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ABSTRACT

Exposure to inorganic arsenic (As) via drinking water in Latin America and Mexico is
a growing public health concern that requires rapid methods to assess risk and adverse
effects. The measurement of micronucleus frequency (MNY) in oral mucosa is a non-
invasive and low-cost method for monitoring the genotoxic damage in exposed popula-
tions. Mexican children from Durango city, a zone with high water arsenic concentrations,
were selected and assigned to three-risk categories (low, medium, high) based on the use
of tap or bottled water. Levels of As in water, urine and MNTf, were measured. Results
indicate a significant correlation between the groups at risk and the frequency of MNfin
children (0.9 4+ 1.9 MN, 1.1 + 1.9, and 2.6 &+ 2.2 per 1000 buccal cells, respectively); (r =
0.416; p=0.001). Which demonstrated that the MNf in oral mucosa is an efficient and
low-cost technique for assessing and monitoring DNA damage by exposure to As. This
study also provides evidence that the modification of risk factors could reduce health risk.

Palabras clave: genotoxicidad, contaminacion natural, poblacidon vulnerable, riesgos ambientales

RESUMEN

La exposicion a arsénico (As) inorganico a través del agua de bebida es un problema
de salud publica en América Latina y en México que requiere métodos rapidos para
evaluar riesgo y efectos adversos. La medicion de la frecuencia de microntcleos
(MNf) en mucosa oral es un método no invasivo y de bajo costo para monitorear dafio
genotdxico en poblacion expuesta a contaminantes ambientales. Para esta investigacion,
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fueron seleccionados nifios mexicanos de la ciudad de Durango, una zona con altas con-
centraciones de As en agua, y asignados en tres categorias de riesgo (baja, media y alta)
con base en el uso de agua de la llave o agua embotellada. Se midieron los niveles de As
en agua, orina y la MNT. Los resultados indican una correlacion significativa entre los
grupos de riesgo y la frecuencia de MNf en los nifios (0.9 £ 1.9 MN, 1.1 £ 1.9,y 2.6 +
2.2 por 1000 células bucales, respectivamente); (r = 0.416; p = 0.001). Estos resultados
demuestran que la MNf en mucosa oral es una técnica eficiente y de bajo costo para
evaluar y monitorear dafio al ADN por la exposicion a As. Este estudio también provee
evidencia de que la modificacion de factores de riesgo puede reducir riesgos a la salud.

INTRODUCTION

Arsenic (As) is a natural component of the
earth’s crust and is widely distributed throughout
the environment. Areas known to have high As con-
centrations are located in Argentina, Mexico, Chile,
Finland, Bangladesh, and China. The World Health
Organization (WHO) has stated that exposure to
inorganic As via drinking water is a growing public
health concern. The adverse effects caused by long-
term exposure to inorganic As through drinking
water have been widely studied. The effects reported
include skin lesions, diabetes mellitus, degenerative
effects on the circulatory system, and neurotoxicity
(Abernathy et al. 1999, Rocha-Amador et al. 2007,
States etal. 2009, Huang et al. 2011) as well as certain
types of skin, urinary tract, liver, and lung cancers
(Tapio and Grosche 2006, Coronado-Gonzalez et al.
2007, Celik et al. 2008, IARC 2012).

Arsenic (As) is a clastogenic and aneugenic agent
(Tapio and Grosche 2006, Chakraborty and De 2009,
IARC 2012); aneuploidy and clastogenicity have been
proposed as cytogenetic assays in risk assessment as
the first step towards evaluating cancer risk (Bonassi
et al. 2007, Thomas et al. 2009). The frequencies of
MN in exfoliated buccal epithelial cells have been
used for cancer screening and biomonitoring of geno-
toxic effects in humans exposed to As (Martinez et
al. 2005, Chakraborty et al. 2006, Ghosh et al. 2008,
Bartolotta et al. 2010). They serve as an appropriate
index to monitor the genotoxicity induced by As
thanks to the fact that the cells are in direct contact
with the carcinogen. Lower concentrations of con-
taminants from those described for adults, may have
damaging toxic effects for a child if exposure occurs
in a stage of biological vulnerability, where adverse
effects could manifest later in life (EPA 2006). Chil-
dren are more vulnerable to the toxicity of contami-
nants due to their developmental processes involving
physiologic and metabolic maturation, as well as
to behavioral aspects that constitute critical win-
dows of development. Furthermore, their exposure

pathways and habits may also be different than the
adults, which may lead to increase the risk (Neri et
al. 2003, Holland et al. 2011).

