
T

I
o

CQ1

M
S
a

b

C
c

d

e

4

h

•
•
•

a

A
R
R
A
A

K
B
P
O
G
I

h
0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34
ARTICLE IN PRESSG Model
OXLET 8647 1–11

Toxicology Letters xxx (2014) xxx–xxx

Contents lists available at ScienceDirect

Toxicology  Letters

j our na l ho me  page: www.elsev ier .com/ locate / tox le t

s  organic  farming  safer  to  farmers′ health?  A  comparison  between
rganic  and  traditional  farming

arla  Costaa,∗,  Julia  García-Lestónb,  Solange  Costaa,  Patrícia  Coelhoa,  Susana  Silvaa,
arta  Pingarilhoc,  Vanessa  Valdiglesiasb,d, Francesca  Matteid,  Valentina  Dall’Armid,

tefano  Bonassid, Blanca  Laffonb,  John  Snawdere,  João  Paulo  Teixeiraa

Department of Environmental Health, Portuguese National Institute of Health, Rua Alexandre Herculano, 321, 4000-055 Porto, Portugal
Toxicology Unit, Department of Psychobiology, University of A Coruña, Edificio de Servicios Centrales de Investigación, Campus Elviña s/n, 15071 A
oruña,  Spain
Department of Genetics, Faculty of Medical Sciences UNL, Rua da Junqueira 100, 1349-008 Lisbon, Portugal
Unit of Clinical and Molecular Epidemiology, IRCCS San Raffaele Pisana, Via di Val Cannuta, 247, 00166 Rome, Italy
Biomonitoring and Health Assessment Branch of the Division of Applied Research and Technology, National Institute for Occupational Safety and Health,
676  Columbia Parkway, Cincinnati, OH 45226, United States of America

 i  g  h  l  i g  h  t  s

There  are  no previous  studies  on the  impact  of organic  farming  on  workers’  health.
Genetic  damage  and immunological  alterations  of  workers  were  studied.
Results  confirm  increased  DNA  damage  levels  in  farmers  exposed  to pesticides.
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a  b  s  t  r  a  c  t

Exposure  to pesticides  is a major  public  health  concern,  because  of  the  widespread  distribution  of  these
compounds  and  their  possible  long  term  effects.  Recently,  organic  farming  has  been  introduced  as  a
consumer  and environmental  friendly  agricultural  system,  although  little  is known  about  the effects  on
workers’  health.  The  aim  of  this  work  was  to evaluate  genetic  damage  and  immunological  alterations  in
workers of both  traditional  and  organic  farming.  Eighty-five  farmers  exposed  to  several  pesticides,  thirty-
six organic  farmers  and  sixty-one  controls  took  part  in  the study.  Biomarkers  of exposure  (pyrethroids,
organophosphates,  carbamates,  and  thioethers  in urine  and  butyrylcholinesterase  activity  in  plasma),
early  effect  (micronuclei  in  lymphocytes  and  reticulocytes,  T-cell  receptor  mutation  assay,  chromosomal
aberrations,  comet  assay  and  lymphocytes  subpopulations)  and  susceptibility  (genetic  polymorphisms
related  to  metabolism  -  EPHX1,  GSTM1,  GSTT1  and  GSTP1  - and  DNA  repair–XRCC1  and  XRCC2)  were  evalu-
ated. When  compared  to controls  and  organic  farmers,  pesticide  farmers  presented  a  significant  increase
of micronuclei  in lymphocytes  (frequency  ratio,  FR = 2.80)  and  reticulocytes  (FR  =  1.89),  chromosomal
aberrations  (FR  = 2.19),  DNA  damage  assessed  by comet  assay  (mean  ratio,  MR =  1.71),  and  a significant
decrease  in  the  proportion  of  B lymphocytes  (MR  = 0.88).  Results  were  not  consistent  for  organic  farmers

when  compared  to controls,  with  a 48%  increase  of micronuclei  in lumphocytes  frequency  (p  =  0.016)
contrasted  by  the  significant  decreases  of TCR-Mf  (p = 0.001)  and  %T (p =  0.001).  Our  data  confirm  the
increased  presence  of DNA  damage  in  farmers  exposed  to pesticides,  and  show  as  exposure  conditions
may  influence  observed  effects.  These  results  must  be  interpreted  with  caution  due to  the  small  size  of
the sample  and  the unbalanced  distribution  of  individuals  in  the  three  study  groups.

© 2014 Published  by  Elsevier  Ireland  Ltd.
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t
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The harmful properties of pesticides have been described for
the last decades not only in the environment (Werf, 1996) but also
on human health (WHO, 1990). Genotoxicity studies conducted

36

37

38

dx.doi.org/10.1016/j.toxlet.2014.02.011
dx.doi.org/10.1016/j.toxlet.2014.02.011
http://www.sciencedirect.com/science/journal/03784274
http://www.elsevier.com/locate/toxlet
mailto:carla.trindade@insa.min-saude.pt
dx.doi.org/10.1016/j.toxlet.2014.02.011


 IN PRESSG Model
T

2 gy Letters xxx (2014) xxx–xxx

i
(
e
t
s
w
p
u
1
h
t
a
l
d
b
c
t

w
r
m
N
a
t
2
a
c
t
e
h
f
R
t
e

l
s
i
o
i
o
u
e
d
c
d
m
a
s
g
G
m
e

a
t

2

2

c
a
t
T
u
d

Table 1
Characteristics of study group.

Study group

Unexposed
controls
(n = 61)

Organic
farmers (n = 36)

Pesticide
workers
(n = 85)

Agea (year) 39.5 ± 12.3
(19–61)

39.6 ± 14.5
(18–68)

40.0 ± 12.2
(18–63)

Gender
Males 26 (42.6%) 17 (47.2%) 43 (50.6%)
Females 35 (57.4%) 19 (52.8%) 42 (49.4%)

Smoking habits
Non-smokers 50 (82.0%) 31 (86.1%) 80 (94.1%)
Smokers 11 (18.0%) 5 (13.9%) 5 (5.9%)

Cigarettes/day
<15 5 (45.5%) 1 (20.0%) 4 (80.0%)
≥15 6 (54.5%) 4 (80.0%) 1 (20.0%)

Task
Non-applicator 30 (35.3%)
Applicator 55 (64.7%)

Workplace
Open-field 14 (38.9%) 13 (15.3%)
Greenhouses 6 (7.1%)
Both 22 (61.1%) 66 (77.6%)

Duration of
employmenta

(years)

9.5 ± 12.3 22.7 ± 16.2

Pesticide preparation
No 30 (35.3%)
Yes  55 (64.7%)

Chemical class of Pesticide (last reported exposure)b

Pyrethroids 6 (7.1%)
Carbamates 20 (23.5%)
Organophosphates 17 (20.0%)
Other 32 (37.6%)

Use of PPE
No 25 (29.4%)
Yes  60 (70.6%)

Inadequate usage of pesticides
No 67 (78.8%)
Yes  18 (21.2%)

Season
Autumn–winter 61 (100%) 26 (72.2%) 46 (54.1%)
Spring–summer 0 10 (27.8%) 39 (45.9%)
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n pesticide-exposed populations have found inconsistent results
Bolognesi, 2003; Bull et al., 2006), although the reason of this het-
rogeneity remains largely unknown. Some authors believe that
his variation may  be attributable to exposure factors, while others
uggest that pesticide exposure can induce an adaptive response,
hich can modulate adverse effects (Pastor et al., 2002). In addition,
opulation sample size, inadequate experimental data and individ-
al susceptibility greatly contribute to discordant results (Au et al.,
998). Regarding the possible effects of pesticide exposure on the
uman immune system, there are some studies providing evidence
hat these compounds, although not antigenic themselves, may
lter immune functions (Corsini et al., 2008). Data available in the
iterature is mainly related to immunosuppression with reports on
ecrease of %CD26+, %CD4+, neutrophil function, decrease of anti-
ody production by B lymphocytes and decrease of natural killer
ells activity among other alterations in pesticide-exposed popula-
ions (Colosio et al., 1999; Corsini et al., 2008; Li, 2007).

