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Abstract Lung cancer is the most common cause of

cancer-related death and thus a major public health prob-

lem. While lung cancer frequency might be partially

attributable to smoking habit and occupational exposure,

the role of industrial pollution also needs to be assessed. To

ascertain the possible effect of residential proximity to

industrial installations on lung cancer risk in Asturias, an

industrial region in Spain, taking into account the type of

industrial activity and carcinogenic substances released.

We conducted a hospital-based case–control study cover-

ing 700 lung cancer patients and 700 controls recruited in

Asturias, matched individually by ethnicity, hospital, age,

and sex. Distances were computed from the respective

participants’ residential locations to the 48 industrial

facilities governed by the Integrated Pollution Prevention

and Control Act 16/2002 and included in the European

Pollutant Release and Transfer Register, and located in the

study areas. Using logistic regression, odds ratios (ORs)

and 95 % confidence intervals (95 % CIs) were calculated

and adjusted for sex, age, hospital area, tobacco con-

sumption, family history of cancer, area of residence, and

occupation. Excess risk of lung cancer was observed for

individuals living near industrial installations (OR = 1.43;

95 % CI = 1.08–1.89), particularly metal industries

(OR = 1.40; 95 % CI = 1.05–1.87), cement plants (OR =

4.81; 95 % CI = 1.20–19.19), and shipyards (OR = 1.69;

95 % CI = 1.17–2.43). Residents living close to industrial

facilities releasing dioxins displayed a high, though non-

statistically significant, excess risk of lung cancer

(OR = 1.62; 95 % CI = 0.86–3.07). This study suggests a

possible association between lung cancer risk and prox-

imity to industrial installations, specifically metal indus-

tries, cement plants, and shipyards.
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Introduction

Lung cancer is the most common cause of cancer-related

death and thus a major public health problem (Ferlay et al.

2010). In Spain, it accounted for more than 20,000 deaths

in 2008, which amounted to 27 % of all cancer deaths in

males and 8 % in females (Área de Epidemiologı́a Ambi-

ental y cáncer—Centro Nacional de Epidemiologı́a—IS-

CIII 2013).
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Although cigarette smoking is the main risk factor for

lung cancer (IARC 1986), there are other well-known lung

carcinogens, such as occupational exposure to a number of

substances, including arsenic, asbestos, chromium, cad-

mium, and nickel (Clapp et al. 2005), or environmental

exposure to radon (Catelinois et al. 2006) or air pollution

(Raaschou-Nielsen et al. 2011). Other factors too, such as

low intake of fresh fruit and vegetables, have been related

with higher risk of lung cancer (Gonzalez and Riboli 2010).

In addition, several studies have reported an association

between risk of lung cancer and proximity to certain

industries releasing carcinogenic substances into the envi-

ronment, such as combustion installations (Garcia-Perez

et al. 2009), iron and steel foundries (Pless-Mulloli et al.

1998; Smith et al. 1987), chemical industries (Pless-Mulloli

et al. 1998), petrochemical plants (Belli et al. 2004), coke

oven plants (Parodi et al. 2005), incinerators (Barbone et al.

1995) and sewage plants (Pizzo et al. 2011). Consequently,

the public health relevance of a possible relationship

between environmental exposure to industrial installations

and lung cancer makes it a research area of great interest.

In a previous study, our group furnished preliminary

evidence of the possible role of residential proximity to

both urban and industrial areas as a moderate risk factor for

lung cancer (Lopez-Cima et al. 2011), based on the results

of the ongoing, hospital-based, case–control CAPUA

(CÁncer de PUlmon en Asturias—Lung Cancer in Astu-

rias) study (Marin et al. 2004), targeting a highly indus-

trialized region in Spain. The present paper now analyzes

the effects of exposure to specific industrial sectors and/or

carcinogenic substances on lung cancer risk within the

context of the CAPUA study (Spanish region of Asturias,

2000–2009), by incorporating updated information on

industries from both the Integrated Pollution Prevention

and Control (IPPC) Register and the European Pollutant

Release and Transfer Register (E-PRTR), and taking

advantage of the higher statistical power resulting from the

increase in the number of cases and controls included in the

study by the end of recruitment.

Materials and methods

Study subjects

The CAPUA study is a hospital-based case–control study

conducted by the Molecular Epidemiology of Cancer Unit

at the University Institute of Oncology (University of

Oviedo). Details of the study design and methods have

been described elsewhere (Fernandez-Rubio et al. 2008;

Gonzalez-Arriaga et al. 2008; Leader et al. 2010; Lopez-

Cima et al. 2007; Marin et al. 2004). Briefly, patients were

recruited at four public hospitals in Asturias, each of which

is the referral center for the surrounding health catchment

area (i.e., the respective administrative health division).