Durango City drinking water is provided by wells
from El Valle del Guadiana aquifer. In recent years,
high levels of As concentration have been detected
in drinking water sources of El Valle del Guadiana
(Arreguin et al. 2005, Alarcon et al. 2013). One way
of controlling the risk is by substituting the use of
tap water with As-free bottled water. The aim of this
research was to determine whether the substitution
of tap water by bottled water would decrease the
risk of genotoxicity in children who live in the City
of Durango by using the micronucleus test in oral
exfoliated cells.

METHODS

Study population

A cross-sectional study was designed to en-
compass children, ages from 5 to 12, from three
elementary schools in Durango City, Mexico. Study
participants were all born and raised in the area of
analysis. A questionnaire was used to gather informa-
tion on their health status and on any risk factors that
might influence the biomarkers tested for exposure
and effect. A total of 91 children were included after
informed consent was obtained from each partici-
pant’s parent or legal guardian. The study protocol
was approved by the appropriate Committee for the
Protection of Human Participants by the Universidad
Juérez from Durango State.

Collection of environmental and biological
samples

Urine and exfoliated buccal samples were col-
lected on the same day. A tap water sample (AsW)
was also collected. Tap water and urine samples
were collected in polyethylene bottles. The buccal
cell samples were obtained with a sterile brush from
both cheeks and placed in tubes containing 10 mL of
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buffer solution (0.1M EDTA, 0.01M Tris-HCI, 0.02M
NaCl at pH 7). All samples were stored at 4 °C until
analysis. Bottled water consumption was determined
by means of a questionnaire.

Determination of As in water (AsW) and urine
(AsU)

Before the analysis, the 5 mL urine samples were
digested at 70 °C with a mixture of HNO3;:HCIO4
1:6. Water and urine samples were reduced for 5
min at 80 °C with KI 10 %, ascorbic acid 5 %, and
HCI. Arsenic s was analyzed using an atomic absorp-
tion spectrophotometer coupled to a hydride system
(Perkin-Elmer, model AAnalyst 100). For quality
control, reference standard ClinChek® Urine Control
lyophilized for trace elements of IRIS Technologies
was analyzed. The accuracy was 97 + 6 %. Levels of
AsU were adjusted for specific gravity.

Distilled-deionized water was used for all analyti-
cal work; also, glassware and other materials were
soaked in 10 % nitric acid, rinsed with doubly dis-
tilled water, and dried before use.

Determination of micronucleus frequency (MNf)

The samples were stained the day of collection.
The exfoliated buccal samples were washed three
times with buffer solution followed by centrifuga-
tion at 1500 rpm for 10 min. After the final wash,
the cell suspension was placed into 2 mL of buffer
solution. 50 pL of cell suspension were dropped
into a slide preheated to 37 °C. The slides were
stained with Giemsa at 10 % and stored at ambient
temperature until use. Three slides were prepared
for each subject. Micronucleus frequency (MNfY)
was evaluated scoring 1000 cells if less than 5
micronucleated cells were observed after counting
1000 cells, additional 1000 cells were scored, and
so on, up to a maximum cell count of 3000 cells
according to Tolbert et al. (1991). The frequency
was expressed in MN per 1000 cells.

