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Leukaemia, lymphoma, and multiple myeloma’in

seamen on tankers

Ralph | Nilsson, Rolf Nordlinda, Lars-Gunanar Hone, Bengt Jirvholm

Abstract

Objectives—To investigate the risk of lym-
phate and Baematopoietdc malignancies
in deck crew 0N tankers exposed to cargo
vapours.

Methods—The study designr way a3 8
nested core-referent study INntwe cohorts
of male Swedishseamen 20-64 years Of age
at the nadonal census 1960 (a 13 449) and
1970 (o 11 290), respectvely. Cases were
detected by record linkage with the Swed-
ish Cancer Register 1961-79 and 1971-87,
respectvely. FOr each case, three 10 five
age matched referents from the popula=
don were selected. Exposure was assessed
from daca in the Swedish Registry of Sea-
men aad &om 8 register of Swedish ships.
Resulty—Seamen in the 1970 cohort, who
had Deen exposed to cargo vapours for at
least one moath on chemical or product
tankers, had an increased risk of lym-
phade and haemstopoietdc mali cies
(Mantel-Hsenszel odds rado (OR)25,
95% counfidencs interval (95% CI) 11 tw
§.9)) with a significant exposure-response
reladom (conditional logistic regression
analysis, p=0.04). The ORs were increased
for both hymphoma (3.2). muldple r%—
eloma (4.0), and leukaemia (1.6), but th.
increase was only significant for ason-
Hodgkin's hymphoma (OR 3.3,95% CI 1.1
to 10.6). There were no significandy
increased risks for the 1960 cohort or for
seamen ¢ xposed only on crud. dil tankers,
but these groups had few exposed cases
and low cumulative exposure to benzene
aad other light pecroleum products,
Conclusions—Seamen sxposed 10 cargo
vapours fom gasoline and other light
petroleum produca oo chemical O prod-

uct tankers had an increased wof
hammimmic and haematopoiede Ma&’ -

cles. One possible cause is to
during loading, unloading, and

tank cleaning operadons.

(Occup Emcwon Med 1 998,58 0-0)
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We have previously reported two cases of acute
non-lymphanc leuksermuia among martes on
tankers who had been exposed to benzene from
cargo vapours. In two articles from Norway,
mates on tankers were reported to have
increased morbidity and mortality from
cancer.'’

The deck crew on chemical and product
tankers can be exposed to high concentrations
of cargo vapours. Product tankers carry mainly

petroleum products such as gasoline, diesel od,
and fuel oils whereas a wide range of chemicals
and peaoleum products are transported on
chemical tankers.” * Benzene concengagons Up
to some 100 ppm have been measured during
tank cleaning, lording! and unloading of gase-
line and some ocher light refinery products.**
Benzene is a well known leukaemogen' and has
also been suspected te cause other malignan-
cies such a5 lymphoma, including multiple
myeloma.'*" T%e results of a large benzene
cohort study, recendy published, showed a sig-
nificant excess of leukaemia and lymphoma
and a significant &end in the dose-response for
both of these types of cancer separately.'

The objectve of this study was to tnvesagate
whether work on desk on tankers, especially
shemical and praduct tankers, is associated
wWith an aeased sk of lymphade and
haermatopoietic malignancies. In a nested case-
referent study the exposure wis ssdmated from
rype of job 2ad rrpe Of ship.

Methods

STUDY DESIGN AND SUBJECTS

This is a uested case-referent ssudy cf Svedish
seamen with two study b 1s<t. [N the populadon
and housing censuses 1960 and 1970 Swedish
citizens wer¢ wked about their occupation at
the dme Of the census. The rwo studied popu-
lations are men, 20-64 yearsy of age, requstered
as seamen (deckand engine roam crew) (code,
601-611 in the Nordic Classificadon of Occu-
pation) at the Natonal Censuses nn Sweden
1960 and 1970 respecavely. In all 13 449 and
11 290 men fulfilled these criteria.