The four hospitals were: the Cabueñes Hospital in the city

of Gijon (263,457 inhabitants in 2010); the San Agustin

Hospital in the town of Aviles (79,105 inhabitants); the

General Hospital in the city of Oviedo (209,549 inhabit-

ants); and the Alvarez-Buylla Hospital in the town of

Mieres (24,735 inhabitants) (Sociedad asturiana de estu-

dios económicos e industriales (sadei) 2011). Each hospital

attends to the residents of its designated catchment area,

which includes the relevant host town or city, plus all

smaller outlying municipalities coming within the geo-

graphic boundaries defined by the health authorities. In the

period October 2000 through December 2009, a standard

protocol was used to recruit a total of 884 incident cases of

histologically confirmed lung cancer, along with 772 con-

trols individually matched to cases by ethnicity, hospital,

sex, and age (±5 years). Controls were selected from

among patients admitted to hospitals for acute health

conditions unrelated to tobacco consumption. The most

frequent diseases or conditions of controls were as follows:

35.9 %, inguinal or abdominal hernias [International

Classification of Diseases-9th revision (ICD-9): 550–553];

29.7 %, injuries (ICD-9: 800–848, 860–869, 880–897); and

12.4 %, intestinal obstructions (ICD-9: 560, 569, 574).

Both cases and controls were required to reside within the

recruiting hospital’s designated geographic health area.

The study was approved by the ethics committees of the

corresponding hospitals, and written consent was obtained

from all participants.

Data-collection

Information on known or potential risk factors for lung

cancer was personally collected by trained interviewers

using computer-assisted questionnaires, during patients’

first hospital admission for diagnosis. Structured ques-

tionnaires were used to gather data on each participant’s

age, sex, sociodemographic characteristics, residential

history (including address of last residence), current and

past tobacco use, personal and family history of cancer, and

occupational history.

Participants were categorized by tobacco consumption

into three groups, namely: never smokers, defined as subjects

who had not smoked at least one cigarette per day regularly

for 6 months or longer in their lifetimes; former smokers,

defined as regular smokers who had stopped smoking at least

5 years before the interview; and current smokers, defined as

subjects who met none of these criteria. Smoking intensity

[pack-years (PY)] was defined as the number of packs of

cigarettes smoked per day multiplied by the number of years

of smoking. Subjects were also categorized as light (\38 PY)

or heavy (C38 PY) smokers, based on mean cumulative
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tobacco consumption in the control group. Finally, smoking

status and intensity were combined into a joint variable

having the following five levels: never smokers; former

smokers\38 PY; current smokers\38 PY; former smokers

C38 PY; and current smokers C38 PY.

For each job held for a minimum of 6 months or longer,

we obtained information on industry name, production

type, job title, and the years in which the job began and

ended. Occupations and industries were coded using the

1977 Standard Occupational Classification (Office of

Federal Statistical Policy and Standards 1977) and 1972

Standard Industrial Classification schemes (Office of Fed-

eral Statistical Policy and Standards 1972). Lastly, each

coded occupation was categorized as a high-risk or non-

high-risk occupation for lung cancer in accordance with

published literature. Hence, to study occupational history,

participants were classified into three groups, namely,

unexposed individuals who had never worked in a high-risk

job, subjects who had worked\37 years in a high-risk job,

and finally, subjects who had worked C37 years in a high-

risk job. This cut-off was based on the 80th percentile of

time spent in high-risk jobs by the control group.

Geographic analysis

Each participant’s last residence was geocoded using

BatchGeo (Batchgeo 2013) and the Spanish Farm Plot

Geographic Information System (Sistema de Información

Geográfica de Parcelas Agrı́colas—SIGPAC) (Ministerio

de Medio Ambiente y Medio Rural y Marino 2011). To

measure distances, a geodesic calculator was used to con-

vert BatchGeo WGS84-projection coordinates (longitude/

latitude) into the Universal Transverse Mercator (UTM)

Zone 30 (ED50) coordinates used by SIGPAC.

Of the 1,656 participants interviewed (884 cases and 772

controls), 1,573 individuals’ residences (857 cases and 716

controls) were geocoded, 1,300 using BatchGeo and 273

using SIGPAC. A total of 157 cases without matched

controls and 16 controls without matched cases were

excluded from the analyses (these persons had character-

istics similar to those included in the study). Consequently,

the final study population comprised 700 matched pairs, all

of whom were Caucasian.

We used data on industries governed by the IPPC,

Directive 96/61/CE and Act 16/2002 enacted by the Euro-

pean Commission (European Commission Environment

2012), and facilities pertaining to industrial activities not

subject to the IPPC Act 16/2002 but included in the

E-PRTR. The IPPC Act incorporates the above Directive

into the Spanish legal system, and lays down that, in order

to be able to operate, industries covered by the regulation

must obtain the so-called Integrated Environmental Permit.

