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Groundwater arsenic in Chimaltenango, Guatemala

Jason T. Lotter, Steven E. Lacey, Ramon Lopez, Genaro Socoy Set,

Amid P. Khodadoust and Serap Erdal
ABSTRACT
In the Municipality of Chimaltenango, Guatemala, we sampled groundwater for total inorganic

arsenic. In total, 42 samples were collected from 27 (43.5%) of the 62 wells in the municipality,

with sites chosen to achieve spatial representation throughout the municipality. Samples were

collected from household faucets used for drinking water, and sent to the USA for analysis. The only

site found to have a concentration above the 10 μg/L World Health Organization provisional guideline

for arsenic in drinking water was Cerro Alto, where the average concentration was 47.5 μg/L.

A health risk assessment based on the arsenic levels found in Cerro Alto showed an increase in

noncarcinogenic and carcinogenic risks for residents as a result of consuming groundwater as

their primary drinking water source. Using data from the US Geological Survey and our global

positioning system data of the sample locations, we found Cerro Alto to be the only site sampled

within the tertiary volcanic rock layer, a known source of naturally occurring arsenic.

Recommendations were made to reduce the levels of arsenic found in the community’s drinking

water so that the health risks can be managed.
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INTRODUCTION
Arsenic is a naturallyoccurring elementpresent in the air,water

and land. Ingestion of inorganic arsenic has been shown to

cause noncarcinogenic adverse health effects – including skin

lesions, high blood pressure, circulatory problems, decrements

in lung function, gastrointestinal symptoms, and neurological

and reproductive effects – as well as cancers, primarily of the

skin, bladder and lung (Agency for Toxic Substances and Dis-

ease Registry (ATSDR) ). Over 140 million people in at

least 70 countries have been exposed to arsenic concentrations

above the World Health Organization (WHO) provisional

guideline of 10 μg/L as a result of naturally contaminated

groundwater or surfacewater (Ravenscroft ).With increas-

ing use of groundwater globally (Shah ), and the fact that
the arsenic presence in many parts of the world is yet to be

fully characterized, estimates of the populations exposed will

likely grow. In Guatemala, the first published findings of elev-

ated groundwater arsenic levels were reported in 2007 from a

well water source in the municipality of Mixco with an arsenic

concentration of approximately 15 μg/L (Garrido Hoyos et al.

; Cardoso et al. ; Bundschuh et al. ). Other studies

in Guatemala have found arsenic in surface waters as a result

of mining activities (Basu & Hu ; E-Tech International

), and in soils used to produce ceramic pot drinking water

filters (Archer et al. ). McClintock et al. () noted that

the number of persons in Guatemala potentially exposed to

elevated arsenic concentrations is not yet known.
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The Municipality of Chimaltenango, Guatemala is a

212 km2 area with a population of 74,077 according to the

2002 census (Instituto Nacional de Estadística (INE) ).

Projections from the Guatemalan National Institute of Stat-

istics (Instituto Nacional de Estadística) estimated the

population to be approximately 125,000 in 2012, and to

increase in the years that follow (INE ). The city of Chi-

maltenango is the main urban center within the

municipality, and Cerro Alto is one of several small rural

communities surrounding the city. Unpublished data from

the Cerro Alto community in 2009 estimated the population

to be 1,283.

The impetus for this current study came from a drinking

water metals analysis performed in the community of Cerro

Alto in 2009 as part of a university service-learning project.

Results showed total inorganic arsenic concentrations in the

community’s two wells of 48.97 and 55.15 μg/L, respect-

ively. Since these levels were approximately five times in

excess of the WHO provisional guideline for arsenic in

drinking water (WHO ), the results and their potential

health implications were discussed both with the commu-

nity and with officials in the Ministry of Health and Public

Assistance in Chimaltenango. It was agreed that further test-

ing of other wells in the area would be performed to

determine regional concentrations of arsenic in drinking

water and to estimate health risks for those exposed.

The objectives of this study were to characterize the

presence of arsenic in groundwater drinking sources in the

Municipality of Chimaltenango, Guatemala, and to estimate

the risks for carcinogenic and noncarcinogenic health out-

comes for residents consuming that water.
Figure 1 | Map of sampling sites with geologic overlay. Source of geologic map: French &

Schenk (2003).
METHODS

Sample collection

Groundwater samples of 950 mL were collected throughout

the Municipality of Chimaltenango over a 3-day period in

January 2012. In total, 55 samples were collected at sites

in an effort to achieve spatial representation; sites were

chosen in part due to convenience (e.g., well accessibility,

road conditions, and time constraints). The majority of the

wells (N¼ 38) were located within the city of
om http://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
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Chimaltenango, while the remaining (N¼ 24) were in rural

communities outside of the city. Samples were collected at

13 (34.2%) of the 38 urban wells and 14 (58.3%) of the 24

rural wells. In all, 27 (43.5%) of the 62 wells in the munici-

pality were sampled (see Figure 1).

To accurately determine individual exposure to arsenic

in drinking water, samples were collected from a nearby

household faucet used as a source of drinking water; all

samples were collected prior to intermediate household

storage, if present. Duplicate samples were taken at the

majority (N¼ 20/27) of the sites, and blank samples (N¼
8) were prepared in the field and stored and shipped along-

side the other field samples. Global positioning system

(GPS) coordinates were taken at all sites using a handheld

GPS device (Trimble®, Sunnyvale, CA).

Sample analysis

Analysis for total inorganic arsenic was performed by an

American Industrial Hygiene Association accredited
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laboratory using modified US Environmental Protection

Agency (USEPA) Method 200.8 Determination of Trace

Elements in Waters and Wastes by Inductively Coupled

Plasma-Mass Spectrometry (USEPA ), with a method

reporting limit (MRL) of 0.40 μg/L. In-field preservation of

samples was not performed due to anticipated logistical dif-

ficulties in sample transportation; however, samples were

shipped to the USA and, per USEPA Method 200.8 rec-

ommendations, received for analysis within 2 weeks of

collection.