Risk group

Three risk groups were created and categorized
as follows, based on their use of tap or bottled wa-
ter to drink or cook: 1) Low risk: children in homes
where bottled water is used for drinking and cooking;
2) Medium level: children in homes where tap
water is used for drinking and bottled water for
cooking or vice versa; and 3) High risk: children
in homes where tap water is used for drinking and
cooking. AsU concentrations were determined
to verify differences among the risk groups, as
indicated above.

Other risk factors

Questions were made regarding risk factors oc-
curring three weeks previous to sample collection,
like visits to the dentist, diseases, and pharmaceutical
treatments, as well as exposure to tobacco smoke,
X-ray, herbicides, solvents, and pesticides (Thomas
et al. 2009).

Statistical analysis

Descriptive and exploratory data analysis for
continuous variables (age, MNf, AsW, AsU) and
a descriptive analysis with respect to categorical
variables (gender, risk factors, exposure) were
done. MNTf, AsW and AsU do not assumed normal
distribution. The variables MNf, AsW and AsU were
log10 —transformed and reported as geometric mean
and standard deviation. A Spearman correlation was
calculated using MNf, AsU, and Risk categories.
Non-parametric analysis (Kruskal-Wallis and Mann
Whitney U Test) was applied to compare differences
among risk groups. The statistical analyses were car-
ried out using SPSS statistical software package ver-
sion 19.0, while categorical variables were analyzed
by EPIDAT version 3.1.

RESULTS AND DISCUSSION

Diverse studies have established that the use of tap
water in zones of arsenic poisoning increases the level
of exposure to this toxic and, consequently, leads to
adverse health impacts. Buccal mucosa represents a
barrier for carcinogens that can be metabolized and
can potentially generate reactive products. Close to
90 % of all cancers, seem to originate in epithelial
cells. Lung, skin, bladder, kidney and ureter cell
carcinoma have been associated with As (Tapio and
Grosche 2006). For this reason, the evaluation of
buccal epithelia may be used to monitor genotoxic
events, particularly those carcinogens that enter the
body through inhalation or ingestion such as As.

This study was carried out in a zone with high
concentrations of arsenic in tap water. General char-
acteristics of each risk group are shown in table 1.
No significant differences in age, gender, and water
intake were observed among groups (p = 0.24;
p = 0.33; p = 0.33, respectively). According to the
established criteria on the use of bottled or tap water
for drinking or cooking, it was found that 55 % of
the children were in the high risk group and 24 %
and 16 % in the medium and low risk groups respec-
tively. We measured As in tap water samples (AsW)
for each child evaluated. No significant differences
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TABLE I. GENERAL CHARACTERISTICS OF EACH RISK GROUP

Low risk Medium risk ~ High risk P value
Sample size 15 26 50
Age (years)* 7.6+1.3 8.1+1.7 75+14 0.24%
(6-11) (6-12) G-11)
Gender
Boys n (%) 8(53.3) 10 (38.5) 28 (56) 0.33¢
Girls n (%) 7 (46.7) 16 (61.5) 22 (44)
Water intake (L/day)? 13+0.6 1.2+04 1.1+0.5 0.57%
(0.5-2.0) (0.5-2.0) (0.25-2.5)

@ Values are arithmetic mean =+ standard deviation (minimum-maximum), ® differences
between means were tested by ANOVA, ¢ differences between proportions were eva-

luated by ¥ test

were detected between AsW levels between the three
risk groups (p = 0.24). All AsW samples of the three
groups were above the WHO guidelines for drinking
water (10 pg/L), Low risk: 40.5 + 16.4, Medium risk:
49.5+18.6, Highrisk: 46.2 + 17.6 ug/L. Also 87.1 %,
92.9 %, and 81.8 % of the samples of all risk groups
exceeded the Mexican standard for drinking water
(NOM-127-SSA-1991) of 25 pg (SSA 1991). The
highest value was 7 and 3 times higher than the limits
provided by the WHO and the NOM-127 respectively
(Fig. 1). These results proved that the whole popula-
tion evaluated would be at risk of exposure to As via
drinking water if they used only tap water.