We analyzed the industrial database (IPPC ? E-PRTR)

provided by the Spanish Ministry for the Environment and

Rural and Marine Habitats for 2007, which includes infor-

mation on the geographic location and industrial pollution

emissions of all industrial plants in Spain. To take a mini-

mum induction period of 10 years into account, in line with

recommendations for solid tumors (Armenian and Lilien-

feld 1974), we identified a total of 48 industrial installations

in the health areas targeted, which had gone into operation

prior to 1995 (10 years before the mid-point of the

recruitment period, 2000–2009) and had reported releases

to air in 2007, along with the previously validated geo-

graphic coordinates of their respective locations (Garcia-

Perez et al. 2008). Data on the date of commencement of

industrial activity were obtained from the official websites

of the industrial companies themselves. These 48 installa-

tions were classified according to type of industrial sector,

as follows: energy industry—combustion installations—

(IPPC category-1); metal industry (IPPC category-2),

including steel production and founding, galvanizing, fer-

rous metal foundries, non-ferrous metal smelters and pro-

ducers (aluminum, zinc, copper), and surface treatment

using an electrolytic or chemical process; mineral industry

(IPPC category-3), including mining, production of cement,

and production of glass and ceramic; chemical industry

(IPPC category-4); waste and wastewater management

(IPPC category-5); textile industry (IPPC category-7); food

and beverage sector (IPPC category-9); and shipyards (E-

PRTR category-9.e).

For each subject, the following Euclidean distances

were calculated: (a) industrial distance, i.e., the distance

between the subjects last residence and any of the previ-

ously mentioned 48 industrial installations (using a pur-

pose-designed distance matrix between all industrial

facilities and subjects); and (b) urban distance, i.e., the

distance between the subject’s last residence and the cen-

troid of the town in which the hospital was situated.

For each subject, the exposure variable was coded as

follows:

(a) residence in an industrial area, defined in terms of

proximity to industrial facilities. The following dis-

tances were considered: 5, 4, 3, 2.5, and 2 km;

(b) residence in the urban area, taking, as in the previous

report (Lopez-Cima et al. 2011), the area defined by

the first decile of urban distance among controls; and,

(c) residence within the reference area, consisting of

zones not included above and corresponding mainly

to rural settings.

Data analysis

Since matching conditions, i.e., sex, age and hospital area,

are very general, and controls can fit the criteria for more
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than one case (the corresponding pairs can be inter-

changeable), unconditional logistic regression models were

used to estimate odds ratios (ORs) and 95 % confidence

intervals (95 % CIs), to assess the relationship between

lung cancer and proximity to any industrial installation

(taking various above-defined industrial distances into

account). All models included matching variables and other

potential confounders, such as smoking, occupation, resi-

dence in the urban area, and family history of cancer

(classified into three levels, i.e., none, first-degree relatives

with cancer originating in an organ other than lung, and

first-degree relatives with lung cancer).

In a second phase, we evaluated the relationship between

lung cancer and industrial proximity by industrial sector and,

in particular, by industrial facility, using the above-described

multiple unconditional logistic regression model for the

industrial distance which yielded the highest OR.

Lastly, we assessed the relationship between lung cancer

and residential proximity to any focus releasing substances,

or industrial activities classified by the International

Agency for Research on Cancer (IARC) as carcinogens in

humans and related to lung cancer (IARC 2012). For this

purpose, the industrial distance chosen in the second phase

was used to define an ‘‘exposed subject’’ as any person who

lived close to any of the following carcinogens/carcino-

genic facilities:

(a) arsenic–cadmium–chromium (these exposures could

not be separated because 93 % of the facilities

involved, released all three);

(b) nickel or nickel compounds;

(c) dioxins and furans;

(d) aluminum production, including industrial facilities

devoted to this;

(e) iron and steel founding; and,

(f) shipyards.

For the purposes of this model, we included a variable

identifying people living close (by reference to the indus-

trial distance defined in the second phase) to other IPPC

industrial facilities unrelated with the above-mentioned

industrial activities and pollutants. The reference area

consisted of zones not included above, and corresponded

mainly to rural settings.

Results and discussion

The analysis covered 700 lung cancer cases and 700 con-

trols drawn from the Caucasian population of Asturias.

Distribution by sex, age, hospital area, smoking history

(smoking status, smoking intensity, and tobacco con-

sumption), family history of cancer, occupational history,

and time of residence in last abode is summarized in

Table 1. There were more current smokers (61.9 vs.

33.3 %) and more heavy smokers (61.18 vs. 37.91 PY)

among cases than controls (P \ 0.001).

Locations of 48 industrial installations, town centroids

of the hospitals targeted, and residences of cases and

controls are depicted in Fig. 1.

Estimated ORs associated with residential proximity to

industrial installations using different distances are shown in

Table 2. An increased risk of lung cancer was observed for

all distances analyzed, with this proving higher and statisti-

cally significant for residents living within 3 km of industrial

facilities (adjusted OR = 1.43; 95 % CI = 1.08–1.89). As a

result, this distance was used to define industrial proximity in

subsequent analyses. Lastly, intersection between industrial

and urban areas using 3 km as the critical distance was also

statistically significant (adjusted OR = 1.55; 95 %

CI = 1.00–2.40).