Although many hazardous pesticides have been recently
ithdrawn from the European market, numerous compounds

egistered are still used, provoking serious and scientifically docu-
ented consequences for human health. In 2009, Pesticides Action
etwork (PAN) Europe identified several pesticides in use which
re classified by different organizations as cancer-causing, toxic to
he reproductive system, genotoxic or endocrine disrupting (PAN,
009). Besides, in the last decades, organic farming became popular
mong people as there is a widespread belief that organic agri-
ultural systems are friendlier to the environment and consumer
han traditional farming systems. Nevertheless, studies that tried to
stablish a link between organic food consumption and consumers’
ealth were mainly inconclusive as there are a large number of con-

ounding factors that impair any inference (Dangour et al., 2009).
egarding workers’ health, outcome from different agricultural sys-
ems is limited to a few observation studies of sperm quality (Jensen
t al., 1996; Juhler et al., 1999) that also obtained conflicting results.

The objective of this work was to study genetic and immuno-
ogical alterations in workers of two different types of agricultural
ystems (organic and traditional) using a multistage approach
n order to integrate information obtained with biomarkers
f exposure, effect and susceptibility. Biomarkers of exposure
ncluded determination of pesticides in urine, namely pyrethroids,
rganophosphates and carbamates, excretion of total thioethers in
rine and enzymatic activity of plasma cholinesterase. Biomark-
rs of effect comprised the study of genetic damage with
ifferent assays: micronucleus (MN) evaluation (both in lympho-
ytes and reticulocytes), chromosomal aberrations (CA) test, DNA
amage–evaluated by means of comet assay–, and also somatic
utation [T-cell receptor (TCR) mutation assay]. In addition, alter-

tions in the immune system were also assessed using lymphocyte
ubsets analysis. The potential role of genetic polymorphisms in
enes related with the metabolic fate of pesticides (EPHX1, GSTM1,
STT1 and GSTP1)  and DNA damage repair (XRCC1 and XRCC2)  in
odulating individual levels of biomarkers related to pesticide

ffects was also evaluated.
To our knowledge, this is the first study that compares genetic

nd immunological damage among workers that are involved in
he traditional and the organic farming systems.

. Materials and methods

.1. Study population

The group of traditional agricultural system consisted of 85 farmers using pesti-
ides (43 males and 42 females) from a main Portuguese agricultural (horticulture)
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

rea (Povoa de Varzim and Esposende; within Oporto district). Four months of pes-
icide exposure was  considered the cut-off point for inclusion in exposed group.
he  group of organic agricultural system was composed of 36 organic farmers not
sing pesticides (17 males and 19 females) from the same geographical area (Oporto
istrict) and also producing horticultural products. The control group comprised 61
a Mean ± SD (range); PPE: personal protective equipment.
b Ten of the exposed individuals were not able to report the chemical concerning

their last exposure.

acquaintance non-exposed individuals (26 males and 35 females), living in the same
area and with no history of occupational exposure to pesticides or other genotoxic
agents. All individuals were Caucasians. Characteristics of the studied groups are
presented in Table 1. All subjects were fully informed about the procedures and
objectives of this study and each of them signed an informed consent prior to the
study. Ethical approval for this study was obtained from the institutional Ethical
Board of the Portuguese National Institute of Health.

In  a face to face interview, each subject gave the necessary information on demo-
graphic features such as age, gender, smoking habits and also to determine possible
additional confounding factors such as X-ray exposure, previous and current medi-
cation.

Individuals included in organic farmers group were all certified organic farmers
and  therefore working in compliance with EU Regulation 834/2007 and 889/2008 for
at least four months; these regulations describe all the necessary requirements for
certified production and indicate sensitive issues such as chemicals usage (allowed
under authority’s control) and land requirements. In the face-to-face interview,
all  individuals stated that the usage of allowed substances was absolutely excep-
tional and therefore in this study, we consider organic farmers as not exposed to
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

those products. Organic farmers had no previous history of occupational exposure
to  pesticides or other genotoxic agents.

Exposed subjects also gave information concerning work tasks, years of employ-
ment, workplace, occurrence of previous intoxications (those resulting of pesticide
exposure that required medical treatment) and details on their last exposure to
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Table  2
List of pesticides reported as used by exposed subjects and their classification
regarding carcinogenicity (US EPA) and acute hazard (WHO).

Pesticide Compound Chemical class US EPA WHO

Mancozeb dithiocarbamate B2 U
Azoxystrobin Strobin not likely U
Folpet Thiophthalimide B2 U
propineb dithiocarbamate U
Cymoxanil Unclassified Inadq. data III
Mefenoxam Xylylalanine not likely
tolylfluanid Sulfonamides likely U
Carbendazim Benzimidazole C U
Propamocarb Other Carbamate not likely U
Fluazinam 2,6-Dinitroaniline suggestive
Fenhexamid Anilide not likely U
Chlorpyrifos Organophosphate E II
Cyhalothrin, lambda Pyrethroid D II
Dimethoate Organophosphate C II
Methiocarb N-Methyl Carbamate D IB
Diazinon Organophosphate not likely II
Buprofezin Unclassified suggestive U
Cypermethrin, alpha Pyrethroid II
Paraquat dichloride Bipyridylium E II
Pirimicarb carbamate likely II

WHO  hazard classification: IB-Highly hazardous; II-Moderately hazardous; III-
Slightly hazardous; U-Unlikely to pose an acute hazard in normal use; US EPA
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lassification: B2-Probable human carcinogen; C-possible human carcinogen; D-
ot  classifiable as to human carcinogenicity; E-evidence of non-carcinogenicity for
umans.

esticides (time since last exposure and chemical used). Not all the individuals
ncluded in the exposed group were involved in pesticide application, nor in pes-
icide preparation; nevertheless, all were exposed to these compounds either by
reparing the mixtures for application, by applying the compounds themselves,
y  providing assistance during applications or during maintenance activities. All

ndividuals included in the exposed group dealt regularly with a wide variety of
hemicals and the majority of them were in contact with pesticides a few days before
ample collection (the list of pesticide compounds reported by exposed group is pre-
ented in Table 2; based on their chemical structure and biological action, chemicals
ere categorized in four classes: pyrethroids, carbamates, organophosphates and

ther compounds).

.2. Sample collection

Blood samples were obtained by venipuncture into different anticoagulant tubes
ccording to the assays to perform. A spot urine sample (approximately 50 mL)  was
ollected simultaneously. Both blood and urine samples were collected in the morn-
ng  period and in the workplaces throughout one year. Since this may  constitute a
ias  factor as pesticide applications are more frequent in spring and summer, this
as  taken into account in result analysis. Samples were transported to the labora-

ory within 3 h and processed immediately for the different assays. All samples were
oded and analyzed under blind conditions. The same procedure was  followed in
he three studied groups.

