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• Arsenic content in Argentina was associated with increased risk of chronic diseases.
• The median arsenicosis prevalence was 2.6% in exposed areas.
• The relative risk of mortality by skin cancer was 2.5 to 5.2 in affected areas.
• The median percentage of water samples above the cut-off point value was 87% in BA.
• We found important gaps in literature regarding the impact of arsenic on health.
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Four million people in Argentina are exposed to arsenic contamination from drinking waters of several center-
northern provinces. A systematic review to examine the geographical distribution of arsenic-related diseases
in Argentina was conducted, searching electronic databases and gray literature up to November 2013. Key infor-
mants were also contacted. Of the 430 references identified, 47 (mostly cross-sectional and ecological designs)
referred to arsenic concentration inwater and its relationshipwith the incidence andmortality of cancer, derma-
tological diseases and genetic disorders. A high percentage of the water samples had arsenic concentrations
above the WHO threshold value of 10 μg/L, especially in the province of Buenos Aires. The median prevalence
of arsenicosis was 2.6% in exposed areas. The proportion of skin cancer in patients with arsenicosis reached
88% in case-series from the Buenos Aires province.We found higher incidence rate ratios per 100 μg/L increment
in inorganic arsenic concentration for colorectal, lung, breast, prostate and skin cancer, for both genders. Liver and
skin cancermortality risk ratios were higher in regionswithmedium/high concentrations than in those with low
concentrations. The relative risk of mortality by skin cancer associated to arsenic exposure in the province of
Buenos Aires ranged from 2.5 to 5.2. In the north of this province, high levels of arsenic in drinking water were
reported; however, removal interventions were scarcely documented. Arsenic contamination in Argentina is as-
sociated with an increased risk of serious chronic diseases, including cancer, showing the need for adequate and
timely actions.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Arsenic (As) is the 20th most common element in the Earth's crust
(IARC, 2012). It is ametalloid and can be easily solubilized in groundwa-
ters depending on pH, redox conditions, temperature, and solution
composition (Nordstrom, 2002). Human exposure occurs from inges-
tion of water and food contaminated with As coming from natural and
anthropogenic sources (IARC, 2012). Water pollution by As is a world-
wide problem with high impact in the poorest regions of the world
(Litter, 2010), with over 226 million persons exposed (Murcott, 2012;
McCarty et al., 2011; Smedley and Kinnirugh, 2013). The highest con-
centrations and, consequently, the most important health problems
are localized in Argentina, Bangladesh, Nepal, Chile, China, Hungary,
India, Mexico, Rumania, Taiwan, Vietnam and the USA (Bundschuh
et al., 2008). In Latin America, the problem affects at least 14 countries
(Argentina, Bolivia, Brazil, Chile, Colombia, Cuba, Ecuador, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua, Peru and Uruguay), and the
number of exposed people is about 14 million. The most critical areas
are in Argentina, Chile andMexico (Figueiredo et al., 2010). It is current-
ly estimated that the population living in areas with As contaminated
water in Argentina rises to about 4,000,000 people (International
Society of Groundwater for Sustainable Development, 2014). The an-
thropogenic activities in mining areas that enhance the mobilization
of As and other copollutants makes the environmental problem more
dramatic (Bundschuh et al., 2012). Additionally, the use of arsenic-
contaminated groundwater for irrigation purposes in crop fields ele-
vates the arsenic contamination (Rosas-Castor et al., 2014). Both path-
ways were observed in a recent review from Colombia that revealed
that As is present in soil sediments, water and in the food chain, exceed-
ing the national and international limits, particularly in mining and ag-
ricultural areas (Alonso et al., 2014).

The US Environmental Protection Agency (USEPA) classifies As as
carcinogenic in group “A” (US Environmental Protection Agency) and
the International Agency on Research on Cancer (IARC) includes it in
group “I” (IARC, 2004). In 1993, the World Health Organization
(WHO) updated the recommendations on the limits in drinking water,
decreasing the guideline value from50 to 10 μg/L (WHO, 2011). At pres-
ent, in Argentina, the threshold is still under discussion. In 2007, a joint
resolution (No. 68 and 196/2007) modified the 982 and 983 articles of
the Argentine Food Code (CAA, Código Alimentario Argentino), decreas-
ing the normative in drinkingwater from 50 to 10 μg/L, and a 5-year pe-
riod to reach it. In 2012, this normative was modified again, indicating
that the adopted value would be determined after the end of an epide-
miological study undertaken by governmental institutions (ANMAT,
2012).

Chronic exposure to As has been associated with a variety of health
problems including several types of cancer (skin, lung, bladder, kidney),
neurological disease, cardiovascular disease, perinatal conditions and
other benign diseases (Smith et al., 1998; Chen et al., 1992;
Hopenhayn-Rich et al., 1996; Brouwer et al., 1992; Rahman et al.,
1999; Bates et al., 2004). Palmoplantar thickening and hyperkeratosis,
increase of skin pigmentation and development of skin, lung and larynx
cancers are the health problems most frequently reported in the litera-
ture (Hopenhayn-Rich et al., 1996; Besuschio et al., 1980). In Argentina,
since the beginning of the 20th century, the set of symptoms and signs
associated with the consumption of water or food contaminated with
As has been denominated chronic endemic regional hydroarsenicism
(HACRE from its Spanish acronym) (Litter, 2010; Ayerza, 1917a,
1917b, 1918; Gerstenfeld et al., 2012). A clinical definition of the condi-
tion can be found in Supplementary material 1. It has been documented
that up to 30% of patients withHACRE in Argentinawill die of skin, liver,
lung, bladder, stomach and pancreas cancer (Padial, 2004). Lower-limb
vascular pathologies, diabetes mellitus, hypertension and reproductive
conditions are also common conditions among exposed subjects
(United Nations Synthesis Report on Arsenic in Drinking Water, 2009;
Mazumder et al., 2000; Biagini, 1996).

In 2006, a comprehensive study was conducted in Argentina where
levels of As in water were reported for each Argentine province with
the available information up to 2005 (National Commission of Health
Research Programs, 2006). Inmany provinces such as Santiago del Estero
and Santa Fe, elevated levels of As in water and food as well as elevated
excretion of As in urine of the population have been reported (Carballo
et al., 2006; Swiecky et al., 2006). Furthermore, several neoplasms
were reported to be at increased frequency in relation to the high con-
centrations detected in the province of Chaco (Hopenhayn-Rich et al.,
1996; Besuschio et al., 1980).

Therefore, it is important to have updated information on As levels
in Argentine waters nationwide and, in particular, in the Buenos Aires
province, where more than one third of the country population lives.
It is also crucial to identify the arsenic abatement techniques available
for future implementation of cost-effective programs for safewater sup-
ply in the exposed areas.

The overall objective of this systematic review (SR) was to examine
the evidence of As concentrations in surface and drinking water aqui-
fers, and its relation to the geographical distribution of disease caused
by arsenic in terms of morbidity, mortality and population risk in
Argentina, especially for the province of Buenos Aires.