Estimated ORs of lung cancer, both overall and by

industrial sector, are shown in Table 3. When type of

industrial activity was taken into account, all industrial

sectors in the study area—with the exception of mining,

non-ferrous metal smelters and producers, and iron

founding—showed an increased risk of lung cancer, with

this reaching statistical significance in the case of the metal

industry (adjusted OR = 1.40; 95 % CI = 1.05–1.87) and

the galvanizing sub-sector in particular (adjusted OR =

1.66; 95 % CI = 1.18–2.33), cement plants (adjusted

OR = 4.81; 95 % CI = 1.20–19.19), and shipyards

(adjusted OR = 1.69; 95 % CI = 1.17–2.43).

Table 4 shows the estimated ORs of lung cancer for

facilities having a large enough population within a radius of

3 km (number of cases ? controls [5 and number of cases

[0, in every case). Individuals living in the vicinity of the

only facility belonging to the energy sector showed a non-

statistically significant increased risk of lung cancer. Indi-

viduals living within 3 km of seven metal industries

(including three galvanizing complexes, two surface-treat-

ment installations, one steel manufacturing plant and one

aluminum production facility) registered an increased risk of

lung cancer, with this reaching statistical significance in the

case of two of the galvanizing plants (PRTR codes ‘‘1948’’

and ‘‘3096’’) (adjusted OR = 1.74; 95 % CI = 1.04–2.89

and adjusted OR = 1.79; 95 % CI = 1.24–2.59, respec-

tively). An increased risk of lung cancer was also found for

individuals living in the vicinity of four registered mineral

industries, one devoted to cement production and three to

glass and ceramics. Similarly, residents living close to two

chemical industries, one a waste management facility and

the other a textile plant, displayed a non-significant

increased risk of lung cancer. Finally, subjects residing

close to the shipyard registered a statistically significant

excess risk of lung cancer (adjusted OR = 1.69; 95 %

CI = 1.17–2.43).
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Table 5 shows the estimated ORs of lung cancer by

reference to carcinogens released or type of industry clas-

sified by the IARC as a group 1 carcinogen. Areas with

exposure to arsenic, cadmium and chromium were ana-

lyzed jointly, since these pollutants were released by

virtually the same facilities (see Table 6); in fact, 93 % of

the population exposed to arsenic was also exposed to

cadmium and chromium. Residents living close to indus-

trial facilities releasing nickel or dioxins displayed a non-

statistically significant excess risk of lung cancer, with this

being especially high for industries releasing dioxins

(OR = 1.59, 95 % CI = 0.84–3.01). As indicated above,

the shipyard—deemed carcinogenic due to its use of

asbestos and so included in our analysis—registered a

statistically significant increased risk of lung cancer.

We set out to examine the effects of exposure to

industrial air pollution on lung cancer risk in an industri-

alized area of Northern Spain, taking into account different

industrial sectors and carcinogenic substances or activities.

Our findings support the hypothesis that living in the

proximity (B3 km) of industrial installations might be a

risk factor for lung cancer incidence. Indeed, our analyses

show an excess of risk of lung cancer among residents in

the proximity of industrial facilities, especially those living

near metal industries, cement plants, and shipyards.

This paper takes an in-depth look at the same line of

research as our previous report (Lopez-Cima et al. 2011),

which analyzed lung cancer risk with regard to residential

proximity to urban nuclei and industrial areas. This study

benefited from an increased number of cases and con-

trols, and furnished type-specific risks by industrial sector

and carcinogenic substance. It is one of the first studies

of its kind to use IPPC- and E-PRTR-based information

to explore the effects in terms of cancer risk, attributable

to pollution emitted by specific industrial sectors and/or

carcinogenic substances. Unlike ecological approaches,

our study design guarantees the availability of individual

information on potential confounders, such as other lung

cancer risk factors like smoking habit and occupational

exposure, which can thus be controlled for in the

analysis.

Insofar as environmental exposure is concerned, our

measures were based on participants’ residential location;

and although we were only able to take the geographical

coordinates of subjects’ last-reported residence into

account, our study population nevertheless proved to be

very stable, with 90.0 % of cases and 90.0 % of controls

having lived in their last-reported residence for more than

5 years, and 81.3 % of cases and 81.6 % of controls having

lived there for more than 10 years. Moreover, a sensitivity

analysis considering only long-term residents was con-

ducted and yielded similar results (data not shown). Geo-

coding of place of residence affords relevant advantages

for a case–control study, in that recall bias could not be

expected to have any influence. The recruitment of incident

cases also served to prevent possible changes of address

associated with diagnosis of cancer. Hence, if there were

any bias affecting proximity to pollution sources in

Table 1 Characteristics of lung cancer cases and controls

Characteristics Cases

(N = 700)

Controls

(N = 700)

Pa

N (%) N (%)

Sex

Male 604 (86.3) 604 (86.3)

Female 96 (13.7) 96 (13.7) 1.000

Age (years), mean (SD) 65.28 (11.17) 64.28 (11.30) 0.098

Hospital areab

Gijon (Cabueñes

Hospital)

422 (60.3) 422 (60.3)

Aviles (San Agustin

Hospital)

178 (25.4) 178 (25.4)

Oviedo (General

Hospital)

58 (8.3) 58 (8.3)

Mieres (Alvarez-Buylla

Hospital)

