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Mortality Study in an Italian 051 Refinery: 
Extension of the Follow-Up 
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llaria Bernucci, M D , ~  Car10 Zoahettl, and Pler Alberto Bertazzi, MD, M P H ~  

This article present the results of the extension of the follow-up of a cohort of workers 
employed in an Italiun oil %$new. 1,583 workers employedin 1949-1982 in a northern Italy 
oil rejFnery plant were followed-up for mortality as of May 31, 1991. Environmental 
mearuments documented potential erposure to benzene. Standrnlizd mortaliq rutios 
(SMR) and their 95% conJidence intervals (95% CI) were calculated uslng us refirences 
national (1949-1968) and mglonal mortali@ rules (1969-1991). Elevated mo~~u l i t y  from 
lymphoma (seven deaths, SMR 190. 95% CI  76391) and leukemiu (eight deaths, SMR 225. 
95% C197-443) w m  observed. No conslstenf trends by length of employment or time since 
$rst exposure we% apparent. Nonetheless, the excess risk was particularly and significantly 
increased among wonters with 15 or more yeurs of employment, and 30 or more years since 
first employment. The findings of elevated mortality from Ieukemiu und lymphoma urn in 
agreement with those of other oil refinery sfudies. Chance, confounding, or other biases might 
hove played a marginal, if any, role in determining the resrtlfi. Exposure to benzene is o 
biologicollyplauribleexplonarinn. Am. J. Ind. Med. 35:287-294,1999. Q 1999 WiIey-Lw, Inc. 
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INTRODUCTION 

The petroleum refinery industry employs hundreds of 
thousands of workers worldwide. Processing and mainte- 
nance workers may be exposed to a wide variety of agents, 
including known carcinogens such as benzene [IARC, 
19891. Many investigations have been conducted in several 
countries over the last years [Savih and Moure. 1984; 
Harrington, 1987; Delzell et al., 1988; IARC, 1989; Wong 
and Raabe, 1989, 1990, 1995, 1997; Kriebel et al., 1990; 
Raabe and Wong, 19961, yet the entire pattern of the cancer 
risk possibly associated with working in this industry in 
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different areas of the world has not been hlly clarified, in 
particular the risk related to benzene exposure, a pollutant 
currently of major interest given its low-level, widespread 
env~ronmental presence. 

The mortality experience of workers employed 111 an oil 
refinery located near MiIan, in northern Italy, was previously 
evaluated for the period 1949-1 982 pertazzi et al., 19891. 
That study uncovered a suggestive increase of cancer risk at 
different body sites, particularly for kidney (three denths 
observed, 0.8 expected), brain (benign, malignant unspeci- 
fied tumors: 48.1). and leukemia (512.0). Lung cancer was 
elevated in some departments: Moving, most notably. Del~v- 
ery, and Power Plant. 

The follow-up of the cohort was extended as of May 3 1, 
1991. This article presents the results for the entire period, 
1949-1991. 

MATERIALS AND METHODS 

The study population comprised 1,583 male workers, 
ever employed between Januarj 1, 1949, and December 31, 
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TABLE I. Benzene Concentratlorn (mglm31 In Production and Moving TABLE II. Completeness of the Follow-Up of Workers in an Italian Oil 
Departments In an Italian Oil Refinery, 1984-85 Refinery. 1949-91 

Ha %kmpkr Nunbar 01 

Deparhrmt sanplas Mln Wan Max. a325rnghn' VsW status s " w -  w) 

ROducWn 18 0 10 0.4 24.7 28% NW 1.163 73.5 
MovlnS 39 0.03 1.3 77.0 41% Deceased' 352 222 

Not mad 58 3.7 
' C m  nnamended pm&& W In Ewe. <a25 W(l ppN. Migrated abmad 10 0.6 

Toul 1,583 100.0 

1982: a m  checking for errors, 12 subjects were excluded 
from the 1,595 subjects of the previous follow-up [Bertazzi 
et a!., 19891. 

Individual work histories inside the refinery were 
obta~ned from personnel files, which contained information 
on date of hire and leaving the plant, and on specific jobs 
held in d~fferent departments. Reconstnrction of work pro- 
cesses and the results of industrial hygiene surveys per- 
formed in the period 1982-1985, in which levels of airborne 
contaminants were measured. led to the identification of the 
following work areas or departments: Production, Moving. 
Delivery, Power Plant. Laboratories, Maintenance, Clerical, 
plus the Other department category [Bertnui et a!.. 19891. 
Sixty-two percent of the subjects had worked in a single 
department during their career within the plant, 24% in two, 
and 14% in three or more departments; subjects were 
classified according to the longest job held. No update of 
occupational histories after 1982 was performed. The refin- 
ery ceased activity in 1993. 