2. Methods

A systematic review of the published and gray literature has been
performed. Ameta-analysiswas not possible due to significant heteroge-
neity of populations, study designs and methods. However, by protocol,
we followed theMeta-Analysis of Observational Studies in Epidemiology
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guidelines (Stroup et al., 2000) and the Preferred Reporting Items for
Systematic Reviews and meta-analyses statement (PRISMA statement)
(Liberati et al., 2009; Moher et al., 2009) for reporting SRs and meta-
analyses.

2.1. Search strategy

A systematic search was conducted on the main international and
regional literature databases such as Cochrane CENTRAL, MEDLINE,
EMBASE, LILACS, GeoRef, Library HQ OPS, CAS (Chemical Abstracts
Services), CAB-Abstracts from inception date up to November 2013
using the following search strategy: (Arsenic Poisoning[Mesh]
ORArsenicals[Mesh] ORArsenic[Mesh] OR arsenic*[tiab]) AND (Arsenic
Poisoning[Mesh] OR Arsenicals[Mesh] OR Arsenic[Mesh] OR arse-
nic*[tiab]) AND (Argentina[Mesh] OR Argentin*[tiab] OR
Argentin*[ad]).

In order to identify gray literature, we performed a generic and aca-
demic search on the Internet. Institutional and special reports of the
Ministry and Department of Health of Argentina, databases containing
regional proceedings, annals of related specialties, books and theses
were searched. We also contacted key informants in the province of
Buenos Aires to improve the information. Authors of included studies
were contacted for missing or additional information when necessary.
Additionally, we updated the information from those sources searched
in 2006 by the National Commission of Sanitary Research Programs,
such as the annals of chemistry and hydrogeology congresses, informa-
tion available from the School of Pharmacy and Biochemistry and from
the Chair of Toxicology of the School of Medicine, both of the University
of Buenos Aires, different university laboratories, information from offi-
cial institutions controlling the water quality, population census, and
doctoral theses.

2.2. Inclusion criteria

Studies included were those reporting primary or secondary epide-
miologic data or evaluation of interventions, systematic reviews, ran-
domized or not randomized controlled trials and observational
studies. No restrictions on age or ethnicity were imposed. Health-
related studieswere excluded if they did not refer simultaneously to ar-
senic levels in water and associated diseases. Data was extracted only if
the population under study lived for at least 6 months in the study area
assessed. Articles reporting primary data only on arsenic levels in
groundwater were excluded if the date of the samples was before
2000, if they did not refer to the Province of Buenos Aires, or they dupli-
cated information from another identified study.

2.3. Outcome measures

The outcome measures considered were morbidity and mortality
from cancer and other conditions associated to As. Also, As-related
genotoxicity and As concentration levels in drinking water in the prov-
ince of Buenos Aires from 2000 onwards were reported, in order to up-
date the official report from 2006 (National Commission of Health
Research Programs, 2006).

2.4. Article selection and data abstraction

Pairs of reviewers independently evaluated articles by title and ab-
stract according to pre-specified criteria, assessed the methodological
quality, and abstracted data from full texts. Discrepancies were solved
by consensus of the whole team. Authors of the articles were contacted
when necessary to obtain missing or supplementary information. We
utilized Early Reviewer Organizer Software, aWeb-based software to fa-
cilitate the initial phases (Ciapponi et al., 2011).
2.5. Risk of bias assessment

We used the Cochrane Handbook for Systematic Reviews of Inter-
ventions (Higgins and Green, 2011) and additional criteria developed
by the Cochrane Effective Practice Group and Organization of Care
(EPOC CEPOoCG, 2009) for risk of bias assessment. We evaluated the
following domains: comparability of groups, selection of participants,
conflicts of interest, confounding control, and statistical methods other
than confounding. We valued each domain as “low risk”, “high risk”,
“moderate risk” or “unclear risk.” When the criteria was rated as “un-
clear”, the reviewer assigned attempted to obtain more details by
contacting the study authors.

2.6. Statistical analysis

For dichotomous variables, we planned to estimate relative risks
(RR) with confidence intervals (95% CI) whenever possible. For contin-
uous variables, it was proposed to calculate the mean difference (MD),
alsowith its variability. Someof the percentages reportedwere calculat-
ed from published data.

3. Results

Of the 430 references identified by the search strategy after remov-
ing duplicates, 259were excluded by screening title and abstract. Of the
remaining 171, 124were excluded by full-text assessment and 47 were
finally included (Fig. 1). The characteristics of the included studies are
described in Table 1 (Gerstenfeld et al., 2012; Carballo et al., 2006;
Aballay et al., 2012; Ameer et al., 2014; Auge, 2014; Bartolotta et al.,
2011; Blanco et al., 2012; Bobillo et al., 2014; Bonafina and Ratto,
2009; Cabrera and Gomez, 2003a; Campaña et al., 2014; Concha et al.,
2006; Corey et al., 2005; Engstrom et al., 2009, 2011; Escalante et al.,
2009; Esposito et al., 2011; Ferral et al., 2014; Gonzalez Uriarte et al.,
2002; Guber et al., 2009; Heredia and Fernandez, 2009; Hick and
Carballo, 2005; Matos et al., 2000; Medina et al., 2004; Molina et al.,
2014; Moschione et al., 2014; Navoni et al., 2006, 2012; Olivera et al.,
2006; Olmos et al., 2014; Paoloni et al., 2005, 2009; Peluso et al., 2011,
2012; Pou et al., 2011; Rigacci et al., 2013; Roman et al., 2014; Rosso
et al., 2011, 2013; Schenone et al., 2007; Schlebusch et al., 2013; Soria
et al., 2014; Soria de et al., 2009; Soria de Gonzalez et al., 2011;
Steinmaus et al., 2010; Vazquez et al., 2014; Villagra Cocco et al.,
2014;Ward et al., 2014). RepresentedArgentine provinceswere Buenos
Aires (including the Autonomous City of Buenos Aires, i.e. the Federal
District), Chaco, Córdoba, La Pampa, Salta, Santa Fe, Santiago del Estero
and Tucumán. Regarding the type of identified biological samples, six
studies used blood samples, six oral mucosa swabs, eight urine samples
and one evaluated skin tissue. A total of 37 of these studies analyzed
water samples. Regarding the impact of chronic arsenic exposure on
health, nine studies evaluated dermatologic manifestations, while 13
analyzed the association of exposure levels and the prevalence of differ-
ent As-related cancers. Regarding epidemiological designs, theywere all
observational; 32 were cross-sectional surveys, one was a retrospective
cohort, tenwere ecological studies, three were case–control studies and
one studywas a case series. Because of the high degree of heterogeneity
observed in populations, outcomes, study designs and sampling
methods, meta-analyses could not be performed.

3.1. Methodological quality

Weanalyzed the different risks of bias by the study design. Of the ten
ecological studies included in the SR, the majority was of low risk of re-
verse causality, ecologic fallacy and information bias. However, only half
studies carried low risk of confounding, three studieswere high risk and
two, moderate. The rest of the observational studies were heteroge-
neous regarding the domains analyzed, most carrying low risk for



Fig. 1. Systematic review flowchart.
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conflict of interest and moderate to high risk of selection bias. Detailed
results can be found in Supplementary material 2.

