was used to per-
form an unconditional maximum likelihood logistic
regression analysis to assess statistical interactions
between risk factors.17

Results

Table I shows response rates and table 2 the distribu-
tion of the achieved sample by decade of birth. The
Table 1 Target sample, achieved sample, and reasons not
interviewed

Cases Other cancer General
controls population

controls

Initially identified in 106 212 300
cancer registry
1977-81 or electoral
roll 1982
Ineligible:

Histology 6 0 -
Other reason 6 10 11

Target sample 94 202 289

Hospital could not 1 8
identify or had no
information

Medical advice not to 2 6
contact

Refusal 0 6 12
Unable to contact 8 14 49
Achieved sample 83 168 228

Achieved sample as 88% 83% 79%
percentage of target
sample

Table 2 Distribution ofachieved sample by decade ofbirth

Decade Cases Other cancer General
controls population

controls

1900-9 3 7 11
1910-9 30 62 20
1920-9 28 49 38
1930-9 9 25 46
1940-9 8 17 51
1950-9 5 8 40
1960-2 - - 22

Total 83 168 228
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distributions of the cases and other cancer controls
were similar owing to the matching on age and year of
registration but, as expected, the general population
controls were considerably younger than the patients
with cancer. The 22 general population controls born
during 1960-2 were combined with the 1950-9 group
in all stratified analyses.
Most cases of non-Hodgkin's lymphoma had been

reported using Rappaport's classification'8 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 3).

Table 3 Distribution ofhistological types of
non-Hodgkin's lymphoma cases

Cell type No ofcases

Nodular (30)
Lymphocytic (18)
Well differentiated 3
Poorly differentiated 15

Mixed 8
Histiocytic 3
Unclassified I

Diffuse (40)
Lymphocytic (15)

Well differentiated 4
Poorly differentiated 11

Mixed 6
Histiocytic 1 5
Unclassified 4

Hairy cell leukaemia 3
Mycosis fungoides 2
Unclassified 8

Total 83

Table 4 gives the findings for the various
occupations and activities potentially associated with

exposure to phenoxyherbicides. Cases were more
likely than controls to have been farmers, although
the odds ratios were not significantly raised and were
similar to those found using the occupational infor-
mation on the cancer registry.I Farmers were asked if
they had ever used any agricultural chemical sprays
and if they had ever sprayed gorse, blackberry, pas-
ture, cereal, or peas since such spraying most proba-
bly used phenoxyherbicides. In particular, gorse
spraying almost always uses 2, 4, 5-T and perhaps 2,
4-D as well. The odds ratios for these activities were
slightly greater than those for all farming but, once
again, were not significantly raised. The proportions
of cases and controls who had worked in forestry or
for the railways, the Ministry of Works, or local bod-
ies were not significantly different, with the only case
who had done any spraying being a local body worker
in a botanical gardens who had occasionally sprayed
unknown chemicals during 1955-8. The only case
reported as having been employed as a chemical
sprayer was an orchard manager who had sprayed
DDT, malathion, and lead arsenate occasionally dur-
ing 1942-60. The case reported as having worked in
the aerial spray business had worked in the early
1950s modifying aeroplanes for topdressing work and
had sometimes made modifications on site.

Table 5 gives the specific findings relating to
exposure. The first line includes all those who
reported ever spraying any agricultural chemicals
before cancer registration. The next line includes all
those who were classified as having potential
exposure to phenoxyherbicides whereas those with
only possible exposure were excluded from the cate-
gory of "probable or definite" exposure. Finally,
those patients who had had very brief exposure, or

Table 4 Estimates ofodds ratiofor non-Hodgkin's lymphomafor occupations and activities with potential exposure
to phenoxyherbicides*

Exposure Exposed Other cancer General population
cases

No OR 90% p- No OR 90% p-
exp Limits Value exp Limits Value

Farming: 40 69 1-2 0-8-1-9 0-29 101 1-3 0-7-2-2 0-31
Used any agricultural 19 26 1-5 0-8-2-7 0-20 52 1-3 0-7-2-6 0-32
chemical spray
Sprayed gorse, blackberry, 14 19 1-3 0-7-2-7 0-34 40 1-4 0 7-3 0 0-28
pasture, cereal, or peas

Forestry worker: 7 20 0 9 0 4-1-9 0-53 20 0-7 0-2-2-6 0 52
Sprayed chemicals 0 1 - - - 0 -

Railways worker: 12 18 1-3 0-7-2 6 0-34 23 1-2 0-5-2 7 0-45
Sprayed chemicals 0 0 - - - 2 -

