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The known risk factors for lymphoma and myeloma cannot
account for the current incidence rates of these cancers, and
thereisincreasinginterestin exploring occupational causes. We
present results regarding lymphomaand myelomafrom a large
case-control study of hundreds of occupational exposures and
19 cancer sites. We examine in more detail those exposures
previously Considered to be related to these cancers, as well as
exposures which were strongly related in our initial analyses.
Lymphoma was not associated in our data with exposure to
solvents or pesticides, or employment in agriculture or wood-
related occupations, although numbers of exposed cases were
sometimes small. Hodgkin's lymphoma was associated with
exposure to fabric dust, and non-Hodgkin's lymphoma was
associated with exposure to copper dust, ammonia and a
number of fabric and textile-related occupations and expo-
sures. Employmentas a sheet metal worker was associated with
developmentof myeloma.
¢ 1996 Wilev-Liss. Inc.

The actiology of mycloma and lymphoma arc still unknown.
although there arc scvcral suspccted risk factors for these
canccrs. The incidence of non-Hodgkin's lymphoma (NHL)
appears to be increasing in most dcvcloped countries (Hartge
eral., 1994). and established risk factors such as HIV infection.
rarc genctic syndromes and immunosuppressant therapy can-
not account for the magnitude of this incrcasc (Hartgc and
Devesa. 1992). Similarly, a proportion of Hodgkin's lympho-
mas arc associatcd with viruses, particularly the Epstein-Barr
virus (Jarrct. 1992), but this virus is less commonly associatcd
with the subtypes of Hodgkin's lymphoma which have been
incrcasing in incidcncc (Hartge er al., 1994). The actiology of
multiple mycloma also remains clusive. although a numbcr of
occupational factors arc being considered (Riedel and Pot-
tern. 1992).

Wec carried out a large case-control study of 19 cancer sites.
including lymphoma and mycloma (Siemiatycki, 1991) to
gcneratc hypotheses about the occupational causes of canccr.
Information was obtained on exposure to each of a large
number of occupational substances using a new method of
assessing occupational exposures which decreases misclassifi-
cation of exposure status. We have previously published initial
analyses from this study. In this report we present further and
more detailed examination of positive findings from our study
regarding occupational risk factors for lymphomaand myeloma.

MATERIAL AND METHODS

The design and data collection methods of the case-control
study of occupational exposures and 19 cancer sites have been
described previously (Siemiatycki, 1991; Siemiatycki et al,
1994) and will be summarized here. Subjects were males aged
3H-70 years, resident in Montreal, and with a new, histologi-
cally confirmed cancer. There were 4,576 eligible cancer
patients between 1979 and 1985, and 3,730 of these (82%)
were successfully interviewed. Eighty-one percent of subjects
responded for themselves, and proxies provided information
for the rest. There were 215 NHL cases interviewed out of 258
eligible cases (83% response rate), 54 Hodgkin's lymphoma
cases interviewed out of 59 eligible cases (92% response rate)
and 23 myeloma cases interviewed out of 27 eligible cases
(8% response rate). A pool of potential controls (2,357

subjects) was constituted from among all thc other canccr
patients, excluding lung cancer patients.

During the same period. 740 population controls wcrc
selected, in some years from electoral lists and in some years by
random digit dialing. Of these, 533 (71%) werc successfully
interviewed and constituted a second control group. Wc also
created a pooled control group made up of population and
cancer controls. So as to weight the two control groups equally,
we selected a random sample of 533 subjects from among the
set of cancer controls. These included subjects with cancers of
the following sites (number of cases in parenthescs): cob-
rectum (118), bladder (101). prostate (101).stomach (52), kid-
ney (46), melanoma (29), pancrecas (25) and oesophagus (24).

A structured questionnaire was used to obtain information
on a numbcr of potcntial confounders. These included age.
cthnic origin. father’s and mother's origin. birthplace. resi-
dence for first 15 ycars of life. height and weight. ycars of
schooling. prcscent income. smoking and alcohol habits. and
current family income. For the 40% of subjects who refused to
divulge family income. this was inferred on the basis of the
rclationship between self-reported income and mean income
in the census tract of residence. avaitable lor alf subjects.