3.2. Arsenic associated to cancer

Studies on the effect of As on the incidence of cancerwere conducted
in Buenos Aires City and in the provinces of Buenos Aires, Córdoba, and
La Pampa, using a variety of epidemiological methods. They weremost-
ly of ecological design. The type of cancer studied were stomach, liver,
breast, skin, prostate, lungs, colon, cervix uteri and endometrium. The
most commonly assessed outcomeswere incidence andmortality relat-
ed to As exposure. Some of the articles stratified the results by gender
(Table 2).

3.3. Arsenic associated to genetic changes

Table 3 shows the results of four studies relating arsenic exposure to
genetic changes. The studieswere conducted in Buenos Aires City and in
the provinces of Buenos Aires, Santiago del Estero, Salta and Chaco. The
samples were collected from oral mucosa swabs and blood, and the re-
ported genetic outcomes were the percentage of micronuclei found in
oral mucosa samples, the relationship between the presence of poly-
morphisms As3MT and urinary arsenic metabolite (III), the mitotic
rate, the presence of micronuclei and other markers of genetic damage
in oral mucosa by level of exposure to arsenic. Studies also showed
the frequency of protective haplotype CTA AS3MT and T860C polymor-
phism (Table 3). The association of As to urinary metabolite levels and
the development of polymorphisms were reported in many studies
(See Supplementary material 3).

3.4. Arsenic associated to skin pathologies

Regarding studies about arsenic-related skin pathologies, several
studies were found and the associations found are shown in Table 4.
One study described the high prevalence of skin cancer in 23 patients
with chronic arsenic poisoning who attended a hospital in the province
of Buenos Aires (Cabrera and Gomez, 2003b). Another study in
Tucuman showed the prevalence of HACRE in subjects consuming
drinking water with As levels that exceeded the threshold of 10 and
50 μg/L (Gerstenfeld et al., 2012). Four studies also published research
in Tucumán on the prevalence of dermatological signs of As poisoning
in subjects exposed and unexposed to arsenical waters (Escalante
et al., 2009; Guber et al., 2009; Soria et al., 2014; Soria de et al., 2009).

Other studies identified several health outcomes thatweremore dif-
ficult to group, such as: differences in homocysteine levels, plasma he-
moglobin and blood pressure in patients exposed and unexposed to
As, the difference in specific types of disease in patients with gingival
HACRE versus control patients, the correlation between values of As in
saliva and hair, relative risk of hypertension in exposed andnot exposed
subjects and neurological manifestations and changes in the EEG pat-
terns. All these results are shown in Supplementary material 4.

3.5. Arsenic levels in water

Although it was not the primary focus of this review, Table 5 com-
piles data of As concentrations both in well water and network sources,
from those articles fulfilling the inclusion criteria. Most of the samples
were taken from surface waters. The content of As in the samples was
determined mostly by atomic absorption spectroscopy (AAS) or induc-
tively coupled plasma (ICP), alone or combined with other methods.
The included studies showed that a high percentage of the samples pre-
sented As concentrations above theWHO threshold value of 10 μg/L, es-
pecially in the province of Buenos Aires. The median percentage of
samples above the cut-off point value was 87%, ranging from 21% to
100% of the total sample reported in the studies (Table 5). Additionally,
Fig. 2 shows the As content in water samples from public network and
wells in Buenos Aires, as assessed by the School of Pharmacy and Bio-
chemistry of the University of Buenos Aires.

4. Discussion

There are several good quality primary studies and reviews related
to As distribution in water in Argentina (Farias et al., 2003; Nicolli
et al., 2010, 2012; Smedley et al., 2002, 2005; Bundschuh et al., 2004).
The present work, based on an exhaustive bibliographic search, focused
on those studies related to health-related outcomes. It identified 47 rel-
evant studies, predominantly cross-sectional ones, of moderate to good
methodological quality.

While it is true that reducing arsenic exposure may decrease health
risks, elevated rates of cancer may persist for many years after high-



Table 1
General characteristics of the main studies identified in the review.

Study reference Province As in
water

As and health
outcomes

Year of sample collection Population
(N)

Type of data Samples
water (n)

Biological
samples (n)

Age Gender Type of study

Aballay et al. (2012) Cordoba Yes Yes 2004 0 Secondary
data

0 0 General
population

Both Ecological study

Ameer et al. (2014) Salta No Yes 2008/2011 244 Primary data 0 488 15–64 Female Cross-sectional
Auge (2014) Buenos Aires Yes No N/A N/A Primary data 640 0 N/A N/A Ecological study
Bartolotta et al.
(2010)

Buenos
Aires/CABA/Santiago del
Estero

Yes Yes 2007 59 Primary data 59 59 General
population

Both Cross-sectional

Blanco et al. (2012) Buenos Aires Yes No N/A N/A Primary data 111 0 N/A N/A Cross-sectional
Bobillo et al. (2014) Santiago del Estero/Chaco Yes Yes N/A 70 Primary data 70 140 0–14 Both Cross-sectional
Bonafina and Ratto,
(2009)

Buenos Aires Yes No 1970/2006 N/A Secondary
data

0 0 N/A N/A Cross-sectional

Cabrera and Gomez,
(2003)

Buenos Aires No Yes 1988–1998 23 Primary data 0 0 15–64 Both Clinical series

Campaña et al.
(2014)

Buenos Aires Yes No 2012–2013 N/A Primary data 56 0 N/A N/A Ecological study

Carballo et al. (2006) Córdoba Yes Yes 2005 84 Both 20 84 N/A Cross-sectional
Concha et al. (2006) Salta Yes Yes 1994–2004 153 Primary data 31 137 N/A Female Cross-sectional
Corey et al. (2005) Santa Fe Yes Yes 1999 Variable Both 196 0 15–64 Cross-sectional and

ecological
Engstrom et al.
(2009)

Salta No Yes 2004–2005 104 Primary data 0 208 15–64 Female Cross-sectional

Engstrom et al.
(2011)

Salta No Yes 2008 172 Primary data 0 344 15–64 Female Cross-sectional

Escalante et al.
(2009)

Tucumán Yes Yes 2008–2009 71 Primary data 71 0 N/A Cross-sectional

Esposito et al. (2011) Buenos Aires Yes No 2008 N/A Primary data 37 0 N/A N/A Cross-sectional
Ferral et al. (2014) Buenos Aires Yes No N/A N/A Primary data 18 18 N/A N/A Ecological study
Gerstenfeld et al.
(2012)

Tucumán Yes Yes 2008 119 Primary data 20 119 15–64 Cross-sectional

Gonzalez Uriarte
et al. (2002)

Buenos Aires Yes No N/A N/A Primary data 20 0 N/A N/A Cross-sectional

Guber et al. (2009) Tucumán Yes Yes N/A 122 Primary data 235 0 15–64 Cross-sectional
Heredia and
Fernandez, (2009)

Buenos Aires Yes No 2004 N/A Primary data 43 0 N/A N/A Cross-sectional

Hick and Carballo,
(2005)

