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ABSTRACT 

Chronic exposure to inorganic arsenic (As) is associated with numerous adverse effects. 

Argentina is one of the countries affected by arsenicism; however, there are few studies 

that evaluate inorganic As exposure and its effects on child population. The aim of this 

study is to evaluate exposure to As through water and food in child populations living in 

the provinces of Santiago del Estero and Chaco (n=101), and to determine the impact of 

this exposure analysing biomarkers of exposure (urine and hair As contents) and effect 

[8-oxo-7,8-dihydro-2′-deoxyguanosine (8-OHdG)]. The populations selected live in 

three areas with different levels of As in the drinking water (Santa Teresa de Carballo, 

0.925 mg/L; Taco Pozo, 0.210 mg/L; Jumi Pozo, 0.016 mg/L). The As intakes through 

water and food are especially high in the areas with the greatest As exposure (Santa 

Teresa de Carballo, 1575 ± 8 µg/day; Taco Pozo, 386 ± 8 µg/day; Jumi Pozo, 39 ± 1 

µg/day). 

The total As contents in most of the samples of hair (0.11–13.11 mg/kg) and urine 

(31–4258 µg/g creatinine) are higher than the reference values (hair: 1 mg/kg; urine: 50 

µg/g creatinine). The increase in the level of As exposure alters the profile of 

metabolites in urine, with a decrease of dimethylarsinic acid (10%) and an increase in 

the percentages of monomethylarsonic acid (4%) and inorganic As (6%). The results 

also show high values of 8-OHdG (3.7–37.8 µg/g creatinine), a oxidative DNA damage 

marker, in the two areas with greater As exposure. 
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1. INTRODUCTION 

The presence of inorganic arsenic (As) in aquifers affects millions of people throughout 

the world (WHO, 2012). Chronic exposure to this form of As through drinking water is 

associated with greater prevalence of lung, urinary tract, liver and skin cancers (WHO, 

2012). It also produces an increase in other pathologies, such as type 2 diabetes, 

cardiovascular problems (hypertension) and cerebrovascular problems (heart attacks), 

chronic obstructive respiratory diseases and skin pathologies (hypo- and 

hyperpigmentation, palmar keratosis) (Chiou et al., 1997; Rahman et al., 1999; 

Coronado-González et al., 2007; Lindberg et al., 2008; WHO, 2012).  

Argentina is one of the countries most affected by arsenicism. The first description of 

hydroarsenicism in Argentina was provided by Mario Goyenechea in 1913, and a 

century later it is thought that at least 4 million people in this country depend on 

groundwater with an inorganic As content higher than the guidance value (0.01 mg/L; 

WHO, 2012). However, little research has been done in comparison with other endemic 

areas, such as India or Bangladesh. Most of the studies have focused on evaluating As 

contents in aquifers and sediments (Cabrera et al., 2001; Farías et al., 2003; Bundschuh 

et al., 2004; Gomez et al., 2009). There are fewer studies on inorganic As exposure and 

clinical manifestations (Concha et al., 2002; Cabrera and Gómez, 2003; Steinmaus et 

al., 2006). Most of these studies were conducted in adult populations, but there is 

insufficient research for As risk assessment in child populations (Concha et al., 1998). 

Children are more susceptible than adults to the development of pathologies after 

chronic exposure to this metalloid. Inorganic As passes through the placenta (Vahter, 

2008), and prenatal exposure can have an influence on the development of diseases in 

the short and long term. In populations chronically exposed during pregnancy there are 

reports of a series of effects on the development of the foetus and of the newborn child 
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(foetal loss, infant death, increased risk of stillbirth, low birth weight, birth defects; 

Kwok et al., 2006; Cherry et al., 2008; Rahman et al., 2017). Studies conducted in 

Region II (Antofagasta) in Chile show an increase in mortality at early ages caused by 

liver and lung cancers in populations exposed to inorganic As only during childhood 

(Smith et al., 2006; Liaw et al., 2008). Exposure to As has also been linked to 

neurobehavioural defects during the early years of life (Tyler and Allan, 2014). Some of 

these adverse outcomes may be due to the influence of prenatal exposure on the 

expression of critical genes and proteins, partly through epigenetic mediators (Rager et 

al., 2017). 