Ministry of Works: 6 12 1-2 0-5-2 8 0-49 20 0-6 0-2-2-0 0 65
Sprayed chemicals 0 0 - - - I - - -

Local bodies worker: 9 21 0 9 0-4-1-8 0-57 22 0-8 0-32-0 0 56
Sprayed chemicals 1 4 0-6 01-3-0 0-53 4t -

Chemical sprayer 1 1 2-2 0-2-28 0-40 3 1 0 01-8-1 0-51
Aerial spray work 1 2 0 9 0-2-5-6 0 53 It -

*Stratified on decade of birth and whether the subject or a relative was interviewed. Restricted to cases where the subject was interviewed for
comparisons with the general population control group.
tThe exposed case was dead and hence a comparison was not made with the general population controls.
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Table 5 Estimates ofodds ratiofor non-Hodgkin's lymphomafor various categories ofexposure tophenoxyherbicides*

Exposure Exposed Other cancer General population
cases

No OR 90% p- No OR 90% p-
Exp limits Value Exp limits Value

Ever sprayed an agricultural 51 92 1-3 0-8-2-1 0-22 126 1-6 0 8-3 1 0-18
chemical

Ever potentially exposed before 21 36 1 3 0-7-2-2 0 30 62 1 1 0-62-2 0-44
cancer registration

Potentially exposed for more 17 27 1 3 0-7-2-3 0-29 41 1-0 05-2-0 0-52
than I day not in the 5 years
before cancer registration

Probably or definitely exposed for 16 24 1-3 0 7-2 5 0-28 40 1.0 05-2-1 0-49
more than I day not in the
5 years before cancer registration

Probably or definitely exposed for 14 21 1-3 0-7-2-4 0 33 25 13 0-62-8 0 40
at least 5 days not in the 10
years before cancer registration

*Stratified on decade of birth and whether the subject or a relative was interviewed. Restricted to cases where the subject was interviewed for
comparisons with the general population control group.

Table 6 Estimates ofodds ratiofor non-Hodgkin's lymphomafor occupations and activities involving potential exposure to
chlorophenols*

Exposure Exposed Other cancer General population
cases

No OR 90% p- No OR 90% p-
Exp limits Value Exp limits Value

Fencing as a farmer: 33 43 1 9 1-1-3-0 003 71 1.9 1-03-4 0-06
Treated own posts 1 6 0-4 01-22 0-69 0 - - -

Fencing contractor: 4 6 1-4 0-5-4-3 044 5 6-1 15-25 0-06
Treatedown posts 0 1 - - - 0 - - -

Saw mill or timber merchant: 10 23 0 9 0-51-8 0 51 32 0-7 0-3-2-0 0-60
Potential exposure at 4 7 1-1 0-43-1 044 23 03 00-15 081
saw mill or timber merchant

Meat works: 19 23 1 9 10-3 4 0-06 39 1.9 09-3-9 0 09
Pelt department in meat works 4 4 2-3 0-7-7-6 022 6 41 1 1-14 009

Tannery 2 3 1-3 03-60 041 9 0-5 01-3 3 0-57

*Stratified on decade of birth and whether the subject or a relative was interviewed. Restricted to cases where the subject was interviewed for
comparisons with the general population control group.

whose exposure was in the five or 10 years before can-
cer registration, were excluded from some analyses.
None of the odds ratios was statistically significant
using either control group. When the two control
groups were pooled, the stratified odds ratio for the
last category in table 5 was 1-4 (90% confidence limits
0-7-2-5, p = 0.26).

Table 6 gives the findings for the various
occupations and activities potentially associated with
exposure to chlorophenols. Those of interest con-
cerned fencing work and employment in a meat
works.
The pooled odds ratio for employment in a meat

works was 1-8 (90% confidence limits 1-1-3-1,
p = 0-04). The questionnaire asked specifically about
pelt departments in view of their use of 2, 4,
6-trichlorophenol (TCP) for treating sheepskins. The
odds ratios for those reported to have worked in pelt
departments were slightly higher than those for all
meat workers with a pooled odds ratio of 2-7 (90%

confidence limits 1 1-7T6, p = 0-05), but the number
of those exposed was small. Furthermore, when they
were telephoned again, it was found that two of the
four cases and four of the 10 controls who were
reported as having worked in pelt departments had in
fact worked in the fellmongery removing wool from
skins before they were treated and were unlikely to
have been exposed to TCP.
The stratified odds ratio for all fencing work, either

as a farmer or as a fencing contractor, obtained by
pooling the two control groups, was 2-0 (90%
confidence limits 1 3-3-0, p = 0 01). This excess risk is
of considerable interest since it accounts entirely for
the overall raised odds ratio for farming occupations
with the pooled odds ratio for farmers who did not do
fencing work being 0 6 (90% confidence limits
0 3-1-2, p = 0 86).
The overall findings relating to potential exposure

to chlorophenols were largely negative (table 7). Sub-
jects were classified as potentially exposed to chloro-
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Table 7 Estimates ofodds ratiofor non-Hodgkin's lymphomafor various categories ofexposure to chlorophenols*