Santiago del Estero/Santa
Fe

No Yes 2005 50 Primary data 0 100 15–64 Cross-sectional

Matos et al. (2000) Buenos Aires/CABA No Yes 1994–1996 199 Primary data 0 0 15–64 Male Case control
Medina et al. (2004) Chaco Yes Yes 2001–2002 40 Both 0 80 15–64 Both Case control
Molina et al. (2014) La Pampa Yes Yes 2003–2007 0 Both N/A 0 General

population
Both Ecological study

Moschione et al.
(2014)

Buenos Aires Yes No 2013 N/A Primary data 33 0 N/A N/A Cross-sectional

Navoni et al. (2006) Santiago del Estero No Yes N/A 14 Both 0 79 0–14 Both Cross-sectional
Navoni et al. (2012) Buenos Aires Yes Yes 2003–2008 0 Both 152 0 15–64 Both Ecological study
Olivera et al. (2006) Santiago del Estero Yes Yes 2005 66 Primary data 64 66 General

population
Both Cross-sectional

Olmos et al. (2014) Santiago del Estero/Chaco Yes Yes N/A 120 Primary data 120 240 General
population

Both Cross-sectional

Paoloni et al. (2005) Buenos Aires Yes No N/A N/A Primary data 104 0 N/A N/A Cross-sectional
Paoloni et al. (2009) Buenos Aires Yes No 2007 N/A Primary data 81 0 N/A N/A Cross-sectional
Peluso et al. (2012) Buenos Aires Yes Yes 2005–2007 0 Primary

data/Modelo
12 0 All ages Ecological study

Peluso et al. (2014) Buenos Aires Yes Yes 2008–2010 0 Primary
data/Modelo

90 0 All ages Ecological study

Pou et al. (2011) Córdoba No Yes 1986–2006 0 Secondary 0 0 15–64 Both Ecological study
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data
Rigacci et al. (2013) Buenos Aires Yes No 2009–2010 N/A Primary data 36 0 N/A N/A Ecological study
Roman Córdoba No Yes 2008–2013 426 Primary data 0 426 61–79 Both Case–control
Rosso et al. (2011) Buenos Aires Yes No 2009 N/A Primary data 39 0 N/A N/A Cross-sectional
Rosso et al. (2013) Buenos Aires Yes No 2008–2009 N/A Primary data 20 0 N/A N/A Cross-sectional
Schenone et al.
(2007)

Buenos Aires Yes No 2004/2005 N/A Primary data 19 0 N/A N/A Cross-sectional

Schlebusch et al.
(2013)

Salta No Yes 1994/1996–1997/2004–2005/2008 346 Primary data 0 346 15–64 96%
Female

Cross-sectional

Soria et al. (2014) Tucuman Yes Yes N/A 395 Primary data 395 0 15–64 Cross-sectional
Soria de Gonzalez et al.
(2009)

Tucuman Yes Yes N/A 115 Primary data 115 115 15–64 Cross-sectional

Soria de Gonzalez
et al. (2011)

Tucuman Yes Yes 2005–2009 161 Primary data 161 161 15–64 Cross-sectional

Steinmaus et al.
(2010)

Cordoba No Yes 2000–2006 250 Primary data 0 250 15–64 Case control study

Vazquez et al. (2014) Buenos Aires Yes No N/A 18 Primary data 12 18 N/A Cross-sectional
Villagra Cocco et al.
(2014)

Cordoba Yes Yes N/A 154 Primary data 32 0 15–64 Both Cross-sectional

Ward et al. (2014) Buenos Aires Yes No 2005–2013 N/A Primary data 62 0 N/A N/A Cross-sectional
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Table 2
Effect of Arsenic in drinking water and cancer frequency, by type of cancer and gender.

Cancer (organ affected) Gender Outcome measure Estimates (p value) Study (reference)

Colon Female Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.07 (p N 0.77) Molina et al. (2014)
Colon Male Spearman correlation between Ca Incidence and iAs concentration in drinking water −0.29 (p N 0.26) Molina et al. (2014)
Colon Female IRR with 1 mg/L increased in iAs concentration 12.21 (5.72–26.07) Aballay et al. (2012)
Colon Male IRR with 1 mg/L increased in iAs concentration 0.03 (0.02–0.06) Aballay et al. (2012)
Cervix uteri Female Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.30 (p N 0.25) Molina et al. (2014)
Endometrium Female Spearman correlation between Ca Incidence and iAs concentration in drinking water −0.17 (p N 0.52) Molina et al. (2014)
Stomach Female Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg

compared to lower than 50 mcg)
1.13 (0.9–1.43) Corey et al. (2005)

Stomach Male Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.08 (0.92–1.28) Corey et al. (2005)

Stomach Male Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.05 (p N 0.84) Molina et al. (2014)
Stomach Both Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg

compared to lower than 50 mcg)
1 (0.96–1.26) Corey et al. (2005)

Liver Both Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.38 (1.17–1.63) Corey et al. (2005)

Liver Female Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.33 (1.04–1.71) Corey et al. (2005)

Liver Male Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.42 (1.14–1.6) Corey et al. (2005)

Breast Female Spearman correlation between Ca Incidence and iAs concentration in drinking water −0.32 (p N 0.22) Molina et al. (2014)
Breast Female IRR with 1 mg/L increased in iAs concentration 1.09 (0.74–1.6) Aballay et al. (2012)
Skin Both Skin Cancer Prevalence (%) in patients with chronic Arsenic exposure attended in a

general hospital
88% Cabrera

Skin Both Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.89 (1.15–3.09) Corey et al. (2005)

Skin Female Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

2.46 (1.06–5.72) Corey et al. (2005)

Skin Male Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.64 (0.89–1.64) Corey et al. (2005)

Skin Female Mortality rates ratio from skin cancer in medium/high Arsenic concentration regions
with worse SE conditions compared to low Arsenic concentration regions

3.9 (2.9–5.2) Navoni et al. (2012)

Skin Male Mortality Rate Ratio of skin cancer in medium/high Arsenic concentration regions
with worse SE conditions compared to low Arsenic concentration regions

3.1 (2.5–3.9) Navoni et al. (2012)

Prostate Male Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.19 (p N 0.46) Molina et al. (2014)
Prostate Male IRR with 1 mg/L increased in iAs concentration 0.05 (0.03–0.08) Aballay et al. (2012)
Prostate Male OR adjusted prostate cancer in individuals exposed to arsenic drinking water

(iAs upper than 10 mcg/L)
3.55 (1.59–7.94) Roman et al. (2014)

Lungs Male Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.01 (p N 0.96) Molina et al. (2014)
Lungs Female IRR with 1 mg/L increased in iAs concentration 56.03 (24.08–130.4) Aballay et al. (2012)
Lungs Male IRR with 1 mg/L increased in iAs concentration 9.61 (6.59–14) Aballay et al. (2012)
Lungs Male Mean OR lung cancer in individuals exposed to iAs 1.5 (0.6–3.5) Matos et al. (2000)
Lungs Both Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg

compared to lower than 50 mcg)
0.99 (0.92–1.06) Corey et al. (2005)

