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a b s t r a c t
Background: Exposure to pesticides has been suggested as a risk factor for childhood leukemia, but
deﬁnitive evidence on this relation and the speciﬁc pesticides involved is still not clear.
Objective: We carried out a population-based case-control study in a Northern Italy community to assess
the possible relation between passive exposure to agricultural pesticides and risk of acute childhood
leukemia.
Methods: We assessed passive pesticide exposure of 111 childhood leukemia cases and 444 matched
controls by determining density and type of agricultural land use within a 100-m radius buffer around
children’s homes. We focused on four common crop types, arable, orchard, vineyard and vegetable, characterized by the use of speciﬁc pesticides that are potentially involved in childhood induced leukemia.
The use of these pesticides was validated within the present study. We computed the odds ratios (OR)
of the disease and their 95% conﬁdence intervals (CI) according to type and density of crops around the
children’s homes, also taking into account trafﬁc pollution and high-voltage power line magnetic ﬁeld
exposure.
Results: Childhood leukemia risk did not increase in relation with any of the crop types with the exception
of arable crops, characterized by the use of 2.4-D, MCPA, glyphosate, dicamba, triazine and cypermethrin.
The very few children (n = 11) residing close to arable crops had an OR for childhood leukemia of 2.04
(95% CI 0.50–8.35), and such excess risk was further enhanced among children aged <5 years.
Conclusions: Despite the null association with most crop types and the statistical imprecision of the
estimates, the increased leukemia risk among children residing close to arable crops indicates the need to
further investigate the involvement in disease etiology of passive exposure to herbicides and pyrethroids,
though such exposure is unlikely to play a role in the vast majority of cases.
© 2016 Elsevier GmbH. All rights reserved.

1. Background
Leukemia is the most common cancer type in children, representing 30% of all childhood cancers (American Cancer Society,
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2014). Childhood leukemia (CL) annual rates in Italy are 5/100,000
inhabitants, an incidence comparable to other Western countries
(AIRTUM, 2012). The etiology of this disease unfortunately remains
largely unknown, though epidemiological studies have identiﬁed a
number of potential genetic and environmental risk factors. Pesticide exposure is among the latter, but despite several epidemiologic
studies carried out during the latest three decades on this possible relation, deﬁnitive evidence on their involvement in CL onset
is still lacking (Ntzani et al., 2013). Most investigations found an
increased risk of disease associated with in utero (Menegaux et al.,
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2006) or postnatal (Ma et al., 2002) pesticide exposure through
household use or parental occupational exposures (Wigle et al.,
2009; Turner et al., 2010; Van Maele-Fabry et al., 2010, 2011; Ntzani
et al., 2013; Bailey et al., 2015; Chen et al., 2015). Very few studies
have investigated consequent pesticide exposure from over-spray
or off-gassing of crops that are situated near resident homes (Lu
et al., 2000; Curwin et al., 2005; Rull et al., 2009), despite the tendency of children spending more time outdoors, and increasing
their exposure risk, when playing on the ﬂoor, ground, lawn and frequently putting hands and objects in their mouths (Freeman et al.,
2005).
Under this perspective, crop density (i.e. the percentage of land
planted with crops) around the residence may be a proxy for environmental exposure to agricultural pesticides (Walker et al., 2007;
Carozza et al., 2008; Booth et al., 2015), as also suggested by the
correlation between acreage crops nearby the house and pesticide
concentrations in home dust (Lu et al., 2000; Fenske et al., 2002;
Ward et al., 2006; Harnly et al., 2009; Gunier et al., 2011), or pesticide metabolites in biological samples (Loewenherz et al., 1997; Lu
et al., 2000).
Several pesticide categories have been associated with CL risk,
including insecticides such as organophosphate, organochlorine
and pyrethroid, fumigants, herbicides and fungicides (Reynolds
et al., 2002, 2005; Rudant et al., 2007; Rull et al., 2009; Ding et al.,
2012). These compounds might favor CL onset through oxidative
stress, genotoxicity, endocrine disruption, or cholinesterase inhibition (Perry and Soreq, 2004; Williams et al., 2004; Vidal, 2005;
Phillips and Foster, 2008; Androutsopoulos et al., 2013; Hernandez
et al., 2013; Mrema et al., 2013; Vakonaki et al., 2013; Choi and Joas,
2016; Hernandez and Menendez, 2016), effects to which children
are more susceptible than adults (Au, 2002; Roberts et al., 2012).
Here we report the results of a population-based case-control
study in an Italian community investigating the possible etiologic
role of residence in proximity to agricultural ﬁelds, as an indicator
of passive exposure to pesticides, on CL risk.

