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Abstract

Background: Amsterdam Airport Schiphol is a major source of complaints about aircraft noise,
safety risks and concerns about long term adverse health effects, including cancer. We investigated
whether residents of the area around Schiphol are at higher risk of developing cancer than the
general Dutch population.

Methods: In a population-based study using the regional cancer registry, we estimated the cancer
incidence during 1988-2003 in residents of the area surrounding Schiphol. We defined a study area
based on aircraft noise contours and 4-digit postal code areas, since historical data on ambient air
pollution were not available and recent emission data did not differ from the background urban air
quality.

Results: In residents of the study area 13 207 cancer cases were diagnosed, which was close to
the expected number, using national incidence rates as a reference (standardized incidence ratio
[SIR] 1.02). We found a statistically significantly increased incidence of hematological malignancies
(SIR 1.12, 95% confidence interval [CI]: 1.05, 1.19), mainly due to high rates for non-Hodgkin
lymphoma (SIR 1.22, 95% CI: 1.12, 1.33) and acute lymphoblastic leukemia (SIR 1.34, 95% CI: 0.95,
1.83). The incidence of cancer of the respiratory system was statistically significantly decreased (SIR
0.94, 95% ClI: 0.90, 0.99), due to the low rate in males (SIR 0.89). In the core zone of the study area,
cancer incidence was slightly higher than in the remaining ring zone (rate ratio of the core zone
compared to the ring zone 1.05, 95% CI 1.01, 1.10). This was caused by the higher incidence of
cancer of the respiratory system, prostate and the female genital organs in the core zone in
comparison to the ring zone.

Conclusion: The overall cancer incidence in the Schiphol area was similar to the national
incidence. The moderately increased risk of hematological malignancies could not be explained by
higher levels of ambient air pollution in the Schiphol area. This observation warrants further
research, for example in a study with focus on substances in urban ambient air pollution, as similar
findings were observed in Greater Amsterdam.
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Background

Amsterdam Airport Schiphol is one of the main airports of
Europe. The airport is a major source of complaints about
aircraft noise, noise related adverse health effects and -
especially since the crash of an airplane in a suburb of
Amsterdam on October 4th 1992 - about safety risks. A
longstanding subject of concern of the surrounding popu-
lation is the exposure to aviation fuels and their combus-
tion products and an alleged increase of cancer risk.
Particularly in warm summers the smell of aviation fuels
can be distinguished outside the airport grounds. Aircraft
emissions vary with the engine type, the engine load and
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the kind of fuel. Combustion of aviation fuels results in
CO,, CO, C,, NO,, particles, and a great number of other
organic compounds, among which a number of carcino-
gens [1]. Among the emitted polycyclic aromatic hydro-
carbons no compound characteristic for aircraft engines
has been detected so far.

A committee of the Health Council of The Netherlands
recently reviewed the data on the health impact of large
airports [2]. It was concluded that, generally, integrated
health assessments are not available. In the last 30 years,
several adverse health effects in relation to exposure to air-
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Noise exposure (in Kosten-units) in the Schiphol area in 1991. The area surrounded by the blue line indicates the core zone,
the black line includes the total study area. The location of the three air quality monitoring stations are indicated by asterisks
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Table I: Summary of the results in [ig/m3 (except benzo(a)pyrene: ng/m?3) of the air quality monitoring system of the Schiphol area in

2002
Pollutant Unit Limit  Location of monitoring station
Badhoevedorp Oude Meer Hoofddorp
NO, year average 402 38 38 31
maximum 2000 163 544(1x > 200) 124
CcoO P98 (8 hours) 9000 112 100 88
P99,9 40000 134 165 160
O; maximum 240¢ 185 174 266 (2x > 240)
PM,o average (year) 40de 26 24 28
maximum (24 hours) 50df 81 (13x > 50) 81 (8x > 50) 132 (22x > 50)
Benzene year average 10 1.4 1.1 0.7
Black smoke P98 (24 hours) 908 42 48 34
Benzo(a)pyrene year average | 0.14
aas of 1-1-2010

b exceeding of the limit no more than |8 times per annum
¢ exceeding of the limit not more than 48 hours
dincluding factor 1.3

eas of 1-1-2005

fexceeding of the limit no more than 35 times per annum
g the limit expired in July 2001

PM,, = particulate matter <10 pm

craft noise have been the subject of study, such as the use
of tranquillizers, the prevalence of bronchitis and cardio-
vascular disease as well as child stress responses and cog-
nition [3-6]. However, little information is available in
the international literature on cancer risk in relation to air-
ports.