Lungs Female Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1 (0.82–1.21) Corey et al. (2005)

Lungs Male Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

0.98 (0.91–1.07) Corey et al. (2005)

Lungs Female Mortality Rate Ratio of skin cancer in medium/high Arsenic concentration regions
with worse SE conditions compared to low Arsenic concentration regions

3.2 (2.9–3.5) Navoni et al. (2012)

Lungs Male Mortality Rate Ratio of skin cancer in medium/high Arsenic concentration regions
with worse SE conditions compared to low Arsenic concentration regions

3 (2.8–3.1) Navoni et al. (2012)

Colon Female Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.07 (p N 0.77) Molina et al. (2014)
Colon Male Spearman correlation between Ca Incidence and iAs concentration in drinking water −0.29 (p N 0.26) Molina et al. (2014)
Colon Female IRR with 1 mg/L increased in iAs concentration 12.21 (5.72–26.07) Aballay et al. (2012)
Colon Male IRR with 1 mg/L increased in iAs concentration 0.03 (0.02–0.06) Aballay et al. (2012)
Cervix Female Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.30 (p N 0.25) Molina et al. (2014)
Endometrium Female Spearman correlation between Ca Incidence and iAs concentration in drinking water −0.17 (p N 0.52) Molina et al. (2014)
Stomach Female Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg

compared to lower than 50 mcg)
1.13 (0.9–1.43) Corey et al. (2005)

Stomach Male Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.08 (0.92–1.28) Corey et al. (2005)

Stomach Male Spearman correlation between Ca Incidence and iAs concentration in drinking water 0.05 (p N 0.84) Molina et al. (2014)
Stomach Both Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg

compared to lower than 50 mcg)
1 (0.96–1.26) Corey et al. (2005)

Liver Both Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.38 (1.17–1.63) Corey et al. (2005)

Liver Female Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.33 (1.04–1.71) Corey et al. (2005)

Liver Male Mortality Rate Ratio (individuals exposed at iAs concentration upper than 50 mcg
compared to lower than 50 mcg)

1.42 (1.14–1.6) Corey et al. (2005)

Breast Female Spearman correlation between Ca Incidence and iAs concentration in drinking water −0.32 (p N 0.22) Molina et al. (2014)
Breast Female IRR with 1 mg/L increased in iAs concentration 1.09 (0.74–1.60) Aballay et al. (2012)

IRR: Incidence Rate Ratio; OR: Odds Ratio, RR: Risk Ratio; Ca: Cancer, M: Male; F: Female SEC: Socio Economic Conditions.
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Table 3
Genetic outcomes assessed in studies in Argentina (2000–2012).

Outcome Location Exposure to As
(cut off N50 ppb)

Point estimates
(% or index)

p Value Study reference

Micronuclei in buccal cells Navarro, Buenos Aires Yes 0.27% p = 0.0002 Bartolotta et al. (2010)
Micronuclei in buccal cells Buenos Aires (capital) No 0.15% Bartolotta et al. (2010)
Micronuclei in buccal cells La Firmeza, Santos Lugares, Santiago del Estero Yes 2.15% p = 0.0005 Bartolotta et al. (2010)
Micronuclei in buccal cells Monte Quemado, Urutaú, Santiago del Estero No 0.94% Bartolotta et al. (2010)
DNA damage County of Copo/Urutaú, Monte Quemado,

Santos, Lugares, Venado Solo y La Firmeza
(Santiago del Estero)

Yes 32.79% p b 0.001 Navoni et al. (2006)

DNA damage County of Copo/Urutaú, Monte Quemado,
Santos, Lugares, Venado Solo y La Firmeza

No 9.77% Navoni et al. (2006)

Haplotype protective CTA AS3MT San Antonio de los Cobres (Salta) ⁎⁎⁎ 68.7% p = 0.00002 Schlebusch et al. (2013)
Haplotype protective CTA AS3MT Rosario de Lerma/J.V. González/Taco Pozo ⁎⁎⁎ 36.7% Schlebusch et al. (2013)
Mitotic indexa Firmeza y Santos Lugares (Santiago del Estero) Yes 4.18⁎ p = 0.01 Hick and Carballo (2005)
Sister chromatid exchangeb 8.33% p b 0.001
Replication indexc 2.15
Micronuclei in buccal cells 15.46%⁎

Damage index 148.5
Mitotic index Urutaú (Santiago del Estero) No 5.01 Hick and Carballo, (2005)
Sister chromatid exchange 8.04%
Replication index 2.13
Micronuclei in buccal cells 12.75%
Damage index 144.11
Mitotic index Providencia (Santiago del Estero) Yes 4.92 Hick and Carballo, (2005)
Sister chromatid exchange 6.23%
Replication index 2.15
Mitotic index Providencia (Santiago del Estero) No 4.84 Hick and Carballo, (2005)
Sister chromatid exchange 6.37%
Replication index 1.98

a Mitotic index: Number of cells division (metaphase) in relation to the number of cells stimulated.
b Number of genetic material exchanges during metaphase process in fifty metaphases of second division in each individual.
c Cell count in each mitotic division after analyzing 100 consecutive metaphases.
⁎ Statistically significant.

⁎⁎⁎ N/A (information not available)
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dose exposure (Steinmaus et al., 2013). The severity and degree of dis-
ease is very dependent on several factors such as the levels of As in
drinking water, the local climate, the duration of exposure, the age
and the body weight. Few papers have attempted to define dose–
response relationships between As exposure through drinking water
and chronic toxicity because of the difficulty to determine a precise es-
timation of individual exposure. Themost desirable indexes for evaluat-
ing As exposure for a long period may be obtained considering
biomarkers and exposure durations in each period (Yoshida et al.,
2004). A recent review suggests the existence of a dose–response
Table 4
Frequency of skin conditions by gender in subjects chronically exposed to arsenic in water (N5

Outcome Estimates Province City

Proportion of Skin lesions (%) 58.00 Tucumán Santa
12.4 Tucumán Leales
39.4 Tucumán Grane
38.4 Tucumán Count
9.00 Tucumán Count

26.45 Tucumán Leales
Prevalence (%) of skin cancer in
patients with chronic arsenicism

88.00 Patients came from endemic
areas attending in hospital

Endem

Prevalence of HACRE (%) 2.86 Santa Fe Carcar
0.00 Santa Fe Angél
2.58 Santa Fe Elorto
2.15 Santa Fe Progre
2.78 Santa Fe San Je
2.46 Santa Fe Villa C
4.17 Santa Fe Cente
2.5 Santa Fe Chaña
5.66 Santa Fe Murph
1.47 Santa Fe Cañad
0.00 Santa Fe Logroñ
2.6 Tucumán Villa B
relationship for cancer in subjects exposed to sufficient dose and dura-
tion (Cohen et al., 2013). Ecological studies of cancer mortality in a
large population in Taiwan exposed to high arsenic levels in well waters
have been the focus of dose–response assessments of arsenic cancer risk
by the USA (Chen et al., 1992; Wu et al., 1989; Tseng et al., 1968; Tseng,
1977).