Exposure Exposed Other cancer Generalpopulation
cases

No OR 90% p- No OR 90% p-
Exp limits Value Exp limits Value

Ever potentially exposed 9 16 13 0-6-2-7 0-38 32 0 9 0-42-4 0.55
Potentially exposed more than 9 16 1-3 0-6-2-7 0-38 25 1 0 0-4-2-6 0 50

I day not in 5 years before
cancer registration

Potentially exposed for at
least 5 days not in 10 years
before cancer registration 7 12 12 05-29 044 15 14 05-37 0-42

*Stratified on decade of birth and whether the subject or a relative was interviewed. Restricted to cases where the subject was interviewed for
comparisons with the general population control group.

phenols if they had treated their own fence posts,
worked in a tannery or the pelt department of a meat
works, or if they had been potentially exposed to
treated wood at a sawmill or timber merchant. The
pooled odds ratio for the last category in table 7 was
1 3 (90% confidence limits 0-6-2-7, p = 0 39).
As the two major findings related to fencing work

and employment in a meat works the relation between
these two factors and the overall excess risk for farm-
ers was investigated. The two control groups gave
similar findings for these factors and their data were
accordingly pooled to yield greater precision for this
analysis. Table 8 gives the results obtained from a
logistic regression analysis. The odds ratio for farm-
ing was not affected by the inclusion of meat works
employment in the model but it dropped appreciably
when fencing work was included. The model was also
significantly affected when the term for the inter-
action of the latter two factors was included, indi-
cating that the joint effect of fencing work and
employment in a meat works was greater than

expected using the multiplicative logistic model. The
odds ratio for persons employed in both activities
compared with persons employed in neither, obtained
by multiplying the appropriate coefficients together
(0-97 x 1-96 x 3-01), was 5 7 (90% confidence limits
2-3-14-3, p = 0 03).

In fact, 12 of the 19 cases who had been reported as
being employed in a meat works were also reported as
having carried out fencing work compared with 20 of
the 62 controls, and this group of 12 cases (including
five nodular and two diffuse lymphocytic lymphomas)
accounted for most of the excess risk associated with
these two factors. Table 9 gives the exposure histories.
The first five cases listed were older than the others
and were generally exposed to fencing work in the
1920s and 1930s, before the introduction of modern
wood treatment methods. For the seven cases born
more recently employment in a meat works tended to
precede fencing work, although several carried out
both activities concurrently.

Table 8 Coefficients and associated odds ratios obtainedfrom logistic regression analysis ofassociation between
non-Hodgkin's lymphoma,farming, fencing work and meat works employment

Model Chi- DF Parameters Exposed Exposed Coef Odds 90% p
square cases controls ratio Limits Value

1 29-1 7 Farming 40 170 0-29 1-34 0 9-2-0 012
2 31-6 8 Farming 40 170 0-25 1-29 0-5-3.1 0-16

Meatworks 19 62 0-48 1-62 1-0-2-7 0-06
3 34-8 8 Farming 40 170 -0-39 0-68 0-3-1-3 0-83

Fencing 34 117 0-97 2-63 1-3-5-2 0 01
4 37-1 9 Farming 40 170 -0-43 0-65 0-3-1-3 0 85

Meatworks 19 62 0-48 1 62 1.0-2 7 0-06
Fencing 34 117 0-97 2-63 1-3-5-2 0 01

5 41-2 10 Farning 40 170 -0-36 0 70 0-4-1-4 0-81
Meatworks 7 42 -0 03 0-97 0-5-2 1 0-53
Fencing 22 97 0-67 1-96 0-9-4-1 0-07
Fencing *meatworks 12 20 1 10 3-01 1-0-8-8 005

*The logistic regression was stratified on decade of birth and whether the subject or a relative was interviewed. The two control groups have
been pooled.
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Table 9 Employment history ofcases withjoint exposure tofencing work and employment in a meat works

Case Year of History offencing work History ofemployment in a Year cancer Classification
No birth meat works registration