2. Methods
2.1. Study population
Using an already described study design and population
(Malagoli et al., 2010, 2015; Vinceti et al., 2012), through the Italian hospital-based registry of childhood malignancies managed by
the Italian Association of Paediatric Haematology and Oncology we
identiﬁed all cases of CL newly diagnosed in children aged 0–14
residing in the Modena and the Reggio Emilia provinces (total population around 1,200,000) of the Northern Italy Emilia-Romagna
region. For the present study, we considered CL cases diagnosed
from 1998 to 2011. For each case, we randomly selected four population controls among all residents with the same year of birth, sex,
and province and calendar year of residence. Residence address
was collected at time of diagnosis for cases and at the corresponding year for matched controls. To verify the residential stability of
our study population, we reconstructed the lifetime residential history of a sample of children and we found that the occurrence of
address changes was unlikely (only 18% during the entire ﬁrst 5
years of age), ensuring that our subjects are characterized by low
mobility (Malagoli et al., 2010; Vinceti et al., 2012).
Socio-economic status was assessed by paternal income for the
index year, collected from the Ministry of Finance.
We modeled air concentration of two pollutants from vehicular trafﬁc, benzene and particulate matter ≤10 m (PM10 ), at the
home of residence as described in a previous study (Vinceti et al.,
2012), with the exception of the few subjects residing in sparsely
populated mountain municipalities.
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Magnetic ﬁeld induction in the proximity of high-voltage power
lines (≥132 kV) located in the territories of both provinces was calculated as described in a previous study (Malagoli et al., 2010), so
as to identify three ‘exposed’corridors surrounding the power lines,
with increasing magnetic ﬁeld intensity (0.1 ≤ B < 0.2, 0.2 ≤ B < 0.4,
B ≥ 0.4 T).
2.2. Pesticide exposure assessment
We georeferenced residences of case and control children in
a Geographical Information System (GIS) according to the Rome
Monte Mario Italy 1 reference system, using Arc-GIS software (version 10.1, ESRI, Redlands, CA 2012). We retrieved the satellite
coordinates of the residences from the institutional database of
the Modena and Reggio Emilia Provinces and, for addresses not
included, through in loco measurement with a portable GPS device
(GPSmap 60CSx, Garmin Int. Corp., Olathe, KS).
Agricultural use land density (crop density) around the children’s residence was used as a proxy for environmental exposure
to agricultural pesticides. We assessed the land use type in
proximity to each geocoded home according to The Land Use
Map 2003 (available at geoportale.regione.emilia.romagna.it/it) for
both Modena and Reggio Emilia provinces, containing GIS-based
information including multispectral ortophotos with ground resolution of 50 cm, collected by the Emilia-Romagna Region Agency
by remote sensing in 2003 (Ward et al., 2000). The Land Use
Map 2003 contains a detailed description of land use with the
speciﬁcations of Corine Land Cover (Bossard and Otahel, 2000).
Roads, including names, technical and administrative classiﬁcation
were also obtained from the cartographic archive of EmiliaRomagna Region Agency. With a coupled GIS/Python procedure, we
deﬁned a circular buffer with a 100-m radius around each child’s
home.
For crop-type identiﬁcation analysis, we used the predeﬁned
land use subtype named ‘Rural area’ present on The Land Use Map
2003. ‘Rural area’ comprises territories allocated to agriculture with
various crop ﬁelds, dedicated to different cultivations. We determined crop density within the 100-m buffers for total agricultural
land and for the four speciﬁc categories of crops available for type
broad crop category: arable, orchards, vineyards and vegetables.
2.3. Pesticides
Provinces of Modena and Reggio Emilia are located in the Padana
Plain, a ﬂat area in Northern Italy which is very intensively cultivated. Almost 46% of both provinces’ surfaces (approximately
640.676 acres) is devoted to agriculture and local farms are
estimated to use approximately 1400 t of pesticides every year.
Among the pesticides extensively used there with suspected
leukaemogenic properties are categories such as phosphorganics,
triazoles, phenylalanines, neonicotinoids, phenoxyacetic acids and
pyrethroids, and compounds such as dicamba and glyphosate. With
the help of the technicians of the public Agricultural Department of
the Emilia-Romagna Region, which is in charge of overseeing farmers activities including pesticide use, we estimated and validated
the use of pesticide categories or speciﬁc compounds for the most
common crop types (Table 1). For the purposes of this study, these
technicians assessed actual pesticides in a sample of 118 local farms
in 2003, by scrutinizing the ‘Registers of treatments’, which according to the Italian rules each farm must maintain and in which all
the details about type, timing and amount of pesticide use has to
be recorded.
In the recent years an increasing number of farms located in
the Emilia-Romagna Region was certiﬁed as being ‘pesticide-free’,
though to date no more than 5% of farms in Modena and Reggio
Emilia provinces – around 3% of agricultural land – does not use
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Table 1
Speciﬁc chemicals and pesticide categories with suspected leukemogenic properties most frequently applied to the different crops in the study area.
Crop