A scmi-structured probing interview was used to obtain
detailed descriptions of all jobs the subject had had in the
working lifetime. A tcam of chemists and industrial hygienists
examined cach completed questionnaire and trunsiated each
job into a list of potential substance exposures by mcuns of a
checklist form which included 294 substances. For cach sub-
stance. the chemists noted their degree olconfidence that the
cxposurc had actually occurred (possible. probable. definite).
the frcquency of cxposurc during a normal workwecek (< 5%,
5-30% or > 30%) and the level of Concentration of the agent
in the working cnvironment. The 3 dimensions were combined
as previously described (Siemiatycki er al., 1994) to produce 3
groups: uncxposcd. non-substantial cxposurc and substantial
exposurc. Thc unexposed group comprised those ncver cx-
posed to a substance. The substantially exposcd group com-
prised those whom thc chcmists were confident had been
exposcd (probable or definite cxposurc) and who also had
more than 5 years of exposure at a high frequency and
concentration. The rest were considered non-substantially
exposed. Each job was also categorized as to the Canadian
classifications of occupations and industries.

Unconditional logistic regression was used to model the risk
of developing each of the 3 cancers (myeloma, Hodgkin's
lymphoma and NHL) using each of the 3 control groups
(cancer, population and pooled). Age, proxy status, income
(quintiles) and ethnic group (French/Anglo/other) were en-
tered into all models as a priori confounders. Each of the other
non-occupational covariates were added to the model in turn,
and if there was a significant (p < 0.10) change in the fit of the
model with any of the 3 control groups, that covariate was
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included in the final modcl and uscd for all 3 control groups.
For Hodgkin's lymphoma. a variable for cvcr regularly drink-
ing alcoholic spiritswas added to the modcl. For mycloma and
non-Hodgkin's lymphoma. no additional covariatcs attained
the level of significance required for inclusion.

Therc wcrc 469 occupational variablcs in our study: 294
substances. 98 occupations and 77 industries. For the present
analysis. wc concentrated on occupational variables which
satisfied either of the following two conditions. First wc
included suspected risk factors for lymphoma or myeloma,
based on the IARC Monograph program and published
reviews (Pearce and Bethwaite. 1992; Hartge er al, 1994:
Riedel and Pottern, 1992). Among these, we included only
those suspected risk factors for which there were 4 or more
exposed cases in our data. Because of the small numbers of
cascs of mycloma and Hodgkin's lymphoma, this represented a
fairly stringent inclusion criterion: only onc variable (the
occupation of farmersand horticulturists) satisfied the criteria.
For NHL. which had a larger number of subjects. the following
cxposurc circumstances satisfied the inclusion criteria and
could bc cxamined: the substances pesticides, wood dust,
bcnzenc and solvents: the occupations farmers and horticultur-
ists and carpenters: and the industries agriculture and produc-
tion of household furniture.

The sccond group of occupational variablcs included wcrc
those which had bcen associatcd with lymphoma or myeloma
in our initial screening analyses (Sicmiatycki. 1991). Thesc
analyses had evaluated thc risk of each type of canccr in
relation to cach of the 469 cxposurc circumstances using the
Mantel-Haenszel method. For cach possible association. &
different odds ratios (ORS)were calculated. being defined by:
levels of cxposurc (any cxposurc or high cxposurc): type of
control group uscd (population or cancer): and typc of target
population (all subjects or Frcnch-Canadians only). The crite-

ria for sclection of variables for this report were the l'ollowing:

the occupational circumstance was associated with the cancer
with an OR of at lcast 1.3and a onc-sided p value < 0.10 in at
least 4 of the 8 ORs. and there werc at least 4 cxposcd cascs.
Using thesc criteria, for myeloma. we carmarked for cvalua-
tion the substancc cicaning agents. the occupations of janitors
and cleancrs (the broad group of othcr personal scrvice
workcrs was dropped as most of thcsc subjects wcerc janitors
and clcancrs) and shcct mctal workers and the industry of
defence services. For Hodgkin's lymphoma, we includcd the
substances cooking fumes, fabric dust, celiulose, and waxes
and polishes. the occupations of pcrforming and graphic
artists, chefs and cooks, and leather workers, and the indus-
tries government as well as flour, feed and bakery products.
For NHL, we examined the substances bronze dust, copper
dust, alkali and caustic solutions, ammonia, hydrogen chloride,
plastics pyrolysis products, fur dust, cotton dust, plastic dust,
formic acid, and fluorocarbons. We also included the occupa-
tions salesmen, janitors and cleaners, textile processors, textile
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makers, and rubber and plastics workers. and the industries
textiles and non-ferrous casting and rolling.