Regarding the As levels in water and their relationship with health
outcomes, our findings are consistent with the evidence existing in
the Latin American region; epidemiological studies found that arsenic
exposure in the early life is strongly associated with an increased
0 ppb).

N subjects Water samples (n) Study reference

Rosa de Leales 36 36 Escalante et al. (2009)
89 140 Guber et al. (2009)

ros 33 95 Guber et al. (2009)
y Graneros 188 188 Soria et al. (2014)
y Graneros 207 207 Soria et al. (2014)
y Graneros 115 115 Soria de Gonzalez et al. (2009)
ic areas 23 0 Cabrera and Gomez, (2003)

añá 35 0 Corey et al. (2005)
ica 32 0 Corey et al. (2005)
ndo 155 0 Corey et al. (2005)
so 93 0 Corey et al. (2005)
naro Norte 144 0 Corey et al. (2005)
añás 285 0 Corey et al. (2005)
no 48 0 Corey et al. (2005)
r Ladeado 120 0 Corey et al. (2005)
y 53 0 Corey et al. (2005)
a Rosquín 136 0 Corey et al. (2005)
o 22 0 Corey et al. (2005)
elgrano 119 20 Gerstenfeld et al. (2012)



Table 5
Studies identified that reported on As concentration in water samples of different locations of Argentina.

Study reference Water samples

Year of
publication

Province County/city/region Area Total
number

Well
water

Public
water

Others No
data

Depths
(mts)

Method of
as analysis

As
(mcg/L)

Estimate % N 10
mcg/L

% N 50
mcg/L

Aballay et al.
(2012)

2004 Córdoba 70% of the population lived in Córdoba
city

Rural N/A N/A N/A N/A N/A N/A N/A 90 N/A

Auge (2014) N/A Buenos Aires Rural
and
urban

640 ? ? ? 640 N/A N/A 87

Bartolotta et al.
(2010)

2007 Buenos Aires/CABA/
Santiago del Estero

Monte Quemado, Urutaú, La Firmeza,
Santos Lugares, Navarro, CABA

Rural
and
urban

59 18 41 0 0 N/A N/A 4.4–401 Mean

Blanco et al.
(2012)

N/A Buenos Aires Cnel. Dorrego Rural
and
urban

111 111 0 0 0 N/A HG–ICP–OES 0–500 Range 95 68

Bobillo et al.
(2014)

N/A Santiago del
Estero/Chaco

Paraje El Puesto, Sta. Teresa de
Carballo/San Telmo

Rural 70 70 0 0 0 N/A FI–HG–AAS N/A N/A 100 N/A

Bonafina and
Ratto, (2009)

1970–2006 Buenos Aires Bolívar, Cnel. Dorrego, Gral. Lamadrid,
Gral. Villegas, 9 de Julio, C. Casares, Junín,
Pehuajo, Guamini, Puan, Suipacha

Rural
and
urban

N/A N/A N/A N/A N/A N/A N/A 2–800 Range N/A N/A

Campaña et al.
(2014)

2012–2013 Buenos Aires Bahía blanca y Cnel. Rosales Rural
and
urban

56 ? ? ? 56 5–40 ICP 15–267 Range 100 84

Carballo et al.
(2006)

2005 Córdoba N/A 20 20 0 0 0 N/A ICP/atomic absorption 58.17 Mean 97.5 42

Concha et al.
(2006)

1994–2004 Salta San Antonio de los Cobres Rural
and
urban

31 ? ? ? 31 N/A HG–AAS 189 Mean N/A N/A

Corey et al.
(2005)

1999 Santa Fe Rural
and
urban

196 0 196 0 0 N/A N50 Median

Escalante et al.
(2009)

2008–2009 Tucumán Leales Rural
and
urban

71 71 0 0 0 125–150 Spectrophotometric
method

7–15 51 N/A

Esposito et al.
(2011)

2008 Buenos Aires Bahía Blanca y Punta Alta Rural 37 ? ? ? 37 N/A ICP–AES 0–114 Range 97.3 N/A

Ferral et al.
(2014)

N/A CABA Mataderos Neighborhood Urban 18 18 0 0 0 120 Atomic absorption 180–250 Range 40 0

Gerstenfeld et al.
(2012)

2008 Tucumán Villa Belgrano Urban 20 20 0 0 0 0.011–0.089 Atomic absorption N/A 100 30

Gonzalez Uriarte
et al. (2002)

N/A Buenos Aires Puan Rural
and
urban

20 ? ? ? 20 0–50 N/A N/A 40 40

Guber et al.
(2009)

N/A Tucumán Leales y Graneros Rural 235 235 0 0 0 N/A Gutzei method N/A 78 N/A

Heredia and
Fernandez,
(2009)

2004 Buenos Aires Escobar — Acuífero Pampeano Rural
and
urban

43 43 0 0 0 Surface
water

ICP–OES 24.79 Mean N/A N/A

Medina et al.
(2004)

2001–2002 Chaco Presidencia Roque Sáenz Peña, Santa
Sylvina, Villa Berthet, Charata, Gancedo y
Chorotis,

Rural
and
urban

N/A N/A N/A N/A N/A Ground
water

N/A 1000 Mean N/A N/A

Molina et al.
(2014)

2003–2007 La Pampa Atreucó/Maracó/
Rancul/Chapaleufú/La Pampa
Capital/Conhelo/Realicó/
Utracán/Caleu Caleu/Catriló
/Guatraché/Hucal/Toay/Trenel/
Loventué/Quemú

Rural
and
urban

N/A N/A N/A N/A N/A N/A 35–390 N/A N/A
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Moschione et al.
(2014)

2013 Buenos Aires Trenque Lauquen Rural
and
urban

33 33 0 0 0 N/A Atomic absorption 7 Mean 34 0

Navoni et al.
(2012)

2003–2008 Buenos Aires 52 cities Rural
and
urban

152 53 75 8 16 N/A Atomic absorption 40.1 Mean 82 40

Olivera et al.
(2006)

2005 Santiago del Estero Copo Rural
and
urban

64 ? ? ? 64 300–350 m ICP/Atomic absorption 10–926 Range 46.88 31.25

Olmos et al.
(2014)

N/A Santiago del
Estero/Chaco

Urban 120 ? ? ? 120 N/A HG–AAS 13–1147 Range

Paoloni et al.
(2005)

N/A Buenos Aires Coronel Dorrego Rural 104 104 0 0 0 N/A CVAAS 0–500 Range 83.5 56.3

Paoloni et al.
(2009)

2007 Buenos Aires Bahía Blanca Rural
and
urban

81 ? ? ? 81 1.2–55.8 m HG–ICP–OES 0–300 Range 97 N/A

Peluso et al.
(2012)

2005–2007 Buenos Aires Azul Urban 12 0 0 12 0 30 cm Atomic absorption 28 Mean N/A N/A

Peluso et al.
(2014)

2008–2010 Buenos Aires Tres Arroyos Rural
and
urban

90 0 0 90 0 Surface
water

Atomic absorption 72.8 Mean N/A N/A

Rigacci et al.
(2013)