42 (6.0) 42 (6.0) 1.000

Smoking Status

Never 56 (8.0) 212 (30.3)

Ever 644 (92.0) 487 (69.7) \0.001

Former 211 (30.1) 254 (36.4)

Current 433 (61.9) 233 (33.3) \0.001

PYc, mean (SD) 61.18 (35.72) 37.91 (31.87) \0.001

Smoking

Never 56 (8.1) 212 (30.9)

Former \ 38 PY 74 (10.7) 172 (25.1)

Current \ 38 PY 81 (11.7) 108 (15.7)

Former C 38 PY 135 (19.5) 76 (11.1)

Current C 38 PY 346 (50.0) 118 (17.2) \0.001

Family history of cancer

None 387 (57.8) 412 (59.6)

Other cancers 206 (30.8) 231 (33.4)

Lung cancer 76 (11.4) 48 (7.0) 0.083

Worker in high-risk occupation

Never 247 (35.6) 268 (38.5)

Ever 447 (64.4) 429 (61.5) 0.270

Time in high-risk

occupationd, mean (SD)

26.17 (14.52) 24.44 (13.85) 0.072

Population living in their last residence

For more than 5 years 619 (90.0) 621 (90.0) 0.943

For more than 10 years 559 (81.3) 563 (81.6) 0.924

a Two-sided Chi-square test, and Mann–Whitney test where

appropriate
b Hospital area refers to each hospital’s health catchment area
c Pack-years for ever-smokers
d Time (in years) for ever-workers
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relevant periods of life, our bias would be non-differential,

causing an attenuation of the estimated effect.

Distance was used as a surrogate of environmental

exposure to industrial emissions. Yet, the extent and dis-

persion of air emissions are critically dependent on pre-

vailing winds. Although we considered the possibility of

using predominant winds together with distance to refine

the definition of industrial proximity, winds in Asturias

display a pronounced seasonal nature, as is reflected by the

wind roses depicted in Fig. 1, which renders it difficult to

define prevailing winds in the study area.

Inevitably, the use of hospital-based controls is a

potential limitation. In this particular instance, the hospitals

where the cases were recruited were referral centers for all

patients requiring hospitalization. Our controls had been

referred to these hospitals owing to the presence of acute

health conditions thought to be unrelated to the main lung

cancer risk factors. The geographic distribution of the

control population likely reflects population density in the

health areas studied. Although there is always a chance of

recall bias being present, the fact that information on

confounding variables was obtained retrospectively means

that the risk estimators obtained for well-known risk

factors, such as tobacco exposure and occupation, were in

line with the literature.

Our results show that the excess risks associated with

industrial pollution were concentrated in the vicinity of metal

industries (principally, metal galvanizing and surface-treat-

ment installations), cement plants and shipyards. Emissions

from these industries include: recognized carcinogens in

humans, such as arsenic and inorganic arsenic compounds,

benzene, cadmium, nickel compounds, chromium, dioxins,

asbestos, formaldehyde, radon, silica, crystalline, soot, coal-

tar pitches, and some polycyclic aromatic hydrocarbons

(PAHs); probable carcinogens, such as tetrachloroethylene,

trichloroethylene, acrylamide, and nitrosamines; or possible

carcinogens, such as lead, nickel, furans, ethylbenzene,

hexachloroethane, and welding fumes (IARC 2012; Tossa-

vainen 1990).

Residence in the vicinity of metal industries located in

our study area showed a statistically significant excess risk

of lung cancer when they were studied as a whole. We

attempted to investigate specific excess risks by type of

industrial activity within this broad class of industry. The

metal sector includes installations for steel founding and

aluminum production, two industrial activities classified by

Fig. 1 Geographic distribution of cases, controls, industrial installations, and centroids in the four health areas and wind roses for the city of

Gijon, for the period 1971–2000 (annual, January, and July)
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the IARC as implying a carcinogenic risk to humans

(IARC 2012), and reported by some occupational and/or

environmental studies as being associated with lung cancer

(Benedetti et al. 2001; Bosetti et al. 2007; Gibbs et al.

2007; Pershagen and Simonato 1990; Rodriguez et al.

2000; Spinelli et al. 2006). Nevertheless, our results—with

few exceptions—failed to show any consistent excess risk

around such industrial activities. One of the most inter-

esting results of our study was the high excess risk of lung

cancer found among subjects living close to galvanizing

installations. The galvanizing sector is one of the industrial

activities that releases dioxins to air (ATEG-Grupo Interlab

2005) and is included in the Spanish National Dioxin and

Furane Inventory (Martinez et al. 2008). Dioxins are rec-

ognized by the IARC as carcinogens in humans (IARC

2012), and there are studies that have observed increased

risks for all cancers combined, and for lung cancer in

particular (IARC 1997). In our analysis by type of pollutant

released, we found a high, though non-statistically signif-

icant, excess risk for dioxins. Another interesting result was

the almost statistically significant excess risk found in the

proximity of electrolytic or chemical surface-treatment

installations. As in the case of galvanizing installations,

these types of metal industries use metalworking fluids

(MWFs), a range of oils and other chemical substances

used to cool and/or lubricate metal workpieces when they

are being machined, ground, milled, etc., and known to be

carcinogens in humans (Savitz 2003). Some occupational

studies have found excess of lung cancer mortality among

workers exposed to certain types of MWFs and mineral oils

(Acquavella et al. 1993; DHHS (NIOSH) 1998; Kazerouni

et al. 2000; Tolbert 1997). Furthermore, one study detected

a slightly increased lung cancer mortality rate in United

Table 2 Odds ratios of lung cancer associated with residential

proximity to industrial facilities, by distance

Distance

(km)