Urine As (AsU) levels were determined to assess
whether the risk of exposure and its effects could
be modified with the use of bottled water (without
As) to cook and drink. The geometric mean values
of AsU levels were 55.5 + 23.5; 85.6 + 55.8, and
107.8 &£ 47.2 pg/L, in each assigned risk group
(Fig. 1). A significant difference of AsU levels was
observed among risk groups (p < 0.001; Kruskal
Wallis test). Risk groups were compared by pairs
for AsU levels using the Mann Whitney U test and
significant differences were found between high
vs low risk (p < 0.001) and high vs medium risk
(p <0.05) groups; a marginal significance (p = 0.054)

180 u As in water s
160 As in urine *
__140
3 120
2
o 100 107.8
c
g 80 85.6
< 60
40 5%.5 X
W B P
0 a
Low Medium High
Risk group

§ow p<0.001

®WHO reference level °NOM-127-SSA-1994

*Medium p<0.05

Fig. 1. As levels in tap water (ug/L) and urine (ug/L) in each
assigned risk group. Risk groups were created according
to tap water use. Arsenic in water (AsW) and arsenic
in urine (AsU) levels are reported like geometric mean
+ standard deviation (error bars in graphic), * 10 mg/l
WHO reference level, ® 25 mg/l NOM-127-SSA-1994,
§ Significative Spearman correlation among assigned
risk group and AsU (r = 0.457; p < 0.001), “AsU levels
of high risk group were significantly different compared
with medium (p < 0.05) and low risk groups (p <0.001),

Mann Whitney U test.
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TABLE II. MICRONUCLEUS FREQUENCY (MNF) IN EACH RISK GROUP

Lowrisk  Mediumrisk  High risk
n=15 n=26 n=>50

MNT /1000 buccal cells 0.9 (0-6) 1.1(0-8) 2.6 (0—9)
% > 1.1MN/1000 buccal cells® 13.3 30.8 64
% >4 MN/1000 buccal cells® 13.3 7.7 16

2 Values are geometric mean (minimum-maximum), ® MNf observed in young
adult (0.3 £ 0.8 MN per 1000 cells), © Abnormal MNf observed in young adult
(4 MN per 1000 cells ), 9 Significant differences between means (p < 0.05;
Kruskal-Wallis test), * Significant differences compared with medium and low risk
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(p <0.05; Mann Whitney U test)

was found between medium vs low risk groups. These
results clearly indicate that if bottled water is used
to drink or cook (low and medium risk group), the
exposure is significantly less than if only tap water
is consumed (high risk group).

The marginal significance (p = 0.054) between
low and medium risk group in AsU levels could have
occurred because the sample size of the low risk
category was smaller (n = 15) than the other groups.
These results are reasonable in an area where more
than 50 % of the people use only tap water for their
everyday consumption. An increased sample size
would probably prove it.

In addition, a significant Spearman correlation
was found between the assigned risk groups and AsU
levels, the group at highest risk presenting the highest
levels of AsU (r=0.457; p<0.001). This association
between habits in water consumption and the levels
of AsU demonstrated that the risk of exposure to As
is modifiable and it could mark a difference in the
level of exposure.

The levels of genotoxic damage found in this
study were similar to those obtained in studies on
adult populations in Mexico, Argentina, and Asia
where a high number of micronucleated cells were
observed in individuals who had been exposed to
different concentrations of AsW, in comparison to
control groups (Gonsenbatt et al. 1997, Basu et al.
2002, Chakraborty et al. 2006, Bartolotta et al. 2010).
Micronucleus frequency (MNf) per 1000 buccal cells
is shown in table II. MNf per group was 0.9 + 1.9
MN, 1.1 £ 1.9, and 2.6 + 2.2 per 1000 buccal cells,
respectively.