Integrated evaluation of the risk associated with exposure to inorganic As requires a 

suitable methodology for determination of As species and evaluation of intake, not only 

through water, the most common practice, but also by analysing foods in the form in 

which they are consumed. It is also necessary to evaluate the internal dose and the 

effects caused by the exposure by means of suitable biomarkers. One mechanism 

proposed for the toxic effect of As is an increase in oxidative DNA lesions (Kitchin and 

Ahmad, 2003). Among these oxidative DNA lesions, 8-hydroxy-2′-deoxyguanosine (8-

OHdG) is one of the most abundant base modifications and has attracted special 

attention because of its premutagenic effect (Cheng et al. 1992). The repair process for 

8-OHdG damage results in excised 8-OHdG adduct excreted into the urine, a 

convenient biomarker of effect because it is easy to collect (Yamauchi  et al., 2004). 

The aim of this study was to characterize exposure of child populations in northern 

Argentina to inorganic As by evaluation of intake through food and water, 

determination of As contents in samples of urine and hair, and quantification of the 

urinary marker of DNA oxidative damage, 8-OHdG. 
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2. MATERIALS AND METHODS 

2.1. Study population. The study was confined to the child population attending 

school. A total of 101 children with ages ranging between 3 and 15 years were 

evaluated (table 1). They were grouped into 3 exposure levels, according to the total As 

concentrations found in the drinking water. The low exposure population belonged to 

the department of Banda, in the province of Santiago del Estero (n=26). It consisted of 

three small, scattered communities (Jumi Pozo) with mean As concentrations of 16 µg/L 

in the tube well water. The medium exposure population was located in the department 

of Almirante Brown (province of Chaco) (n=60). It was an urban development (Taco 

Pozo), which had tap water with a mean As concentration of 210 µg/L. The area with 

the highest exposure, Santa Teresa de Carballo, was also in the department of Almirante 

Brown (n=14). The population was also scattered and consumed tube well water with 

high As contents (mean: 925 µg/L). 

This study was conducted according to the Declaration of Helsinki Ethical 

Principles for Medical Research Involving Human Subjects and was approved by the 

Ethics Committee of Dr. Alejandro Posadas National Hospital (Buenos Aires, 

Argentina). Parents gave informed consent before participation of children. 

 

2.2. Intake evaluation. The intake of inorganic As was determined by analysing the 

drinking water and food. The samples of water collected from the schools were acidified 

and stored at 4 °C until the analysis of total As. Samples of cooked food ready for 

consumption were kindly donated by the schools over a period of 5 days. The samples 

were freeze-dried and stored at –20 °C until analysis. 

Water samples were reduced with a solution of ascorbic acid (5% m/v, Merck) and 

KI (5% m/v, Merck) prior to the determination of total As. The detection was performed 
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by flow injection-hydride generation-atomic absorption spectrometry (FI-HG-AAS) 

using a model 3300 spectrophotometer (Perkin Elmer, PE) equipped with a flow 

injection system (PE FIAS-400). The analytical conditions used were the following: 

loop sample 0.5 mL; reducing agent 0.2% (m/v) NaBH4 in 0.05% (m/v) NaOH, 5 

mL/min flow rate; HCl solution 1.2 mol/L, 10 mL/min flow rate; carrier gas argon, 100 

mL/min flow rate; wavelength 193.7 nm; spectral band-pass 0.7 nm; electrodeless 

discharge lamp system 2, lamp current setting 400 mA; cell temperature 900 °C. 

Inorganic As in food was determined by acid digestion, solvent extraction and FI-HG-

AAS following the method developed by Muñoz et al. (1999). Intakes were calculated 

on the basis of a food frequency questionnaire administered at the schools and among 

the families. 