Exposure

category

Controls Cases OR (95 % CI)a

N N

5

Reference 121 94 –

All industries (only) 509 525 1.18 (0.82–1.69)

Intersection with urban areab 70 81 1.41 (0.86–2.31)

4

Reference 139 106 –

All industries (only) 491 513 1.28 (0.91–1.80)

Intersection with urban areab 70 81 1.50 (0.92–2.43)

3

Reference 247 187 –

All industries (only) 383 432 1.43 (1.08–1.89)

Intersection with urban areab 70 81 1.55 (1.00–2.40)

2.5

Reference 320 278 –

All industries (only) 310 341 1.21 (0.93–1.59)

Intersection with urban areab 70 81 1.36 (0.89–2.06)

2

Reference 395 360 –

All industries (only) 235 259 1.13 (0.87–1.48)

Intersection with urban areab 70 81 1.29 (0.86–1.95)

Bold values indicate significant results and different sectors
a ORs were estimated from a multiple logistic regression model that

included age, sex, hospital area, tobacco consumption, family history

of cancer, area of residence, and occupation
b Intersection area between industrial area corresponding to each

industrial sector and urban area

Table 3 Odds ratios of lung cancer by industrial sector

Industrial sector (no. industries) Individuals residing B3 km

Controls Cases OR (95 % CI)a

N N

Reference 247 187

All industries (48) 383 187 1.43 (1.08–1.89)

Intersection with urban areab 70 81 1.55 (1.00–2.40)

Energy sector (4) 9 13 1.68 (0.62–4.56)

Metal industry (15) 330 375 1.40 (1.05–1.87)

Intersection with urban areab 64 76 1.57 (1.00–2.46)

Steel production and founding

(2)

39 51 1.27 (0.73–2.21)

Intersection with urban areab 5 5 0.93 (0.20–4.37)

Galvanizing (4) 245 282 1.66 (1.18–2.33)

Intersection with urban areab 44 64 2.14 (1.27–3.61)

Iron founding (1) 3 2 0.97 (0.12–7.82)

Non-ferrous metal smelters (5) 29 25 0.81 (0.41–1.63)

Intersection with urban areab 17 12 0.87 (0.35–2.15)

Surface treatment (3) 179 193 1.32 (0.93–1.89)

Intersection with urban areab 3 0 0 (0–inf)

Mineral industry (14) 97 100 1.32 (0.87–2.01)

Intersection with urban areab 26 17 0.86 (0.40–1.82)

Mining (3) 8 6 0.62 (0.16–2.45)

Production of cement (3) 4 9 4.81 (1.20–19.19)

Production of glass and ceramic

(8)

88 91 1.31 (0.85–2.02)

Intersection with urban areab 26 17 0.85 (0.40–1.81)

Chemical industry (5) 34 41 1.38 (0.76–2.51)

Waste management (4) 8 10 1.18 (0.39–3.53)

Food and beverage sector (4) 16 14 1.08 (0.40–2.93)

Shipyards (1) 234 260 1.69 (1.17–2.43)

Intersection with urban areab 39 59 2.37 (1.36–4.15)

Textile industry (1) 7 8 1.15 (0.36–3.73)

Bold values indicate significant results and different sectors
a ORs were estimated from a multiple logistic regression model that

included age, sex, hospital area, tobacco consumption, family history of

cancer, area of residence, and occupation
b Intersection area between industrial area corresponding to each indus-

trial sector and urban area
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States counties with metal electroplating industries (Blair

and Mason 1980). Lastly, it should be noted that, as

reported in a previous paper (Garcia-Perez et al. 2010), the

primary metal industry is a major environmental contrib-

utor of chlorinated solvents. According to the European

Chlorinated Solvent Association (ECSA), chlorinated sol-

vents are defined as methylene chloride (dichloromethane),

perchloroethylene (tetrachloroethylene) and trichloroeth-

ylene (Chlorine Online 2013), and are mainly used in dry-

cleaning, machine cleaning, metal degreasing and surface

treatment. Both tetrachloroethylene and trichloroethylene

Table 4 Odds ratios of lung cancer by facility

Facilitya Individuals residing B3 km

Controls Cases OR (95 % CI)b

(PRTR code) N N

Reference 247 187

Energy sector

2928 6 9 1.62 (0.49–5.32)

Metal industry

Steel production and founding

3486 27 39 1.42 (0.76–2.68)

6827 12 12 0.80 (0.25–2.55)