Few environmental measurements of chemicals were 
available for some departments. Benzene concentrations in 
air were determined in the Production, where the majority of 
people operated, and Moving departments (Table I). 

Of the workers enrolled in the study, 381 were stdl 
employed on May 3 I ,  199 1. Subjects who had left the plant 
before this date were followed up by contacting the Popula- 
tlon Statistics Offices of the towns of subjects' last residence. 
Death certificates were obtained nnd coded according to 
standard rules following the International Clsssification of 
Diseases in use at the time of death, then converted to the 
VllI revision codes. 

Workers conbibuted person-years from the beginning 
of employment in the plant until exit from the study (because 
of death, emigration, or loss to follow-up), or until the end of 
the study period. Calculation was performed using a FOR- 
TRAN computer program we developed [Zocchetti nnd 
Bertam, 19821. and successfully validated against other 
widely used programs [Monson, 1974; Marsh and Prein- 
inger. 19801. 

As reference, we used the male mortality rates specific 
by age and calendar year of the entire country for the period 
1949-1968 and rates of the Lombardy Region, in which the 
refinery was located, from the year of availability (1969) on. 

The majority of the cases (86%) and person-yenrs (72%) 
occurred in the period I%%] 99 1 ; therefore, comparison of 
the cohort mortality was made with the regional population. 
This seemed appropriate, in that large geographical varia- 
tions of mortality and cancer incidence are observed in Italy. 
for example, respiratory and lymphatic and hematopoietic 
cancers prevail in the northern regions, while digestive tract 
mortality rates are higher in the center-south [Cislaghi et al., 
1986; Zanetti and Crosignani, 19921. 

We calculated 95% confidence intervals (CI) of standard- 
ized mortality ratios (SMRs) using Byar's formula [Breslow 
and Day, 19871. We performed analyses by length of 
employment (0-4,5-14,15+ years), time since first employ- 
ment or "latency" (0-9, 1519,20-29,30+ years), year of 
fmt employment (<1954, 1954-1962, 1962+, correspond- 
ing to dates of major changes in production technology), and 
department (longest job). Duration of employment was 
lagged 10 years to overcome the lack ofoccupstional history 
information after 1982 [Checkoway et al.. 19891. Poisson 
regression modeling using internal reference was performed 
in the analysis of duration and latency. 

RESULTS 

Subjects contributed a total of 39,857 person-years. 
Vital status ascertainment was over 95% successful (Table 
11). We found 352 deaths and were able to obtain death 
certificates for 339 (%.3%); of the 13 missing causes of 
death, I2 were missing in the first follow-up period (1949- 
1982). 

Overall mortality (Table Ill) was lower than expected, 
mainly because of a marked reduction of mortal~ty from 
nonneoplastic cardiovascular, respiratory, and digestive dis- 
eases. All cancer mortality was similar to that expected, 
while digestive cancers were decreased (38 observedl48.1 
expected). Rectum, lung, and kidney cancer mortality exhib- 
ited a marginal numerical increase of the SMR value. No 
deaths from mesothelioma were found. Mortality from 
melanoma (two cases), and brnin cancers (five cases) was 
about twrce the expected. Lymphatic and hemotopoietic 
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TABLE Ill. Mortality From Selected Causes in an Italian Q Refinery, TABLE IV. Mortality From Selected Cancer Causes by Length of 
1949-91 Employment Lagged 1 0  Years In an Itallan Oil Refinery. 1949-91 

Cause of QaVl 
(ICO-8 coder). 

obsavtd Expected 
deaths death SMRC m w  

A!I causes (000-999) 
All c m  (140-209) 

01gesltve syslem (150-159) 

Eso~hasus (1 50) 
S t ~ ~ C h ( 1 5 1 )  
Cdon (1 53) 
Reaum (1 54) 
Liver and gallbladder 

(155-156) 
Pancreas (157) 

Larynx (161) 
L q  (162) 
M e l a m  (172) - (les) 
Unnacy bladder (1 89) 
Mney (189) 
Bran (191) 

Lymphatic and hematopoletic 
(200-209) 

Lyyhorna (ZW202) 
Hodgkln's dlsease ( M I )  
Nan-HodgkXs lymphoma 

(200, 202) 
Leukema (h)4-207) 

All urwlatory dlseaxs 
(390-458) 

lschemrc hean diseases 
(410-419) 

Cerebmvascular Qseases 
(430-439) 

Respualay d i i s e s  (460- 
519) 

Digestwe diseases (520-5773 
CirmoSk (571) 

Extemd causet (800-989) 

cancers were 80% increased (1518.4): both lymphomas 
(713.7) and leukemias (8L3.6) showed an excess. On death 
certificates, the leukemia types were described as: one acute 
myeloid, one acute lymphatic, hvo chronic lymphatic, three 
acute, one not specified. 