 

2.3. Urine samples: collection and analysis. Early morning spot urine samples were 

collected in polyethylene tubes, transported to the laboratory at 4 °C and stored at –20 

°C until the quantification of total and inorganic As metabolites. Measurements were 

standardized against urinary creatinine concentrations. 

Total As was determined by FI-HG-AAS after a dry ashing step as described by 

Almela et al. (2002). The determination of As species in urine [As(III), As(V), 

monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA)] was performed by 

HPLC (Perkin Elmer, model 1050) coupled to HG-AFS (atomic fluorescence 

spectrometry; Millennium Excalibur 10.055, PSA, UK). The chromatography 

separation was performed using an anion exchange column (Hamilton PRP X-100; 25.0 

cm × 4.1 mm; injection volume 100 µL) (Teknokroma, Spain) eluted isocratically with 

ammonium phosphate buffer (Merck, Spain) at pH 5.75 (flow rate 1 mL/min). The HG-

AFS quantification conditions were: reducing agent 1.5% (m/v) NaBH4 in 0.7% (m/v) 
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NaOH, 2.5 mL/min flow rate; HCl solution 1.5 mol/L 6 mL/min flow rate; carrier gas 

argon, 300 mL/min flow rate; dryer gas air, 2.5 L/min flow rate; hydrogen 60 mL/min 

flow rate; wavelength 193.7 nm; primary current 27.5 mA; boost current 35.0 mA. 

 

2.4. Scalp hair samples: collection and analysis. Hair samples were collected from the 

nape using stainless-steel scissors and placed in polyethylene bags for transport and 

storage. Before total As determination, samples were washed to avoid external 

contamination. Hair samples were first washed using 20 mL deionized water, shaking 

for 5 min. Then the samples were submitted to an acetone washing step for 5 min and 

afterwards to a deionized water washing (20 mL, 5 min). Finally, samples were dried 

overnight at 40 °C, cut into small pieces using stainless-steel scissors, and stored in 

polyethylene tubes at room temperature until analysis. Total As in dried hair (0.025 ± 

0.005 g) was determined by dry mineralization-HG-AAS using the same protocol as 

described for urine samples (Almela et al., 2002). 

 

2.5. Determination of urinary 8-oxo-7,8-dihydro-2′-deoxyguanosine (8-OHdG). 

Urine samples were centrifuged at 15000 rpm for 10 min at 4ºC. Supernatants were 

used for the determination of 8-OHdG using an ELISA Kit (Japan Institute for the 

Control of Aging, Fukuroi, Japan), following the manufacturer’s instructions. Values 

were adjusted by urinary creatinine concentrations. 

 

2.6. Statistical analysis 

The results were statistically analyzed by one-factor analysis of variance (ANOVA) 

with Fisher HSD post hoc multiple comparison (SigmaPlot version 13.0). Differences 

were considered significant for p < 0.05.  
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3. RESULTS AND DISCUSSION 

3.1. Intake evaluation. From the inorganic As contents found in the food and water and 

the consumption data obtained from the questionnaire it was possible to calculate 

inorganic As intakes. For this calculation it was considered that the total As detected in 

water was inorganic As, as reported by all the studies on this subject (Sorg et al., 2014). 

The study has only considered the meals served at school: breakfast consisting of a 

cup of mate infusion or chocolate milk powder (250 mL of water) and a portion of bread 

(45 g), a midday meal (300 g) consisting of stew, pasta or soup with meat, and an 

afternoon meal similar to breakfast. The evening meal, served at home, was not 

considered. The participants declared that they consumed 1 L of water, without taking 

the infusions into account. Table 2 shows the inorganic As intake obtained for the three 

exposure groups. The intakes presented clearly differentiated values in the three 

populations selected. In the low exposure area, the values (min-max) ranged between 33 

and 45 µg/day, in Taco Pozo (medium exposure area) the intakes varied between 360 

and 431 µg/day, and in San Teresa de Carballo (the highest exposure area) the values 

ranged between 1530 and 1620 µg/day. 

