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ORIGINAL ARTICLE

Lymphohaematopoietic system cancer incidence in an
urban area near a coke oven plant: an ecological
investigation
S Parodi, M Vercelli, A Stella, E Stagnaro, F Valerio
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Aims: To evaluate the incidence risk of lymphohaematopoietic cancers for the 1986–94 period in
Cornigliano, a district of Genoa (Italy), where a coke oven is located a few hundred metres from the
residential area.
Methods: The whole of Genoa and one of its 25 districts (Rivarolo) were selected as controls. The trend
of risk around the coke oven was evaluated via Stone’s method, while the geographic pattern of such
risks across the Cornigliano district was evaluated by computing full Bayes estimates of standardised
incidence ratio (FBE-SIR).
Results: In males, elevated relative risks (RR) were observed for all lymphohaematopoietic cancers (RR
1.7 v Rivarolo and 1.6 v Genoa), for NHL (RR 2.4 v Rivarolo and 1.7 v Genoa), and for leukaemia (RR
2.4 v Rivarolo and 1.9 v Genoa). In females, statistically non-significant RR were observed. In males
no excess of risk was found close to the coke oven. In females, a rising risk for NHL was observed
approaching the plant, although statistical significance was not reached, while the risk for leukaemia
was not evaluable due to the small number of cases. Analysis of the geographic pattern of risk
suggested the presence of a cluster of NHL in both sexes in the eastern part of the district, where a
foundry had been operational until the early 1980s. A cluster of leukaemia cases was observed in
males in a northern part of the area, where no major sources of benzene seemed to be present.
Conclusions: The estimated risks seem to be slightly or not at all related to the distance from the coke
oven. The statistically significant higher risks observed in males for NHL and leukaemia, and the clus-
ters of leukaemia in males and of NHL in both sexes deserve further investigations in order to trace the
exposures associated with such risks.

Evidence of the carcinogenic effect of benzene in occupa-
tionally exposed workers has been reported since the
1920s,1 but to date the specific sites of involvement have

not been definitively assessed.2 While an excess risk from
acute myeloid leukaemia (AML) is generally accepted, the risk
of developing different kinds of leukaemia or other lympho-
haematopoietic neoplasms is still debated.2 Several recent
studies have evaluated the possible association between
cancer and benzene at environmental concentrations, which
are, in general, many orders of magnitude lower than those
from occupational exposures. However, general populations
are often exposed to chronic doses over longer time periods
than workers. Moreover, occupational cohorts are not rep-
resentative of the total population, in that they do not include
either children or elderly people; women are also generally
underrepresented.3–5

An ecological study carried out in Sweden6 found a positive
association between car ownership and AML in persons aged
under 25. This observation seemed to confirm the results of a
similar analysis in the UK,7 which also reported a significant
correlation between the number of cars per household and
acute lymphoblastic leukaemia, chronic lymphoid leukaemia,
low grade non-Hodgkin’s lymphoma, and all lymphoprolifera-
tive diseases. On the contrary, a more complex study, carried
out on the same UK database,8 after adjusting for socioeco-
nomic status, failed to detect any association between the
number of cars owned and acute lymphoblastic leukaemia.

Feychting and colleagues,9 using NO2 outdoor concentration
as indicator of exposure to air pollutants, found an association
between air pollution and childhood cancer, including leukae-
mia, even though statistical significance was not reached. The
relative risks estimated for middle (40–49 µg/m3) and high

(>49 µg/m3) concentration categories with respect to the ref-
erence (<39 µg/m3) were 1.7 and 2.7, respectively.

More recently, a study performed in the West Midlands,
UK10 estimated a risk of 1.2 (95% CI 0.7 to 1.7) and 1.5 (95%
CI 0.7 to 2.9) for all leukaemias in children living near main
roads and petrol stations, respectively, while a reanalysis of a
study on children living in Denver11 reported a very high risk
of leukaemia in subjects exposed to high concentrations of
vehicular exhausts with respect to those living in low traffic
areas (odds ratio 8.28, 95% CI 2.09 to 32.80).