Cancer-specific mortality did not show any hea r  
pattern with 10-year lagged length of employment in the 
refinery (Table IV). The hvo cases of melanoma occurred 

All muses 
'Jb* 
SMR 
95% CP 

All caness 
w m  
SMR 
95% CI 

Dlsesuve system 
o m  
SMR 
95% U 

Slomach 
Obs/Exp 
SMR 
95% CI 

Uver, @Madder 
ObHIp 
SMR 
95% a 

Luns 
W W  
SMR 
95% a 

Mdwwwns 
ObslExp 
SMR 
95% CI 

K b e Y  
ObslExp 
SMR 
95% CI 

Brah 
WIp 
WR 
95% CI 

Lymphallc and hemabpkllc 

ObmJ 
SMR 
s5% CI 

LymphW 
@fixp 
SMR 
95% CI 

Leukernla 
-%' 
SMR 
95% CI 

among workers employed 5-14 years. Kidney and brain 
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cancers were few and the SMR values decreased with length 
of employment. Lymphatic and hcmatopoietic tumors were 
stgnificantly elevated among workers with 15+ years of 
employment; boU1 lymphomas (3 deathdl. l expected) and 
leukemias (411.1) were in excess in this category. Tests for 
linear bend were not significant. 

Lymphatic and hematopoietic malignancies were also 
associated with time since first employment (Table V): a 
significant excess was observed 30 or more years since first 
employment in the plant, based on four lymphoma and three 
leukemia deaths. Tests for linear trend were not significant. 

Analysis by year of hire showed a mortality excess of 
lymphatic and hematopoietic neoplasms in all periods, 
except for lymphoma, for which no deaths wen observed 
among workers employed after 1962 (Table VI). The 
analyses failed to isolate any specific department where the 
risk of lymphatic and hematopoietic malignancies was 
confined; five of the eight leukemia deaths occurred in 
Production (3 observedll.1 expected) and Maintenance 
(2/0.6); lymphoma deaths were more distr~buted across 
departments. 

Lung cancer mortality was elevated only in the Moving 
(7 obse~ed/4.0 expected, SMR 176, 95% CI 71-363). 
Delivery (311.7, SMR 177, 95% CI 36-5 17). and Power 
Plant (412.1. SMR 191.95% C1 51-490) departments, as in 
the previous follow-up. 

DISCUSSION 

The main finding of this study of an Italian cohort of 
male oil refinery workers examined within a 42-year span 
was the excess mortality from leukemia and lymphoma. 
Despite the absence of an incrensing linear trend of risk, the 
excesses for both causes of death were observed in the 
highest category of length of employment and time since 
first employment. Other mortality excesses were based on 
few cases (melanoma) or with risk panems not compatible 
with an occupational etiology (brain cancer). Lung cancer 
was slightly above expectation in some departments. Kidney 
cancer was not elevated; however. the power of the study 
may have been too low to detect a possible modest increase 
of risk. Mortality from nonneoplastic diseases was markedly 
reduced. 

Selection bias was unlikely, given the high percentage 
of traced workers. We had information that one of the 
subjects with missing cause of death had leukemia, but were 
not able to confirm this through official records (he had been 
working in the Power Plant department from 1954 to 1967. 
when he died at the age of 39 years). 

