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Pleural mesothelioma in oil refinery workers 

In a recent publication, Gennaro et a1 (1) described mor- 
tality from pleural mesothelioma in a cohort of 1661 
blue-collar workers at two oil refineries in northern Italy. 
Ten men were reported to have died from pleural mes- 
othelioma, and the corresponding standardized mortality 
ratio (SMR) of 266, based on provincial rates, was statis- 
tically significant at the level of a = 0.05 [95% confi- 
dence interval (95% CI) 128-4391. I would like to raise 
some questions and offer some comments on the paper. 

In the introduction of their paper, Gennaro et a1 cited 
a 1980 paper by Lilis et al, who suggested that the 
number of pleural mesotheliomas and lung cancers might 
be elevated among maintenance workers in oil refineries. 
As opposed to mesothelioma, lung cancer is a target of 
almost all cohort studies of oil refinery workers. Using 
meta-analyses, my co-workers and I have previously 
summarized mortality by cancer site for oil refinery 
workers (2). Based on all relevant studies available at the 
time, altogether 1903 lung cancer deaths were observed 
among oil refinery workers, compared with 2469.60 ex- 
pected. The corresponding summary SMR for lung can- 
cer was 77 (P < 0.00001) and the 95% CI was 74-81. 
Furthermore, there was no difference in lung cancer mor- 
tality between operating and maintenance workers, or 
any upward trend by length of employment in refineries 
(3, 4). Thus, if lung cancer is used as a measure for 
asbestos-related cancers in refinery workers, there was 
no such increase. As for the study by Gennaro et al, 
results on lung cancer were not reported. Was there an 
increase in lung cancer in the two refineries in Genoa 
and La Spezia? 

Considering available data on exposure to asbestos in 
refineries (primarily from the United States), one would 
not expect any significant increase in asbestos-related 
diseases. For example, in its evaluation of cancer risk 
associated with exposures in petroleum refining, the In- 
ternational Agency for Research on Cancer (IARC) (5) 
reported that asbestos exposures for employees working 
with pipe insulation ranged from 0.1 to 0.9 fibers per 
centimeter (f . cc-l) and that the 8-h time-weighted aver- 
age concentrations during turn-around activities involv- 
ing the removal of lagging, gaskets, and insulation ranged 
from 0.01 to 0.15 f . cc-I. For insulation stripping and 
valve and joint repacking, measurements ranged from 
< 0.01 to 0.02 f . cc-I. Removing insulation from com- 
pressors generated 0.06 f . cc-I (6). Gennaro et a1 did not 
report any asbestos measurements for the two refineries 
in Genoa and La Spezia. It would be interesting to know 

whether asbestos exposures in these two Italian re- 
fineries were substantially higher than those recorded in 
refineries in the United States. 

In numerous epidemiologic studies, shipyard work- 
ers (regardless of specific trades) have had a significant- 
ly elevated risk of mesothelioma (7). In particular, those 
who worked in shipyards during World War I1 were at 
even higher risk than other shipyard workers. The prima- 
ry reason for the increased risk was the extremely high 
asbestos exposure in the enclosed environment on board 
vessels (8-10). For example, fiber concentrations asso- 
ciated with the removal of blue sprayed asbestos ranged 
from 112 to 1906 f . cc-I, and with bagging asbestos 
debris from 106 to 3815 f . cc-I (10). In northern Italy, 
several studies have reported increased risks for both 
lung cancer and mesothelioma among shipyard workers 
in Genoa (1 1), Trieste (12), and Monfalcone (13). 

Gennaro et a1 stated that there was widespread asbes- 
tos exposure in both Genoa and La Spezia because of the 
shipbuilding industry in the two provinces, and they were 
correct in pointing out that employment at the shipyards 
could have been a major confounding factor in their 
study. Because of the rarity of mesothelioma and the 
extremely high risk associated with shipyard employ- 
ment, even a few cases with previous shipyard exposure 
would have been sufficient to produce a spurious associ- 
ation. It would be important to obtain the complete (life- 
long) employment histories of all 10 cases and to deter- 
mine if any had been employed in the shipbuilding in- 
dustry. 