.3. Biomarkers of exposure

.3.1. Urinary Pyrethroids (PYR) determination
For this immunoassay, a commercially available ELISA kit (PN 500201, Abraxis),

rimarily designed for the analysis of PYR in water, was  modified for urinary PYR
eterminations.

Our  primary modifications to the kit procedure were the preparation of standard
urves in urine diluted with methanol (1:1) and then in kit diluent (1:10). Stored,
rozen urine samples were thawed, vortexed, and an aliquot at the target dilution
repared. To each tube it was  transferred 250 �L of diluted sample or standard. The
amples and standards were then analyzed as per kit instructions. Concentrations
btained were corrected with the corresponding creatinine value.

Creatinine was  determined using CREAJ Gen2 kit (PN 04810716190, Roche Diag-
ostics) on COBAS INTEGRA 800 according to manufacturer instructions.

.3.2. Urinary Organophosphates (OP) and Carbamates (CRB) determination
In  this determination a colorimetric kit commercially available for quantification

f  OP and CRB in water (PN 550055, Abraxis) was  adapted in order to measure
hese compounds in urine. Briefly, an aliquot of urine was diluted 1:50 in water
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

nd then 1:1 in methanol (final dilution of 1:100). Diazinon standards prepared
n  diluted pooled urine ranging from 0.20 to 12.50 ng/mL were used to obtain the
alibration curve (four parameter logistic curve). Analysis followed the instructions
pecified in kit insert and obtained OP/CRB concentrations were corrected with the
orresponding creatinine value (determined as described above).
 PRESS
ers xxx (2014) xxx–xxx 3

2.3.3. Urinary Thioethers (THIO) determination
The procedure was based on what was previously described by Vainio et al.

(1978). Briefly, ascorbic acid was added to 10 mL  of sample and an aliquot (2 mL)
was then deproteinized ((H3PO4 2 M;  EDTA 5 mM;  NaCl 5 mM;  1:1:1). This mixture
was centrifuged at 1000 rpm for 15 min  and 1 mL of supernatant underwent alka-
line hydrolysis (NaOH 5 M;  100 ◦C for 50 min). Samples were neutralized with HCl
and  thioethers were detected by reaction with DTNB [5,5’-dithiobis-(2-nitrobenzoic
acid)]. Sample absorbance was  read at 412 nm using an UV/VIS spectrophotometer
(UNICAM). Non-hydrolysed urine blanks were treated similarly to determine back-
ground absorbance. Mercaptoacetic acid was used to prepare the standard curve.

2.3.4. Plasma butyrylcholinesterase (BChE) activity (EC 3.1.1.8)
BD VacutainerTM CPTTM cell preparation tubes (Becton Dickinson) with sodium

heparin were centrifuged according to manufacturer’ instructions. After centrifu-
gation an aliquot of the upper layer (plasma) was  used for immediate BChE
determination with ChE Gen 2 kit (PN 04498577190, Roche Diagnostics) on COBAS
INTEGRA 800 according to company insert. Enzymatic activity was obtained in U/L.

2.4. Biomarkers of effect

2.4.1. Micronuclei tests: Cytokinesis Block Micronuclei Assay (CBMN) and
Micronuclei in reticulocytes (MN-RET)

CBMN was performed according to what was previously described by Teixeira
et al. (2004). Microscopic analysis was carried out on a Nikon Eclipse E400 light
microscope. For each subject, 1000 binucleated lymphocytes with well-preserved
cytoplasm were scored blindly by the same reader and the total number of MN  in bin-
ucleated cells (MNL) was considered for statistical analysis. MN were identified using
a  500× magnification for detection and a 1250× magnification for confirmation
following the criteria of Fenech (2000).

Determination of MN-RET was based on the method described by Dertinger
et al. (2002)with modifications previously described in Costa et al. (2011). Flow
cytometric analysis was performed on a Coulter Epics XL-MCL (Beckman Coulter,
Inc.). Data obtained provided necessary information to determine MN-RET relative
frequency for each sample.

2.4.2. T-cell receptor (TCR) mutation assay
TCR mutation assay was performed by a flow cytometric methodology following

García-Lestón et al. (2011). Cell suspensions were analyzed by a FACScalibur flow
cytometer with Cell Quest Pro software (Becton Dickinson). A minimum of 2.5 × 105

lymphocyte-gated events were acquired, and mutation frequencies of TCR (TCR-Mf)
were calculated as the number of events in the mutant cell window (CD3−CD4+ cells)
divided by the total number of events corresponding to CD4+ cells.

2.4.3. Chromosomal aberrations
Slides for analysis of chromosomal aberrations were obtained following the pro-

tocol described by (Roma-Torres et al., 2006). Microscope analyses were performed
on  a Nikon Eclipse E400 light microscope and scored blind by the same reader. One
hundred metaphases were analyzed for each individual, 50 from each duplicate cul-
ture, using a 1250× magnification for aneuploidies and different types of aberrations
according to the criteria of Therman (1980).

Total CA frequency was defined as the number of aberrations, excluding gaps,
per 100 cells. Chromosome-type aberrations (CSA) included chromosome-type
breaks, ring chromosomes, and dicentrics, whereas chromatid type aberrations
(CTA) included chromatid-type breaks.

2.4.4. Comet assay
The alkaline comet assay was performed essentially as described by Singh et al.

(1988) with minor modifications. Each slide contained two replicates of each donor.
The  slides were coded and examined by a ‘blind’ scorer using a magnification of
400×.  One hundred randomly selected cells (50 per replicate) were examined from
each subject. Image capture and analysis were performed with Comet Assay IV soft-
ware (Perceptive Instruments); percentage of tail DNA (%T) was  the DNA damage
parameter evaluated according to what has been recommended by Kumaravel et al.
(2009).

2.4.5. Lymphocyte subpopulations
Lymphocyte subpopulations percentages were determined by means of a flow

cytometry methodology as previously described by García-Lestón et al. (2012).
At  least 104 events in the lymphocytes window were acquired. The lymphocyte
subsets determined were CD3+ T-lymphocytes, CD4+ T-helper lymphocytes, CD8+

T-cytotoxic lymphocytes, CD19+ B-lymphocytes, and CD16+56+ natural killer (NK)
cells.

2.5. Biomarkers of susceptibility
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

2.5.1. Genotyping
Heparinized blood samples were stored at −20 ◦C until use. Genomic DNA was

obtained from 200 �L of whole blood using a commercially available kit according
to the manufacturer instructions (QIAamp DNA extraction kit, Qiagen). All genotype
analyses were performed at least in duplicate.
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The EPHX1 codons 113 and 139 polymorphisms were determined by polymerase
hain reaction (PCR) and restriction fragment length polymorphisms (RFLP) accord-
ng  to the method of Salama et al. (2002), with minor modifications described in
eixeira et al. (2004).

GSTM1 and GSTT1 genotyping for gene deletions were carried out by a multiplex
CR as described by Lin et al. (1998), with minor modifications described in Teixeira
t  al. (2004).

The GSTP1 codon 105 polymorphism was determined by PCR and RFLP according
o  the method of Harries et al. (1997), with minor modifications in Teixeira et al.
2004).

XRCC1 codon 194 and 399 polymorphisms were genotyped by PCR followed by
FLP according to Silva et al. (2007).