6827 ? urban areac 5 5 0.83 (0.17–3.99)

Galvanizing

1850 11 13 0.96 (0.30–3.05)

1850 ? urban areac 5 5 0.87 (0.18–4.15)

1925 6 10 1.60 (0.51–5.05)

1948 50 60 1.74 (1.04–2.90)

3096 227 258 1.79 (1.24–2.59)

3096 ? urban areac 39 59 2.45 (1.40–4.28)

Non-ferrous metal smelters

1477 11 14 1.30 (0.48–3.49)

1477 ? urban areac 7 6 1.03 (0.29–3.66)

1937 3 3 0.62 (0.11–3.39)

3512 4 2 0.56 (0.07–4.24)

3551 21 19 0.86 (0.39–1.93)

3551 ? urban areac 17 12 0.88 (0.36–2.17)

Surface treatment

1554 29 35 1.44 (0.61–3.41)

3545 147 156 1.32 (0.91–1.92)

6546 4 2 0.56 (0.07–4.24)

Mineral industry

Mining

6592 5 5 0.83 (0.17–3.92)

Production of cement

1915 3 6 2.80 (0.57–13.71)

Production of glass and ceramic

1929 32 29 1.05 (0.54–2.06)

1929 ? Urban areac 23 17 0.95 (0.43–2.09)

1934 25 26 1.23 (0.52–2.93)

3888 4 2 0.56 (0.07–4.24)

4551 5 2 0.44 (0.07–2.95)

6179 23 31 1.78 (0.91–3.48)

Chemical industry

1582 10 15 1.54 (0.60–3.95)

1936 6 2 0.43 (0.07–2.81)

3550 17 23 1.57 (0.72–3.45)

Waste management

1928 5 9 1.38 (0.40–4.84)

Food and beverage sector

748 13 10 0.90 (0.30–2.74)

Table 5 Odds ratios of lung cancer by carcinogens released or type

of industry

Exposure type Individuals residing B3 km

Controls Cases OR (95 % CI)a

N N

Carcinogensb

Arsenic–cadmium–

chromium

144 155 0.76 (0.37–1.59)

Nickel 189 207 1.21 (0.72–2.03)

Dioxins ? furans 47 67 1.59 (0.84–3.01)

Carcinogenic industryb

Shipyards 273 319 1.69 (1.17–2.45)

Aluminum production 20 20 0.81 (0.36–1.84)

Iron and steel founding 20 19 0.54 (0.20–1.47)

Other IPPC industries 37 45 1.38 (0.79–2.40)

Bold values indicate significant results and different sectors
a ORs were estimated from a multiple logistic regression model that

included age, sex, hospital area, tobacco consumption, family history

of cancer, area of residence, and occupation
b This table includes carcinogens and type of industries classified by

the IARC as a group 1 carcinogen

Table 4 continued

Facilitya Individuals residing B3 km

Controls Cases OR (95 % CI)b

(PRTR code) N N

Shipyards

6511 234 260 1.69 (1.17–2.43)

6511 ? urban areac 39 59 2.37 (1.36–4.15)

Textile industry

3566 7 8 1.15 (0.36–3.73)

Bold values indicate significant results and different sectors
a Facilities with number of cases ? controls[5 and number of cases

[0
b ORs were estimated from a multiple logistic regression model that

included age, sex, hospital area, tobacco consumption, family history

of cancer, area of residence, and occupation
c Intersection area between industrial area corresponding to each

facility and urban area
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Table 6 Types of carcinogenic substances and amounts released to air by facility, in kg/year (PRTR-Spain, 2007)

Facility (PRTR code) Arsenic Cadmium Chromium Nickel Dioxins ? furans

Energy sector 184 108 770 725 2.0E-05

1594 0 0 0 0 0

1942 2 4 9 30 0

2927 69 104 70 114 2.0E-05

2928 113 0 691 581 0

Metal industry 67 128 223 234 3.4E-03

Steel production and founding 66 128 222 231 3.4E-03

1923 0 0 0 0 0

3486 66 128 222 231 3.4E-03

6827 0 0 0 0 0

Galvanizing 0.1 0.02 0.1 2.1 6.1E-07

1850 0.1 0.02 0.1 0.1 6.1E-07

1925 0 0 0 0 0

1948 0 0 0 2 0

3096 0 0 0 0 0

Non-ferrous metal smelters 0.6 0.3 0.3 0.3 0

1477 0 0 0 0 0

1937 0 0 0 0 0

1943 0.6 0.3 0.3 0.3 0

3512 0 0 0 0 0

3551 0 0 0 0 0

Surface treatment 0 0 0.5 0.8 0

1554 0 0 0.4 0.7 0

3545 0 0 0 0 0

6546 0 0 0.04 0.1 0

Mineral industry 50 46 88 220 3.4E-05

Mining 0 0 0 0 0

6590 0 0 0 0 0

6591 0 0 0 0 0

6592 0 0 0 0 0

Production of cement 36 43 35 105 3.4E-05

1914 8 4 20 44 1.0E-05

1915 20 7 11 24 2.4E-05

1944 8 32 5 37 0

Production of glass and ceramic 15 3 53 115 0

1920 0 0 0 0 0

1922 0 0 0 0 0

1929 6 2 48 110 0

1934 0.9 0.4 1 2 0

3888 7 0.1 1 0 0

4551 0 0 0 0 0

5483 1 0.7 2 3 0

6179 0 0 0 0 0

Chemical industry 0 0 0 0 5.3E-06

1582 0 0 0 0 0

1918 0 0 0 0 5.3E-06

1936 0 0 0 0 0

3550 0 0 0 0 0

6653 0 0 0 0 0
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are recognized as probable carcinogens according to the