The median latency (time since first employment) 
among the 10 cases was 27.5 years. For pleural mesothe- 
lioma, the average latency was approximately 40 years 
for persons heavily exposed. For example, Giarelli et a1 
reported an average latency of 47 years and a median of 
48 years for persons with pleural mesothelioma in Tri- 
este, most of whom were shipyard workers (12). For 
exposures at much lower levels (such as those encoun- 
tered in refineries), the latency would have been much 
longer, even if it is assumed that such exposures could 
increase the risk of mesothelioma. The observation of a 
median latency of 27.5 years for refinery workers in the 
Gennaro et a1 study is, therefore, not consistent with the 
interpretation that the mesotheliomas were caused by 
refinery employment. More likely, exposures from pre- 
vious employment~ contributed significantly, which 
would bring the median latency more in line with that of 
other studies. 
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In the San Francisco Bay Area in northern California, 
many of the maintenance trades in the shipbuilding in- 
dustry in the 1940s or 1950s moved to other industries 
such as oil refining as the demand for shipbuilding de- 
clined beginning in the 1960s. It appeared that the rise 
and fall of shipbuilding in northern Italy might be similar 
to that in northern California (1 1, 13). With a large popu- 
lation of workers with mixed exposures, it is important 
to assign appropriate weights to exposures from specific 
occupations, particularly in the presence of the extreme- 
ly high mesothelioma risk associated with shipyard em- 
ployment. McDonald & McDonald (14) have developed 
a hierarchy for ordering the relative importance of asbes- 
tos exposure by occupation or industry. Apart from con- 
founding exposures, the question of diagnostic compara- 
bility should also be examined. Gennaro et a1 stated that 
five cases had mesothelioma specified on the death cer- 
tificates, while the diagnosis was less precise in the re- 
maining five cases. It is not clear what "less precise" 
means and what rationale the authors used in arriving at 
the decision of assigning mesothelioma to the remaining 
five cases. The relevant question is "Would these five 
cases have been coded as pleural mesothelioma in the 
provincial or national mortality data?'According to both 
the 1991 abstract (15) and the 1994 report (I), it ap- 
peared that all cases were "documented" by a general 
practitioner. The fact that the findings of the entire study 
relied on one practitioner's judgment also raises some 
concern. 

The issue is not the accuracy of diagnosis but rather 
the comparability of diagnosis. Doll & Peto (16) have 
previously commented on the difficulties in interpreting 
comparisons based on noncompatible diagnostic criteria 
in studying asbestos-related neoplasms. Perhaps it would 
have been more balanced to present two SMR estimates, 
one assuming the remaining five cases were indeed mes- 
othelioma and one assuming they were not. The two 
SMR estimates would have been 266 (95% CI 128- 
489) and 133 (95% CI 43-311), respectively. Thus the 
result of the study was completely dependent on the 
diagnostic decision of the five cases whose death certifi- 
cates contained insufficient information. As a minimum, 
the actual causes of death listed on the death certificates 
should be reported in the paper so that the readers can 
make their own assessment. 

With respect to the statistical analysis, there are also 
several questions. First, as stated in the introduction of 
the article, it appeared that the study was initiated by two 
clusters of mesothelioma previously discovered in the 
refineries. Strictly speaking, the P-value in hypothesis 
testing, such as that in a cohort mortality study, is only 
applicable to a priori hypotheses fully and explicitly 
formed before the data are examined (17). Otherwise the 
P-value has a distinctly different meaning and carries a 
much reduced weight. The usual methods and formulas 

for testing hypotheses may be applied to post hoc hy- 
potheses, but the usual interpretation may be profoundly 
weakened. If the population of a study is chosen in an a 
posteriori manner (such as choosing the two refineries 
with known clusters of mesothelioma cases), an ascer- 
tainment bias may be introduced which most likely in- 
creases the likelihood of demonstrating an excess (18). 