RESULTS

Table | shows sclected characteristics of the 3 case scrics
and 2 control scrics used in the various analyses. Mycloma and
Hodgkin's lymphoma cases had. on average. lower incomes
than the other groups. and Hodgkin's lymphoma cases werc
significantly younger than the others. Population controls werc
less likely to have a proxy respond for them. There werc
significantly morc population controls and significantly fewer
canccr controls who had never regularly drunk beer or spirits.

For each of the 3 site series and each exposurc variablc.
separatc analyses were carried out with the cancer controls
(n =533). the population controls (n =533) and the pooled
controls (n = 1.066). Also, separate analyses were carried out
with a univariatc modcl and a multivariate model. In general,
the results did not differ much by control group: we therefore
present in the tables only the results using the pooled controls
and discuss selected results from the separatc control groups
in the text.

Myveloma

Therc were only 23 cascs of myeloma: consequently. the
numbcrs of cascs cxposcd to any individual occupational
variablcs wcrc very low. Table 1T shows the estimatcs of
rclative risk of mycloma in rclation to the sclected cxposurcs
controlling for age. proxy status. incomc and cthnicity and
using the poolcd controls. The only cxposurc choscn on the
basis of litcraturc was work as a farmer or horticulturist and
thcrc werce only 4 cascs with this history. None of the ORs for
this occupation were signiticantly raised. and thcrc was no
suggestion of increasing risk with increasing duration.

Of the empirically choscn exposures. work as a shcet metal
workcr for 10 or morc years was the only cxposurc for which
the ORs wecrc significantly above 1.0 in this modcl. Although
thcre were only J cxposcd cases, all of them werc long-
duration workers. and in this cxposurc category the OR was
6.5. This association rcmaincd significant irrcspcctive of
whcther canccr or population controlswere used, and irrespec-
tive of whether univariatc or multivariate models werc uscd.
Thesc sheet metal workers had been cxposcd to complex
cnvironments. including iron compounds, metallic dust, mctal
oxide fumes, chlorine dioxides, arc welding fumes, abrasives
dust, alumina, aluminium compounds, mild steel dust and
polycyclic aromatic hydrocarbons.

The only other exposure variables which manifested evi-
dence of an association with myeloma were exposure to
cleaning agents and work as a janitor or cleaner. However,
these associations were not quite statistically significant. Three
of the 4janitors and cleaners with myeloma had been heavily
exposed to cleaning agents such as hypochlorites and ammo-

TABLE | - DISTRIBUTION OF NON-OCCUPATIONAL VARIABLES BETWEEN CASES AND CONTROLS

) Myeloma Hodgkin’s L Cancer  Population
Variable (ny= %) (gns:ass:) (n = 215) (:o:(gz;l;) (tr:‘o:lg%l;) value!

Age (mean) 61.1 48.0 55.2 59.5 506 <0.01
Years schooling (mean) 9.1 11.2 10.1 96 101 > 005
Income (mean, Canadian $) 23,518 22,736 26,120 25,264 26,430 < 001
Proxy respondents (%) 39 19 22 19 13 <001
Ethnic group (%) > 0.05

French 52 69 62 58 64

Anglo 17 11 12 18 14
Never regular smoker (%) 13 20 17 20 17 > 005
Never drank beer regularly (%) 57 63 70 71 70 < 005
Never drank spirits regularly (%) 74 80 81 85 81 < 005

Ip value for test of the null hypothesis of equality of the 5groups on this parameter.
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TABLE11-0DDS RATIOS (OR)AND 955 CONFIDENCE INTERVALS
(955~ Cl) FOK DEVELOPING MYELOMA. FROM A CASE-CONTROL
STUDY IN MONTREAL

Exposure Level {vears) No. OR' 95%: C1
Substances
Cleaning agents Non-substantial 2 1.5 03-7.0
Substantial 5 23 08-65
Occupations
Janitors. cleaners 19 2 29 0.6~13.4
10+ 2 3.8 08-183
Sheet metal workers 1-9 0
10+ 4 65 2.0-21.9
Farmers. horticul- 19 2 14 0.3-6.6
turists [0+ 2 1.2 03-54
Industries
Defence services 1-9 7 19 0749
10+ 1 31 04-264

'Adjusted for age. proxy status, income (quintiles). ethnicity
(French/Angloiother).