Possible misclassification of disease, if present at all, 
was probably of the nondifferential type. Cause of death 
certification by area physicians was probably not influenced 
by the knowledge of the subject's occupation, and coding of 
the underlying cause of death was made following sbndard 

TABLE V. Mortality From Selected Cancer Causes by Time Slnce Finl 
Employment In an Itallan Oil Refinery, 1949-91 

AUcases 
ObJlExp 
SMR 
05% CP 

All cancers 
0- 
SMR 
95% CI 

bge& system 
WExp 
S)dR 
95% CL 

stomach 

W E r p  
SMR 
95% CI 

Liw, gabladder 
ObslErp 
SMR 
95% CI 

Lung 
w g  
SMR 
95% CI 

Melanoma 
W x P  
SMR 
95% a 

Kidney 
MxP 
SMR 
B5% CI 

mabl 

SMR 
95% CI 

Lymphauc and hematqmietk 
Wxp 
SMR 
95% CI 

Lymphoma 
ObslExp 
SMR 
95% CI 

leukemia 
WExp 
SMR 
95% CI 
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TABLE VI. Mortality From Lymphoma and Leukernla by Year or Flnt 
Employment and Department In an Italian 011 RMnery, 1949-91 

Year d Sm employmen 
<I954 - 
SMR" 
95% CF 

1954-1962 
ObGxp 
SMR 
95% CI 

> 1962 

WE%' 
SMR 
95% CI 

Depanmeru 
l'mducuon 

Ob54Exp 
SMR 
95% CI 

Del~efy 
DbslExp 
sm 
95% CI 

Mmng 

42.2 
178 
48-455 

110.7 
146 
2-81 1 

M.6 
478 
96-1 397 

3n .I 
280 
56-817 

om. 1 
0 
0-2934 

WE%' 010 3 110.3 
m 0 307 
95% CI 0-1069 4-1710 

M d l n l m  
Obslfwp NO.6 210 6 
SMR 0 315 
95% CI 0-572 35-1 139 

P o w  plant 

ow%' 110.2 W0.2 
SMR 555 0 
95% CI 7-3091 0-2061 

Labaat~es 

'=JFJP 110.1 om.l 
SMR 673 0 
95% U 9-3746 0-2737 

Clerical 
110.5 110.6 

SMR 182 174 
95% CI 2-1015 2-968 

OUIRs 
ObslExp 210.4 110.4 
SMR 469 230 
95% CI 53-1695 3-1282 

rules, so that information on the cohort can be considered 
comparable to that of the reference populations. Concor- 
dance of the information on cause of death and hospital 
record is sufficiently good for many neoplastic diseases in 
occupational epidemiology studies, and we had the opportu- 
nity to quantitatively verify this in the Lornbardy Region 
pesatori et al.. 19901. 

Occupational, environmentnl, life-style, and socioeco- 
nomic factors have been suggested as risk factors for 
leukemia and other lymphatic and hematopoietic tumors 
[Schottenfeld and Fraumeni, 19961. It is improbable that any 
of them played an important role in this study. First, for most 
of them the force of the association with lymphatic and 
hematopoietic tumors is not very strong, so that very large 
differences in risk factor distribution between the cohort and 
the referent population would be needed to produce impor- 
tant confounding effects. These differences are unlikely. 
since we used the regional population for comparison. Still, 
it could be argued that socioeconomic factors could be 
distributed differently among the cohort (lower socioeco- 
nomic status) and the general population. albeit local. 
However, the possible resulting bias would be towards 
obscuring any association, since a low socioeconomic status 
isassociated with low mortal~ty Rom lymphatic and hemato- 
poietic tumors. We also conducted internal analyses uslng 
Poisson regression, admittedly, with very low precis~on due 
to small numbers, which did not contradict theSMR analysis 
msults (see below). Similar considerations apply to smok- 
ing, for which additional indirect arguments against a strong 
confounding effect can be put forward: data on smok~ng 
habits in the plant showed that the propotion of smokers 
wns substantially similar across departments [Bertaui et al., 
19891; in addition, lower mortality from nonneopTllstic 
smoking-related diseases was observed. 

'There are several potential time-related confounders 111 
occupational cohort studies, usually synthesized in the 
concept of the healthy worker effect (HWE). HWE is usuolly 
stronger (but by no means confined to) for nonneoplastic 
diseases, and varies with age, length of employment, time 
since, and age at first exposure [Checkoway et al.. 19891. In 
this study, the lower mortality from circulatory, respiratory, 
and digestive diseases (SO-80% of expected) ~nd~cates the 
presence of a strong HWE. 