Second, because of the limited availability of the 
reference rates of mesothelioma, the statistical adjust- 
ments in the study were inadequate. In cohort studies, the 
usual practice is to use five-year age intervals. Only 
three age groups (25-54, 55-74, 5 75) were used by 
Gennaro et al. The rates within such wide age groups 
may not be homogeneous enough. For example, between 
1980 and 1984 in the United States, the annual mesothe- 
lioma incidence rate for white males aged 70- 74 years 
was 115 per 100 000, which was substantially higher 
than the rate of 21 per 100 000 for white males aged 
55-59 years, a factor of more than fivefold (19). Yet 
these two age groups were combined into a single cate- 
gory in the Gennaro et a1 study. Furthermore, the refer- 
ence rates were available for only three years (1975- 
1977), whereas the observation period of the study 
spanned approximately four decades. Instability of the 
reference rates presented yet another problem. How many 
deaths were the age-specific rates based on in each age 
group? 

Third, the authors put much emphasis on the results 
for workers with more than 10 years of employment and 
20 years of latency. How meaningful this result was 
depended on what other exposures the workers might 
have had outside the refineries. Certainly the amount of 
asbestos fibers inhaled even for a year or two at the 
shipyards during World War I1 would far exceed 10 years 
of exposure at oil refineries. For mesothelioma, a latency 
of 40 years rather than 20 years would have been more 
appropriate. Furthermore, the authors indicated that no 
consistent pattern was noted when the two refineries 
were analyzed separately. 

Thus, although the analyses in this study might re- 
semble those in a traditional cohort mortality study, the 
interpretation of the findings might have been substan- 
tially weakened as a result of the choice of refineries 
based on previously identified clusters, inadequate ad- 
justments in SMR calculation, unstable reference rates, 
and incompatible diagnosis. 

Although the authors made a cautious statement that 
the role of asbestos exposure inside the refineries could 
not be completely resolved on the basis of the reported 
data and that a case-referent study would be needed, the 
authors, nevertheless, concluded that pleural mesothelio- 
ma should be considered an occupational disease among 
oil refinery workers. On the basis of the questions and 
criticisms I have raised, such a conclusion appeared both 
premature and unjustified. 
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by Wong may add information, but it is questionable 
whether lung cancer can be used as a proxy for asbestos 
exposure, given the possible confounding of tobacco 
smoking. 

Although Wong uses lung cancer as a measure for 
asbestos-related cancers among oil refinery workers in a 
meta-analysis ( 1  3) that shows a summary standardized 
mortality ratio (SMR) of 77, some limitations of this 
exercise have been raised (14). 

Oil refinery workers have been shown to smoke less 
than workers in other industries (15). Levin et a1 (16) 
reported a decrease in lung cancer risk of 70 due to 
smoking habits among male chemical workers. Thus it is 
not unlikely that part of the excess of lung cancer mortal- 
ity observed in some oil refinery cohorts (6) might be 
also due to both polynuclear aromatic hydrocarbons 
(PAH) and asbestos exposure. In the study conducted by 
Gottlieb (17), a significantly elevated odds ratio (OR) for 
lung cancer [OR 2.4, 95% confidence interval (95% CI) 
1.0-5.91 was observed for men who had been employed 
in skilled maintenance trades or operator jobs in petrole- 
um refining and who had died at age 60 years or older 
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(25 cases). In Italy Bertazzi et a1 (1 8) observed an elevat- 
ed mortality risk for lung cancer (ICD-8162) versus a 
local reference (SMR 122, 95% CI 82-175) and versus 
a national reference (SMR 199, 95% CI 136-283). 
These workers had a low probability of being employed 
in the shipbuilding industry (and confounding by smok- 
ing could be excluded as sufficient explanation of the 
increase in lung cancer death. Rushton (19), in a mortali- 
ty follow-up conducted among eight United Kingdom oil 
refinery cohorts, observed a deficit of risk from lung 
malignant neoplasms. Inversely, for laborers (254 cases) 
this cause of death was increased (SMR 115, 95% CI 
101-130). This study, such as others conducted by Ha- 
nis et a1 (20-22), have not been considered by Wong in 
his letter. 