TABLE Il - ODDS RATIOS (OR)AND 95% CONFIDENCE INTERVALS
(95% C1) FOR DEVELOPING HODGKIN'S LYMPHOMA. FROM A
CASE-CONTROLSTUDY IN MONTREAL

Exposure Level (years) No  OR' 95%Cl
Substances
Cooking fumes Non-substantial 4 2.0 0.6-7.3
Substantial 3 21 05-94
Fabric dust Non-substantial 2 0.6 0.1-3.1
Substantial 5 6.0 1.9-19.2
Cellulose Non-substantial 5 12 0.4-3.7
Substantial 3 4.0 09-177
Waxes or polishes Non-substantial 3 2.0 0.5-7.7
Substantial 2 72 1.2-430
Occupations
Performing or 19 1 17 0.1-196
graphic artists 10+ 3 56 1.0-325
Chefs or cooks 19 4 1.6 04-6.2
10+ 1 2.1 0.2-17.2
Leather workers 19 4 78 2.2-280
10+ 2 32 05-19.7
Farmers or horticul- 19 5 22 0.7-6.6
turists 10+ 1 05 0.14.1
Industries
Flour, feed or bakery 1-9 1 14 02-11.6
products 10+ 3 40 09-173
Government 19 4 13 0445
10+ 5 24 08-7.0

'Adjusted for age. proxy status, income (quintiles), ethnicity
(French/Anglo/other) and spirit drinking (yes/no).

nia. The 8 cases who had worked in the defence industry
included 3 subjects who had also worked in occupations of
janitors and cleaners.

Hodgkin’s lymphoma

Therewere 54 cases of Hodgkin's lymphoma. The multivari-
ate model contained age, proxy status, income, ethnicity and
spirits drinking. Table III shows the relative risk estimates for
selected exposure variables, based on the multivariate model,
and using the pooled cancer and population controls. There
were only 6 cases who had worked as farmers or horticulturists.
None of the ORs were significantly raised, and there was no
suggestion of increasing risk with increasing time in the
occupation.

Of the empirically chosen exposures, there were ORS
significantly greater than 1.0 for substantial exposure to the
substances fabric dust as well as waxes or polishes, and the
occupation of leather workers. These statistically significant
ORs remained when using different control groups and in the
univariate as well as the multivariate models. Dose-response
patterns were seen in all 6 models for each of the 2 substances,

TABLE IV - ODDS RATIOS (ORs) AND 95% CONFIDENCE INTERVALS
(95¢ CI) FOR DEVELOPING NON-HODGKIN'S LYMPHOMA,
FROM A CASE-CONTROL STUDY IN MONTREAL
(EXPOSURES FROM LITERATURE)

Exposure Level (vears) No. OR" 95% C!
Substances
Vinyl chloride Non-substantial 3 3.7 0.8-17.4
Substantial 0
Pesticides Non-substantial 9 1.2 0.6-2.6
Substantial 6 0.9 04-23
Wood dust Non-substantial 17 05 0.3-0.8
Substantial 22 0.8 05-13
Benzene Non-substantial 20 0.7 04-11
Substantial 6 08 0.3-2.1
Solvents Non-substantial 26 0.6 0.4-1.0
Substantial 48 0.9 0.6-1.3
Occupations
Farmers and horti-  1-9 8 0.7 03-15
culturists 10+ 10 0.8 04-17
Carpenters 19 0
10+ 4 08 (.3-22
Industries
Agriculture 19 100 0.8 0.3-1.6
n+ | 0.9 04-1.7
Household furniture 1-9 1 04 0.1-3.4
10+ 3 1.6 04-6.1

'‘Adjusted for aﬁe. proxy status, income (quintiles). ethnicity
(FrenchiAngloiother).

but thcrc was no increase in risk with incrcasing time in the
occupation of Icathcr workcr. Four of the 7 cascs cxposcd to
fabric dust had bcen leather workers and 3 of thesc same 7
cascs had been cxposcd to ccllulose (including 2 Icather
workcrs).