In the late 1980s, mortality due to cancer in the commu-
nity of Haarlemmermeer, which hosts Schiphol, was
investigated by the Municipal Health Service of Amster-
dam on request of the general practitioners in the area [7].
The total cancer mortality and the lung cancer mortality in
Haarlemmermeer during 1981-86 did not differ statisti-
cally significantly from the cancer mortality in the two
standard populations that were used. The mortality due to
non-Hodgkin lymphoma (NHL) was statistically signifi-
cantly increased, but conclusions as to the cause of the
excess mortality were not possible.

In the 1990s, we carried out a first study on the incidence
of cancer in the vicinity of Schiphol, as part of the health
surveillance of the resident population of the Schiphol
area [8]. During 1988-1993, the incidence of cancer in
the area around Schiphol was close to the national aver-
age. The differences in incidence of certain types of cancer
in comparison to the national average, as well as those
between two study areas characterized by different levels
of increased aircraft noise, were considered to be most
likely due to differences in life style, such as smoking. In
order to investigate whether cancer risk of the resident
population of the Schiphol area (in comparison to the
national average) changed since 1988-1993, we contin-

ued monitoring cancer incidence and we report here on
the second, much larger population-based study of the
cancer incidence around Schiphol.

Methods

Definition of the study population and the study area
When we designed our first study, relevant exposure data
on the ambient air quality around Schiphol airport were
lacking and we could not define a study population
exposed to increased ambient levels of aircraft emissions.
The airport itself has no permanent residents and the most
heavily exposed population - the airport personnel and
the travelers - cannot be defined geographically. There-
fore, we defined our study population as the population
most heavily exposed to increased levels of aircraft noise.
Since 1994, the ambient air quality outside Schiphol has
been monitored and no differences with the background
urban air quality have been reported for the compounds
that were measured [9]. Table 1 summarizes the results of
the three monitoring locations in the Schiphol area. How-
ever, it is possible that exposure to aircraft emissions has
been greater in the past when aircraft engines used to be
technologically and ecologically less advanced. Also, we
cannot exclude that certain carcinogenic compounds spe-
cific to aviation combustion have not been monitored.
Since most cancers have a long induction period and the
noise contours are thought to reflect best the historical
exposure of the surrounding population to aircraft emis-
sions, we continued to use the levels of aircraft noise to
define our study area. The aircraft noise levels of 1991
were available as so-called Kosten-units (Ku) [10]. We
used the 35 Ku contour and extended the area with about
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Table 2: Some characteristics of the Schiphol study area
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Zone and municipality Postal codes Inhabitants Per capita* income (1998)
1-1-1988 31-12-2003

Core zone 30 590 31 850 €10 900}

Haarlemmermeer 1161 8300 7820 € 10700

1175, 1435-8, 2143 6880 6015 € 11000

2132 7815 10 965 € 11000

2153 3520 3310 € 10500

Amstelveen 1182 4075 3740 € 11500

Ring zone 131 210 144870 €11 8007

Haarlemmermeer 1171 10 750 11770 € 13200

2131 10 205 11 030 € 11400

2151-2 11925 22 260 €11100

2154-8, 2165 5585 5940 € 10 300

Amstelveen 1181, 1183 31 145 30 385 € 12 400

Amsterdam 1067, 1081-3 34 960 35080 € 14 500

Aalsmeer 1431-3 21 740 22 870 € 11300

Haarlemmerliede & 1165, 2064-5 4900 5535 € 10 800
Spaarnwoude

Total study area 161 800 176 720 € 11700}

* the national average in 1998 was € 10 000
T weighed average, rounded to € 100

2 km outside the 35 Ku contour (figure 1). This total area
(surrounded by the solid black line in figure 1) was rede-
fined as 4-digit postal code areas (postal code areas sur-
rounded by grey lines in figure 1). The four airstrips of the
airport are easily recognized by noise levels over 50 Ku.
We also defined a core zone for the 4-digit postal code
areas within the 45 Ku contour (the area bordered by the
blue line in figure 1), although we do not have empirical
data showing that this zone corresponds to a zone with
increased levels of ambient air pollution. The remaining
study area surrounding the core zone we designated as
'ring zone'. The location of the three air quality monitor-
ing stations (Badhoevedorp, Hoofddorp, Oude Meer) is
also indicated in figure 1. The total study area with a pop-
ulation of 177 000 on 31 December 2003 comprised
(parts of) five municipalities (table 2). Table 2 also
includes figures on per capita income as approximation
for socio-economic status.