IARC (IARC 2012), and one study found an elevated risk

for lung adenocarcinoma in men exposed to trichloroeth-

ylene (Siemiatycki 1991). Moreover, animal experiments

have shown that tetrachloroethylene and trichloroethylene

cause lung carcinoma in mice (IARC 1995). It should be

stressed that chlorinated solvents are released into the

environment, chiefly as toxic waste discharged into water

drainage areas by the metal sector, and that on the whole,

effluents from metal industries are genotoxic, in that they

induce cytogenetic damage, mutations, and DNA damage

in repair processes (Claxton et al. 1998; Houk 1992).

Insofar as cement plants are concerned, they release

several carcinogenic substances recognized by the IARC,

such as arsenic, cadmium, chromium, dioxins or asbestos

(IARC 2012) (see Table 6). In this regard, Fano observed

a significant excess risk of lung cancer among people

living in the proximity of a cement plant (Fano et al.

2004), an ecologic study conducted in Lithuania docu-

mented excess risk of lung cancer among male cement

workers (Smailyte et al. 2004), and a recent IARC mul-

ticenter case–control study on occupation reported an

elevated lung cancer risk among men involved in the

cement industry (Bardin-Mikolajczak et al. 2007). In

addition, a meta-analysis revealed an association between

occupational exposure to asbestos in cement workers and

lung cancer (Goodman et al. 1999).

Finally, the shipyard included in our study, situated in

Gijon and around which we detected a high, statistically

significant increased risk of lung cancer, was founded in

1911 and, therefore, those subjects residing close to this

facility have been exposed to its emissions during a long

period of time. Shipyards are well-known emitters of

asbestos (Beckett 2007; Hollins et al. 2009; Tomioka et al.

2011), a substance recognized by the IARC as a lung

carcinogen in humans (IARC 2012). In this connection,

Barbone et al. found an excess risk of lung adenocarcinoma

in the proximity of a shipyard in Trieste, Italy (Barbone

et al. 1995), and Bianchi et al. stated that asbestos exposure

may reach alarming levels in shipyard areas (Bianchi et al.

2000). In addition, some occupational studies have repor-

ted excess lung cancer mortality in such installations

(Jeong et al. 2011; Krstev et al. 2007; Seel et al. 2007).

This paper analyzed lung cancer risk by type of industry

and carcinogens released. This information was solely

available for recent years, and it thus follows that current

exposure may not be an appropriate surrogate of the

exposure situation 10 years prior to diagnosis of the study

participants. Bearing this in mind, however, it is interesting

to note that high, though non-statistically significant,

excess risks were found for residents living close to

industrial facilities which released dioxins and nickel. As

previously mentioned, dioxins are recognized by the IARC

as carcinogens in humans (IARC 2012) and there are

studies that have observed increased risks for lung cancer

(IARC 1997). Likewise, there are some studies reporting

increased risk of lung cancer among workers exposed to

nickel, e.g., lung cancer mortality was observed to be

modestly increased among workers at a nickel carbonyl

refinery (Sorahan and Williams 2005), and specifically,

among those employees who had spent at least 5 years

working in the feed-handling and nickel extraction

departments. This increased lung cancer risk was con-

firmed in a separate analysis of the same nickel refinery

cohort, using combined data from two separate studies

(Grimsrud and Peto 2006).

Table 6 continued

Facility (PRTR code) Arsenic Cadmium Chromium Nickel Dioxins ? furans

Waste management 0.2 0.1 0.5 10 0

1928 0 0 0 0 0

1935 0.2 0.1 0.5 10 0

1938 0 0 0 0 0

3905 0 0 0 0 0

Food and beverage sector 0.004 0.02 0 0.04 0

51 0 0 0 0 0

748 0 0 0 0 0

1924 0 0 0 0 0

5821 0.004 0.02 0 0.04 0

Shipyards 0 0 0 0 0

6511 0 0 0 0 0

Textile industry 0 0 0 0 0

3566 0 0 0 0 0
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Conclusion

In conclusion, our study furnishes further evidence that

living in the proximity (B3 km) of certain industrial

installations is a risk factor for lung cancer. Specifically,

residents living near metal industries (principally, galva-

nizing installations), cement plants and shipyards showed

an increased risk. In addition, analysis by carcinogenic

substance or activity showed a non-statistically significant

excess risk of lung cancer in the proximity of installations

releasing dioxins–furans and nickel.
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