In recent years few studies have been conducted to evaluate
the association between environmental concentrations of
benzene and lymphopoietic cancers. A study on police motor-
cyclists in Rome found a higher risk of mortality for
non-Hodgkin’s lymphoma (NHL).12 Moreover, an excess of
NHL mortality risk was also observed in filling station attend-
ants in the Latium region in Italy (standardised mortality ratio
173), even if statistical significance was not reached.13

Although compelling evidence has yet to be fully substanti-
ated, the rise of environmental concentrations of benzene and
other toxic organic compounds from vehicular exhaust is sus-
pected to be the main cause of the upward trend of NHL
observed in the past half century in developed countries.14

There is no apparent tendency in the scientific literature to
hold benzene accountable as a possible risk factor for
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Hodgkin’s disease (HD)2 or multiple myeloma,2 15 even though

some occupational studies have occasionally reported some

excess of risk in exposed workers.2 16 With regard to the possi-

ble effect of environmental concentrations on the risk of HD

for the general population, one recent investigation detected

an increasing risk of about 25% for HD (but not of other can-

cers) in children as a result of a doubling benzene concentra-

tion during pregnancy, with borderline statistical significance

(p = 0.06).17 In addition, a large ecological study on the popu-

lations living around seven oil refineries sites in Great Britain,

revealed a doubling in risk for HD within 0.5 km from the

plants,18 even if no elevated risks for the other considered sites

were pointed out. With regard to the risk for multiple

myeloma, a statistically significant excess, which was higher

in females (RR 2.01), was reported around a petrochemical

facility in South Wales.19 However, this risk did not seem to

decline with the distance from the plant, and no excess for

other lymphohaematopoietic malignancies was reported.

This study aimed to evaluate the incidence risk of lympho-

haematopoietic cancers in Cornigliano, a district of the Genoa

(Italy) municipality where a coke oven, a well known

industrial source of environmental benzene,5 is situated only

about 300 metres from residential areas, and to analyse the

spatial distribution of incidence risk for leukaemia and

non-Hodgkin’s lymphoma.

MATERIALS AND METHODS
Characteristics of the areas under study
Cornigliano is situated in the western part of Genoa, along the

Ligurian Sea. The coastline is level, with hills extending

northward and all around the residential area. The

Cornigliano urban area covers 5.2 km2, corresponding to about

10% of the whole district, while 50% is covered by an

industrial area that was reclaimed in the 1950s by filling the

sea with debris from nearby hills. This new land was used to

build an iron and steel factory, made up of a coke oven, blast

furnaces, and plate rolling mills. The entire facility stretches

for more than 1 km along the sea coast. The coke oven is

located in the east of the steel plant and yields coke, which is

then allotted to the blast furnace for the production of cast

iron. From east to west a highly trafficked thoroughfare passes

through the whole district. Finally, the extreme western suba-

rea included a big foundry, that was operational until the early

1980s.

The populations of Genoa proper and of Rivarolo, the

district more similar to Cornigliano with regard to socio-

demographic characteristics, were selected as controls. Table 1

shows the distribution of demographic and socioeconomic

characteristic (age, occupation, education, and immigration)

of the areas under study.

Rivarolo lies to the north of Cornigliano, beyond a hilly bar-

rier, and spread north–south for 2 km and nearly 5 km from

east to west. Thirteen per cent of the district is covered by

urban area. The district is crossed from north to south by a

highly trafficked street and by the Genoa–Milan motorway.

Source of cases and populations
All malignant haematological cancer cases (ICD-9: 200.0–

208.9) and myelodysplasias (ICD9: 238.7), diagnosed in the

1986–94 period in the areas under study, were drawn from the

incidence data base of the Ligurian Cancer Registry. The

corresponding populations at risk were estimated using the

number of inhabitants by sex, age, class, and census tract, reg-

istered at the 1991 Italian national census and provided by the

Statistical Office of Genoa municipality.

Environmental pollution control
Five conveyed benzene sources are present in the steel factory:

four coke oven and one Cowper’s chimneys; emissions from

the two sources reach approximately 425 g and 220 g of ben-

zene per hour, respectively.

Benzene concentrations in air (hourly mean) were

measured from April 1998 to April 1999 in a fixed monitoring

station operated by the Genoa Province, placed 330 metres

downwind of the coke oven’s centre. The annual mean

benzene concentration measured by the fixed station was 15.1

(16.2) µg/m3. Benzene concentration was strongly dependent

on wind direction. The highest benzene concentration, 28

µg/m3, was found with southeast winds, while the lowest, 3.2

µg/m3, was found with northeast winds.