I 1910 Fencing as a farmworker during Meat works 1950-78. Several 1980 Unspecified NHL
1920s seasons in pelt department

during 1960s
2 1912 Fencing work on father's farm Slaughterman on beef, sheep, 1977 Diffuse histiocytic

until 1935 and pig chains during 1932-55
3 1914 Fencing work about 14 days Fellmongery during 1937-9 1980 Diffuse lymphocytic

a year during 1930-2. Reports treating pelts with sulphuric
using CCA treated timber, acid and salt
creosote, and tar

4 1915 Fencing as a farmworker early in Slaughter chain for one year, 1980 Nodular lymphocytic
life 1949

5 1916 Fencing work 2-3 days a year Slaughterman on mutton chain 1980 Hairy cell leukemia
during 1930-4. Untreated wood for 3 months a year during

1942-51
6 1918 Farmer throughout life. Fencing Barrelmaker for 6 months in 1979 Diffuse lymphocytic

work with CCA-treated 1938
timber and occasional
exposure to creosote for 14 days
a year until 1976

7 1921 Fencing work with CCA-treated Shovelling bully beef and bagging 1978 Nodular lymphocytic
posts and PCP treated timber blood and bone for 1 year
for 90-120 days a year in 1941
during 1960-78

8 1927 Fencing work 1956-60 with Beef slaughterhouse for 3 1981 Nodular lymphocytic
concrete posts and creosote months a year during 1950-1
treated battens. Made gates
from CCA treated timber for
about 30 days a year

9 1934 Period of fencing work unknown Pelt department for several 1980 Nodular lymphocytic
months in 1964 painting green
(lime?) solution on pelts
before pickling

10 1935 Fencing work 25-90 days a year Fellmongery for several months 1981 Nodular lymphocytic
1957-80. Used CCA treated a year during 1957-80
timber during last 10 painting green (lime?)
years of this period solution on pelts before pickling

11 1938 Fencing work with CCA treated Six months in gut department 1977* Diffuse mixed
timber for 4-5 days a year in 1953
during 1973-7

12 1944 Fencing work with untreated Maintenance work in meat works 1981 Nodular mixed
wood for about 28 days a year during 1969-73 including work
during 1959-64 in pelt department

Discussion

The findings of this study concerning phenoxy-
herbicides are not consistent with the Swedish study
which yielded a statistically significant association
between exposure to phenoxyherbicides or chloro-
phenols and malignant lymphoma.9 A two tailed test
of heterogeneity of the phenoxyherbicide findings in
the two studies indicates that the differences go well
beyond what might be expected by chance (p < 0-01).
This parallels the earlier soft tissue sarcoma study
which also failed to confirm the relevant Swedish
findings.'4 In general, exposure rates in New Zealand
appear to be higher than in Sweden'920 and it is
clearly important to note that no cases of non-
Hodgkin's lymphoma were found among former
commercial chemical applicators. The possible expla-
nations for the discrepancy between the Swedish and
New Zealand findings have been reviewed in the con-
text of the study of soft tissue sarcoma'4 and the dis-

cussion will be confined to considerations specific to
this study.
One possible explanation for the different findings

could relate to differences between the ascertainment
of cases of malignant lymphoma in Sweden and New
Zealand. This study comprised cases coded under
ICD code 202 whereas the Swedish study primarily
comprised cases coded under ICD codes 200-202.
The Swedish findings were similar for the separate
categories of Hodgkin's disease (ICD 201) and non-
Hodgkin's lymphoma (ICD 200, 202)9 so the main
concern is whether the New Zealand cases which were
coded under ICD 202 are comparable with the
Swedish cases. It must be accepted that the two stud-
ies are not strictly comparable and interviews are cur-
rently being conducted with New Zealand cases regis-
tered under ICD code 200 to allow a more direct
comparison to be made. There is nevertheless good
reason to believe that the odds ratio for exposure to
phenoxyherbicides for the cases coded under ICD 200

80 Pearce, Smith, Howardf Sheppard, Giles, and Teague
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is unlikely to be higher than that found for those
coded under ICD 202, since it was the latter group
that showed an excess of agricultural occupations in
the previously published analysis of cancer registry
data.' Indeed, it was for this reason that cases coded
as ICD 202 were chosen as the basis for the current
study. Hence, although there are problems with the
comparability of the Swedish and New Zealand stud-
ies, a relative risk of 5 to 6 should have been detected
in the New Zealand study.
The findings regarding chlorophenols were more