2009–2010 Buenos Aires Rio Reconquista Rural
and
urban

36 0 0 36 0 N/A Atomic absoption N/A N/A N/A

Rosso et al.
(2011)

2009 Buenos Aires Rural
and
urban

39 ? ? ? 39 0.5 m ICP 113.69 Mean 59 59

Rosso et al.
(2013)

2008–2009 Buenos Aires Rio Salado, Rio Quequen Salado,
Rio Sauce Grande

Rural
and
urban

20 ? ? ? 20 N/A ICP 125.95 Mean 100 100

Schenone et al.
(2007)

2004–2005 Buenos Aires Bahía de Samborombón Rural
and
urban

19 ? ? ? 19 N/A ICP–OES N/A 5

Soria et al.
(2014)

N/A Tucumán Graneros Rural 395 395 0 0 0 N/A Gutzei method Variable

Soria de Gonzalez
et al. (2009)

N/A Tucumán Leales y Graneros Rural 115 115 0 0 0 N/A Spectrophotometric
method (Vasak-Sedivek)

120–160 Range 100 N/A

Soria de Gonzalez
et al. (2011)

2005–2009 Tucumán Graneros Rural 161 161 0 0 0 N/A Gutzei method 0–820 Range 21.1 N/A

Vazquez et al.
(2014)

N/A Buenos Aires La Matanza (barrio Los Alamos) Urban 12 12 0 0 0 N/A others 100 N/A

Villagra Cocco
et al. (2014)

N/A Córdoba Río Cuarto (Chajan) Rural 32 32 0 0 0 N/A 500 Mean N/A N/A

Ward et al.
(2014)

2005–2013 13 Provinces
(reported only BA
data)

Rural
and
urban

62 62 0 0 0 Ground
water

ICP 6.5–191 Range N/A N/A
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Fig. 2. Arsenic content in water samples from public network and wells in Buenos Aires.
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mortality frombladder cancer, laryngeal cancer, liver cancer, and chron-
ic renal disease in adults (Hopenhayn-Rich et al., 2000), and perinatal
arsenic exposures were associated with increases in late fetal, neonatal,
and postneonatal mortality (Smith et al., 2012).
The health risk assessments of As in Argentina, like in many other
countries, focus on cancer (Tsuji et al., 2014). In our study, the inci-
dence rate ratio (IRR) of colorectal cancer with every 100 μg/L incre-
ment in inorganic As (iAs) concentration was 0.03 (95% CI 0.02–
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0.06) in men and 12.21 (5.72–26.07) in women, who also showed a
higher IRR for lung cancer, being the estimates 9.61 (6.59–14) and
56.03 (24.08–130.4) for males and females, respectively. The esti-
mate for breast cancer was 1.09 (0.74–1.6) and for prostate cancer
0.05 (0.03–0.08). The mortality rate ratio (MRR) due to skin cancer
was 1.64 (0.89–1.64) and 2.46 (1.06–5.72) for males and females, re-
spectively. This effect on MRR was consistent when the comparison
was made between regions with medium/high As concentration
and those with low As concentration for both genders, at least for
liver and skin cancer. Central estimations are potentially important
for mortality outcomes and should be confirmed by studies with
the proper statistical power.

Arsenic poisoning from drinking As-contaminated underground
water was often triggered by the introduction of deep tube-pump
wells to replace surface water usage in many areas in Bangladesh
or China at late 1970s. Only after three decades, As contamination
of groundwater in Bangladesh has been reported as the biggest arse-
nic catastrophe in the world since more than 50% of the total popula-
tion is estimated to be at risk of contamination (Khan et al., 2003).
The time of exposure is relatively short in terms of cancer; only re-
cently small numbers of skin cancer cases started to appear in
Bangladesh (Smith et al., 2000). It appears that skin is very sensitive
to As, and As-induced skin lesions, as dyspigmentation and hyper-
keratosis, are the earliest nonmalignant health effects related to
chronic As exposure. Yoshida et al. found an increase in the preva-
lence of skin lesions even at 5–10 μg/L in the drinking water, a
lower level than the drinking water quality standard of WHO
(Yoshida et al., 2004).

Cancers of the lung and urinary bladder appear to be the most com-
mon ones in chronic As exposed populations, and showed relatively
high mortality rates even at relatively low As exposure levels. Wu
et al. evaluated the mortality rates among malignancies of skin, lung,
bladder, and kidney in Taiwan. The highest OR of skin cancer was 5.31
for male or 12.01 for female in the group exposed over 600 μg/L of
drinking water against 290 μg/L group (Wu et al., 1989). Tseng et al.
also observed a dose-dependent correlation between skin cancer and
As level in Taiwan (Tseng et al., 1968). A meta-analysis of cohort and
case–control epidemiologic studies that examined low-level arsenic ex-
posure and bladder cancer risk showed a summary relative risk of 1.11
(95%CI 0.95–1.30) (Mink et al., 2008). However, another review pre-
dicted that lifetime exposure to arsenic in drinking water at 10 μg/L
would result in a bladder cancer risk of about 2 in 1000 (NRC, 2001).
Therefore, the effect of low-level arsenic exposure remains uncertain
for bladder cancer.

Regarding the evidence of genetic changes associated to As expo-
sure, the association of urinary metabolite levels and the development
of nuclear polymorphisms was explored in four studies. The median
percentage of micronuclei found in oral mucosa of samples pertaining
to exposed subjects was 0.61%, the median mitotic Index was 4.88, the
DNA damage ranged from 10 to 33% and the frequency of protective
haplotype CTA AS3MT polymorphism ranged from37 to 69%. A growing
body of evidence indicates that As carcinogenicity results from epige-
netic changes, particularly in DNA methylation (Reichard and Puga,
2010). Two single nucleotide polymorphisms (SNPs), AS3MT 12390
(rs3740393) and 14458 (rs11191439) were consistently related to ar-
senic methylation in different populations. Thus, these SNPs may be
useful indicators to predict the arsenic metabolism via methylation
pathways (Agusa et al., 2011). InAntofagasta, Chile, the cancermortality
rate for As-associated cancers might be at least partly related
to differences in As biotransformation. Genetic biomarkers
such as 2A and GSTM1 polymorphisms in addition to DR70 as
screening biomarkers might provide relevant information to
identify individuals with a high risk for lung cancer (Adonis
et al., 2005).

A study in Latin America showed that chromosomal aberrations
were more frequent in an As highly exposed Mexican population
(Ostrosky-Wegman et al., 1991). Genotoxic effects were also observed
through evaluation of micronucleus induction in cases of both environ-
mental and occupational exposure in studies from Chile (Paiva et al.,
2008;Martinez et al., 2004) and fromMexico (Andrewet al., 2006). Sev-
eral authors showed the As-related DNA damage specifically in the
bladder, observed in micronuclei of exfoliated cells (McClintock et al.,
2012).