The genotyping of XRCC2 188Arg/His was also determined by PCR-RFLP as
escribed by Bastos et al. (2009).

.6. Statistical analysis

The departure from normality for the analyzed continuous variables was  evalu-
ted  with the graphical approach as well as with Kolmogorov–Smirnov test. Where
he assumption of normality was not met, data transformations were applied to
ormalize the distribution or data were categorized (cigarettes/day, time since last
xposure and age). Within age limits included in the study age distribution is nor-
al,  and therefore parametric measures of central tendency were used (differences

rising from median use were analysed but not found and therefore only the mean
alues are presented).Considering biomarkers of exposure, PYR was  dichotomized
s present or non-present; OP/CRB and THIO were transformed on the log-scale
nd BChE was  normally distributed. Considering biomarkers of effect measuring
enotoxic damage, %T (comet assay) was transformed on the log-scale; no transfor-
ation was applied to other biomarkers. Considering immunological biomarkers,

CD3+, %CD4+, and %CD19+ were normally distributed, while %CD8+ and %CD16+56+

eeded log-transformation to be analyzed with parametric statistics. The rela-
ionship between biomarkers was performed by means of Spearman’s correlation
nalysis.

One-way/two-way analysis of variance/covariance (ANOVA/ANCOVA) and
ruskal–Wallis test were used for all statistical comparison between the three
roups in normally and not normally distributed variables, respectively. As regards
ualitative variables, the presence of heterogeneity between groups was tested with
he Chi-square test.

To take into account the presence of confounding, and to test for the presence
f  effect modification, genetic and immunological damage in the three groups was
nvestigated with a regression modeling approach, after adjusting for age, gender
nd smoking habit. Furthermore, the role of variables describing occupational expo-
ure to pesticides was tested in the group of pesticides workers. The presence of a
ignificant difference in the proportion of smokers among the study groups may
enerate confounding that was taken into consideration including smoking habit in
ll  regression models as a fixed covariate.

Comet assay data was  analyzed applying the log-normal regression approach,
hile counts were studied with the Poisson regression model. In the presence of

ver-dispersion the binomial negative regression was applied instead of Poisson.
ver-dispersion can be increased by an elevated number of zero counts. When this
as  the case in our data, the zero-inflated negative binomial regression was fitted

Ceppi et al., 2010).
Mann–Whitney and Kruskal–Wallis tests were employed to test the presence

f difference between biomarkers of effect by genotype. Differences in genotype
istributions were evaluated by the chi-square test.

Statistical significance was  set at a p-value below 0.05. Analyses were carried
ut  using the SPSS software package V.13.0 (SPSS, Inc) and STATA software package
.  10 (StataCorp LP).

. Results

.1. Biomarkers of exposure

No significant differences were found among study groups
egarding age, gender, smoking habits and cigarettes/day. All
esults concerning biomarker of exposure are reported in Table 3.
oncentration of OP/CRB compounds in urine was the only marker
resenting significant differences among the three studied groups.

The analysis including possible confounders showed that host
actors such as age and gender and a few variables related
ith exposure, i.e., last exposure (days) and season, signifi-

antly influenced the concentrations of these biomarkers. Females
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

resented significantly higher concentrations of PYR (within con-
rols; p = 0.005), OP/CRB and THIO (both among organic farmers;

 = 0.001). Regarding BChE enzymatic activity, males consis-
ently presented higher activity values than females (difference
 PRESS
ers xxx (2014) xxx–xxx

statistically significant in the control group; p = 0.001). THIO pre-
sented a significant increase with age (in both control and pesticide
workers groups; p = 0.002 and p = 0.015, respectively). The same
increase with age was also observed in BChE activity (among pes-
ticide workers group; p = 0.001).

As regards exposure variables and their influence on the results
of biomarkers of exposure, higher levels of OP/CRB (p = 0.002) and
THIO (p = 0.003) were observed in individuals recently exposed
to pesticides; individuals whose samples were collected during
spring and summer presented significantly higher concentrations
of OP/CRB (p = 0.001).

3.2. Biomarkers of effect

Univariate analysis showed significantly higher frequencies of
MNL, MN-RET, total CA, CTA and %T among pesticide workers when
compared with the remaining studied groups (data not shown).
Age, gender and smoking habit were included in all regression mod-
els for genotoxicity biomarkers as reported in Table 4. Pesticide
workers were compared with unexposed controls and presented
significantly higher means of MN  in lymphocytes (6.69 ± 0.47 vs.
2.33 ± 0.23) and reticulocytes (1.14 ± 0.09 vs. 0.51 ± 0.05), total CA
(1.56 ± 0.15 vs. 0.92 ± 0.14) and %T (15.05 ± 0.85 vs. 8.03 ± 0.73).
Results were not consistent for organic farmers when com-
pared to controls, displaying a 48% increase of MNL  frequency
(p = 0.016) but significant decreases for TCR-Mf (p = 0.001) and %T
(p = 0.001).

Gender difference was significant only in %T, with males pre-
senting higher DNA damage levels (p = 0.022). No significant effect
of age was observed, excepting an increase of TCR-Mf (p = 0.017) in
individuals aged 30–38 with regard to the youngest group. Smoking
habits did not influence MNL, MN-RET and total CA, but a reduction
of damage assessed by TCR-Mf (p = 0.001) and %T (p = 0.008) was
found in smokers. A few exposure variables showed a significant
influence on biomarkers frequencies as shown in Table 5. Appli-
cators show significantly higher frequencies of TCR-Mf (p = 0.002);
pesticide preparation and activity during spring-summer increased
frequencies of MN-RET (p = 0.041 and p = 0.013) and %T (p = 0.031
and p = 0.020), but reduced damage evaluated by TCR-Mf (p = 0.013
and p < 0.001). Contrasting results were observed when looking at
the influence of workplace: individuals working in greenhouses
presented higher levels of mutations (TCR-Mf; p = 0.009) but lower
levels of DNA damage (%T; p = 0.014). Inadequate usage of pesticides
(against manufacturer’s instructions) significantly influenced TCR-
Mf  (p = 0.001), with those reporting inadequate usage presenting
much higher means than those using them properly.

Results of univariate analysis of lymphocytes subpopulations
showed statistically significant differences only for B lymphocytes
(higher frequencies in controls when compared with organic farm-
ers; p = 0.023) and natural killer cells (higher frequencies in organic
farmers when compared with controls; p = 0.001). In all studied
lymphocyte subpopulations, cell frequency was similar in pesti-
cide workers and unexposed controls. Multivariate analyses based
on regression modeling (Table 6) showed that, after correction by
age, gender and smoking habit, significantly lower percentages of B
lymphocytes were found in both farmers groups than in unexposed
controls (p = 0.021 for organic farmers and p = 0.031 for pesticide
workers), and the results of univariate analysis were confirmed for
natural killer cells.

Total T lymphocytes and T helper cells were higher in females
than in males (p = 0.012 and p < 0.001, respectively), and the oppo-
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

site was  observed for T cytotoxic cells (p = 0.006). The proportion
of T helper cells significantly increased with age (p = 0.011) while a
decrease was  perceived for B lymphocytes (p = 0.009). Levels of all
studied subpopulations were similar in smokers and non-smokers
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Table  3
Mean concentrations of biomarkers of exposure in studied groups (data are reported as mean ± SE and range in brackets).