Population data

Annual population data covering the period 1995-2003
according to 4-digit postal code, 5-year age groups and
sex, were available for all municipalities from Statistics
Netherlands. For the period 1988-1994 we used data
from the municipal administrations.

Cancer registry data

The Amsterdam Cancer Registry (ACR) is a regional, pop-
ulation-based cancer registry with complete regional cov-
erage since 1988. The ACR is part of the nation-wide
Netherlands Cancer Registry (NCR) [11]. Completeness

of the NCR is estimated to be over 95%. The information
is extracted from the medical records by registration
clerks. Apart from demographic data, data are collected on
tumor site, morphological classification (according to the
International Classification of Diseases for Oncology
[ICD-O], versions 1 and 2), stage of the tumor and treat-
ment of the patients. The third version of the ICD-O was
introduced in the NCR for cases diagnosed as of January
2001. Cases diagnosed in a hospital outside the ACR
region but with residence in the ACR region are routinely
obtained from the national registry and included in our
regional registry. Consequently, these cases could be
included in the study.

We selected from the registry all cancer cases in the period
1988-2003 with residence in the area around Schiphol
airport at the date of diagnosis. We stratified the cases
according to type of cancer (or group of cancers), area of
residence (core zone or the ring zone), 5-year age group
and sex.

Statistical methods

In our analysis, the incidence of cancer in the national
population of the Netherlands served as the reference
entity. The expected numbers of cancer (E) for the
Schiphol area were calculated for three periods (1988-
1993, 1994-1998 and 1999-2003), based on the popula-
tion data of the Schiphol area (according to 5-year age cat-
egory and sex) and the 5-year age category and sex-specific
cancer incidence rates from the NCR. For the period
1988-1993 we used the average incidence rates of the
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Table 3: Observed (O) and expected (E) number of cancers in subjects with residence in the Schiphol area according to site, gender and period of diagnosis, 1988-2003

cancer site (ICD-10 code) and gender Total period (1988-2003) 1988-1993 1994-1998 1999-2003
o E SIR 95% ClI o E SIR 95% ClI o E SIR 95% ClI (o] E SIR 95% ClI