Therc werce 4 performing and graphic artists with Hodgkin's
lymphoma. The risk increased with increasing duration of time
in the occupation. The ORs werc significantly above 1.0 in the
unadjusted models, but after adjustment for possible confound-
ers the confidencc intervals included 1.0. There werce 4 cascs
who had worked in the industry producing flour. feed and
bakery products. Thcrc was a consistent duration-response
pattern. but only 2 of thec 6 ORS wcrc significantly above 1.0.
For the substancc cooking fumes, the occupation chef or cook
and the industry government therc werc no significantly raised
ORs in any of the 6 models.

Non-Hodgkin’s lymphoma

There were 215 cases of NHL. Results using the poolcd
controls and adjusting for age, proxy status, incomc and
ethnicity are presented in Table IV for exposures selected
from a basis in literature and in Tables V and VI for
empirically chosen exposures. For the exposures chosen on the
basis of the literature (Table 1V), there were no significantly
raised ORs. = -

It has been suggested that solvents may have a late-stage
effect on non-Hodgkin's lymphoma (Vineis et al, 1992); we
consequently examined this hypothesis in our data set by
estimating the risk of NHL for those with recent exposure to
solvents. Exposure to solvents in the 5 years before diagnosis of
cancer (or interview time) was not associated with NHL
(OR = 0.8; 95% CI, 0.6-1.3). Restricting the exposure period
to 2 years prior to diagnosis gave almost identical results.

Of the empirically chosen exposures (Tables V and VI),
significantly raised ORs were seen in the adjusted model and
using the pooled controls for substantial exposure to the
substances copper dust, ammonia, plastics pyrolysis products,
fur dust, and cotton dust, in the occupations of textile
processor and textile maker and in those with long exposure in
the textiles industry. A dose-response pattern was present for
all the substances except plastic dust and formic acid. For the
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TABLE vV - ODDS RATIOS (OKs) AND 95¢; CONFIDENCE INTERVALS
(955~ C1h FOR DEVELOPING NON-HODGKIN'S LYMPHOMA.
FROM A CASE-CONTROL STUDY IN MONTREAL

Substance exposure Level No. OK' 957 Cl
Bronze dust Non-substantial 1 12 01-101
Substantial 5 28 0891
Copper dust Non-substantial 8 1.1 0525
Substantial 8 55 19-160
Alkali. caustic Non-substantial 15 15 0.8-2.8
solutions Substantial 7 18 0.7-45
Ammonia Non-substantial 12 08 0.4-1.5
Substantial 14 34 17-69
Hvdrogen chloride  Nan-substantial 16 16 0.9-3.0
Substantial 6 13 05-34
Plastics pyrolysis Non-substantial 8 20 08459
products Substantial 6 26 10-71
Fur dust Non-substantial 3 17 05-66
Substantial 5 31 1.0-93
Cotton dust Non-substantial 8 1.0 04-2.1
Substantial 13 26 13-54
Plastic dust Non-substantial 14 17 0.9-3.3
Substantial 3 10 03-34
Formic acid Non-substantial 2 22 04-113
Substantial 2 15 03-80
Fluorocarbons Non-substantial 5 13 05-36
Substantial 5 26 0.8-80

'Adjusted for aﬂe. proxy status. income (quintiles), ethnicity
(French/Anglo/other).

TABLE VI - ODDS RATIOS (ORs) AND 957 CONFIDENCE INTEKVALS
(V57 C1) FOR DEVELOPING NON-HODGKIN'S LYMPHOMA
FKOM A CASE-CONTROL STUDY IN MONTREAL

Exposure (E/‘:‘;rt\‘) No. OR' 987

Occupation?,

Salesmen -9 23 1.3 0.8-22
10+ 35 1.4 0Y-21|
Janitors and cleaners [-9 7 11 05-26
10+ 6 1.6 0.64.2
Textile processors -9 3 09 02-33
10+ 8 122 35422
Textile makers -9 3 20 05-80
10+ 4 157 2.9-875
Rubber and plastic workers -9 4 3.6 0.9-15.0
10+ 19.0 06-148
Industries
Textiles -9 5 06 02-15
10+ 9 39 16-95
Non-ferrous castingand rolling 1-9 2 13 0.3-6.4
10+ 3 41 09-189

'Adjusted for age, proxy status, income (quintiles), ethnicity
(French/Anglo/other).

substances copper dust, ammonia, and cotton dust and the
textile industry, the ORs for substantial exposure in all 6
models were significantly raised.