Study group

n Unexposed Controls n Organic Farmers n Pesticide workers p-value p-value adjusted
for age and last
exposure

PYR (�g/mmol creat) 60 0.13 ± 0.04 (nd–1.35) 36 0.06 ± 0.05 (nd–1.92) 85 0.08 ± 0.03 (nd–1.66) 0.137 0.185
OP/CRB (�g/mmol creat) 60 1.54 ± 0.23a (nd–11.73) 36 1.86 ± 0.30a,b (nd–9.61) 85 2.23 ± 0.19b (nd–8.22) 0.030 0.002
THIO  (�mol/mmol creat) 60 51.83 ± 3.28 (20.95–187.46) 35 62.56 ± 5.60 (23.49–217.95) 85 54.33 ± 3.16 (20.08–229.41) 0.111 0.003

BChEc (U/L)
Class 1 41 6425 ± 224 (3347–9083) 29 6246 ± 191 (4408–8647) 56 7064 ± 202 (4142–9707) 0.943 0.059
Class  2 7 5966 ± 642 (3902–8966) 6 5804 ± 662 (3964–7890) 21 6240 ± 289 (3539–9044)
Class 3 13 6553 ± 444 (4944–10192) 1 7074 (7074–7074) 7 6951 ± 467 (5485–9050)

nd–not detected; creat–creatinine. BChE classes: class 1 includes all men  and women  above 40 years-old; class 2 includes women between 16 and 39 years-old that do not
take  hormonal contraceptives; class 3 comprises women  between 18 and 41 years old under hormonal contraceptive medication.
a,bHomogeneous groups according to multiple comparison Tukey’ test.
cClasses established according to age and gender.

Table 4
Effect of exposure and host-factors on biomarkers of genotoxicity (with estimates of mean frequency ratio–FR and mean ratio - MR).

MNL  MN-RET TCR-Mf Total CA CTA (%) %T

Variables n FR and CI (95%) n FR and CI (95%) n FR and CI (95%) n FR and CI (95%) n FR and CI (95%) n MR and CI (95%)

Exposure
Unexposed controls 61 1.00 61 1.00 61 1.00 59 1.00 59 1.00 59 1.00
Organic farmers 36 1.48 (1.08, 2.03)* 36 0.93 (0.70, 1.24) 36 0.20 (0.09, 0.44)** 25 0.95 (0.60, 1.52) 25 0.89 (0.59, 1.37) 35 0.52 (0.39, 0.69)**

Pesticide workers 84 2.80 (2.18, 3.59)** 83 1.89 (1.41, 2.54)** 77 0.48 (0.23, 0.99)* 80 2.19 (1.41, 3.40)** 80 1.77 (1.29, 2.62)** 79 1.71 (1.36, 2.15)**

Gender
Females 95 1.00 95 1.00 92 1.00 88 1.00 88 1.00 92 1.00
Males 86 0.87 (0.70, 1.07) 85 0.97 (0.76, 1.23) 82 1.54 (0.81, 2.92) 76 0.84 (0.57, 1.23) 76 0.87 (0.61, 1.23) 81 1.27 (1.04, 1.56)*

Age
18–29 46 1.00 45 1.00 43 1.00 42 1.00 42 1.00 43 1.00
30–38 45 1.10 (0.82, 1.46) 44 1.06 (0.76, 1.48) 42 3.12 (1.22, 7.93)* 41 1.24 (0.75, 2.06) 41 0.99 (0.66, 1.47) 44 0.77 (0.58, 1.02)
39–49  47 1.10 (0.83, 1.47) 48 1.07 (0.77, 1.50) 48 0.51 (0.23, 1.13) 42 1.34 (0.79, 2.28) 42 1.38 (0.87, 2.18) 48 0.94 (0.71, 1.23)
≥50  43 1.04 (0.77, 1.39) 43 0.98 (0.71, 1.36) 41 0.69 (0.29, 1.65) 39 0.83 (0.52, 1.31) 39 0.96 (0.63, 1.45) 38 1.01 (0.75, 1.35)

Smoking Habits
Non-smokers 160 1.00 159 1.00 154 1.00 147 1.00 147 1.00 154 1.00
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Smokers 21 0.70 (0.48, 1.03) 21 0.96 (0.67, 1.36) 20 0.24 

* p < 0.05.
** p < 0.01; CI–confidence interval.

xcept for NK cells, which were significantly increased in smokers
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

MR  = 1.44, p = 0.029).
Percentages of T lymphocytes and NK cells were signifi-

antly influenced by season; T lymphocytes were significantly
ecreased during spring-summer (p = 0.011) while NK cells

able 5
ffect of pesticides exposure variables on biomarkers of genotoxicity (with estimates of m

MNL  MN-RET 

Variables n FR and CI (95%) n FR and CI (9

Task
Non-applicators 29 1.00 29 1.00 

Applicators 55 0.93 (0.65, 1.32) 54 1.18 (0.65, 

Pesticide preparation
No 29 1.00 30 1.00 

Yes  55 0.95 (0.67, 1.34) 53 1.74 (1.02, 

Season
Autumn–winter 45 1.00 46 1.00 

Spring–summer 39 1.07 (0.79, 1.44) 37 1.86 (1.14, 

Workplace
Open-field 13 1.00 13 1.00 

Greenhouses or both 71 0.83 (0.56, 1.25) 70 0.72 (0.35, 

Inadequate usage
No 66 1.00 65 1.00 

Yes  18 0.86 (0.59, 1.26) 18 0.64 (0.37, 

* p < 0.05.
** p < 0.01; CI–confidence interval.
0.58)** 17 1.19 (0.61, 2.32) 17 1.06 (0.62, 1.82) 19 0.64 (0.46, 0.89)**

were significantly elevated during this period (p < 0.001)
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

when compared with autumn-winter. Individuals working
in greenhouses presented significantly higher percent-
ages of T helper cells than subjects working in open-field
(p = 0.039).

ean frequency ratio–FR and mean ratio–MR).

TCR-Mf %T

5%) n FR and CI (95%) n MR and CI (95%)

26 1.00 29 1.00
2.16) 51 5.70 (1.92, 16.91)** 50 1.03 (0.68, 1.57)

29 1.00 28 1.00
2.97)* 48 0.25 (0.09, 0.75)* 51 1.52 (1.04, 2.23)*

44 1.00 41 1.00
3.05)* 33 0.07 (0.03, 0.17)** 38 1.45 (1.06, 1.99)*

9 1.00 11 1.00
1.52) 68 4.50 (1.45, 13.97)** 68 0.56 (0.35, 0.89)*

60 1.00 61 1.00
1.09) 17 7.60 (2.19, 26.34)** 18 0.92 (0.61, 1.39)
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Table 6
Effect of exposure and host-factors on lymphocyte subpopulations (with estimates of mean ratio - MR).