All malignancies (C00-C96) 13207 13007.9 1.02 1.00, 1.03 4624 4538.6 1.02 099, 1.05 4220 4125.1 1.02 099, 1.05 4363 43443 1.00 0.97,1.03
adult males 6697 67137 1.00 097,1.02 2402 23635 1.02 098,106 2145 21503 1.00 0.96,1.04 2150 21999 0.98 0.94,1.02
adult females 6436 62353 1.03* 1.01,1.06 2190 21543 1.02 0.97,1.06 2057 1956.5 1.05% 1.0l,1.10 2189 21245 1.03 0.99, 1.07
children <15 74 589 1.26 0.99,1.58 32 20.7 1.54% 1.06,2.18 18 183 0.98 0.58, 1.55 24 199 1.21 0.77,1.79
Head & neck (C00-C14) 282 2729 1.03 092, 1.16 93 937 0.99 0.80, 1.22 9l 859 1.06 0.85,1.30 98 933 1.05 085,1.28
males 162 176.9 0.92 0.78, 1.07 53 628 0.84 0.63,1.10 56 556 1.01 0.76, 131 53 584 0.91 0.8, 1.19
females 120 96.0 1.25% 1.04,1.49 40 309 1.29 092 1.76 35 303 1.16 0.80, 1.6l 45 348 1.29 0.94,1.73
Gastrointestinal tract (C15-C26) 2889 29360 0.98 095 1.02 1034 10493 0.99 093,105 899 9204 0.98 091,104 956 9663 0.99 0.93,1.05
males 1494 15380 0.97 092,1.02 517 5416 095 087,104 470 4823 0.97 089,1.07 507 5141 0.99 0.90, 1.08
females 1395 1398.1 1.00 095,1.05 517 5077 1.02 093, 1.11 429 4381 0.98 089,1.08 449 4523 0.99 0.90, 1.09
Respiratory system (C30-C34) 1862 1975.1 0.94% 090,099 749 7526 1.00 0.93,107 542 627.| 0.86t 079,094 571 5954 0.96 0.88, .04
males 1378 1548.0 0.891 0.84,094 604 6263 0.96 089 101 38 4927 0.78f 0.71,087 388 4290 0.90 0.82, 1.00
females 484 427.1 1.13* 1.03,1.24 145 1263 1.15 097,135 I56 1345 1.16 098,136 18 1664 1.10 0.95,1.27
Breast (C50) 2087 19836 1.05 099 1.1l 679 6764 1.00 093,1.08 678 6203 1.09* 1.0l,1.18 730 6869 1.06 0.99 1.14
Female genital organs (C51-C58) 710 7307 0.97 090,105 252 2749 0.92 081,1.04 237 2329 1.02 089, 1.16 221 2229 0.99 087, 1.13
Prostate (Cé61) 1291 12309 1.05 099, 1.1 382 3646 1.05 095 1.16 470 4212 1.12% 1.02,122 439 4452 0.99 0.90, 1.08
Bladder & other urinary tract (C65-C68) 543 5172  1.05 096, 1.14 211 183.9 I.I5 1.00, 1.31 172 1637 1.05 090,122 160 1697 0.94 0.80, .10
males 425 390.0 1.09 099,120 173 1397 1.24t 1.06,144 129 1236 1.04 087,124 123 1267 0.97 08I, 1.16
females 118 1273 0.93 0.77,1.11 38 442 0.86 054,129 43 40.1  1.07 0.78, 1.44 37 43.0 0.86 061, 1.19
Hematological malignancies (C81-C96) 1044 9352 .12+ 1.05,1.19 367 3283 1.12* 101,124 334 2912 I.15% 1.03,128 343 3158 1.09 097, 1.21
males 598 507.6 1.18f 1.09,1.28 210 1773 1.18% 1.03,1.36 184 1578 1.17 100,135 204 1726 1.18* .03, 1.36
females 446 4276 1.04 095 1.14 157 151.0 1.04 088,122 150 1334 1.12 095132 139 1432 0.97 082 1.I5
Hodgkin lymphoma 48 612 0.78 0.58, 1.04 19 236 0.81 048,126 12 177 0.68 0.35,1.18 17 199 0.85 0.50, 1.37
non-Hodgkin lymphoma 516 4235 1.221 1.12, 133 176  150.0 1.17* 1.0l,1.36 18I 1335 1.36F [1.17,1.57 159 1400 1.14 097,133
plasma cell tumors 169 I56. 1.08 0.93,1.26 59 556 1.06 08I, 1.37 56 5.3 1.09 082, 142 54 493 .10 0.82,1.43
acute lymphoblastic leukemia 39 29.1  1.34 095,183 17 102 1.67 097,267 8 88 0.91 039, 1.79 14 102 1.38 0.75,2.30
chronic lymphocytic leukemia 92 1012 091 073, 1.11 33 350 0.94 0.5, 1.32 29 352 0.82 0.55,1.18 30 31,0 0.97 0.5, 1.38
acute myeloid leukemia 109 978 L1l 092, 1.34 40 339 1.18 0.84, 1.6l 33 314 1.05 0.72,1.48 36 324 1.1l 078, 1.54
other 71 662 1.07 0.84,1.35 23 20.1  LI5 0.73,1.72 15 133 113 0.3, 1.86 33 328 1.00 0.69, 1.41
Other sites 2499 24263 1.03 099,107 857 8150 1.05 098 1.12 797 7624 1.05 097,1.12 845 8489 1.00 0.93, 1.06
males 1391 13555 1.03 097,108 485 4628 1.05 0.96,1.15 462 4272 1.08 099,1.18 444 4655 0.95 0.87,1.05
females 1108 1070.8 1.03 097,1.10 372 3522 1.06 095 1.17 335 3352 1.00 090,I1.1 401 3834 1.05 095, 1.15

*p <0.05; 1 p <0.01; Cl = confidence interval; E = expected number; O = observed number; SIR = standardized incidence ratio
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NCR covering the period 1989-1993 [12], because data
for 1988 were not available from the NCR. For the periods
1994-1998 and 1999-2003 we used NCR-data covering
1994-1998 and 1999-2003, respectively [13]. The
expected numbers were compared with the observed
numbers (O) and standardized incidence ratios (SIRs)
were calculated as the ratio between the observed and
expected numbers. Exact 95%-confidence intervals (CI)
based on the Poisson distribution of O were calculated
using STATA 7.0 (STATA Corporation. College Station,
Texas, USA). Rate ratios (RR) for the core zone were calcu-
lated by dividing the standardized incidence ratio of the
core zone by the rate of the ring zone. Ninety five percent
Cls of RRs were calculated assuming a log-normal distri-
bution [14].