The results shown in Tables 1V to VI are adjusted for a num-
ber of relevant non-occupational covariates, but the results for
each occupational exposure are not adjusted for other occupa-
tional exposures. However, Some pairs of exposure were highly
correlated. Approximately half of the cases who had been
exposed to bronze dust, copper dust, alkalis and caustic
solutions or ammonia had also been exposed to hydrogen
chloride. Similarly, about half the cases exposed to alkalis and
caustic solutions had also been exposed to ammonia. Cases
who had been employed as janitors and cleaners were likely to
have been exposed to alkali and caustic solutions and to
ammonia. Six of the 7 cases who had been employed as textile
makers and 8 of the 14 cases who had worked in the textile
industry had been exposed to cotton dust. Attempts were made
to carry out some multivariate analyses with several occupa-

tional variables at a timc. but the rcsults werc difficult to
interpret with some unstable estimates due to small numbers
of data points and large numbers of variables. Conscqucntly.
wc prefer to present and interpret the morc stablc estimatcs
based on adjustment for non-occupational factors only.

DISCUSSION

Many different classification systems have been uscd to
group lymphoproliferativc cancers. and there is considerabie
controversy over which system is most appropriate for epide-
miological studies (Weisenburger. 1992: Vineis et al., 1992).
There is inevitably a trade-off between specificity of the
classification system and numbers of subjects available for
statistical analysis. This is the conventional dilemma between
"lumping" or “splitting"". For our data, we had information on
diagnosis as it came from medical records. The data from this
source were limited by the prevailing diagnostic technology
and medical opinion during the era in which cases were
accrued (1979-1986) and by the fact that cases were accrued
from 19different hospitals. There is doubt about the validity of
classification systems for non-Hodgkin's lymphoma. Onc promi-
ncnt textbook of pathology states that *. .. until the recent
past there were morc classifications than experts”, defining
recentlv as after the timc frame of our study (Cotran er af.,
1994). It might noncthclcss be useful to cxamine histologic
subgroups of NHL scparately, since this is a largc and
heterogencous category with respect to pathology. clinical
fecatures, trecatment and actiology. The state of the art docs not
allow us to do so. On the other hand, the classifcation of
Hodgkin's disease is sound and has not changed since the Ryc
Classification of 1966 (Lukcser al, 1966).Therc is no overlap
bctween the two discasc groups. with the possible exception of
some follicular (nodular) well-ditferentiated NHLs and the
rarest subtype of Hodgkin's discasc. the nodular variant of the
lymphocyte-predominant subtype. Patients with Hodgkin's
discasc. cspccially following trcatmcnt. may develop sccond
primary canccrs at any sitc. including NHLs. but this is not an
issue for newly diagnosed cascs.

Several substances. occupations and industrics were in-
cludcd in this analysis becausce previous rescarch had indicated
a possible incrcascd risk. Nonc of thcsc gave significant results
in our data. although the numbcrs of cascs cxposcd to most of
these circumstances wcrc quite small. For solvents. wc had
largc numbcrs of cxposcd cases, but there was no suggestion of
any effect in our data.

It is conceivable that some substances are dangerous in onc
work environment but not in others, because of the nature of
the substance or because of cofactors. To evaluate this
possibility, we carried out some analyses looking atjoint effects
of substances and occupations. Because this requires relatively
large numbers, it was only feasibleto do it for 2 fairly prevalent
exposures, solvents and wood dust. For each of these sub-
stances, we assessed the risk among those exposed to the
substance in particular occupations. There was no evidence
that solvent or wood dust exposure in any of the main
occupation groups carried excess risk of NHL.