To evaluate the risk, the intakes obtained were compared with the benchmark dose 

lower confidence limit for a 0.5% increased incidence of lung cancer (BMDL0.5: 3.0 

μg/kg body weight/day) established by the Joint FAO/WHO Expert Committee on Food 

Additives (JECFA, 2011). The evaluation of inorganic As intake from water and food 

exceeds this limit in the medium and high exposure areas, while in the low exposure 

area the mean intake ranges between 22 to 86% of the BMDL0.5, depending on the body 

weight. These results indicate risk situations for the child populations in Taco Pozo 

(intake between 2 and 7 times greater than the BMDL0.5) and, especially, in Santa 

Teresa de Carballo, where the intake is 10-40 times greater than the BMDL0.5. These 
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high intakes would be much higher if the evening meal would have been included in the 

study.  

In a study conducted in Bangladesh, Wasserman et al. (2004) reported that exposure 

to As was associated with reduced intellectual function in a dose–response manner, such 

that children with exposures > 50 μg/L in drinking water received significantly lower 

performance and full-scale scores than children with exposures < 5.5 μg/L. The children 

belonging to the medium and high exposure areas greatly exceed those concentrations. 

The data obtained in this study also indicate that food is an important source of 

inorganic As and that its contribution must be considered when making risk 

assessments. In the low exposure area, food contributes a greater quantity of inorganic 

As (58%) to the diet than water. In the medium and high exposure areas, the mean 

contribution from food alone, 176 and 650 µg inorganic As/day respectively, exceeds 

the reference value. These data are of special interest because, in addition to showing a 

worrying situation for the child populations studied, they are also the first data 

concerning the contribution of inorganic As from food in Argentina. 

 

3.2. Total urinary As and inorganic As metabolites. As part of the exposure 

evaluation, As contents of the urine of 101 children were analysed. Table 3 shows 

contents of total and inorganic As metabolites found in the three exposure groups. 

The background concentration of inorganic As and its metabolites for non-exposed 

individuals is considered to be 8 ± 6 μg As/g creatinine (Vahter, 1986). In the study 

populations, all the participants exceeded this background value. Most of the individuals 

studied (98%) also exceeded the biological exposure index for inorganic As plus 

methylated metabolites (35 µg As/L; 50 µg/g creatinine) proposed by the American 

Conference of Governmental Industrial Hygienists (ACGIH, 2001). Moreover, the 
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urinary levels in these Argentinian school populations, especially in Santa Teresa de 

Carballo, are much higher than those reported for child populations in other As-endemic 

areas (28–437 µg/g creatinine; Calderón et al., 2001; Rosado et al., 2007; Xu et al., 

2008). 

According to the data in the literature, the As contents in urine of the medium and 

high exposure populations exceeded the concentrations that could reduce children’s 

cognitive functions. Calderón et al. (2001) found that urinary As concentration was 

inversely correlated with verbal intelligence quotients (IQ), concepts factor (language), 

and knowledge factor (verbal comprehension and long-term memory) in a study 

conducted in Mexico in which the urinary As contents in the children did not exceed 

187 µg As/g creatinine. 

The data for total As in urine confirm the risk situation which had already been 

shown in the evaluation of the inorganic As intake. However, these results in urine 

provide a more direct evaluation of exposure, as they are a biomarker of internal dose. It 

is noteworthy that the evaluation of intake through water and food does not show a risk 

situation in the low exposure area, whereas the urinary As contents show a different 

scenario, with concentrations of As in urine that in many cases are higher than the 

reference values. 