Results

In 1988-2003, a total of 13 207 cancers (6 739 in males,
6 468 in females) were diagnosed among residents of the
Schiphol area (table 3), which included 2 352 cases
among residents of the core zone.

Table 3 shows, that the total number of observed cancers
was close to the expected number (SIR 1.02, 95% CI: 1.00,
1.03), in males (SIR 1.00, 95% CI: 0.97, 1.02) as well as
in females (SIR 1.03, 95% CI: 1.01, 1.06). The observed
number of cancers of the respiratory system (predomi-
nantly lung cancer) in females was increased (SIR 1.13,
95% CI: 1.03, 1.24), but the number in both sexes com-
bined was statistically significantly decreased (SIR 0.94,
95% CI: 0.90, 0.99). This was caused by a relatively low
incidence in males (SIR 0.89, 95% CI: 0.84, 0.94). A sim-
ilar pattern was observed for cancer of head and neck (SIR
females 1.25, 95% CI 1.04, 1.49; SIR males 0.92, 95% CI
0.78-1.07). The incidence was statistically significantly
increased for hematological malignancies (SIR 1.12, 95%
CL: 1.05, 1.19, 1044 cases). The raised risk was most
prominent in males (SIR males 1.18, 95% CI: 1.09, 1.28,
SIR females 1.04, 95% CI: 0.95, 1.14). A statistically sig-
nificantly increased incidence was observed for NHL (SIR
1.22,95% CI: 1.12, 1.33, 516 cases), while the confidence
interval for acute lymphoblastic leukemia (ALL; SIR 1.34,
95% CI: 0.95, 1.83, 39 cases) included unity. A relatively
low rate was observed for Hodgkin lymphoma (SIR 0.78,
95% CI: 0.58, 1.04).

Classification of lymphoid malignancies according to the
WHO-classification, revealed relatively high rates for lym-
phoplasmocytic lymphoma (SIR 1.5, 95% CI: 1.1, 2.9),
follicular lymphoma (SIR 1.5, 95% CI: 1.2, 1.8), diffuse
large B-cell lymphoma (SIR 1.6, 95% CI: 1.4, 1.9) and T-
cell lymphoma (SIR 1.4, 95% CI: 1.0, 1.8). The rates for
plasma cell tumors (SIR 1.1, 95% CI 0.9, 1.3), small lym-
phocytic lymphoma/chronic lymphocytic leukemia (SIR
0.8, 95% CI: 0.6, 1.0) and other & unspecified lym-

http://www.biomedcentral.com/1471-2458/5/127

phoma/leukemia (SIR 1.0, 95% CI: 0.8, 1.2) were not
increased.

Cancer was diagnosed in 74 children up to 15 years of age,
which was relatively high (SIR 1.26, 95% CI 0.99, 1.58),
due to the higher than expected number of children with
ALL (23 cases, SIR 1.59, 95% CI 1.01, 2.39).

For most cancer sites, the SIRs for the periods 1988-1993,
1994-1998 and 1999-2003 were quite similar. The
increased risk of hematological malignancies was consist-
ently observed in the three time periods. An increased
number of breast cancer cases was observed in the 1994-
1998 period (SIR 1.09, 95% CI 1.01, 1.18). An increased
number of cancer of the bladder and other urinary organs
in males was only observed in 1988-1993 (SIR 1.24, 95%
CI 1.06, 1.44).