During the period 15–21 April 1999, an estimate of the

mean weekly benzene concentrations outside 27 Cornigliano

and 28 Rivarolo houses was simultaneously performed by the

Environmental Chemistry Section of the National Cancer

Research Institute of Genoa (Italy),20 using passive tubes

placed outside residences.21 Unfortunately, this method did

not allow an estimate of the exposure for the whole of either

monitored area. In particular, with regard to Cornigliano,

about 60% of its 65 census tracts were covered, mainly close to

the coke oven, corresponding to 78% of the whole population.

However, such measurements confirmed that benzene con-

centrations were higher in Cornigliano compared to Rivarolo

(table 2). For 47% of the exposure time, sampling sites were

downwind of the coke oven (winds from south and

east–southeast). A significant difference was also observed in

the mean toluene/benzene ratio: with southeast winds this

value was 0.25, very similar to that found in coke oven emis-

sions; instead, the benzene and toluene composition in

samples collected with northeast winds was different, their

mean ratio being 3.6, similar to that found in automobile

emissions. All these results confirmed that, with southeast

winds, the fixed monitoring station and the urban area of

Cornigliano lie downwind of the coke oven and the diffuse

benzene emissions of this plant significantly increase the ben-

zene concentration.

The meteorological information necessary for the evalua-

tion of these measurements was obtained from a station of the

Genoa Province placed in the hilly zone of Cornigliano.

Table 1 Sociodemographic characteristics of the
area under study (Cornigliano) and of the two selected
controls (Rivarolo and total municipality of Genoa) at
the 1991 Italian national census

Area ACR LEL IS LOE
Total
population

Cornigliano 197.8 81.6 27.8 62.4 16668
Rivarolo 177.3 76.5 20.3 54.1 38287
Genoa 226.1 65.4 15.5 42.3 678771

ACR, aged child ratio percentage (people over 64 years divided by
people under 15 years); LEL, low education level (percentage of
people without any diploma or having obtained just a lower Italian
middle school certificate); IS, percentage of immigrants from Southern
Italy or islands; LOE, level of employment (percentage of unemployed
or unskilled workers aged 15–64 years).

Table 2 Mean benzene concentration (µg/m3),
standard deviation (SD), minimum (Min), and
maximum (Max) values, and mean toluene/benzene
(t/b) ratio in Cornigliano and Rivarolo districts

Area Floors Mean SD Min Max t/b

Cornigliano High 10.3 4.8 2.8 20.5 1.0±0.7
Low 10.6 5.9 3.8 22.4 1.7±1.3

Rivarolo High 4.4 2.2 1.9 9.6 2.4±0.7
Low 4.4 2.2 2.5 10.5 2.8±1.2
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Statistical methods
Age adjusted rates (AAR) per 100 000 inhabitants were com-

puted for all lymphohaematopoietic neoplasms (ICD-9:

200.0–208.9, 238.7) and for five selected sites: non-Hodgkin’s

lymphoma (ICD-9: 201.0–201.9, 202.0–202.9), Hodgkin’s

disease (ICD-9: 200.0–200.9), multiple myeloma (ICD-9:

203.0–203.9), leukaemia (ICD-9: 204.0–208.9), and myelodys-

plasia (ICD-9: 238.7). The 1991 census of the Italian

population was selected as standard.