Arable
Orchards
Vineyards
Vegetable

Pesticide (category or compounds)

Intensity of use

2,4-D, MCPA, Glyphosate, Dicamba, Triazines, Pyrethroids
Phosphorganics, Triazoles, Phenylalanines, Neonicotinoids
Phosphorganics, Triazoles, Phenylalanines
Neonicotinoids, Pyrethroids, Phenylalanines

any pesticides. We traced and georeferenced these farms through
the ofﬁcial website of pesticide-free certiﬁcation agency (http://
www.trasparente-check.com/protetta2/index.htm).

2.4. Data analysis
We estimated the relative risk of CL associated with passive residential pesticide exposure by calculating the odds ratio (OR) of
disease and the 95% conﬁdence intervals (CI) in a conditional logistic regression model, according to type and percentage of land use
(crop density) within a 100-m circular buffer around the children’s
homes. In addition to the crude analysis, we computed an adjusted
OR within a multivariate model taking into account exposure to
benzene, PM10 and to magnetic ﬁelds from high-voltage power
lines. Categorical variables were created with zero as the reference group and non-zero values were categorized into two groups
based on the median value as cutpoint. To focus on children residing
very close to intensely cultivated areas, we also modeled crop density as dichotomous, being <95% or ≥95%, an approach which was
feasible only for total agricultural land and for arable crops, since
for orchards, vineyards and vegetable crops too few children lived
nearby such a high amount of these cultivations. We eventually
assessed these associations by stratifying for sex and age, and for
the two major leukemia subtypes, acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML). Data analysis was performed using the clogit command in Stata-14 (StataCorp., College
Station, TX. 2015) for conditional maximum-likelihood ﬁtting of
stratiﬁed logistic model (Rothman et al., 2012).

2.5. Ethical considerations
The Ethics Committee of Modena approved the study protocol,
and the study was conducted according to the ethical guidelines
and the Italian rules concerning the implementation of epidemiologic and biomedical research.