Cancer cases were available &om linkage
between the censuses and the Swedish Na-
tional Cancer Ragister. A poteatial case in this
study s defined s 8 seamen in the Census of
1960 or 1970. who had a lymphatic or
haematopoetic malignancy (ICD8 200-207).
Due to seszicdea on linking census dam. we
used two alresdy svailable links, The Swedisa
Cancer Environment Register 1960 (CER60)
is 8 link between the 1960 census and the Can-
cer Register for the period 1961-79. The
CER70 is a link 2¢tween the 1970<ensus and
the Cancer Register for che penod 1971-87.
The two study bases thus partally overlap.

For each case, three to five potennal
referents were andomiy selected from the
same S-year DA year :Tifum among men
classified as seamen in the tame Nigoaal Cen-
suses. All potendal ceforens were checked
it e Nadonal C aw of Death Register
as the referent had to be alive at the year of
disgnosis Of the case.

A case Or 8 referent also had to have a record
in the Swedish Regiray of Seamen. In dus reg-



Table I Relanvn risks® for lymphanc and b » ig in Seadizh posdl 10 cargo vepae ,
tankery
——
Chenucal or preduct 1anher i Crads o warher, iy
Dragreris (ICD-4) Tonel cases " OR (93% CD L ORI\
1960 cobore (1961-79):

Lymphoma (200-202) 22 4 18(0%wen 0 [
Non-Hadgian s (200, 202) 17 4 4.0(0.9w 12.9) 0 [
Hodghen's (201) 0 [ [ ]

Myeloma (203) ] [} ] 0 [}

Leukaenua (204-207) 18 2 09(0.103.8) 4 24004

All (200-207 46 K] 1104wd)) 4 0802w -

1970 cohort (1971-87): .

Lymphoma (200-201) 27 9 3.2(1.2t9%.0) 3 06@2w:s
Noa-Hadgiaa s (200, 202) 20 L] 33(1.1 0 10.8) 3 0902wt
Hodghaa s (202) 7 3 3.0(0.40022.9) 0 [\

Myvioma (203} 7 t 4.0(0.1 0 106]) 0 ']

Leukaeua (204-207) 12 4 1.6 (0.4 t0 6.0) 1 Q601w

All (200-20T) 4% 14 611wl 4 05 imis

*Maantel- Haenszet ORs (9% Cly).
tExposure 3 work 4 2 mate, b sble of pump on 3 taaker st least one month before the yeas of dugaem

isry, which is held mainly for pension pur-
poses, all positons held, including the name of
the ships, and employment times, have been
JSemstered for all seamen working on Swedish
ships. Eighty four per cent of the cases and ref-
erents from the linkages had s record in this
reqstry.

In total 46 cases and 159 referens from
CER60Q and 46 cases and 132 referents from
CER70 fulfilled the inclusion criteris. Eleven
cases occurred both in CER60 and CER70 and
were counted u both groups.

XrosLTS
Daca 0a umes of service (datss, number of
dawy), ocrupsnonal category, the name of the
shp. and the dupowner were collected from
the Swedub Repistry of Seamen.

The shup was then classified in one of three
categones. chemucal or product tanker; crude
od wnker, ocher—for example, ferry, general
cargo, esc. The classification was based on
mformapon from 3 private register of Swedish
shups (Whaker Nilsson, Helsi . Through
a randoes sample of 100 ships the classification
wag cheched aganst a register held st the
Swedsah Shapowners’ Association. All ships in
the sample were classified in the same way in
bodh regpamers.

The waman was classified as exposed to
carge vepowrs, f de had worked for at least one
moath & & mats, boarswain, sble seaman, oc
pumpman oa s chemical tanker, product
anher. or crede od tanker, which included oil-
bulb-ere ambary. Work m other occupations or
0n othar 'vpus of shups were classified as unex-
possd Thees whe were exposed only on crude
ol tandery er od-bulk-ore tankers were ana-
lysed sweparmety & exposure to cargo vapours
were comaniored ® be lower on these tankers,
due W s wew Pequency of loading snd
unhicedung

Exh cwendar month of the employment
penods en vaps ows megonsed as exposed or
unewpensd W an occupenonal hygienist. The
exposmry  clasmdicmnos was done without
owiedge of case-referent status. The refer-
ents varv semgned e same year of diagnosis as
the case Owtv emposed months before the year
of dusgneus fer » caee and the corresponding
referenes were comssdered n the analysis.