%CD3+ (T Lymphocytes) %CD4+ (T helper cells) %CD8+ (T cytotoxic cells) %CD19+ (B Lymphocytes) %CD56+CD16+ (natural killer cells)

Variables n MR and CI (95%) n MR  and CI (95%) n MR and CI (95%) n MR  and CI (95%) n MR and CI (95%)

Exposure
Unexposed controls 61 1.00 61 1.00 61 1.00 61 1.00 61 1.00
Organic farmers 36 0.98 (0.94, 1.03) 36 1.06 (0.98, 1.14) 36 1.01 (0.80, 1.27) 36 0.85 (0.73, 0.97)* 36 1.65 (1.24, 2.19)**

Pesticide workers 85 0.99 (0.95, 1.02) 85 1.01 (0.95, 1.07) 85 0.97 (0.80, 1.17) 85 0.88 (0.78, 0.99)* 85 1.09 (0.87, 1.38)

Gender
Females 96 1.00 96 1.00 96 1.00 96 1.00 96 1.00
Males 86 0.96 (0.93, 0.99)* 86 0.90 (0.85, 0.95)** 86 1.27 (1.07, 1.50)** 86 1.1 (1.00, 1.23) 86 0.96 (0.78, 1.18)

Age
18–29 46  1.00 46 1.00 46 1.00 46 1.00 46 1.00
30–38 45 1.02 (0.97, 1.06) 45 1.06 (0.98, 1.14) 45 0.98 (0.77, 1.23) 45 1.00 (0.87, 1.15) 45 1.03 (0.78, 1.37)
39–49  48 1.02 (0.98, 1.07) 48 1.13 (1.05, 1.22)** 48 0.93 (0.74, 1.16) 48 0.86 (0.75, 0.99)* 48 0.89 (0.67, 1.17)
≥50  43 1.01 (0.97, 1.06) 43 1.11 (1.02, 1.20)* 43 0.80 (0.64, 1.02) 43 0.82 (0.71, 0.95)** 43 1.26 (0.94, 1.67)

Smoking habits
Non-smokers 162 1.00 162 1.00 162 1.00 162 1.00 162 1.00
Smokers 21 0.98 (0.93, 1.03) 21 1.06 (0.97, 1.16) 21 0.93 (0.71, 1.22) 21 0.91 (0.71, 1.07) 21 1.44 (1.04, 1.99)*
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* p < 0.05.
** p < 0.01; CI–confidence interval.

.3. Biomarkers of susceptibility

The results of genotype analysis in pesticide workers, organic
armers and unexposed controls are presented in Table 7 (the
istribution of all studied polymorphisms is in Hardy–Weinberg
quilibrium, except the GSTM1 and GSTT1 deletion polymor-
hisms, for which no information on allele distribution was
vailable). There was no statistically significant difference in the
requency of studied polymorphisms among the different groups.

Although the main aim of genotype analysis was to exclude pos-
ible differences in the genetic background of individuals in the
hree different groups, the effects modification of different genetic
olymorphisms on the parameters evaluated were also analysed
ut contrasting results were obtained. As regards GSTM1,  in the
roup of unexposed controls higher levels of damage were found
mong individuals with the positive genotype. In the pesticide
orkers group, significantly increased %T and decreased percent-

ge of NK cells were found among individuals with the positive
enotype. A significant effect of GSTT1 was evident only for TCR-
f,  with increased frequencies among positive individuals of the

ontrol group. For GSTP1 genotype, significantly lower CA frequen-
ies were found in organic farmers homozygous for the variant
STP 105Val allele, while pesticide workers with the same geno-

ype presented significantly higher percentages of NK cells. XRCC1
olymorphism in codon 399 significantly influenced the levels of
CR-Mf in unexposed control individuals and CSA among pesti-
ide workers (variant XRCC1 399Gln/Gln presented higher levels
f damage).

. Discussion

.1. Biomarkers of exposure

A major limitation in most epidemiological studies conducted
n the adverse health effects of pesticides has been the poor char-
cterization of exposure. In humans, although a minor portion
f pesticide compounds are excreted unchanged (as they are
apidly metabolized by mammalian species to their inactive acids
nd alcohol components), original molecules of PYR (including
eltamethrin, fenvalerate and permethrin) have been quantified
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

n urine in different studies (He et al., 1988; Zhang et al., 1991)
howing that these are detectable in urine after PYR exposure.
urthermore, in a context of multiple exposure, it may  be use-
ul to obtain information using a non-specific biomarker (such as
thioethers determination) as this provides information on the level
of exposure to total electrophilic compounds (Doorn et al., 1981).

There is no published literature using the same methods here
performed to assess exposure to PYR and OP/CRB. Results obtained
for PYR were not reliable as they seem to be affected by factors
other than occupational exposure (that could not be identified here)
and therefore do not offer helpful information as a biomarker of
exposure to pesticides. In opposition, OP/CRB determination based
on a very simple method provided meaningful information and was
related to recent exposure (self-reported by the subjects). Further
studies using this method will be necessary to fully understand the
potential of this indicator as a biomarker of exposure to pesticides
and its reliability.

THIO excretion is known to be highly affected by diet as
some foodstuffs that contain thioethers (e.g., horseradish, cabbage,
onions) or electrophilic substances (e.g., charcoal-grilled meats,
red wine) are metabolized to free radicals (Rosen et al., 1999).
Similarly to what was  observed for OP/CRB determinations, THIO
concentrations were found to be significantly higher among those
recently exposed to pesticides when compared with those repor-
ting past exposure, what is in accordance with what was  previously
described by Mikov et al. (2000). Although this is a non-specific
biomarker since it is affected by age and diet, it can be used to
roughly estimate the exposure risk within the exposed populations.

Previous studies on thioethers excretion report different results
regarding the influence of age and gender; Aringer and Lidums 1988
did not find association either with age or gender while Hagmar
et al. (1988) reported an increase of THIO excretion with age and
Vainio et al. (1978) and Kilpikari (1981) observed increased THIO
excretion in females. Our observed increase in THIO excretion with
age may be related to an increase of the endogenous levels of free
radicals that are normally conjugated with glutathione and are
thus detected as thioethers in urine (Sohal, 2002). Regarding gen-
der, increased excretion of THIO in females may  be attributed to
estrogen conjugates (Raftogianis et al., 2000).

It may  be important to highlight that PYR, OP/CRB and UTIO
concentrations were not corrected for creatinine concentration,
possibly generating biased results (Barr et al., 2005). Urinary creat-
inine is lower in women, condition that may  lead to higher values
in corrected concentrations. Nevertheless, being impractical the
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

collection of 24 h urine samples, the use of creatinine to correct
variable dilutions among spot samples is the best available option.
Concerning BChE results, we found significant differences with age
and gender. These findings are in accordance to what has been
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Table  7
Frequency of genotypes in the study population.

Study group

n All n Unexposed controls n Organic farmers n Pesticide workers p-value

EPHX1 codon 113
Tyr/Tyr 116 64.4% 41 67.2% 21 60.0% 54 64.3% 0.913
Tyr/His 45 25.0% 15 24.6% 9 25.7% 21 25.0%
His/His 19 10.6% 5 8.2% 5 14.3% 9 10.7%

EPHX1 codon 139
His/His 100 54.9% 37 60.7% 21 58.3% 42 49.4% 0.673
His/Arg 71 39.0% 20 32.8% 13 36.1% 38 44.7%
Arg/Arg 11 6.0% 4 6.6% 2 5.6% 5 5.9%

GSTM1 deletion
Positive 90 49.5% 31 50.8% 15 41.7% 44 51.8% 0.577
Null  92 50.5% 30 49.2% 21 58.3% 41 48.2%

GSTT1 deletion
Positive 155 85.2% 53 86.9% 28 77.8% 74 87.1% 0.379
Null  27 14.8% 8 13.1% 8 22.2% 11 12.9%

GSTP1 codon 105
Ile/Ile 74 40.7% 21 34.4% 13 36.1% 40 47.1% 0.354
Ile/Val 84 46.2% 31 50.8% 20 55.6% 33 38.8%
Val/Val 24 13.2% 9 14.8% 3 8.3% 12 14.1%