Lung tumor in our ltalian oil refinery cohorts 

When our two cohorts, located in Genoa and La Spezia, 
were combined (table I), the preliminary summary SMR 
for lung tumor, based on 48 deaths among blue-collar 
workers, was 92 (95% CI 68-122) after comparison 
with the local reference, 117 (95% CI 86-155) with the 
national reference, and 147 (95% CI 108-194) with the 
internal reference. 

For maintenance workers only, the SMR was 105 
and 138 after comparison with local and national refer- 
ences, respectively, and 197 (95% CI 113-320) with 
the use of the internal reference. 

Asbestos exposure in oil refineries 

In 1971 Smyth et a1 (10) reported a case of asbestosis in 
a 63 year-old man, diagnosed 45 years after exposure to 
asbestos started at age 16 years when he began to work 
in an oil refinery. He worked in various oil refineries 
during the next six years, where he was directly exposed 
to asbestos, working for one year on the installation of 
asbestos insulation. 

Fiber levels near or at oil refining plants have been 
found to be between 2 and 3 fibers per milliliter (3, 4). 

The 1990 survey of the oil refining and petroche~nical 
industries in the United States, as reported by Mehlman 
(4, 5), found asbestos in boilers, building insulation, com- 
pressors, crude columns, drums, FCC-CAT crackers, fur- 
naces, gaskets, wall boards, valves, piping, heat ex- 
changers, roofs, storage tanks, towers, tile, turbines, tran- 

1 sit (AIC), and other areas. The percentage of refinery 
workers exposed to asbestos from 1940 to 1990 during 
the installation, repair, and removal of asbestos was 81, 
90, and 90%, respectively, and more than half of the time 
(57%) no precautions of any kind were taken by persons 
working with asbestos. 

On the basis of 398 samples tested, the type of asbes- 
tos used in the oil refining and petrochemical industries 
were chrysotile (approximately 40%), amosite (approxi- 
mately 30%), and a combination of chrysotile and 
amosite (approximately 30%) (4). Information derived 
from the aforementioned survey showed that significant 
amounts of asbestos-containing products were used in 
the oil-refining industries in the United States in 1900- 
1990. Mehlman also reported that, in 1965, 721 000 t of 
asbestos were used in these industries, prevalently in 
asbestos-cement pipe (137 000 t), electrical insulation 
(22 000 t), packing and gaskets (22 000 t). By 1988 the 
use of asbestos had decreased by 10-fold to 71 000 t, and 
the most significant decrease during this time was in 
those areas where workers were the most exposed to 
asbestos fiber dust (23). Mehlman, showing many fig- 
ures with various parts of a typical refinery with numer- 
ous instances of deteriorating insulation materials (as- 
bestos) to which humans are exposed daily, observed 
that these findings are consistent with others (7, 8, 24), 
indicating that a large percentage of petrochemical and 
oil refinery workers shows significant chest radiological 
changes due to exposure to asbestos. 

Asbestos exposure in one ltalian oil refinery 

In our paper (I), we mentioned that in both cohorts fibers 
such as crocidolite, amosite, and chrysotile were de- 
tected, but environmental measurements were not report- 
ed. Only recently (February 1995) have we obtained 

Table 1. Preliminary standardized mortality ratios (SMR) for selected causes in two oil refineries. 

Unexposed workers Exposed workers 

Local referenceb National reference Local referenceb National reference 

Observed Expected SMR Expected SMR Observed Expected SMR Expected SMR 

All deaths (000-999) 126 205 61* 204 62* 449 576 78* 571 79*  
All tumors (1 40-239) 34 60 57* 52 65* 144 167 86 145 99 
Lung tumors (1 62) 12 19 64 15 81 48 52 92 41 117 

a Code of the International Classification of Diseases (eighth revision) in parentheses 
Provinces of Genoa and La Spezia. 

* P < 0.05. 
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(table 2), from the LHA, environmental measurements 
and information on the amount of asbestos and rock 
wool in the Genoa oil refinery during the period 1990- 
1994 (2). These measurements were carried out for work- 
place environmental hygiene control and in accordance 
with safety regulations during decoibentation and demo- 
lition, conducted by specialized companies (figure 1). 