The occupation of sheet metal worker appears to be related
to myeloma in our data, with high and statistically significant
ORs despite small numbers of cases. A Danish case-control
study which linked industrial history records with over 1,000
cases of myeloma and 4,000 controls (Heineman et al, 1992)
found raised risks for precision metal working as most recent
occupation (OR = 14; 95% CI, 1.0-2.1). Among industries,
there was a raised risk associated with employment in fabricat-
ing structural metal and stationary tanks (OR = 2.0; 95% Cl,
1.0-4.0), and those in this occupation for 5 or more years were
significantly more likely to have myeloma than those employed
for less than 5 years. A number of metal-related occupations
have been linked to myeloma including smelter and metallurgy
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workers in a study linking cancer registry and occupational
data from the census (McLaughlin et al, 1988). as well as
workers in the composing room of printing plants (Greenc et
al., 1979). Case-control studies have linkcd mycloma with
sclf-reported cxposurc to metals (Morriser al., 1986) and have
linkcd occupation as a metal workcr with mycloprolifcrative
cancers (Giles et al.. 1984). A study of over 10.000 men with
occupation rccorded as mctal workcr on the dcath certificatc
(Gallagher and Thrclfall, 1983) found no incrcasc in PMR
from myeloma for all mctal workers combined but a raised risk
(PMR = 209; 95% CI. 108-366) for machinists (based on 12
deaths). The risk of myeloma for sheet metal workers was not
raised in a largc study which linked data from the Canadian
Labour Force 10% Samplc Study with death certificate infor-
mation (Lindsay et al.. 1993).

Our findings suggest a raised risk in occupations relating to
the manufacture of textiles for both Hodgkin's and non-
Hodgkin's lymphoma. For Hodgkin's lymphoma. risks werc
raised for exposurc to the substances fabric dust and cellulose.
while for NHL. thcrc were high ORs with exposurc to cotton
dust and work in the textile industry. especially in the occupa-
tion of textile making. The textilc industry has been examined
in a number of previous studies. Textile workers were found to
be at increased risks of death from NHL in one study using
dcath ccrtificatc information (Delzell and Grufferman. 1983).
but not in others (O'Bricn and Decoufl¢, 1988: Dubrow and
Gutc. 1988: Schumachcr and Dclzcll. 1988). A rctrospcctive
cohort of synthetic textiles workers (Goldberg and Thériault.
1994) found an increased risk of onc tvpe of NHL only
(reticulum cell sarcoma). Case-control studies have shown no
increased risk of NHL in textile workers (Scherr er al., 1992)
and a non-significant incrcascd risk in workers in textilc mill
products and apparcl (Blairer «f.. 1993). It is alse worth noting
that studics havc shown an incrcasc in risk of multiple
myeloma in tcxtile workers (Linct ¢z o/, 1994) and in the
manufacture of syntheticyarns (Hcincman ¢r «l., 1992).

A rclated finding in our study was the incrcascd risk of NHL
with cxposurc to fur dust. No incrcases in SMR for lymphoma
wcre found in 2 retrospective cohort studies of fur workers
(Sweeney et al, 1985: Guay and Sicmiatycki. 1987) but
numbers of dcaths were vcry small in both studies.

FRITSCHI AND SIEMIATYCKI

The occupation of leather worker was linked to Hodgkin's
lymphoma in our data. A rcview of the leather industry hy
IARC did not find convincing cvidcncc of a link hctween the
industry and lymphoma (IARC. 1981). Since then therc have
been scveral reports on cohorts of leather workers. cspecially
shoe manufacturers (Garabrant and Wcgman. 1984: Walrath
et al., 1987: Stern et ¢/, 1987: Seniori-Constantini et al.. 1989:
Walker et al., 1993; Mikoczy et al.. 1994). Thcsc studies have
not demonstrated any raised risk for Icathcr workers. but they
have bcen based on small numbers of dcaths from lymphoma
and usually do not subdivide the group further. A registry
study in Swedish women found no increase in the incidcnce of
NHL in leather workcrs (Linctet al.. 1994), but a case-control
study in Boston (Schcrr et al, 1992) found a slightly incrcascd
risk of NHL in workers in the leather industry (OR = 2.1: 95%
CIL.0.9-4.8).

Other substances consistently and significantly associatcd
with NHL in our data wcrc copper dust and ammonia. No
incrcasc in the incidencc of blood. bone marrow and lvmphatic
system canccrs was found in copper smclterv workers in
Sweden (Sandstrom and Wall. 1993).

In conclusion. we have found a number of possible risk
factors for lymphoma and myeloma. However. for some of
them the risks arc not strong or the issuc has previously hcen
examined and no supporting cvidcncc has been found. The
rclationships which scem most worthy of further study arc
those bctween myeloma and shect metal workers. and between
lymphoma and the textile industry.
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