XRCC1 codon 194
Arg/Arg 167 91.8% 60 98.4% 32 88.9% 75 88.2% 0.202
Arg/Trp 14 7.7% 1 1.6% 4 11.1% 9 10.6%
Trp/Trp 1 0.5% 0 0.0% 0 0.0% 1 1.2%

XRCC1 codon 399
Arg/Arg 62 34.1% 19 31.1% 14 38.9% 29 34.1% 0.843
Arg/Gln 83 45.6% 28 45.9% 17 47.2% 38 44.7%
Gln/Gln 37 20.3% 14 23.0% 5 13.9% 18 21.2%

XRCC2 codon 188
27
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Arg/Arg 129 70.9% 49 80.3% 

Arg/His 50 27.5% 10 16.4% 

His/His 3 1.6% 2 3.3% 

reviously stated in the literature and are related to hormonal sta-
us. Cholinesterase activity decreases after menarche and increases
gain in postmenopausal women, reaching the values for men.
his increase in BChE activity may  be due to a decrease in sex-
al hormones, which could result in reduced hepatic synthesis or

n the release of enzymes. In addition, also for men, it has been
bserved an increase after 45 years-old (Lepage et al., 1985). This
ge-associated increase observed in men, associated to the concur-
ent increase of body mass and the biological role of cholinesterase
n lipid and lipoprotein metabolism (Kutty et al., 1983).

The interpretation of BChE values is complicated by the larger
nter- and intra-variability of this enzyme making the distinction
etween physiologically low levels and inhibited enzymes impos-
ible (inter-variability is estimated from 12 to 46%). In addition, and
ecause BChE has no attributed physiological function, this indica-
or may  only reflect the degree of exposure but has no significance
n terms of health (Lotti, 2010).

.2. Biomarkers of effect

Cytogenetic markers are very frequently used in studies due
o their sensitivity when measuring exposure to genotoxic agents
Bonassi et al., 2005). In this study, we found a significant increase
f MNL, MN-RET, total CA, CTA frequencies and %T in pesticide
xposed individuals compared with unexposed controls.

MNL  increase is in accordance to the results reported in other
nvestigations (Bhalli et al., 2006b; Bolognesi et al., 2009; Costa
t al., 2006; Ergene et al., 2007; Sailaja et al., 2006). Results also
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

how an increase in MN-RET frequencies in pesticide workers sug-
esting that pesticide exposure can be responsible for injury in
ematopoietic cells. In the more recent years, this biomarker has
een found to be a suitable technique to access genetic damage
 75.0% 53 62.4% 0.068
 25.0% 31 36.5%
 0.0% 1 1.2%

in humans due to chemical or physical exposure (Abramsson-
Zetterberg et al., 2006; Offer et al., 2005; Sun et al., 2005).

Most studies assessing genetic damage in pesticide-exposed
population, by means of CA, also report significant increases in this
frequency (Ergene et al., 2007; Garaj-Vrhovac and Zeljezic, 2002;
Garry et al., 2001; Sailaja et al., 2006; Varona et al., 2003). Herein, we
also observed a significant increase in total CA mostly due to CTA.
This increase observed for CTA, but not for CSA (data not shown),
agrees with the model proposing that mainly CTA are to be expected
by the action of chemical mutagens (Schleiermach, 1971).

Percentage DNA in the comet tail (%T) was also significantly
increased among pesticide workers when compared with controls.
Still, the percentages obtained in the pesticide workers group are
very close to established reference values (range from 4.4 to 14.5%)
(Moller, 2006). This increase agrees with the majority of results
found in the literature on this matter (Bhalli et al., 2006a; Liu et al.,
2006; Remor et al., 2009; Sailaja et al., 2006; Shadnia et al., 2005)
although some studies also report negative findings (Piperakis et al.,
2006; Piperakis et al., 2003).

Results obtained for TCR-Mf contradict the information
obtained in the remaining biomarkers of genotoxic effect. In con-
trast with other genotoxicity assays, that detect chromosomal
structure alterations, TCR-Mf is an indication of overall genotoxicity
of a chemical resulting in subtle, selective mutations (Zhijian et al.,
2006). This increased sensitivity may  lead to detection of mutations
originated by environmental factors, a possibly significant factor for
the unexposed control population.

In addition to genotoxicity biomarkers, lymphocytes sub-
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

populations were also studied as a marker of alterations on
the immune system. These alterations constitute a sensitive
parameter for detecting subclinical toxic injury; exposure to cer-
tain chemicals at doses that do not cause overt toxicity can
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roduce immune alterations sufficient to result in altered host
esistance to infectious agents and neoplastic cells (Gos and
ean, 1990). Some pesticide chemicals and groups of chem-

cals were already recognized as immunotoxic. They include
rganophosphate compounds, organochlorine insecticides, carba-
ates, phenoxy herbicides, pentachlorophenol, dithiocarbamates

nd organotin compounds (Colosio, 1999). In the scientific lit-
rature the decrease of %CD26+, %CD4+, neutrophil function, the
ecrease of antibody production by B lymphocytes, and the
ecrease of natural killer cells activity among other alterations in
esticide-exposed populations,are extensively reported (Colosio,
999; Li, 2007; Corsini, 2008). As regards autoimmunity, lupus-

ike syndrome was also reported after exposure to chlorpyrifos,
nd other studies describe findings of autoantibodies in pesticide
xposed individuals (Holsapple, 2002).

In this study, significant alterations were found on %CD16+56+

ells between controls and organic farmers (higher in organic
armers) and %CD19+ between unexposed controls and the two
ther considered groups (lower in farmers). NK cells are involved
n immunosurveillance and therefore an increase in its presence

ould correspond to an improvement in the immune response
Corsini et al., 2008). However, NK increase in number (or percent-
ge) may  not be associated with a better response as the activity
f these cells is more important than the number (Panda et al.,
009), and in this study the functional capacity of NK cells was
ot addressed. A decrease of %CD19+ in organic farmers and pes-
icide workers when compared with unexposed controls suggests
mmunosuppression, as a decreased presence of B lymphocytes will
ead to a decrease in the production of antibodies and therefore a

eakened immune function (Weiskopf et al., 2009).
A novelty in this study concerns the inclusion of an organic

armers group in the study population. These constitute a group of
ndividuals not exposed to synthetic pesticides and generally with
ealthier lifestyles. Although there were some conflicting results,
verall it seems that organic farmers present a level of genetic
amage similar to unexposed controls.

Although gender is widely described as a demographic factor
nfluencing observed cytogenetic damage assessed by means of MN
requency (Bonassi et al., 1995; Nefic and Handzic, 2013), in this
tudy only a non-significant increase was observed among females.

Although the influence of gender on Comet assay is still not fully
larified, it is more usually observed an increase in the levels of
NA damage among males (Moller et al., 2000). In our study, this
ifference was actually significant as the one found by Bajpayee
t al. (2002), Laffon et al. (2006) and Pérez-Cadahía et al. (2008).