equivocal. An association cannot be ruled out
because of the significantly raised relative risks for
fencing work and employment in a meat works, in
both of which there is potential exposure to chloro-
phenols. These findings must be interpreted with cau-
tion in view of the multiple comparisons involved,
although that for employment in a meat works is of
particular interest because it parallels the finding of
the previous study on soft tissue sarcoma."4 In this
study risks were particularly raised in workers in pelt
departments, which are the major users of chemicals
in New Zealand meat works2 including 2, 4,
6-TCP.22 The surprising discovery, made when select-
ing general population controls, of a person who had
been diagnosed with a soft tissue sarcoma, and who
had worked in the pelt department of a meat works,
also supports the previous finding regarding pelt
departments. His employment, however, was during
1939-45, before the introduction of 2, 4, 6-TCP. In
fact, several other chemicals have also been used in
treating pelts22 and undoubtedly various reaction
products are produced during the treatment process.
Furthermore, various chemicals are used in other
departments and, in the current study, the relative
risks for pelt department work were not significantly
different from those for all meat industry workers.
There is an overall excess of malignant lymphoma
among meat industry workers and focusing on the
pelt departments may be misleading.
A further possibility is that those employed in a

meat works may be exposed to zoonotic oncogenic
viruses, although the current study provides no evi-
dence that can be used to assess this hypothesis. There
are no epidemiological or experimental data con'clu-
sively implicating viruses in human cancer,23 but C-
type RNA viruses, including several commonly found
in farm animals, have been shown to be the
aetiological agents of the lymphoma-leukaemia group
of neoplasms in all the higher non-human mam-
malian species studied to date.24 The evidence sug-
gests that chemical leukaemogens activate leu-
kaemogenic viruses, rather than inducing a somatic
mutation,24 25 and possibly some viruses are risk fac-
tors for lymphoma only when combined with other
factors.26 This is a possible explanation for the appar-

ent synergistic effect of employment in a meat works
and fencing work.
The finding concerning fencing work is also prob-

lematical. The principal method for preserving fenc-
ing timber in New Zealand is by vacuum-pressure
impregnation with copper chrome arsenate (CCA). In
the past, minor quantities of material have been
treated with pentachlorophenol (PCP) (as a 5% solu-
tion in fuel oil) and creosote.2" It has been estimated
that 99% of treated fencing timber produced since
1955 has been preserved with CCA, but creosote has
rarely been used commercially and less than 1% of
posts have been treated with PCP.27 On the other
hand, sodium pentachlorophenate (NaPCP) is widely
used for the antisapstain treatment of sawn timber in
New Zealand28 and some fencing materials may be
routinely antisapstain treated. Two factors, however,
suggest that exposure to chlorophenols may not be
the explanation for the excess risk associated with
fencing-the lack of an overall association with
exposure to chlorophenols and the lack of an excess
risk for sawmill workers who treat wood with PCP or
NaPCP and then manually handle the wood during
the sorting and cutting processes.29-31
The arsenic component of CCA, almost invariably

dihydrated arsenic pentoxide, comprises 30-50% of
the active ingredients32 although arsenic was less
widely used before 1955. Once again, exposure could
be expected to be higher in sawmill workers than in
fencing workers. Nevertheless, the commercial treat-
ment plants can be highly mechanised and it is possi-
ble, although unlikely, that exposure in sawmills
could be lower than in fencing work if treated fence
posts were delivered to farms while still wet.

Exposure to arsenic compounds has been associ-
ated with various types of cancer, particularly lung
cancer and skin cancer among pesticide workers,33
and the possibility of an increased mortality from
lymphatic and haemopoietic malignancy associated
with occupational exposure to arsenic has been
reported by Ott,34 Axelson,3s and others.36 37
Exposure to arsenic is thus one risk factor that may
contribute to the excess risk associated with fencing
work. Furthermore, studies of lung cancer in workers
exposed to arsenic have found that arsenic appeared
to act as a cancer promoter rather than as an
initiator38 39 and one study found an interactive effect
between the effects of smoking and exposure to
arsenic.40 Thus it appears that arsenic may not gener-
ally act as a direct carcinogen but may primarily act
jointly with other factors as a cocarcinogen.41 The
strong excess risk associated with joint exposure to
fencing work and employment in a meat works is
clearly of interest in this regard.

Consistency is a major criterion in making causal
inference from human observational studies. Whereas
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the evidence from this study for synergistic effects for
environmental exposures in causing non-Hodgkin's
lymphoma is not in itself particularly strong, the pos-
sibility has an important bearing on consistency.
Consistency of risk estimates for one particular
exposure would be found only when the prevalence
and level ofexposure to synergistic factors were about
the same for the study populations being compared.
This warrants consideration in assessing the inconsis-
tent findings between Swedish and New Zealand stud-
ies of soft tissue sarcoma and malignant lymphoma.
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