Insecticides

Herbicides

Fungicides

*
****
**
**

***
*
*
**

*
*****
*****
****

3. Results
There were 111 newly-diagnosed cases of CL during the study
period, including 86 ALL cases (average age at diagnosis 6.1 yrs),
22 AML cases (5.3 yrs) and 3 cases included in the chronic myeloid
category. These cases and the 444 controls were comparable with
regards to paternal income.
Residences of 270 study subjects (48.6%) included some agricultural land within a 100-m buffer. For these 270 children, the median
percentage of overall agricultural land within the 100-m buffer
around their residences was 29.2% (10th–90th 2.7–96.2). Arable
crops, especially wheat, corn and barley, were the most commonly
cultivated crops with 78% of the total agricultural area falling in
this category. The other three crop types were rarely found nearby
children’s residences, with a percentage not exceeding 10% and 7%
of the total agricultural area nearby the children for orchards and
vineyards, respectively. Since only one child lived in the proximity
of vegetable crops, analyses for this crop type were unfeasible. The
percentile distribution of study subjects according to crop density
around their residence is shown in Table 2.
No consistent and monotonic association was observed between
CL and total agricultural land or speciﬁc crop density within the
100-m circular buffer around the children’s homes, using three
categories of exposure, i.e. no exposure (referent group), exposure < median of positive value and exposure > the median (Table 3).
A non-dose-related positive association emerged only for orchards,
due to an elevated OR in the middle-exposure category (2.27, 95%
CI 0.64–8.06).
Focusing on children whose residence was deeply surrounded
by cultivated areas, i.e. setting the exposure cut-point at ≥95%
of crop density (Table 4), we found an increased risk associated
not with total agricultural crops but speciﬁcally with arable crops
(OR = 2.04, 95% CI 0.50–8.35). In sex- and age-stratiﬁed analyses,
ORs were statistically very unstable, but we observed an increased
risk in the age group <5 yrs (OR = 5.76, 95% CI 0.78–42.70) and not in
the older children, while ORs were increased in both sexes although
more in males. We could not estimate valid risk estimates for the

Table 2
Agricultural land use density and crop types nearby children’s residences.
No. of positives

Total agricultural land
Cases
Controls
Arable crops
Cases
Controls
Orchards
Cases
Controls
Vineyards
Cases
Controls
Vegetables
Cases
Controls

(%)

Median

(Range in 95%CI)

Percentiles
25th

75th

53
217

(47.7)
(48.9)

29.8
28.5

(22.1–32.1)
(22.3–33.5)

9.8
8.4

42.4
56.1

46
201

(41.4)
(45.3)

24.4
22.3

(13.6–31.0)
(17.2–29.7)

8.7
7.2

33.0
50.6

6
26

(5.4)
(5.9)

11.5
28.1

(3.0–39.9)
(13.4–41.7)

3.2
7.5

22.2
45.0

3
32

(2.7)
(7.2)

3.5
15.6

(2.4–57.6)
(4.0–22.1)

2.4
1.5

57.6
34.5

0
1

–
(0.2)

–
34.6

–
–

–
–

–
–
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Table 3
Odds ratios (OR) and 95% conﬁdence intervals (CI) of childhood leukemia associated with crop density within the 100-m circular buffer around children’s homes.
0a

Total agricultural land
Crude
Adjustedb
Arable crops
Crude
Adjustedb
Orchards
Crude
Adjustedb
Vineyards
Crude
Adjustedb
a
b

≥Median

<Median

Cases/ controls

OR

Cases/controls

58/227
47/171

Ref.
Ref.

65/243
53/183

Ref.
Ref.

105/418
77/311

Ref.
Ref.

<28.5%
25/108
18/78
<22.3%
21/100
16/75
<28.1%
5/13
5/10

108/412
80/307

Ref.
Ref.

2/16
2/13

OR (95%CI)

Cases/controls
≥28.5%
28/109
18/83
≥22.3%
25/101
14/74
≥28.1%
1/13
1/11

0.90 (0.53–1.54)
0.85 (0.44–1.63)
0.78 (0.45–1.35)
0.76 (0.39–1.49)
1.57 (0.53–4.69)
2.27 (0.64–8.06)
<15.6%
0.42 (0.09–2.01)
0.57 (0.11–2.83)

1/16
1/12

OR (95%CI)
1.00 (0.60–1.68)
0.71 (0.36–1.41)
0.92 (0.54–1.55)
0.61 (0.30–1.23)
0.30 (0.04–2.36)
0.41 (0.05–3.24)
≥15.6%
0.24 (0.03–1.78)
0.33 (0.04–2.57)

Reference category.
Adjusting for exposure to outdoor benzene and PM10 , and magnetic ﬁelds.