Relative risks (RR) and their related 95% confidence inter-

vals (CI) between the area under study (Cornigliano) and the

two selected controls were estimated via Poisson regression

model.22

Spatial trend of risk was evaluated by comparing cumula-

tive standardised incidence ratios per 100 (cSIR) estimated

within five concentric circles with a 500 m increment drawn

around the coke oven. The related statistical significance was

assessed by the Stone’s test.23

The standard population utilised for the cSIR estimation

was obtained by pooling together the Cornigliano and

Rivarolo populations. Using the same standard population, the

geographic pattern of incidence within Cornigliano was

evaluated by computing full Bayes estimates of standardised

incidence ratio per 100 (FBE-SIR) for each census tract, by the

conditional autoregressive model proposed by Besag et al in

1991.24 In each census tract, the FBE-SIR represents an

estimate of the incidence risk with respect to the selected

standard, computed taking into account the possible correla-

tion between such a risk and those from the adjacent

sub-areas, and may be regarded as a smoothing function

applied to the more common (maximum likelihood) SIR to

reduce the variability due to small population.22

FBE-SIRs were computed by the WinBugs statistical

package,25 which makes full Bayes estimates using the Gibb’s

sampler applied to Marcov chains Monte Carlo.26

Stone’s test was performed using an ad hoc software

program developed by Prof. Corrado Lagazio of the Depart-

ment of Statistics of the University of Trieste (Italy). The

remaining statistical analyses were performed using SPSS27

and GLIM 4.028 statistical packages.

RESULTS
Table 3 shows incidence cases and AAR for the areas under

study and the corresponding RR.

Cornigliano showed a statistically significant higher risk in

males for all lymphohaematopoietic cancers, compared to

both Rivarolo (RR 1.7) and Genoa (RR 1.6). Higher RR were

also observed for NHL (RR 2.4 v Rivarolo and RR 1.7 v Genoa)

and for leukaemia (RR 2.4 v Rivarolo and RR 1.9 v Genoa).

As far as females are concerned, statistically significant

higher RR were not observed either for all lymphohaemat-

opoietic neoplasms or for all selected sites, even though higher

risks were found for NHL compared to Rivarolo (RR 1.2) and

for HD compared to both control areas (RR 2.3 v Rivarolo and

1.3 v Genoa, respectively). The other selected sites showed

higher or similar rates in the two control areas.

Table 4 shows the geographic trend of incidence risk for

leukaemia and NHL by sex around the coke oven. In males no

increased risk was observed for NHL near the coke oven, while

the risk for leukaemia seemed to rise with increasing distance

from the oven. Stone’s test did not reveal any statistically sig-

nificant trend.

In females a rising, even if statistically non-significant

(p = 0.185, Stone’s test), risk for NHL was observed approach-

ing the plant, while a statistically significant increase in risk

was observed for leukaemia, even if such a trend was due to

just one case close to the coke oven, followed by zero cases in

the second band (between 500 and 1000 m from the coke

oven).

Figure 1 shows the pattern of incidence risk of NHL in

males. In most parts of the district, FBE-SIR varied between

120 and 200 without showing any clear pattern, while in the

extreme eastern part a cluster of higher risk (more than 200)

was observed, due to four observed cases.

In females (fig 2), FBE-SIR of about 80–120 were observed

in most of the considered area, except for the extreme eastern

part where a higher risk was observed, due to one observed

case in a sub-area with a small population. Higher risks, from

120 to 200, were also observed in the southeastern area, in

front of the coke oven, and in some other census tracts, espe-

cially in the central-southern part close to the district’s main

thoroughfare (even if in this latter case no clear pattern

emerged).

Figure 3 shows the geographic pattern of leukaemia risk in

males. Higher FBE-SIR were observed in the extreme west and

in a small south-central sub-area. A cluster of higher

incidence, corresponding to four census tracts, was observed

in the extreme northern part of the district. The remaining

FBE-SIR were between 160 and 200 in most central census

tracts, and between 120 and 160 in southern and in eastern

parts of the district.

Table 3 Incidence of lymphohaematopoietic cancers in Cornigliano and the two control areas (1986–94); cases and
age adjusted rates per 100 000 inhabitants by sex, relative risks, and their 95% confidence intervals (95% CI)

Cornigliano Rivarolo Genoa
Cornigliano v
Rivarolo

Cornigliano v
Genoa

Number
of cases

Age adjusted
rates

Number
of cases

Age adjusted
rates

Number
of cases

Age adjusted
rates

Relative
risk 95% CI

Relative
risk 95% CI

Males
Non-Hodgkin’s lymphoma 25 29.2 24 12.3 617 17.4 2.4 1.4 to 4.1 1.7 1.2 to 2.6
Hodgkin’s disease 5 6.8 8 4.8 132 4.3 1.4 0.4 to 4.2 1.5 0.6 to 3.8
Multiple myeloma 8 8.7 14 6.9 273 7.1 1.3 0.5 to 3.1 1.3 0.6 to 2.6
Leukaemia 20 25.3 19 10.0 443 12.4 2.4 1.3 to 4.5 1.9 1.2 to 3.0
Myelodysplasia 6 6.5 18 8.7 267 6.9 0.8 0.3 to 1.9 1.0 0.4 to 2.2
Total 64 76.5 83 42.6 1732 48.1 1.7 1.3 to 2.4 1.6 1.2 to 2.0