Cancer incidence in the core zone

Table 4 shows that cancer incidence in the core zone was
slightly increased in comparison to the national incidence
(SIR 1.06, 95% CI 1.02, 1.10) as well as in comparison to
the ring zone (RR 1.05, 95% CI 1.01, 1.10), mostly
because of an increased incidence in males (SIR 1.07, 95%
CI 1.01, 1.13; RR 1.09, 95% CI 1.03, 1.16). Statistically
significantly increased numbers in the core zone in com-
parison to the ring zone were observed for cancer of the
respiratory system (RR 1.27, 95% CI 1.12, 1.45) and pros-
tate (RR 1.17, 95% CI 1.02, 1.34) in males and for cancer
of the genital organs in females (RR 1.24, 95% CI 1.04,
1.50), based on increased RRs for each specific site (cervix
1.20, corpus 1.04, ovary 1.55, vulva & other 1.17). In
comparison to the national incidence only cervical cancer
and ovarian cancer were increased (SIR cervix 1.29, corpus
1.00, ovary 1.32, vulva & other 0.98). In the core zone, the
incidence rate of bladder cancer in males (SIR 1.26, 95%
CI 1.01, 1.56; RR 1.20, 95% CI 0.94, 1.52) was also rela-
tivity high. The incidence of hematological malignancies
was higher in the core zone than in the to the ring zone,
but the increase was not statistically significant (RR 1.06,
95% CI 0.91, 1.24).

Discussion

The major finding of our study is that total cancer inci-
dence in the area around Schiphol airport was almost
equal to the national cancer incidence (SIR 1.02). Further-
more, the incidence of hematological malignancies was
statistically significantly increased, while the incidence of
cancer of the respiratory system was statistically signifi-
cantly decreased. We observed an excess risk in children
aged 0-14 (SIR 1.26). The cancer incidence in the core
zone was slightly increased in comparison to the ring
zone, due to an excess risk of cancer of the respiratory tract
and prostate in males and cancer of the genital organs in
females.
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Table 4: Number of cancer cases in subjects with residence in the Schiphol area according to site, gender and area of residence, 1988-

2003
cancer site (ICD-10 code) and gender area of residence
ring zone core zone
barameter parameter
number of cases  SIR# 95% Cl  number of cases ~ SIR* 95% Cl  RR## 95% Cl
All malignancies (C00—-C95) 10855 1.0l 0.99, 1.03 2352 1.06* 1.02,1.10 1.05* 1.01,1.10
adult males 5440 098 0.96, 1.0l 1257 1.07 1.0, 1.13 1.09% 1.03,1.16
adult females 5356 1.03 1.00, 1.06 1080 1.04 098, 1.11 1.0l 0.95, 1.08
children (<15) 59 1.25 0.95, 1.6l 15 129 0.72,2.13 1.04 0.59,1.83
Head & neck (C00-C14) 238  1.06 0.93, 1.21 44 090 0.65 1.2 085 0.6l,1.17
males 133 092 0.77, 1.09 29 0.89 0.59,1.27 096 0.64,1.44
females 105 1.32% 1.08, 1.59 I5 093 0.52,1.53 070 041, 1.21
Gastrointestinal tract (C15-C26) 2422 099 0.95,1.03 467 096 0.87,1.05 0.97 0.88,1.07
males 1240 098 0.92,1.03 254 095 0.83,1.07 097 085 I.11
females 1182 1.00 0.95, 1.06 213 097 085 1.1l 097 0.84,1.12
Respiratory system (C30-C34) 1484 091* 0.86,0.96 378 1.10 099,122 1.21* 1.08,1.35
males 1 085 0.85* 0.80, 0.90 293  1.08 0.96, 1.21 1.27% .12, 1.45
females 399 1.13*  1.02, 1.24 85 1.17 093,144 1.04 0.82, 1.3l
Breast (C50) 1731 1.05% 1.0l, 1.1l 356 1.04 093,1.15 099 0.88,I.11
Female genital organs (C51-C58) 567 0.93 0.86, 1.0l 143 1.16 098, 1.37 1.24* 1.04, 1.50
Prostate (C61) 1044 1.02 0.96,1.08 247 1.19% 1.05,1.35 1.17% 1.02, 1.34
Bladder & other urinary tract (C65-C68) 468 1.09 0.99, I.19 102 1.18 096,143 1.16 0.93,1.43
males 341 1.05 0.95,1.17 84 1.26% 1.01,1.56 1.20 0.94,1.52
females 100 093 0.76, 1.13 18 092 0.54,144 098 0.60, 1.63
Hematological malignancies (C81-C96) 855 I.10* 1.03, 1.18 189 1.17% 1.01,1.35 1.06 09I, 1.24
males 483 |.16* 1.06, 1.27 115 1.26* 1.04, 1.51 1.09 0.89, 1.33
females 372 1.04 0.94,1.15 74 1.06 083,133 1.02 0.79 1.31
Other sites 2073 1.03 0.99, 1.08 426 1.02 093,1.12 099 0.89,1.10
males 1148 1.03 0.97,1.09 243 1.0l 0.89,1.14 098 0.85,1.12
females 925 1.03 097, 1.10 183 1.04 090,120 1.0l 0.86,1.18
*p <0.05