With regard to the urinary metabolites, it is important to emphasize the high 

concentrations of monomethylated As found in Santa Teresa de Carballo (min-max: 

189-1157 µg As/g creatinine). A study conducted in Mexico (Del Razo et al., 1997) 

reported urinary levels of MMA in adult populations with skin lesions (geometric mean: 

95.2 µg/g creatinine) lower than those found in the child population of Santa Teresa de 

Carballo. On the other hand, studies showed that individuals who excreted a higher 
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proportion of MMA were more susceptible to As-related diseases, including cancers 

(Tseng et al., 2005; Steinmaus et al., 2006). 

By expressing the concentrations of As species as percentages of the total As 

concentration it can be seen that in the low and medium exposure levels the urinary 

profile followed a very similar pattern, but in individuals in Santa Teresa de Carballo a 

statistically significant decrease in the DMA concentration in urine (10%) was detected, 

combined with increases in the levels of inorganic As (6%) and MMA (4%). This 

change in the urinary profile means an increase in the more toxic metabolites of 

inorganic As, with the consequent toxicological connotations. 

 

3.3. Total As in hair. As a continuation of the exposure evaluation, the samples of hair 

were analysed after being washed with water and acetone. The percentage of As 

eliminated during the washing was between 0.2 and 5% of the total. The mean As 

contents in the washed hair were 1.1, 3.0 and 4.9 mg/kg for low, medium and high 

exposed children, respectively (figure 1). Concentrations in hair samples from residents 

of Northern Sweden without occupational or environmental exposure to As range from 

0.03 to 0.32 mg/kg (Rodushkin and Axelsson, 2000). In general, hair As concentrations 

in non-exposed population do not exceed 1 mg/kg (WHO, 1984). In our study, 84% of 

the children studied exceed these values. 

Some studies have linked As exposure via hair As contents and neurological 

development in child population. Siripitayakunkit et al. (1999) showed, in children from 

an endemic area of Thailand, that As hair concentrations above 2 mg/kg were associated 

with a 0.75-point decrease in intellectual quotients and As levels above 5 mg/kg with a 

2-point decrease. 
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3.4. Urinary concentrations of 8-OHdG. As part of the evaluation of the As exposure 

effects, urinary 8-OHdG concentrations of 68 children were determined. The values 

obtained ranged (min-max) between 3.7 and 28.8 µg/g creatinine (1.5–11.5 µmol/mol 

creatinine) for the Taco Pozo population and between 7.5 and 37.8 µg/g creatinine (3.0–

15.1 µmol/mol creatinine) for the Santa Teresa de Carballo population (figure 2). There 

were not statistically significant differences between both exposure groups. The values 

found in this work are similar to those reported in other child populations exposed to As 

(0.4–59.7 µg/g creatinine, Wong et al., 2005; Xu et al., 2008), and higher than those 

observed in healthy non-exposed populations (1.1–6.8 µmol 8-OHdG/mol creatinine, 

Drury et al., 1998). 

Oxidative stress is one of several proposed mechanisms of action for As-induced 

toxicity and carcinogenesis (Rossman, 2003). In a long-term study of carcinogenesis in 

rats, hepatic 8-OHdG levels increased in DMA-treated rats, suggesting an increased 

effect of ROS on DNA (Wanibuchi et al., 1997). In studies conducted in exposed 

populations in Taiwan, Thailand and Japan (Matsui et al., 1999) it was shown that the 

frequency of 8-OHdG positive tumours was significantly higher in As-induced 

epidermal neoplasms than in As-unrelated epidermal neoplasms. 

 

4. CONCLUSIONS 

The present study had 2 main limitations related to logistic difficulties since some of the 

affected areas were disperse populations with limited accessibility: lack of home served 

meals and low participation of disperse communities. Despite these limitations, the 

results obtained in the present study show unequivocally a high exposure to inorganic 

As in child populations in Northern Argentina. The intake of inorganic As (water and 

food) and the values of the biomarkers of exposure and effect analysed exceed the 
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reference values in most of the participants in the populations studied. This situation 

shows the need to conduct more detailed studies to consider other parameters, especially 

neurobehavioural parameters, to evaluate the possible effects of this chronic exposure to 

the metalloid. 
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Table 1. Characteristics of the child population studied. 