The lower values observed in the current work for %CD3+

nd %CD4+ cells in males were profusely documented in Euro-
ean populations (García-Dabrio et al., 2012; Laffon et al., 2013;
antagostino et al., 1999). On the contrary, percentage of CD8+

ymphocytes usually does not differ between males and females
Andreu-Ballister et al., 2012; García-Dabrio et al., 2012; Jentsch-
lrich et al., 2005) but herein we found a significant increase of

his subset in males. These differences in T cells between gen-
ers may  be due to sex hormones; two different mechanisms have
een suggested: either androgens accelerate thymocyte apoptosis
nd therefore shape the peripheral T cell repertoire (Jentsch-Ulrich
t al., 2005) or there is an effect of binding to cell receptors for the
ex steroid present on T cells (Chng et al., 2004).

Increasing chromosome instability with age is a phenomenon
ell described in literature (Bolognesi et al., 1999) that relates to
iminished DNA repair capacity and increase of oxygen free radi-
als. In the current study, we could only find a significant increase of
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t

CR-Mf when comparing individuals of 18–29 years-old with those
f 30–38 years-old.

Obtained data confirmed the effect of age on lymphocytes
ubpopulations. In the overall population studied in this project,
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we found a significant decrease of %CD19+ cells and a signifi-
cant increase in %CD4+ lymphocytes with age, supporting previous
reports (García-Dabrio et al., 2012). Alterations in the immune
system with age are often designated by immunosenescence that
is characterized by a decrease in cell-mediated immune function
as well as by reduced humoral immune responses. Concern-
ing B lymphocytes (CD19+) and ageing, results are conflicting
as some authors state that the number of these cells are sta-
ble throughout the life of individuals (Weiskopf et al., 2009),
while others report a decrease in the number of these cells
with age (Globerson and Effros, 2000; Huppert et al., 1998).
Decrease of CD19+ cells is explained by an increased number of
B cells in organs other than peripheral blood and/or an increased
lifespan of B lymphocytes in germinal centers. This would pre-
dict age-related alterations in B-cell homing and the propensity
to undergo apoptosis (Franceschi et al., 1995). In respect to T
lymphocytes, again different trends have been described with
age (Aw et al., 2007; Huppert et al., 1998). Although it is cer-
tain that the thymus involutes with age leading to a significant
decrease in the T cell output, it is expected to observe con-
stancy in the peripheral T cell number (Gruver et al., 2007).
In regard to smoking habits, our population has a quite unbal-
anced number of smokers and non-smokers what can be a bias
to outcome analysis. This discrepancy may  affect final estimates
of effect, although the potential confounding due to this parame-
ter was  taken into account adjusting all regression models for this
covariate.

Percentage of time dedicated to different working activities such
as mixing, loading, application, re-entry and maintenance can also
influence exposure. A highly significant increase was found in TCR-
Mf among applicators confirming results obtained by other authors
(Mage et al., 2000; Shaham et al., 2001).

Regarding mixing/loading activities (pesticide preparation),
genotoxic damage levels were found to be either similar or
increased in individuals that perform this task, except for TCR-Mf.
Time since last exposure may  be on the basis of this discrepancy
since few months are necessary for the expression of a TCR mutant
phenotype (Vershenya et al., 2004). A variable that has not been
assessed yet in any other study concerns the adequate usage of pes-
ticides; a significant increase of TCR-Mf was observed in subjects
not using pesticides adequately, highlighting the need for workers
training.

Considering pesticide-exposed populations, seasonal variation
can be determinant in the observed effects. As observed for time
since last exposure, biomarkers of recent exposure (MN-RET and
Comet assay) present significantly elevated frequencies in Spring-
Summer period and TCR-Mf was  significantly decreased. Damage
due to pesticide exposure during Spring-Summer can only be
assessed by TCR-Mf after a time gap and therefore increased
frequencies are obtained when sampling is performed in Autumn-
Winter.

The significant decrease of total T lymphocytes (%CD3+) found
in Spring-Summer period is possibly related to the fact that these
period include the months of maximum usage of pesticides in agri-
culture. The increase found in the %NK cells in Spring-Summer was
also reported by McClure et al. (2001). Again, the study of activity
of these cells would be necessary to appreciate the significance of
this result.

Working environment was  found to be an extremely impor-
tant factor on exposure risk. Two  independent studies (Bolognesi
et al., 2002; Costa et al., 2006) found increased genetic damage
on farmers working mainly in greenhouses. The increased risk of
greenhouse work was confirmed in the current study by a signifi-
cant increase in TCR-Mf, which is considered to be one of the most
g safer to farmers′ health? A comparison between organic and
oxlet.2014.02.011

sensitive biomarkers. Nevertheless, decreases of CSA and % were
not consistent with the increased risk.
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.3. Biomarkers of susceptibility

In this study, taking into consideration that individuals were
xposed to several different chemical classes, it was  decided
o assess polymorphisms of genes coding for enzymes involved
n main pathways of detoxification and DNA repair rather than
esticide-specific ones. In addition, as the strength of association
etween individual genetic variant and observed outcome (geno-
oxic damage or immune response) was likely to be low and difficult
o identify, the relevance of data obtained with genotype analysis
s related to the possible bias that the genetic background of indi-
iduals included in each group could introduce in the results of
he different biomarkers of effect. Results showed no significant
ifferences in the frequencies of studied polymorphisms among
he different groups and therefore one can assume that results
f comparison of biomarkers of effect among the three exposure
roups were not influenced by the genetic background of the
ndividuals.

The frequency of polymorphisms in xenobiotic metabolizing
nzymes found in our study group are in accordance to what one
hould expect for Caucasian individuals (Garte and Gaspari, 2001)
nd are similar to those already described in the Portuguese popu-
ations (Costa et al., 2008; Costa et al., 2006; Gaspar et al., 2004;
eixeira et al., 2004).

Concerning the observed modulation of genetic damage, we
ound significantly higher levels of damage in GSTM1 and GSTT1
ositive individuals; in addition, GSTM1 positive individuals also
resented immunosupression as the percentage of NK cells found

n these individuals was significantly lower. Falck et al. (1999) also
eported an increase in genetic damage (MNL) in pesticide-exposed
STM1 positive greenhouse workers. Our finding of lower dam-
ge in GSTP1 105Val/Val individuals confirms previous reports (Liu
t al., 2006; Singh et al., 2011; Wong et al., 2008). It has been
uggested that under the stress of high-dose pesticide, GSTP1 Val-
ontaining enzyme is associated with increased levels of apoptosis,
nd therefore decreased levels of DNA damaged cells are observed
Liu et al., 2006). We  also found significantly higher percentages
f NK cells in these individuals, indicating an enhanced immune
esponse.

Regarding genes of enzymes involved in DNA repair, we report
n increase in genetic damage (evidenced by CSA and TCR-Mf)
n XRCC1 codon 399Gln/Gln individuals in accordance to what
as been previously suggested by other authors (Duell et al.,
000).

. Conclusions

In this study, a set of biomarkers was used to evaluate whether
ork in different types of agricultural systems can cause genotoxic

ffects and immunological alterations.
Results obtained confirm that pesticides are able to induce

enotoxicity evidenced by the results in different biomarkers and
lso to cause significant alterations in the percentage of B lym-
hocytes. An increased level of genetic damage was observed in
onventional farmers when compared to organic farmers indi-
ating that the health status of farm workers may  be influenced
y the type of agriculture they practice. Due to overall num-
er of individuals and the unbalanced number of individuals in
ach group, this finding needs to be interpreted with caution and
urther investigation on this matter is required to confirm this
onclusion.
Please cite this article in press as: Costa, C., et al., Is organic farmin
traditional farming. Toxicol. Lett. (2014), http://dx.doi.org/10.1016/j.t
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