# reference population: the Netherlands 1989-2003
## ratio of the SIR of the core zone and the SIR of the ring zone
ClI = confidence interval; SIR = standardized incidence ratio; RR = rate ratio

As the overall incidence of cancer of the respiratory tract
was decreased (SIR 0.94), this observation does not sup-
port a positive association between the airport and the
occurrence of cancer of the respiratory tract. The incidence
pattern of respiratory system cancer in the Schiphol area,
i.e. low rates in males and somewhat higher rates in the
core zone and among females, is well within the normal
regional variation in the Netherlands. Because smoking is
the most important risk factor for lung cancer [15], and
there is evidence of substantial regional variation in
smoking habits in the Netherlands [16], smoking is likely
to be responsible for the differences in respiratory system
cancer (mainly lung cancer) between the Schiphol area
and the Netherlands overall. Unfortunately, no data on
smoking habits according to postal code in the Schiphol
area are available. Lung cancer incidence in the 1990s in
males was lowest in high income areas in the Netherlands.
In females, low rates were found in rural areas, while high

rates were observed in urban areas [17]. The slightly
increased incidence of cancer of the respiratory system in
females is in accordance with the moderately urbanized
status of the Schiphol area. The data on per capita income
(table 2) support the assumption that the low incidence of
cancer of the respiratory system in males is related to the
high per capita income of the Schiphol area. However,
within the Schiphol area only a weak association was
observed between the incidence of lung cancer and per
capita income by postal code area (data not shown). This
may be due to relatively small numbers by postal code
area and the long induction period of lung cancer as the
regional variation in lung cancer incidence can best be
explained by the smoking habits 10 to 30 years ago.

In a number of studies in urban areas an increase of lung
cancer incidence or mortality was observed [18,19],
mostly attributed to differences in smoking habits. How-
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ever, there is increasing evidence for a relation between
lung cancer risk and ambient air pollution [20,21].
Although we cannot exclude the possibility that the inci-
dence of cancer of the respiratory system in the absence of
the airport would even have been lower than the observed
incidence, the pattern of the observed incidence does not
render this very likely.

The statistically significantly increased rate for breast can-
cerin 1994-1998 (SIR 1.09 for the total study area) is also
within the observed regional variation in the Netherlands.
Part of this variation can be explained by local variation in
the start of the national screening program for breast can-
cer. The relatively high incidence of breast cancerin 1994-
1998 is probably related to the start of screening in the
Schiphol area in that period.

We do not have an explanation for the relatively high inci-
dence of cancer of the female genital organs in the core
zone (RR in comparison to the ring zone 1.24). Possibly,
this is only a chance finding, as despite the large variation
in risk factors for the specific sites the incidence of all spe-
cific sites was increased, while the SIR in comparison to
the general population was not statistically significantly
increased. An association with pollution has not been
described for cancer of the female genital organs. Moreo-
ver, in the total study area the incidence of these cancers
was not increased (SIR 0.97).

The most striking observation in our study is the increased
incidence of hematological malignancies, which was
observed consistently over three periods, mostly in males
but also in females. The increase was more pronounced in
the core zone. The increased incidence was mostly due to
increased numbers of cases of ALL and NHL (especially
lymphoplasmocytic lymphoma, follicular lymphoma,
diffuse large B-cell lymphoma and T-cell lymphoma, but
not small lymphocytic lymphoma/chronic lymphocytic
leukemia [SLL/CLL]), while the incidence of Hodgkin
lymphoma was decreased. However, pathology could not
be reviewed in this study and different classification sys-
tems of lymphoma have been used by pathologists during
the study period.

The moderately increased cancer incidence in children
(about one supplementary case per year) was mainly
caused by the increased number of cases of ALL, as ALL
occurs mainly in children.

Also from a national perspective, the number of cases of
NHL was markedly increased. In the Netherlands in
1989-1998, the highest rate of NHL in males was found
in Greater-Amsterdam, which includes the Schiphol area
(source: the Netherlands Cancer Registry). In females in
Greater-Amsterdam, the incidence of NHL was also rela-

http://www.biomedcentral.com/1471-2458/5/127

tively high. Chance is not a likely explanation for our find-
ing of an increased incidence of NHL, since the increase
was consistently observed over three time periods. The rel-
atively high incidence of NHL in the Schiphol area is also
consistent with an increased mortality due to NHL already
reported in Haarlemmermeer in 1981-1986 [7]. In sev-
eral studies, an increased risk of hematological malignan-
cies was found for farmers, which is related to the use of
pesticides, infectious micro-organisms or working with
beef cattle [22-27]. However, although the Schiphol area
includes a few areas with intensive agricultural activities,
the increased risk for hematological malignancies was
also found in areas with few agricultural activities.