Females
Non-Hodgkin’s lymphoma 13 13.0 23 10.8 559 13.3 1.2 0.6 to 2.5 1.0 0.6 to 1.7
Hodgkin’s disease 3 4.5 3 1.6 96 2.9 2.3 0.5 to 11.4 1.3 0.4 to 4.1
Multiple myeloma 2 1.7 10 4.6 245 5.4 0.4 0.1 to 1.9 0.3 0.1 to 1.4
Leukaemia 4 3.9 23 11.4 390 9.4 0.4 0.1 to 1.1 0.4 0.2 to 1.2
Myelodysplasia 3 2.9 11 4.7 258 5.7 0.6 0.2 to 2.0 1.7 1.2 to 2.6
Total 25 26.0 70 33.2 1548 36.7 0.8 0.5 to 1.2 1.5 0.6 to 3.8
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The small number of leukaemia cases observed in females

did not allow us to estimate the FBE-SIR or to evaluate the

corresponding geographic pattern.

DISCUSSION
Differences in benzene concentrations measured in

Cornigliano versus Rivarolo and the lower toluene/benzene

ratio observed in the former area, particularly in the high

floors, confirmed that the coke oven was the main benzene

source in the district. Coke ovens are a well known industrial

source of benzene and other environmental pollutants,

including polycyclic aromatic hydrocarbons (PAHs).5 In

particular, a previous investigation in the Genoa municipality,

covering the 1994–95 calendar period, indicated that the coke

oven in Cornigliano was also the main responsible source of

the high concentrations of benzo(a)pyrene in the area.29 How-

ever, since benzene related PAHs are thought to be more asso-

ciated to lung cancers and some other neoplasms,5 14 the

present investigation focused mainly on the possible associ-

ation between environmental benzene pollution and lympho-

haematopoietic cancers.

In the study period, 89 incidence lymphohaematopoietic

cancer cases were observed in the district of Cornigliano, of

which 62 were either leukaemia or NHL, accounting for nearly

70% of the total number of cases. The small number of cases

observed for the other sites considered makes comparison of

the results from the two control areas difficult to evaluate. For

instance, the risk for Hodgkin’s disease for females living in

Table 4 NHL and leukaemia spatial trend: SIR at selected distance from the coke
oven

Bands (m)

Males Females

Obs SIR cSIR p Obs SIR cSIR p

Non-Hodgkin’s lymphoma 0.664 0.185
<500 1 117.1 117.1 1 158.2 158.2
500–1000 15 171.4 166.6 8 125.0 128.0
1000–1500 8 201.6 176.8 4 125.2 127.1
>1500 1 71.3 166.9 0 0.0 113.8

Leukaemia 0.898 0.020
<500 1 145.4 145.4 1 195.3 195.3
500–1000 9 127.4 129.0 0 0.0 18.5
1000–1500 7 225.2 156.6 2 91.9 39.6
>1500 3 275.2 167.4 1 125.3 47.8

Obs, observed cases; SIR, standardised incidence ratio; cSIR, cumulative SIR; p, statistical significance of
spatial trend (Stone’s test).

Figure 1 Pattern of incidence risk of
non-Hodgkin’s lymphoma in
Cornigliano area (males).

190 Parodi, Vercelli, Stella, et al

www.occenvmed.com

 on 5 November 2008 oem.bmj.comDownloaded from 

http://oem.bmj.com


Cornigliano was 1.3 times higher than the risk of the
corresponding population of Genoa proper and more than
twice that of Rivarolo. This excess incidence was caused by
only three cases observed in Cornigliano, and it is impossible,
especially in a descriptive context, to state whether the lack of
statistical significance was a result of low statistical power or
the absence of any real effect. For these reasons, this study
endeavoured to evaluate the risk pattern for the two more
common lymphohaematopoietic sites.