HWE increases with length of employment: many 
cohort studies found spurious negative association of mortal- 
ity with length of employment even in the absence of any 
exposure effect (this aspect of the HWE is sometimes called 
healthy worker "survivor" effect, HWSE) [Checkoway et 
al., 1989; Steenland and Stayner. 19911. This IS the result of 
unbalanced distribution of employment status: "active" and 
"inactive" person-years are differently distr~buted in the 
different categories of duration of employment; in particular. 
higher proportions of imctive person-years (and, hence, 
higher mortality rates) occur in categories with low duration 
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of employment [Steenland and Stnyner. 19911. In other 
words, length of employment (and other related indices 
which incorporate it) could be confounded by employment 
status. Different options, alone or combined, are available 
for dealing w~th  HWSE: two simple methods are lagging of 
exposures and direct adjustment for employment status; 
other complex methods may be necessary in some situa- 
tions, however [Pearce. 1992; Steenland et al.. 19961. In this 
study, this effect was evident for several neoplastic and 
many nonneoplastic muses of death: the largest mortality 
decrease for causes was observed in the highest category of 
length of employment, notwithstanding the lagging. We 
found elevated mortality from leukemia and lymphoma in 
the highest category of length of employment; in light of the 
above arguments, the excess could have been even more 
pronounced in the absence of the HWSE. 

HWE decreases with length of follow-up or time since 
first employment, so spuriously positive association of 
mortality with latency may be found [Checkoway et al., 
19891. We did not observe such a pattem for nonneoplastic 
diseases, however. Hence, the increased mortality from 
lymphatic and hematopoietic tumors in the upper category 
of latency is hardly attributable to HWE. 

A further source of bias could stem From the use of 
SMR: different SMRs are in principle not comparable, 
because they are not mutually standardized [Miettinen, 
19721. When data are sparse. however, other theoretically 
preferable techniques ("direct" standardization, Mantel- 
Haenszel stratification, Poisson regression) can become 
unreliable, and this is the main reason for the popularity of 
SMR [Breslow and Day. 19871. We performed intemal 
analyses using Poisson modeling; the pattem of risks by 
length of employment and latency were in agreement with 
those obtained through standardization. The results (not 
shown) confirmed the elevated rislcs in the highest category 
of length of employment and latency; adjustment for employ- 
ment status produced negligible changes. However, the 
validity of this analysis is questionable: given the sparseness 
of the datn, the relative risk estimates were highly unstable 
(very large confidence intervals). Moreover, for the same 
reason only a coarse categorization of age (three categories: 
<54. 55-69, 70+), and calendar year (two categories: 
1949-1 982, 1983+) was feasible; therefore, residual con- 
founding was likely. 

In summary, ~t seems that the excess of mortality from 
leukernla and lymphoma noted in t h~s  cohort of refinery 
workers cannot be attributed to uncontrolled confounding or 
bias or chance alone, but appears to be related to working 
conditions in the plant. However. it is difficult to associate 
this excess to specific chemicals inside the plant on the basis 
of the lim~ted exposure information available; moreover, the 
risk excess was not concentrated in any patticular depart- 
ment, lnfante [I9931 argued that benzene, the only ubiqui- 
tous leukemogen agent found in refineries, is the most 

plausible explanation for the observed elevated risks of 
leukemias in the refinery industry. Some authors found In a 
U.S. oil refinery cohort, among workers hired before 1940, 
an elevated risk of lymphatic leukemia, but not for myelo- 
cytic leukemia, the type most strongly associated with 
benzene exposure. After 1940, both types of leukemia were 
in excess; they interpreted this finding as evidence that 
chemicals other than benzene may play a role [Wongsri- 
chanalai et al., 19891. Other investigations failed to find 
associations between leukemia and benzene in refineries 
[McCraw et al.. 1985; Austin et al., 19861. Benzene expo- 
sure has also been linked with other lymphatic and hemato- 
poietic tumors (lymphoma, multiple myeloma), and chromo- 
somal damage to lymphocytes has been documented [Rinsky 
etal., 1987; Infante, 1993; Bla~r etal., 1993; Yin et al., 1996; 
Hayes et al., 19971. 

In this study, the possible role of benzene exposure 
could not be formally analyzed because the quantitative data 
available concerned a small number of area samples col- 
lected in one particular time period in oiily two departments. 
These limited data indicate that a substttntial fraction of the 
workforce had probably been exposed to benzene levels that 
are currently regarded as hazardous: in Production and 
Moving, it comprised 15,890 person-years (46.8% of the 
total observation time accrued by the cohort). In relatively 
recent years, 3040% of the samples showed airborne levels 
of benzene exceeding 1 ppm. the recommended European 
occupational exposure limits [European Commission. 19941. 
Levels had certainly been higher in the past. In spite of the 
lack of actual measurements in this plant. Maintenance nnd 
Laboratory workers in the rcfinery industry ore known to be 
exposed to benzene during their activities. 