Estimation of earlier amounts of asbestos in one oil 
refinery 

A total of 817 m3 of asbestos (amosite) and 2521 m3 of 
rock wool were found in selected areas of the Genoa 
refinery (table 2). In this refinery, there was large and 
exclusive use of asbestos until 1960-1961 (2). On the 
basis of the volume of rock wool detected in the refinery, 
the previous amount of asbestos was estimated. It was 
assumed that the original plant (built in 1948) used only 
asbestos because the use of man-made mineral fibers 
was not so widespread. Thus the rock wool detected in 
the plant replaced asbestos. 

On the assumption of an average density of 250- 
300 kg . m-3 for asbestos and an average density of 130- 
150 kg . m-3 for rock wool and the replacement of asbes- 
tos with an equal volume of rock wool, 1821 m3 of rock 
wool corresponds to 455-546 t of asbestos (2). After 
adding the weight of 817 m3 of asbestos, which was 
detected, we could estimate a total amount of 659-791 t 
of asbestos. This value is likely to be an underestimation 
since no data are available on the asbestos used in other 
areas of the plant. 

Measurement of environmental exposure to asbestos 
in the Genoa oil refinery 

The LHA observed that during 1990-1994 exposure to 
asbestos fibers was, almost always, maintained under the 

Figure 
furnacc 
around 
Genove 

1. An oil refinery area near a visbreaker 
! during removal of asbestos insulation 
pipes in 1992 (source: UO -ISAL USL 3 

!se). 

accepted limit of 0.1 fibers per milliliter (25,26) in those 
activities in which all precautions to defend workers 
from asbestos have been taken. According to the LHA, it 
is likely that, in the past, exposure levels were greater 
than those observed during the period 1990-1994 for 
insulators, maintenance workers, and other blue-collar 
workers assigned to activities carried out in the same 
area. 

Pleural tumors among oil refinery workers 

Our findings are consistent with previous reports in the 
literature. von Bittersohl (24) and von Bittersohl & Ose 
(27) reported 26 cases of mesothelioma from 1967 to 
1971 among workers in the oil refining and petrochemi- 
cal industries. 

Table 2. Asbestosa and rock wool, in cubic meters and tons, 
in some areas of the Genoa plant, as estimated in 1990-1994 
during decoibentation and dem~l i t i on .~  

Oil refinery areas Asbestos Rock wool 
(m3) (m3) 

North area 472 2361 
Thermal power station 107 160 
South area 238 

Total 

Total asbestos estimatedb 659-791 tons 
(based on rock wool) 

a This amount of asbestos (amosite in predominance) does not in- 
clude the asbestos located in roofs, ovens, burners (in which 
crocidolite was detected). 
To estimate the weight, in tons, an average density of 250- 
300 kg . m4 was assumed for asbestos and an average density of 
130-150 kg. m-3 for rock wool (700 m3 of rock wool find in 
topping 5 has been excluded because this specific tower was only 
recently built) (2). 
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Liveright et a1 (9) reviewed chest X-rays of 2100 
workers employed in the oil refinery and petrochemical 
industry where asbestos was extensively used for insula- 
tion before 1972. Pleural abnormalities were more prev- 
alent than parenchimal ones among workers with at least 
20 years of employment. The authors concluded that 
there was a possibility of increased risk of lung cancer 
and mesothelioma for exposed workers, and they recom- 
mended that an SMR study be conducted. Recommenda- 
tions were also made concerning workplace controls and 
practices, use of personal protective equipment, and the 
handling and storage of asbestos. 

Del Nevo et al, in their presentation (1 I), reported 
five pleural tumor deaths among oil refinery workers in 
the La Spezia municipality when they examined 45 650 
death certificates in the period 1958-1988. Dodoli et a1 
(12) reported a case of pleural tumor in the wife of an oil 
refinery worker exposed to asbestos fibers while repair- 
ing insulated pipes and boilers in an oil refnery. The 
woman used to wash the workclothes of her husband at 
home. Christie et a1 (28) observed an SMR of 390 (95% 
CI 80-1 100) for pleural tumor based on three cases in a 
prospective study of all employees of major petroleum 
companies operating in Australia and working in refiner- 
ies, storage and distribution terminals, airports, and pro- 

Table 3. Standardized mortal i ty ratios (SMR) for  malignant ple 

duction facilities. Two of these cases had previous em- 
ployment as fitters in industries with likely exposure to 
asbestos. 