DATA ANALYSES

The analyses were done separately for CERn
and CER70. Stratified analyses were dose v
the statistical software package SAS (verme
6.08). In the stwatified analysis—tha »
Mantel-Haenszel estimate—each case and
erent were stratified according to year of e
(five-year intervals) and yesr of disgo®
(1961-70, 1971-9, 1971-80, and 1981-
Conditional logistic regression for analvs ®
matched sets and the test for trend were dax
with the EGRET statistical sofcware packag

Rasults e
In the 1970 cohort incressed sk
lymphoma, multipie myeluma, and leuis=
were found for those who had worked 00 df:
on chemical or product tankers, although &
results were only significant for lymphoms ®
for all lymphatic and haematopoietic maliP*
cies together (uable 1). We found no %%
candy incressed risks in the analysss »
1960 cohort, but the 95% confidence fe™
(95% Cls) were wide due 1o the few
cases. .
All cases of leuksemis in t.he‘mllv‘““.
to cargo vapouss on chemnical or prodixt
ers were of the chronic lymphocy® o E
except one case of unspecified myeloid 0 P
the CER70 cohort. The Mantel-Haeasssl
ratio (OR) for chronic lymphocytic ““”,." a
(CLL) in the CER70 cohort was 3.9 ®
0.7t 21.1). apo“d o
Comparatively few cases were o
on crude oil mrkers (table 1). The On’m‘;ﬂ‘
generally lower for work on audeoﬂ‘mp,,
than for work on chemical or product !
except for leukaemia in the 1960 cohoft: or
There was a positive exposuwresw““w,
tion for all lymphohaernatopoicac B8 ¥qy,
cies in the 1970 cobort (table 2-
association berween the nisk of develoPTy
I hohsetnatopoietic malignancy o
ny'ul:bc of expos:d months before the “;:,d
diagnosis was significant in !:;‘ ukzhb"”
logistic regression analysis (p=0.04 )
atio stacsoe). The ORs changed ﬂ“':::
when including a 5-year latency perod %% e
nurnbers of exposed cases were t00
make analysis by latency period feasibié:
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The crude ORs (not shown) were generally
similar to the Mantel-Haenszel ORs, indicating
no major confounding of age or calendar time.
The logistic ORs for work on chemical or
product tapkers in the conditional logistic
regression analysis for all lymphatc and
haematopoietic malignancies were similas to
the Mantel-Haenszel ORs—that is, 2.4 v 2.6
for the 1970 cohort and 1.1 v 1.1 for the 1960
cohort (table 2).

The excess risk for lymphatic and haemat-
[opasenc malignancies 1971-87 in Swedish sea-
men due to exposure to cargo vapours on
chemical or product tankers was 8.6 cases (14
exposed cases v 5.4 expected)-—that is, about
one case every two years. Fourteen per cent of
the referents were exposed o cargo vapours
and 84% of the 11 290 seamen in the census
occurved in the Regisuy of Seamen. The
population at risk—that is, exposed groups on
chemical or product tankers, would thus be
about 1330 people (0.14x0.84x11 290). Thus,
the excess rate in exposed seamen would be

4.3/10 000 person-vears in 1980 in men of
30-74 years of age."Thus, the incidence for
lymphane and haematopoietic cancers in
seamen exposed (0 Cargo vapours was about
twice s high as in the general populacion.

expoudammmamdy;ucompum‘vdy
smail, and the results have to be interpreted
with caunon.

VALIDITY

L RN

lirde statstical power to detess excesses Of spe-
sific cell oypes Of lewiaemia,

A differendal ceporting of exposed or
non-exposed seamen to the Cancer Regiscer
seems improbable. All <ises of cancer in
Sweden have to be reponed to the Nauonal
Cancer Register. An invesdgauon showed that
about 12% of cases of leuraemia or muluple
myeloma were NOt reponed to the Register *
This is somewhat higher than for most other
malignancies.