Occupational exposures in petroleum refining have 
been classified by the International Agency for Research on 
Cancer (IARC) in group 2A ("probably carcinogenic to 
humans"), on the basis of limited epidem~ologic evidence 
regarding skin cancer and leukania, and on sufficient 
experimental evidence (induction of skin tumors in rodents) 
[IARC, 19891. 

Since then, several cohort studies have been publ~shed; 
some are extensions of follow-up or expansions of cohorts 
previously considered in the IARC monograph [Wongsri- 
chanalai et d., 1989; Dagg et al., 1992; Shalle~iberger et el.. 
1992; Rushton, 1993a,b; Satin et al., 19961. An increased 
risk of leukemia has been reported in some of these studies, 
in the whole cohort or in subgroups [Wongsrichanalai et al., 
1989; Shallenberger et al.. 1992; Rushton. 1993a,b]. In- 
creased risks were observed for different cell-specific types 
of leukemia. Positive relationships between leukemia risk 
and length of employment andfor latency have been re- 
ported. In general, risk excesses were observed among 
workers with more than 20-30 years of employment andlor 
after 20-30 years since first employment [Dagg et al.. 1992; 
Shallenbeqger et nl., 1992; Satin et al., 19961. A study 
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shomd elevated mortality for men with 10 y a m  or more of 
employment and for workers with 10 to 39 of latency 
[Wongsrichanalai et al., 19891. Elevated risks for otha 
lymphatic and hematopoietic cancers have also been re- 
ported. Lympho-reticulosarcomas were found in excess after 
30 years of employment and latency in one study [Dagg et 
al., 19921. A study found an increased risk of Hodgkin's 
disease among workers hired before 1940 [Satin et al.. 
19961. 

Other industrial coho* not included in the IARC 
monograph have recently been examined (for a few of them 
there is some overlap with previously investigated cohorts) 
[Christie et al., 19914b; Marsh et al.. 1991 (later expanded 
by Tsai et al., 1996); Schnatter et al., 1992; Tsai et al., 1993, 
1997; M~lcarek et al., 1994; Collingwood et al., 1996; 
Huebner et al.. 1997; Jiirvholm et nl., 1997; hkkala. 1998; 
Raabe et al.. 19981. The risk of leukemia (mortality or 
inc~dence) was elevated in some studies [Christie et al.. 
19914b; J h h o l m  et al., 1997; Raabe et al., 19981. In one of 
them (an expansion of a previously nonpublished study) 
leukemia mortality increased with increasing length of 
employment and time since first employment: in pa&cular, 
risks were elevated among workers employed for 30 or more 
years and among workers with 20 or more years of latency 
[Raabe et al., 19981. Mortality excesses regarding other 
lymphanc and hematopoietic cancers (lymphoma, myeloma. 
other lymphatic tissue cancer) were also reported [Christie et 
al., 1991a,b; C o l l ~ ~ o o d  et al., 1996; Tsai et al., 1996; 
hkkala. 1998; Raabe et al., 19981. For these cnuses of 
death, elevated risks after 30 years of length of employment 
andfor latency were found in some studies [Collingwood et 
al., 1996;Tsai et al., 19961. 

A few studies reported an increased mortnlity from lung 
cancer in refineries [IARC. 1989; Bertazzi et al., 1989; 
Rushton, 1993al. In this study, lung cancer mortality was 
elevated nmong workers in departments where exposure to 
palynuclenr aromatic hydrocarbons (PAH) was probable, 
i.e., in the Power Plant, Moving, and Delivery departments. 
In Moving and Delivery, in particular, sources of PAH 
exposure were a filling platform, loading of bitumen, and a 
parking area where truck engines were often on for long 
periods of time. 

The finding on melanoma was based on a very small 
number of deaths. Increased mortality or incidence of skin 
cancers, including melanoma, were reported in some studies 
[IARC, 1989; Christie et al., 1991b; Schnattet et al., 1992; 
Rushton, 1993a; Pukkala, 19981. 

We recorded two deaths from aortic aneurysms (ex- 

In conclusion. among workers in this l talian oil refinery, 
lymphoma and leukemia exhibited an elevated mortality in 
the whole cohort and a positive (albeit not monotonic) 
association with length of employment and time since first 
employment. These findings ate in agreement with those of 
other studies on oil refinery workers performed in different 
countria. The association is biologically plausible, since 
workers in oil refineries are exposed to a number of known 
or suspected carcinogenic substances, including benzene. 
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