Table 4
Odds ratios (OR) and 95% conﬁdence intervals (CI) of leukemia in children with ≥95% of agricultural use land or arable crops within the 100-m buffer around the home,
according to sex and age.
Total agricultural land

All subjects
Crude
Adjustedb
Age <5years
Crude
Adjustedb
Age ≥5 years
Crude
Adjustedb
Males
Crude
Adjustedb
Females
Crude
Adjustedb
a
b

Arable crops
≥95%

<95%a

≥95%

<95%a

Cases/controls

OR

Cases/controls

OR (95%CI)

Cases/controls

OR

Cases/controls

OR (95%CI)

107/420
80/313

Ref.
Ref.

4/24
3/19

0.66 (0.22–1.92)
0.64 (0.18–2.22)

107/437
80/326

Ref.
Ref.

4/7
3/6

2.29 (0.67–7.81)
2.04 (0.50–8.35)

54/209
36/142

Ref.
Ref.

2/15
2/10

0.53 (0.12–2.33)
1.18 (0.24–5.82)

54/221
36/150

Ref.
Ref.

2/3
2/2

2.67 (0.45–15.96)
5.76 (0.78–42.70)

53/211
44/171

Ref.
Ref.

2/9
1/9

0.88 (0.18–4.23)
0.38 (0.04–3.09)

53/216
44/176

Ref.
Ref.

2/4
1/4

2.00 (0.37–10.92)
0.79 (0.08–7.47)

64/251
48/189

Ref.
Ref.

2/13
2/11

0.61 (0.13–2.74)
0.84 (0.18–3.97)

64/261
48/197

Ref.
Ref.

2/3
2/3

2.67 (0.45–15.96)
3.29 (0.53–20.29)

43/169
32/124

Ref.
Ref.

2/11
1/8

0.72 (0.16–3.32)
0.55 (0.06–4.82)

43/176
32/126

Ref.
Ref.

2/4
1/3

2.00 (0.37–10.92)
1.71 (0.16–17.89)

Reference category.
Adjusting for exposure to outdoor benzene and PM10 , and magnetic ﬁelds.

remaining crop types, since too few children lived close to large
amounts of these cultivations.
No substantial difference emerged in stratiﬁed analysis according to leukemia subtypes, since the increased risks in children
residing close to arable crops were comparable for both ALL and
AML (Table 5), with similar age-speciﬁc trends to that observed
in the overall study population although there were very small
numbers for these analyses (data not shown).
After taking into account the location of the pesticide-free farms,
the overall study results were not affected since no exposed subjects resided close to those farms.
4. Discussion
In this study population, we found an indication of excess CL
risk, although statistically very imprecise, among children living
in strict proximity to arable crops. On the converse, no excess risk
emerged in association with overall agricultural crops or other speciﬁc crop types. Our a priori hypothesis was that for children living
adjacent to cultivated ﬁelds, passive exposure to drift of the pesticides used for the speciﬁc crop types was not negligible (Lu et al.,
2000; Rubino et al., 2012). We selected a 100-m buffer around
homes since it represents the distance where substantial pesticide drift occurs according to some studies (Wittich and Siebers,
2002; Siebers et al., 2003; Martin et al., 2008; Wolters et al., 2008;