In the district of Cornigliano, a statistically significant
higher risk for leukaemia was observed in males, showing a
tendency to be higher versus the population of Rivarolo than
versus the population of Genoa proper. This difference is in
agreement with the hypothesis of a slight protective effect of
deprivation index variables on the risk of leukaemia,
suggested for some European areas, including Turin in Italy,30

even if the related 95% confidence intervals are largely
overlapped.

Although leukaemia is recognised to constitute a group of
several diseases with possibly different aetiological factors,15 31

we opted to analyse the risk for the entire category because of
the small number of observed cases. A common objection to
such an approach is that leukaemia types other than AML
seem to be less associated with benzene exposure.6 31 However,
in the Cornigliano population two cases of AML were observed
during the period analysed; any analysis of such a subgroup
would therefore yield unreliable results.

A higher risk of leukaemia with respect to Rivarolo was also
observed in male children (under 15); the estimated RR were
4.6 versus Rivarolo and 3.6 versus Genoa (data not shown).
These estimates, however, based only on two cases in males, do
not enable us to draw reliable conclusions. Furthermore, there
seems to be no relation between the residence of these cases
and the coke oven (data not shown).

A higher incidence was also observed for NHL in males. The
lack of an excess risk in females, for both leukaemia and NHL,
could suggest an effect due to occupational exposure, which is
more likely to occur in males. The lower risk for leukaemia in
females, even if not statistically significant, remains difficult to
interpret.

To our knowledge, there is little evidence in the scientific
literature of a different effect by gender of chronic exposure to
benzene. Women are under-represented in occupational stud-
ies, but their higher body fat ratio and their tendency to
metabolise benzene more effectively than men should indicate
a higher risk for such a group.14 32 It is not clear, however,
whether these factors also play a negative role under chronic
low exposure.

As far as children are considered, the higher incidence of
leukaemia in males, observed in most countries around the
world,33 was suggested to be due more to higher exposure from
different activity patterns, such as time spent in garages and
workshops or an intensive use of consumer products contain-
ing benzene, rather than to a higher susceptibility to the
pollutant.34 Nevertheless, a different behaviour of male
children living in Cornigliano with respect to those living in
the control area, seems to be unlikely. In addition, a recent
study conducted in Rome found a higher risk for leukaemia in
children, particularly males, living within 150 metres of heav-
ily trafficked thoroughfares.35

Benzene concentrations outside Cornigliano residences
suggest that people living along the area downwind of the
coke oven are likely to be more heavily exposed to
environmental benzene than people living in other
Cornigliano areas or in Rivarolo. However, in most of the stud-
ies aimed to estimate the risk of leukaemia associated with
highly trafficked roads, a distance under 200 m is usually
employed.10 35 Therefore, the impact of benzene from the coke

Figure 2 Pattern of incidence risk of
non-Hodgkin’s lymphoma in
Cornigliano area (females).
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oven, which is located roughly 300 metres from the residential
area, might concern only a small part of the population; this
would make the results from the spatial trend analysis
difficult to interpret, especially without accurate measure-
ments of air benzene concentrations. In particular, one case of
leukaemia observed in a female residing in the first circle
around the coke oven (0–500 m), even if accounting for a
nearly doubled risk, is hard to ascribe to environmental pollu-
tion. Furthermore, the instability of a risk estimated on only
one case does not allow any clear cut conclusions to be drawn.

The geographic pattern of risk emerging from the FBE-SIR
maps is consistent with the results from the spatial trend
analyses and did not highlight any cluster of cases around the
source of benzene. In males the risk of leukaemia seems to be
higher in the extreme west and in northern subareas, very far
from the coke oven and in the hilly part where no other major
sources of benzene seem to be present, and might at least par-
tially reflect the distribution of dwellers who are occupation-
ally exposed to benzene or other toxic chemicals.

With regard to NHL, a cluster of risk was observed in the
extreme eastern part of the area under study, both for males
and for females. Interestingly, the higher FBE-SIR was
observed in a census tract, where a foundry, another possible
source of industrial pollution, was operational until the early
1980s. The lack of risk for leukaemia in this area might be due
either to exposure to pollutants other than benzene, or to
cohort effects resulting from different lag times between
exposure and disease occurrence.