Arsenical skin lesions serve as an indicator of persistent As exposure.
They were reported to occur from exposure to concentrations as low as
10 μg/L in prospective cohort studies (Argos et al., 2011). The median
frequency of skin lesions in subjects chronically exposed to As was
shown to be 32.43% in the province of Tucumán in 2009–2014. In anoth-
er study done in 2005, the median prevalence of HACRE syndrome in
the Santa Fe province was 2.52%. The proportion of skin cancer in pa-
tients with arsenicosis reached levels as high as 88% in a case series
from the province of Buenos Aires (Cabrera and Gomez, 2003c). A
clear dose–response relationship with skin cancer was found when ex-
posure was measured by way of urinary concentration of monomethyl
arsenic (MMA), a metabolic intermediate of arsenic (Council
NCoIABoESaTDoEaLSNR, 2014). The mutagenicity was observed not
only with MMA but also with dimethylarsinous acid (DMA) (Klein
et al., 2007).

In Argentina the highest As contents in groundwater were found in
the Chaco–Pampean Plain (provinces of Buenos Aires and La Pampa),
in the Northwest and Cuyo region (provinces of Mendoza, San Juan
and San Luis), although the Patagonia region needs to be studied with
higher detail. The Chaco–Pampean Plain is the most populated geo-
graphical region of Argentina, covering more than one million km2.
Risk areas have been identified in the north of the province of La
Pampa, south and southeast of the provinces of Córdoba, in specific lo-
calities of the provinces of Buenos Aires, Santa Fe, Santiago del Estero,
Chaco and Salta, and in the east of Tucumán (Figueiredo et al., 2010).
In particular, in Buenos Aires, the Pampean aquifer— the largest source
of groundwater of the whole region — presents As levels between 100
and 300 μg/L in the Atlantic coast. Fortunately, the northern, the most
populated part of the Province, is supplied by the Puelche aquifer,
with As levels less than 10 μg/L. Data from the CETOX laboratory
(Faculty of Pharmacy and Biochemistry UoBA, 2012), which updated
the national CONAPRIS study (Swiecky et al., 2006), showed that
around 87% of the total area of the Buenos Aires province
(307,000 km2) has groundwater with As concentrations above
50 μg/L, and more than 90% above 10 μg/L. Fortunately, only 9% of the
total population of the province lives in these areas, but still affecting
a huge number of persons (1.37million). These results are in agreement
with those obtained in another study (González et al., 2005) indicating
that the inhabitants of 31 cities of the province of Buenos Aires consume
water with high As levels (around 200 μg/L). The cities with the highest
identified As levels in water were Junín, Baradero and Tornquist. With
the 10 μg/L limit, most of the territory with groundwater supply
would be unfit for domestic use in the Buenos Aires province. A recent
report (Auge, 2014) showed results of 640 groundwater samples from
74 departments and 159 cities of the Buenos Aires province supplied
by the Pampeano aquifer, and the dunes of the Atlantic coast. A remark-
able predominance of concentrations exceeding 50 μg/L was observed
particularly in the north of the province, e.g., in the localities of
Suipacha, 9 de Julio and Chacabuco.

In the province of Buenos Aires the studies documenting As removal
are scarce. The implementation of removal facilities using coagulation–
adsorption as a centralized system, the use of the same system in house-
holds, the use of commercial adsorbents in the points of use (POU) and
reverse osmosis plants at different locations in the province such as
Suipacha, were the only identified methods. The University of Rosario
has patented a process based on coagulation–coprecipitation–adsorp-
tion. Removal plants based on this technique have been implemented
particularly in Lezama, province of Buenos Aires (Ingallinella and
Fernández, 2010).
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In 2009, the National Institute of Industrial Technology of Argentina
(INTI) developed an intervention model for the abatement of As in
drinking water to provide solutions for communities supplied by public
water networks and private wells. The equipment is based on an opti-
mized coagulation/filtration technology with a previous oxidation
step, which does not need electric supply. This system was applied in
the province of Chaco and in the groundwater of the town of Lobos,
province of Buenos Aires (INTI-Química, 2009; Frangie et al., 2014). An-
other experience is the implementation of POU based on adsorption on
synthetic granular ferric hydroxide fixed beds (Bahr and Ewy, 2014) in
four localities of Argentina including Junín, Suipacha and Chivilcoy in
the province of Buenos Aires. To our knowledge, the only documented
results are those from the Argentine company AySA (Agua y
Saneamientos Argentinos, Water and Sanitation from Argentina),
which has installed the largest reverse osmosis water treatment plant
in South America, treating water from boreholes in González Catán
and Virrey del Pino, and benefiting 400,000 inhabitants (Agua y
Saneamientos Argentinos SA, 2014). Low-cost technologies at small
scale are still under constant investigation. Examples are solar oxidation
processes, adsorption on biomass, clay, phytoremediation, and others
(Litter et al., 2008).

In Argentina, the creation of a multidisciplinary governmental body
facing the problem fromdifferent points of view including epidemiolog-
ical surveillance, and for undertaking specific technological research
should be proposed. A lawproject for the creation of a National Program
against HACRE has been recently presented at the Argentine National
Senate.

Regarding the strengths of the present study, it is important to high-
light the completeness of the search on the main electronic databases
and the effort for the identification of unpublished studies, including
proceedings of important congresses and direct contact with experts.
However, we were not allowed to access official data about As concen-
tration levels from several consulted authorities. Moreover, making in-
ferences from ecological studies is challenging because of numerous
methodological concerns considering the absence of individual level
data, confounding, and misclassification. Populations differ in terms of
levels of exposure, nutritional status, prevalence of comorbidities, socio-
economic factors, access to medical care, lifestyle factors, and genetic
characters limiting the generalizability and the identification of clear ef-
fect patterns. Considering the evidence gaps identified by this systemat-
ic review, further studies should be performedwith a higher periodicity
and covering still non relieved regions.

Some limitations of this review are related to the fact that some fac-
tors such as multiple exposure pathways and synergistic effects were
not adequately described in the primary studies. The present study fo-
cused on the effect of exposure only from water sources. Although spe-
ciation is relevant for the severity of damage — As(III) being more toxic
than As(V)— several unpublished results indicate that themain species
present in waters of Argentina for human consumption is As(V). Recent
published studies indicate that only in some surface waters of the San
Juan, La Pampa and Neuquén provinces, the predominant species is
As(III), while in groundwaters of Buenos Aires and Santa Fe, the main
As species is the pentavalent one (O'Reilly et al., 2010). Similarly, in
Copahue (province of Neuquén), arsenite predominated only along
the upper río Agrio, but the species distribution changed at lago
Caviahue and arsenate became the main species up until Salto del
Agrio (Farnfield et al., 2012).

Although several removal technologies are available in Latin
America, it is still urgent to develop technologies and methods with a
particular focus towards small-scale rural operations (Alarcon-Herrera
et al., 2013).

5. Conclusions

To our knowledge, this study represents the first systematic review
of the epidemiology of arsenic in Argentina. Although we found
important gaps about the impact of arsenic on health outcomes, studies
converge to show a clear association between high levels of arsenic in
water and the frequency of related diseases in Argentina.

Prevention, health promotion, epidemiological and environmental
surveillance, efficient methods to abate As drinkingwater and strict na-
tional and subnational policies are some of the key actions to control
this major public health problem.
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