Cornelis et al., 2009; Garron et al., 2009), taking into account that in
Italy agricultural ﬁelds are sprayed only by ground-based devices
and therefore larger drifts are difﬁcult to assume (Tsakirakis et al.,
2014). In particular, for arable crops, sprayers’ devices are kept in
a horizontal position, very close to the plants, so the dispersion of
pesticides is very limited. However, since the drift is also affected by
other factors such as the weather conditions at the time of application (humidity, wind speed and direction etc.) and children at home
may be walking around their neighborhood, we cannot entirely rule
out that such exposure might involve larger distances than the one
we considered (Wittich and Siebers, 2002; Nsibande et al., 2015).
In addition, some studies have shown that agricultural drift pathways may contribute to pesticide exposure in non-occupationally
exposed women at larger distance than 100 m, as assessed through
pesticide residential dust, even if not all studies are consistent
(Deziel et al., 2015). Overall, the assessment of pesticide terrestrial
ﬁeld dissipation is a very complex issue (Doruchowski et al., 2013;
Otto et al., 2015) and is still under active investigation (Organisation
for Economic Cooperation and Development, 2016).
The most abundant pesticides used in arable crops fall in the herbicide category, though pyrethroids may also be used. Herbicides
are widely used in agriculture to control weeds and other unwanted
vegetation, with several compounds reported as endocrine disruptors and responsible for reproductive dysfunction (Short and
Colborn, 1999). Though the potential carcinogenicity, in partic-
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Table 5
Odds ratios (OR) and 95% conﬁdence intervals (CI) of leukemia in children with ≥95% of agricultural use land or arable crops within the 100-m buffer around the home,
according to the leukemia subtypes acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML).
ALL

AML
≥95%

<95%a

Total agricultural land
Crude
Adjustedb
Arable crops
Crude
Adjustedb
a
b

≥95%

<95%a

Cases/controls

OR

Cases/controls

OR (95%CI)

Cases/controls

OR

Cases/controls

OR (95%CI)

83/325
62/241

Ref.
Ref.

3/19
2/15

0.62 (0.18–2.13)
0.55 (0.12–2.46)

21/84
17/68

Ref.
Ref.

1/4
1/4

1.18 (0.10–10.88)
1.00 (0.09–11.64)

83/339
62/252

Ref.
Ref.

3/5
2/4

2.40 (0.57–10.04)
2.14 (0.38–11.93)

21/86
17/70

Ref.
Ref.

1/2
1/2

2.00 (0.18–22.06)
1.84 (0.14–24.24)

Reference category.
Adjusting for exposure to outdoor benzene and PM10 , and magnetic ﬁelds.

ular leukemogenicity, of these compounds is still unclear (EPA,
2006), some studies have suggested an association between herbicide exposure and CL. Schreinemachers et al. found an excess
mortality from CL using wheat acreage as a proxy for chlorophenoxy herbicide exposure (Schreinemachers, 2000). Infante-Rivard
et al. found that reported herbicide use in garden, yard or interior
plants during pregnancy was related to an increased ALL risk in offspring (Infante-Rivard et al., 1999). Metayer reported an elevated
risk of ALL associated with home dust level of herbicides, in particular chlorthal and alachlor, after CL diagnosis in a region with high
agricultural pesticide use, though no association with home dust
levels at the time of leukemia diagnosis of phenoxyacetic acid herbicides and in particular 2,4-D and MCPA emerged, perhaps because
earlier life exposures would be of greater relevance (Metayer et al.,
2013).
In the area investigated by our study, arable crops were characterized by the use of a few speciﬁc herbicide compounds,
in particular two phenoxyacetic acids, i.e. 2,4-D and MCPA,
glyphosate, dicamba and triazines. Extensive use of phenoxyacetic
acid herbicides in adults, particularly in occupationally-exposed
subjects, has been associated with increased risk of non-Hodgkin’s
lymphoma, soft tissue sarcoma, leukemia and other cancers
(Morrison et al., 1992; Boers et al., 2012; Coggon et al., 2015),
though not all studies were consistent (Hartge et al., 2005). Phenoxyacetic acid pesticides and dicamba may act as synthetic auxins,
but the mechanisms of their possible leukemogenic activity are still
unclear.
Glyphosate is a broad-spectrum herbicide, whose use signiﬁcantly increased in recent years and which has been suggested to
be a probable human carcinogen, i.e. IARC Group 2A (Guyton et al.,
2015; Mesnage et al., 2015). However, we are not aware of studies
investigating glyphosate effects on CL risk, while data have been
provided for non-Hodgkin’s lymphoma.
Triazines have been reported as endocrine disrupters, but their
role in developing cancer is still controversial (Sathiakumar et al.,
2011). A study which explored spatial patterns of childhood cancers and herbicides in groundwater found a possible association
between CL and atrazine (Thorpe and Shirmohammadi, 2005), and
increased ALL risk has been linked with residential proximity to
agricultural applications of several pesticides including triazines
(Rull et al., 2009). Herbicides are commonly used for arable crop
treatments, and our results give some support to a possible relation
of this pesticides category with CL risk.
Pyrethroids are synthetic organic insecticides used in arable
crops, but more generally in all crops examined in the present
study, and these compounds are considered immune and endocrine
disruptors and potential carcinogens (EPA, 2006). Few studies
have examined the association between pyrethroids and childhood
leukemia. In a Chinese case-control study, Ding et al. observed an