In the last few years there have been increas-
ing numbers of studies with child populations that
have used the micronucleus frequency as biomarker
for genotoxic damage, principally based on the
supposition that children are more susceptible to toxic
agents than adults. In addition, recent studies suggest
that high frequencies of cells with clastogenic effects

in this population can predict cancer in healthy adults
(Bonassi et al. 2004). The geometric mean of MNf
observed in the high risk group was 2.6 +2.2 per 1000
buccal cells. In this group 64 % of the samples were
similar to MNTf observed in young adults (0.3 = 0.8
per 1000 cells) and 16 % similar to abnormal MNf
observed in young adults (4 per 1000 cells) (Thomas
et al. 2009). Also, these values are higher than the
previously report by Montero et al. (2003) in buc-
cal epithelium of adolescents living in México City.
Montero reported a mean of 0.57 MNf in subjects
evaluated (11-16 years old).

An interesting finding of the present study is the
relationship between risky conducts and a geno-
toxic effect. The total population presented general
characteristics of exposure to tap water and similar
potential risks. However, by assigning the population
to three groups at different levels of risk, a significant
(Spearman) correlation was found (r = 0.416; p <
0.001) between the MNf and the risk group (Fig. 2).

3.5
* Mean *
3.0/ 0OMeantSE
I Mean+1.96*SE
25 ¢
20 T 1
Z 15
1.0 . *
0.5
0.0
-0.5

Low Medium High
Assigned Risk

Fig. 2. Mean of micronucleus frequency (MN¥) in each assigned
risk group. Standard error (SE). Significative Spearman
correlation among assigned risk and MNf (r = 0.416; p
<0.001), *significantly different compared with medium
and low risk (p < 0.05; Mann Whitney U test)
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TABLE III. PRESENCE OF RISK FACTORS THREE WEEKS PRIOR TO
THE STUDY IN EACH ASSIGNED RISK GROUP

Low risk  Medium risk Highrisk P value

(yes/no) (yes/no) (yes/no)
Dentist visit 5/10 3/23 4/46 0.052
Disease presence 4/11 5/21 10/40 0.82
Pharmacological treatment 2/13 4/22 9/41 092
Tobacco smoke exposure 2/13 9/17 16/34 0.3
X-ray exposure 0/15 0/26 1/49 0.72
Herbicide exposure 1/14 4/22 3/47 042
Solvents exposure 1/14 1/25 5/45 0.62
Pesticide exposure 0/15 2/24 3/47 0.62

a Differences between proportions were evaluated by 2 test

Additionally, a significant difference of MNf was
observed among groups (p < 0.001; Kruskal-Wallis
test), which was further analyzed by group pairs with
Mann Whitney U test: Low vs Medium risk were not
different (p =0.47); Low vs High risk and Medium vs
High risk showed a significant difference (p <0.001;
p <0.05, respectively). This indicates a higher geno-
toxic risk if only tap water is used.

Other risk factors for genotoxic damage in the
three weeks prior to the study were also evaluated
(Table III). These included: dentist visits, disease
and pharmacological treatment, as well as exposure
to tobacco smoke, X-ray, pesticides, herbicides and
solvents. Only a significant difference within groups
in the risk factor of dentist visits (p < 0.05) was ob-
served, nevertheless the children of the low risk group
had the most number of dentist visits.

The present study, to our knowledge, is the first
one using MNfin buccal mucosa of children as a bio-
marker of effect associated with the risk of exposure
to As due to the source of drinking water.

So, this study provides evidence that a risky habit,
the use of tap water for cooking or drinking, may
modify the exposure as much as the effect. This implies
that intervention protocols could be implemented in
zones with high concentrations of arsenic in the water
supply, regarding the use of bottled water in order to
prevent the risk of exposure of the population.

CONCLUSION

This study reaffirms the utility of the exfoliated
buccal cell MN test as a sensitive biomarker of effects
due to exposure to As. It is an economical and non-
invasive method that can be used to evaluate effects
associated to risky conducts in child populations. This
study also provides evidence that the modification of

risk factors, in this case through the use of bottled
water in zones of endemic high concentrations of
arsenic in the water supply, may effectively reduce
the risk to child health.
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