Several studies have shown that the incidence of NHL is
correlated with nitrate in municipal drinking water due to
nitrogen fertilizers [28,29] and is increased in urban/
industrialized areas [30,31]. Hatzissabas et al found that
the incidence of large cell high malignancy lymphomas is
highest in industrialized regions with pollution of water
supplies by more toxic and immunosuppressive sub-
stances, while CLL is more frequent in areas with rather
low-dose chronic influences such as from the use of ferti-
lizers and pesticides in farming [32]. The pattern of NHL
in the Schiphol area - increase of follicular and diffuse
large B-cell lymphoma, but not SLL/CLL - might indicate
a relation with pollution which is also found in urban
areas.

However, an association between the incidence of hema-
tological malignancies and the environment in the
Schiphol area is not supported by the available data on
ambient air quality. Measurements in 1989 at the airport
grounds of Schiphol showed increased levels of ambient
air pollutants, including polycyclic aromatic hydrocar-
bons which are probably or possibly carcinogenic accord-
ing to the International Agency for Research on Cancer,
but not in the direct vicinity outside the airport ground
[33]. Morphology and composition of soot emitted by air-
craft at Schiphol showed great similarities with soot emit-
ted by the road traffic. Only different profiles of
hydrocarbons in the range of C,~C,, in emissions from
aircraft engines, aviation fuels and road traffic were
reported. Since 1994, three locations in the vicinity of
Schiphol are part of the provincial monitoring network
for ambient air quality measurement [34]. During 1994~
2002, the concentrations of the air pollutants NO,, CO,
05, PM,, (particulate matter <10 um), benzo(a)pyrene,
benzene and black smoke at the three locations in the
Schiphol area were stable and well comparable to urban
background levels in Amsterdam [9]. A more detailed
investigation at 59 additional locations in the Schiphol
area in 2000/2001 revealed that the average contribution
of air traffic emissions and of aviation fuel storage and
transfer to the total concentration of volatile hydrocar-
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bons in the area around Schiphol were only 3%, and up
to 5-7% at individual locations [35]. Road traffic contrib-
uted 28%. For CO, NO, and PM,,, no relevant influence
of emissions of Schiphol on ambient pollutant levels
could be determined. Although we cannot exclude the
possibility that residents of the Schiphol area have been
exposed to air pollutants that were not measured or that
higher levels of air pollutants have existed in the past, the
results of the ambient air quality monitoring and the
source appointment of air pollutants render it unlikely
that aircraft emissions have contributed substantially to
the total levels of pollutants in the ambient air of the
Schiphol area. It therefore seems unlikely that the
increased incidence of hematological malignancies is spe-
cifically related to ambient air pollution caused by aircraft
emissions.

Our results should be interpreted considering the
strengths and limitations of the study design. An advan-
tage is the availability of high quality data from a popula-
tion-based cancer registry over a period of sixteen years.
However, the use of the national cancer incidence as a ref-
erence has its limitations. Preferably, the cancer incidence
in a population which is comparable to the Schiphol
region as far as urbanization, socio-economic status and
smoking habits, should be used. Unfortunately, such a
reference population is not available. Another limitation
of the study is that only cancer cases that were residents of
the Schiphol area at the date of diagnosis were included in
the study. Part of the original residents will have left the
area, while others only recently settled in the area. The
effect of migration (non-differential misclassification)
usually results in an underestimation of the risk at study.

Conclusion

The overall cancer incidence in the Schiphol area was sim-
ilar to the national incidence in the Netherlands. An asso-
ciation was found between residence in the Schiphol area
and a moderately increased incidence of hematological
malignancies, especially NHL and ALL. However, the
increased risk of hematological malignancies could not be
explained by higher levels of ambient air pollution in the
Schiphol area, while similarly increased rates were
observed in Greater Amsterdam. Further studies, for
example a study with focus on substances in urban ambi-
ent air pollution, are necessary in order to elucidate the
causes of the observed association.
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