 

  Gender Body weight (kg) 
range (media)  

Body mass 
index 

Age (years) n male female 
Jumi Pozo       
All 26 14 (54%) 12 (46%) 18.3-58.5 (33.1) 14.8-23.1 

3-9 10 (38%) 6 (60%) 4 (40%) 18.3-24.6 (20.8) 14.8-15.6 
10-15 16 (58%) 8 (50%) 8 (50%) 27.5-58.5 (41.6) 15.3-23.1 

Taco Pozo      
All 60 26 (43%) 34 (57%) 17.0-58.3 (30.2) 14.1-24.0 

3-9 36 (60%) 20 (56%) 16 (44%) 17.0-40.5 (25.4) 14.1-19.4 
10-15 24 (40%) 6 (25%) 18 (75%) 26.9-58.3 (37.9) 14.4-24.0 

Santa Teresa de Carballo     
All 14 8 (57%) 6 (43%) 13.3-51.3 (28.2) 14.9-21.6 

3-9 9 (64%) 6 (67%) 3 (33%) 13.3-27.2 (21.4) 14.9-18.3 
10-15 5 (36%) 2 (40%) 3 (60%) 34.8-51.3 (40.5) 15.9-21.6 
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Table 2. Inorganic arsenic intake in the three exposed populations. Values expressed as 

µg inorganic As/day and percentage with respect to the total dietary intake (n=5). 

 

Variable Media ± SE Median (Range) 
Percentage 

(respect to total 
intake) 

Jumi Pozo 

Water 16 ± 1 18 (10-22) 42 

Food (solid/liquid) 23 ± 1 15 (6-17) 58 

Water and Food 39 ± 1 42 (30-45)  

Taco Pozo 

Water 210 ± 5*  209 (192-240) 55 

Food (solid/liquid) 176 ± 8* 157 (150-221) 45 

Water and Food 386 ± 8* 367 (360-431)  

Santa Teresa de Carballo 

Water 925 ± 26* 972 (770-988) 59 

Food (solid/liquid) 650 ± 8* 655 (605-688) 41 

Water and Food 1575 ± 8* 1580 (1530-1620)  

* Significant differences with respect to the low-exposed area (p < 0.001). 
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Table 3. Total arsenic and inorganic arsenic urinary metabolites in child populations. 

Values expressed as µg of As/g creatinine and as percentage with respect to As 

contents. 

 

Variable Media ± SE Median (Range) Percentage 
(% respect to total) 

Jumi Pozo 

Total As 126 ± 19 93 (31-351)  

As(V) 4 ± 2 0.2 (0-21) 6 

As(III) 13 ± 3 9 (3-40) 11 

MMA 17 ± 3 13 (3-57) 12 

DMA 94 ± 13 75 (28-233) 77 

Taco Pozo 

Total As 731 ± 39*  661 (311-1867)  

As(V) 23 ± 2* 20 (4-61) 3 

As(III) 83 ± 6* 70 (29-193) 11 

MMA 84 ± 5*  69 (24-209) 12 

DMA 553 ± 32* 490 (250-1544) 76 

Santa Teresa de Carballo 

Total As 2387 ± 165** 2175 (1087-4258)  

As(V) 89 ± 10** 74 (41-233) 4 

As(III) 351 ± 19** 329 (215-560) 16 

MMA 406 ± 47**  397 (189-1157) 16 

DMA 1528 ± 110** 1273 (587-2586) 64 
*, **Significant differences with respect to the low-exposed area (*p < 0.05, **p < 0.001). 
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Figure 1. Hair arsenic contents in the child populations. Values expressed as mg/kg.  
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Figure 2. Urinary 8-OHdG concentrations of child populations at Taco Pozo and Santa 

Teresa de Carballo. Values expressed as µg/g creatinine. 
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