increased risk of childhood ALL associated with increased urinary
metabolite levels of pyrethroid pesticides (Ding et al., 2012).
We found an increased risk in children aged less than ﬁve years, a
ﬁnding compatible with the hypothesis that younger children may
have a greater susceptibility to adverse health effects of pesticides
(Tsakiris et al., 2015). In fact, immune systems are still developing
in early childhood, and this might explain a higher susceptibility to
cancer-promoting substances in the early years of life. In addition,
the efﬁcacy of enzymatic and metabolic systems to detoxify and
excrete chemicals is lower in the early years of life (Faustman et al.,
2000; Sheets, 2000; Alarcon et al., 2005), resulting in higher blood
levels of toxic metabolites in foetuses and young children for longer
periods than in adults (Garry, 2004; Weiss et al., 2004). It is also
possible that passive exposure to agricultural pesticides is higher
in the youngest children due to their lower residential mobility
compared with older children, with consequently higher exposure
through inhalation and also due to a higher tendency at this age
group for soil and dust ingestion (Moya and Phillips, 2014; von
Lindern et al., 2016).
A strength of our study was the use of crop density as a proxy
of pesticide exposure (Ritz and Rull, 2008) with a further validation process directly conducted with farm records which allowed
us to conﬁrm the pesticides used for speciﬁc crops, focusing on
the period during which cases were diagnosed. Other investigative
methods such as biologic monitoring or use of carpet dust pesticide levels are also subject to bias since they refer only to a recent
evaluation of exposure. Self-reported questionnaire methods could
lead to exposure misclassiﬁcation due to recall bias, and this misclassiﬁcation may likely be differential. In addition, questionnaire
responders may not be aware which crops are planted near their
homes and they are unlikely to know which pesticides are used
nearby their residences. Finally and most important, our methodological approach allowed the avoidance of selection and recall
biases, two usual events in case-control studies resulting from voluntary participation in a survey, and which can severely affect study
validity (Filippini et al., 2015).
Our study also has some relevant limitations. We do not have
exact information about the effective amount of pesticides used for
treatments applied near children’s homes and particularly near the
exposed ones. Moreover, we could not systematically address for
each participant factors affecting fate and drift potential of pesticides in the environment, such as wind speed and direction at the
time of application, the mixing of solvents and adjuvants that may
affect the persistence and volatility of the active ingredient, and the
application method. In addition, use of the residence at the time
of diagnosis may be an inaccurate estimate of lifetime residential
exposure, though as mentioned above residential mobility in our
population is expected to have been very low, particularly at the
youngest ages (Malagoli et al., 2010). Finally, and probably more
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important, we acknowledge that the study was underpowered to
yield a satisfactory precision of the risk estimates, and to reliably detect small, subtle effects of the exposures under study. The
limited number of exposed cases also indicates that even accepting a role of passive pesticide exposure in the case of vicinity to
arable crops, such exposure would be involved in disease etiology
only for a small minority of the CL cases, although we could not
assess the potential effects of pesticide exposure through diet or
through parental occupational exposure. In conclusion, and despite
the study limitations with particular reference to statistical power,
our results may give some support to an excess CL risk following
passive residential exposure to pesticides used for arable crops,
known to be herbicides and pyrethroids, while they do no indicate
the involvement of other pesticide categories in disease etiology.
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