Exposure to potential confounders 

Table 3 shows a positive relationship between the risk of 
pleural mesothelioma for the various categories of work- 
ers (with different probabilities of asbestos handling): 
low for white-collar workers, medium for blue-collar 
workers, and high for maintenance workers. The same 
relationship has been observed for lung tumors. In our 
study, as in other traditional cohort mortality studies, it 
was difficult to evaluate the role of asbestos exposure in 
jobs outside the industry under study. The use of a local 
reference population should provide a partial control for 
social characteristics and the local background of asbes- 
tos exposure. We linked the pleural tumor cases em- 
ployed in the refinery with files of dockyard and ship- 
yard workers analyzed previously in a cohort study (29), 
and no case was identified. In addition, we are tracing 
relatives of the mesothelioma cases. Currently, we have 
obtained the previous occupational history of seven cas- 
es (table 4). Only two workers had been previously em- 
ployed in shipyards (as an electrician and as a carpenter). 

,al t umors  among different groups of oil refinery  worker^.^ 

Group Deaths Reference populations 

Localb National 

Expected SMR 95% confidence Expected SMR 95% confidence 
interval interval 

White collar workers - 1 0 0.2 0 
Blue collar workers 10 3.1 328 1 5 7 ~ 6 0 2  0.6 1714 822--3152 
Maintenance workersC 5 0.9 547 178-1 276 0.2 2927 951-6831 

a Age standardization conducted on the basis of seven age groups. 
b Genoa and La Spezia provinces. 

La Spezia plant only. 

Table 4. Blue-collar workers (males) wi th  a pleural tumor.  

Subject Born Previous Employment in oil refinery Death 
(year) shipyard (diagnosis 

employment Plant Year of Department Length Latency on death certificates) 
hire (years) (years) 

1 1933 N o Genoa 1952 Maintenance 1 12 Pleural tumor 
2 1901 N o Genoa 1952 Thermal power 12 28 Pleural mesothelioma 
3 1908 Yes (electrician) Genoa 1960 Electrician 11 22 Pleural heteroplasia 
4 1922 N o Genoa 1962 Compressor 16 27 Pleural malignant tumor 
5 1936 N o Genoa 1960 Maintenance 29 31 Pleural mesothelioma 
6 1914 Unknown La Spezia 1953 Maintenance 11 11 Pleural tumor 
7 1898 Unknown La Spezia 1949 Maintenance 11 20 Pleural mesothelioma 
8 1900 N o La Spezia 1929 Maintenance 29 49 Pleural mesothelioma 
9 1901 Yes (carpenter) La Spezia 1929 Maintenance 33 53 Pleural heteroplasia 

10 1928 Unknown La Spezia 1959 Maintenance 25 29 Pleural tumor + other 
causesa 

a Asbestosis and lung tumor. 
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Therefore it is unlikely that asbestos exposure outside 
and before the employment in oil refineries could entire- 
ly explain the increased risk for pleural tumors observed 
among refinery workers. 

Latency 

In our study, the median time since first exposure for the 
mesothelioma cases was 27.5 years. For all cases the 
latency was greater than 10 (range 11-53) years. The 
SMR values based on five cases with a latency between 
20 and 30 years was 443 (95% CI 144-1033) versus the 
local reference and 27 14 (95% CI 88 1-6333) versus the 
national reference. 

The SMR values based on three cases with a latency 
greater or equal to 30 years was 174 (95% CI 36-509) 
versus the local reference and 1264 (95% CI 261-3693) 
versus the national reference. 