One of dhe two index cases' was geated 1na
Swedish hospital bur was not reported to the
Cancer Register, and was, rhus, not included un
this study. Exclusion of the other widex case
resulted only v marginal changes of the ORs
for the 1970cohort (all lymphaticand hsemaz-
opoietic malignancies OR 2.5, 9%% CI 1.1 to
5.8; leukaemia OR 1.3,95% Cl10.3t0 %.2).

Thedats inthe population and housing cen-
suses in Sweden 1960 and 1970are considered
to be reliable. The misclassificaton of occupa-
i in the sector of zansport and communica-
don work was about | 4% in the 1960 census,’
which is somewhat higher than for most ocher
occupations.

As this is a nested case-cefersnt seudy in
which both cases and rz{erencs were selected
among th¢ same study population of seamen it
is likely that the mis-classificagon of both diag-
nosis and occupation is noa-~differental. The
classification Of exposure was based 0n occupa-
tional dtles in s register as weil as on the
categorisation Of boats. Furthermore, the
classification was blinded with regard to
case-referent stacus. The reguirement tist the
referent should be alive at the ime of diagnosys
of the case tends to somewhat overesumate the
exposure among referens, leading to conserva-
tive estimates of the risks.

Engine MOM personnel with possible expo-
sure to oils, diesel exhaust, and some ¢leanng
chemicals were included among the refereno.
Ifthey 244 an increased incidence of lympho-
hsematopoietic malignancies, s would also
tend o loweer e ik esumaces for the sxposed
group. Exclusion Of enpine room personnel
from e murerisl resuted momewhis lower
ORs 1nd wider confidence atamls Thus, s
not likely that these exposures increased the
risks for lymphatc O hiemsiopown< cancers,

We have only informanon on occupanon for
cases and referents fOr the ume penods they
have worked ss seamen ON Swedish shups.
Other relevant exposure could have led to mus-
classification Of exposure, wiuch probably s
‘non-differential, thus leading to nsk esumates
closer to uniry.

The aumers Of exposed : 34 of lymphaac
and haematopoietic cancers were ymall (n=6 1n
the 1960cohon and a= Kin e 1970 cohort).
which make the power (0 devect o nTraeed
risk low, especially inthe (960 conan. Oespite
this, we found a significantly wnncreased rate
ratio in the 1970 cohort, whach was supported
by a significant dose-respoase relanca

CAUSES OF INCREASED RISKS
The increased risk could be caused by
exposure to cargo vapours contuning, for
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example, benzene. Product tankers carry
mainly petroleum products, whereas s wide
range of chemicals, including petoleum
products—such as gasoline—are tansported
on chemical tankers. For most hazardous
chemicals there are safety reguladons which
resmict the exposure, whereas gasoline and
other petroleum products were often loaded
with the hatches open. The main exposure on
chemical tankers is thus to hydrocarbons from
petroleum products.’ ' We, therefore, decided
to include these in the same group as product
tankers.

Mates and able seamen on chemical and
product tankers could be exposed at least dur-
ing short periods to high concentrstons of
cargo vapours containing benzene from gaso~
line or other petroleumn products during
loading or unloading.*™* On crude oil tankers,
the exposure to benzene, for example, is
considerably lower than on product tankers,
and the nsk esumates were also generally lower
for work oa crude oil tankers.

Benzene 1 an established cause of Jeukaemia
and has aiso been suspected to cause other
lympbohsematopoletic malignancies such as
lyrnpboma, especially non-Hodgkin's
tymphoms, and multiple myeloma.”** '** The
assocuaton berween benzene exposure and
leukaernus has been most convincingly shown
for acute myeiord leukaemia (AML). It has
been a2 marter of debate whether exposure to
benzene s also associated with other cell types
of ieukaemua ' '™ A comparstively large
cohort study of chemical workers showed
signuficant  dose-response relations between
cumulaove exposure to benzene and excess
mortaisty from leukaemia, a3 well a3 the
brosder category of sll lymphatic and haemat-
opowt cancer, although there was no death
from AML.® It has been suggested that high
exposure 10 benzene predominantly causes
AML, whereas chronic low grade or intermit-
tent exposure (0 benzene, especially together
wixh other saromsatc hydrocarboas, may cause
other forms of leukaemia and lymphoma.”In s
study of rebber workers, the risk of death from
ymphsne leuksemnis was sbout 7 for workers
@ wbs oxh lugh exposure to solvent (com-
pered wwh other workers), and about twofold
a »bs ok medrum or light exposure 10
solvenss. * The power to detect an increased
rak of AML., or any specific type of leukaemis,