It seems unlikely that the prevailing winds, reported on the
figures, influenced the observed patterns of risk. In fact, exclud-
ing northern winds, which are expected to blow the coke oven
emissions far from the residential area, easterly winds
prevailed; therefore, the central, rather than the western
subarea would have been expected to show the highest risks for

the considered diseases. However, we evaluated the trend of risk

around the coke oven using Stone’s method23 without including

wind direction in the analyses, since the collection of such

information in the studied area was begun only in 1994 at the

end of the period under examination. Moreover, the presence of

the sea coast may create local breezes, thus making it hard to

estimate the influence of the wind on the distribution of

pollutants.36 Furthermore, the difficulty in obtaining reliable

measures of exposure is a problem commonly encountered in

ecological investigations.37 For example, in a study cited above,19

carried out in an area of South Wales close to a petrochemical

facility and with elevated leukaemia rates, monitoring data

found no increased levels of benzene near the plant.

Finally, inspection of the geographic risk distribution, as

shown in figs 1, 2, and 3, did not reveal any particular pattern

close to the main Cornigliano thoroughfare, thus excluding a

major confounding effect of motor vehicular exhaust.

CONCLUSIONS
The main finding of the present study is the detection of sta-

tistically significant higher risks for leukaemia and NHL for

males living in an industrialised area. However, the lack of

higher risks in females and the pattern of geographic

distribution of NHL and leukaemia in both sexes do not sug-

gest any association between the location of the coke oven and

the residence of the cases.

Ecological studies, as is this investigation, aim to identify

areas at higher risk for selected disease. Because they make

use of routinely collected data, they are not costly and may be

carried out over a short time. Moreover, ecological compari-

sons have been recognised as the first natural approach to

study the long term effects of air pollution, due to the nature

of the exposure and to measurement related problems.37 Their

Figure 3 Pattern of incidence risk of
leukaemia in Cornigliano area
(males).
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main limit is the inability to assess personal exposure; as a

result, causal inference may not be drawn. In fact, the attribu-

tion of the exposure levels in an aggregated way may cause the

well known “ecological fallacy”—that is, either a systematic

under- or overestimation of the association under study.22 38

Furthermore, risks from environmental concentrations of

benzene are likely to barely exceed the risk of the general

population, and thus the low statistical power makes it hard to

detect differences in risk distribution.4

Finally, benzene is a very common air pollutant given off by

several sources.4 34 39 The Rivarolo control area was selected

because of the similarity of its sociodemographic characteris-

tics with the Cornigliano area. A different pattern of exposure

due to personal habits may thus be considered unlikely. How-

ever, a different distribution of occupational exposures, due to

a tendency of workers to live near their workplace, cannot be

ruled out. In light of such considerations, further investiga-

tion, in particular via epidemiological-aetiological studies, are

needed in order to trace the exposures that may have contrib-

uted to the observed risks and to their geographic distribution.
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ECHO ................................................................................................................
Low level CO poisoning is a hidden danger to an unsuspecting public

People’s health in the UK is threatened by low level exposure to carbon monoxide (CO)

and will continue to be until a simple test is developed to confirm CO poisoning, accord-

ing to a recent review.

Without a reliable biochemical marker all we will see in individual cases and populations

will be “just the tip of the iceberg”. There is already sufficient evidence from population stud-

ies, the review’s author believes, for research to determine whether the threshold amount of

atmospheric CO currently considered safe is indeed so.

For now, accident and emergency staff have to rely on vigilance in correctly diagnosing

chronic CO poisoning—that is, repeated exposure, usually to low amounts of the gas. Occult

poisoning—usually by chronic low level exposure—may not be recognised until repeated

presentations with the same symptoms. CO poisoning is easily overlooked, because even clas-

sic signs and symptoms suggest many other possible diagnoses. Many factors confound the

diagnosis, among them endogenous carboxyhaemoglobin (COHB) and COHB from

atmospheric pollution and from smoking. COHB itself is poorly related to symptoms, and its

accurate measurement is difficult and insufficiently researched.

The epidemiology of CO poisoning is similarly ill defined. Descriptive studies have provided

sporadic evidence; population studies are dogged by other confounding environmental influ-

ences. Nevertheless, a steady decline in deaths attributed to CO poisoning in the US during

1979–1988 coincided with a 90% drop in CO emissions from cars. In patient group studies CO

amounts as low as 4–5% limit work capacity and maximal oxygen consumption in healthy

people.

m Emergency Medical Journal 2002;19:386–390.
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