Accuracy and comparability of diagnosis 

For five of the pleural mesothelioma deaths, the cause of 
death reported on the death certificate was pleural mes- 
othelioma (4 cases) or the comparable pleural malignant 
tumor (1 case). For the other five pleural tumor deaths it 
was pleural tumor (3 cases) or pleural heteroplasia (2 
cases). These definitions belong to 163.0 the category of 
the International Classification of Diseases, eighth revi- 
sion, used in our provinces, where the diagnosis of pleu- 
ral mesothelioma is often indirectly reported on the death 
certificates under different terminologies (1 1). Even 
though we did not include the two cases reported as 
pleural heteroplasia, the SMR remained significantly ele- 
vated versus both the local reference and the national 
reference populations. 

In one cohort we also found (but did not include in 
this analysis) one peritoneal tumor (female), one pleuro- 
pulmonary tumor (male), and one mediastinum tumor 
(male). Finally, while in our paper, we stated that "all of 
cases were documented by a general practitioner" we did 
not mean that the physician was the same person in every 
case. 

Choice of refineries and mesothelioma clusters 

We have performed two independent cohort analyses in 
two refineries for occupational health purposes and pre- 
liminary results have been published (30, 31). Our origi- 
nal goal was to identify the risk of hematopoietic neo- 
plasms. The preliminary results were nevertheless non- 
conclusive on this point, and our short communication 
was the first report of the final analysis of mortality 
among these workers. In the introduction of our short 
communication, we stated that "previous and prelimi- 

nary cohort studies of these populations revealed two 
clusters of mesotheliomas [p 2131." We recognize that 
the wording used in the paper was not optimal. In other 
terms, the two cohort studies among refinery workers 
were not chosen on the basis of the clusters. Mesothelio- 
mas were discovered during the follow-up of the cohorts. 

Stability of the reference rates 

The period for mortality reference rates (1975-1977) 
was chosen because it was immediately available at the 
time of the analysis, and it was more reliable than that of 
the previous period. In any case, we recently reanalyzed 
mortality for mesothelioma according to 1969-1989 
mortality reference rates. The SMR values did not change 
significantly in respect to either the local or the national 
reference populations since mesothelioma mortality is 
increasing in Italy (32) and most person-years in our 
cohort occurred before rather than after the period 
1975-1977. This result would suggest that the local 
reference rates were overestimated and, consequently, 
the SMR was underestimated. 

Age groups 

The choice of few age groups may be justified by the 
small number of cases in the cohort. Bias in the SMR 
from lumping together various age groups would occur 
only if the person-year distribution within each stratum 
were different in the cohort with respect to the reference 
population. Since age at first exposure is below 55 years 
for all of the cases, no major differences can be expected 
in the 55- to 74-year age group (although workers may 
be, on the average, older than the reference population in 
the 25- to 54-year age group, which, however, contribut- 
ed little to the total number of expected deaths). Combin- 
ing two age intervals (more stability for pleural tumor 
rates based on only a few cases) is arbitrary but accepta- 
ble, and adequate adjustments in the SMR calculation 
were thus warranted. Nevertheless, when we used seven 
age groups (table 3), the SMR remained significantly 
high versus both the local reference (SMR 328, 95% CI 
157- 602) and the national reference (SMR 1714, 95% 
CI 822-3152) populations. Finally, table 5 shows the 

Table 5. Deaths and age-specific mortality rates (per 100 000) 
of pleural mesothelioma among blue-collar workers in two 
Italian oil refineries. 

Age group (years) 

25-44 45-54 55-64 65-74 r 75 

Deaths 1 2 1 3 3 
Rates 5.66 17.88 12.78 76.98 235.63 
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number of deaths and the age-specific rates used in each 
age group. 

The letter by Dr Wong suggests a possible overesti- 
mation of pleural tumor risk among oil refinery workers. 
Nevertheless, underestimation might be possible. In fact, 
it is possible that the pleural mesothelioma of some work- 
ers could have been erroneously diagnosed on the death 
certificate, as either lung tumor or other respiratory dis- 
eases. 

We were cautious in our interpretation of the data; 
however, comparisons based on local rates may repre- 
sent an underestimation of the true risk, given the high 
background mesothelioma mortality in the Genoa and La 
Spezia provinces, mainly due to the occupational expo- 
sure to asbestos in shipyards and in other work areas. 
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