or nea-Hedgim's lymphoms in our study is
low s chere are only a few exposed cases.

la v wredv we cannot separate the effect of
cxposure to demarne and to other chemicals in
carge vapowrs (mamly sromatic and aliphatic
hydrecarbens) s these exposures are highly
corvetased. W hawe, however, not found any
coavincang svdence n the literature that other
constrwents of petoleum products could
Cowse tymphsoc or hacmatopoietic malignan-
%

Moes ¢t ol found a significandy increased
mortadary and montality of cancer in seamen
whe dad deent working as mates on Norwegian
tanhers, especiailv od tankers.’ ' Work a3 2 cap-
i wae oot asocuated with any significanty
wncressed sk The risks for lvmphatic and

e :

Nilssom, Novdlindar, Hdru, et ai

haematopoietic malignancierwere nor calcu-
lated separstely.

No increased mortality from leukaemia was
found in a study of distribudon employees with
potentisl exposure to gasoline on marine
vessels in the United States, but there was s
noa-significant mortality increase for AML
(SMR 150.5) in land based terminal
employees.”” However, the SMR for all causes
was low, especially for land based cohort mem-
bers (SMR 31). According to the authors, ths
was probably due to selection at tme of hire,
and when compared with the general popula-
tion, berter heaith maintenance, less smoking,
Jess drinking, and higher socioeconomic status.

The benzene content of gasoline, which i
one of the main cargoes transported on
product tankers, is generally <1.5% in the
United States compared wich about 2%-4% in
Sweden and England. Yet a study of gasoline
station attendants in the United States showed
a significant excess of leukaemia™ and case
reports indicated leukaemis cases related 10
gasoline exposure in the United States.”
Tanker drivers exposed to gasoline with
relatively low levels of benzene showed signifi-
cantly incressed mortality due to leukaemua 10
a Capadian squdy.®

The increaset risk was only significant in e
analysis of the 1970 cohort data. In the 1960
cohort, there were only s few exposed cas<s:
making risk estmates imprecise. The differ
ence in risk between 1960 and 1970 cohor's
may possibly be due to difference in exposur
The transpartation of gasoline on tankers 1
increased considerably since 196C, espr 338"
when compared with fuel oils, which als
ransported on product tankers. The amous
of gasoline unioaded in Swedish harbours ::;
>300% higher in 1980 when compared ¥

1960.” ® The exposure to benzene, for e
ple, is thus probably substantially highet fof
exposed group in the 1970 cohort. oh
The exposure to cargo vapours has prod*™
decreased during the past decade 08
modern ships due to different l°m¢o~
niques. Previously the gauging ""l "'
manually with the mace looking down £°
the ullage hole or hatch. Due to the s
ing capacity the emission of carg? :”o#«
through these openings were high. I8 7%
ships the gauging is done by insTum< %y
example, radar—and thus the exv“““‘ aes
loading is much lower. Measuff™C (os
hours) done in 1993 on 8 S ama®
tanker loading gasoline showed €°"“° e
of benzene in the range of °'°"°",,1|c'~”'.
(mean 0.22 mg/m’, n=9). 0.00 %
the concentrations ranged berwee? » be
2.1 mg/m’ (mean 0.7 my/m’, n=3)-m‘ o
concentration (1 hour) of 16.¢ T »

messured in the breathung z00¢ © :;,d ”~,
ing cleaning of tanks thar had ¢o¢ oty
line (Rolf Nordimder, persondl ©
ton).
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