Risk assessment model

The model developed by the National Academy of Sciences

(NAS ), and commonly used by the USEPA for environ-

mental decision-making and establishment of standards

(USEPA , ), was used to determine the potential for

adverse health effects for residents of Chimaltenango as a

result of consuming groundwater as their drinking water

source. Health risk estimates were made for both carcino-

genic and noncarcinogenic effects as a result of exposures

occurring at multiple life stages (0 to <2 years old, 2 to

<16 years old, and 16 to<70 years old), as well as cumulative

lifetime exposure. Risks were calculated separately for Cerro

Alto and the rest of the municipality based on the arsenic

concentrations found in these two distinct areas.

The USEPA’s Integrated Risk Information System’s

(IRIS) toxicity values were used to inform risk estimates

(USEPA ). The oral reference dose (RfDO), used for

noncarcinogenic effects, is an estimate of the daily exposure

likely to be without an appreciable risk of deleterious effects

during a lifetime. The RfDO established by the USEPA under

IRIS for inorganic arsenic is 3 × 10�4 milligrams per kilo-

gram per day (mg/kg-d), which is based on a no observed

adverse effect level of 8 × 10�4mg/kg-d and uncertainty

and modifying factors of three and one, respectively. The

oral cancer slope factor (CSFO) for inorganic arsenic is 1.5

(mg/kg-d)�1, and is the toxicity value used to estimate the

excess cancer risk (ECR) associated with exposure to

arsenic in drinking water. Per USEPA’s Supplemental Gui-

dance for Assessing Susceptibility from Early-Life Exposure

to Carcinogens (USEPA ), the CSFO was multiplied by

a factor of 10 for exposures occurring in the first 2 years,

and multiplied by a factor of three for exposures occurring
://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
between the ages of two and 16. These multiplicative factors

adjust for the generally higher cancer risks from early-life

exposures than from similar exposures later in life.

The average oral daily dose (ADDO), used for noncarci-

nogenic effects, and the lifetime average oral daily dose

[L(ADD)O] used for carcinogenic effects, for the ingestion

of drinking water were calculated using the following

equation (USEPA ):

L(ADD)O=ADDO ¼ Cw × IR × EF × ED
BW ×AT

where L(ADD)O/ADDO is the estimated daily oral intake of

arsenic (mg/kg-d); Cw is the concentration of arsenic in

water (milligrams per liter); IR is the water ingestion rate

(liters per day); EF is the exposure frequency (days per

year); ED is the exposure duration (years); BW is the body

weight (kilograms); and AT is the averaging time (days).

The hazard quotient (HQ) is an indicator of risks associ-

ated with health effects other than cancer, and the ECR is

the incremental probability of an exposed person developing

cancer over a lifetime. Hazard quotients are scaling factors

and are not statistically based the greater the value of the

HQ above unity, the greater the level of concern for poten-

tial adverse systemic health effects in the exposed

individuals (USEPA ). The USEPA’s acceptable cri-

terion for carcinogenic risks is based on public policy as

described in the National Contingency Plan and is the

exposure concentration that represents an ECR in the

range of 10�4 to 10�6 , (i.e., 1 in 10,000 to 1 in 1,000,000

excess cancer cases) (USEPA ). The oral hazard quoti-

ent (HQO) and oral excess cancer risk (ECRO) were

calculated using the following equations (USEPA ).

Non-cancer risk:

Hazard quotient (HQO) ¼ ADDO

RfDO

Excess cancer risk:

ECRO ¼ L (ADD)O × CSFO

Two values for each exposure parameter were used to

calculate the ADDO and the L(ADD)O; one value to
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represent an average or central tendency exposure (CTE)

and another value for a worst-case or reasonable maximum

exposure (RME) (see Table 1). Appropriate exposure par-

ameters for ingestion rate (IR) and body weight (BW) in

support of risk calculations were selected, in part, based

on the USEPA’s Exposure Factors Handbook (USEPA

). Although published literature indicate that both

water ingestion rates and body weights are, on average,

lower for Guatemalans than US population-based values

(Smith et al. ; Campos et al. ; Montenegro-Bethan-

court et al. ; Kuzawa et al. ), the Exposure Factors

Handbook was utilized due to a lack of complete data for

all age groups for Guatemalan populations.
RESULTS

Groundwater arsenic concentrations

Arsenic concentrations for each site are reported in Table 2.

The concentrations ranged from below the MRL (0.40 μg/L)

to 49.0 μg/L. Seven of the eight blank samples had non-

detectable arsenic concentrations, with one having a value

of 0.43 μg/L, slightly above the MRL. Among the samples

with detectable amounts, all but one site were below the
Table 1 | Health risk assessment exposure parameters

Exposure parameter Age group (years)

Cw (mg/L) All age groups (Chimaltenango)
All age groups (Cerro Alto)

IR (L/day) 0 to <2
2 to <16
16 to <70

EF (day/year) All age groups

ED (years) 0 to <2
2 to <16
16 to <70

BW (kg) 0 to <2
2 to <16
16 to <70

AT (days) 0 to <2 (noncarcinogenic)
2 to <16 (noncarcinogenic)
16 to <70 (noncarcinogenic)
All age groups (carcinogenic)

aValues represent the mean and the 95% upper confidence limit (UCL) on the mean, normal di

om http://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
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10 μg/L WHO provisional guideline value for arsenic.

Cerro Alto was the only site with notably elevated arsenic

levels (mean: 47.5 μg/L), which were consistent with our

initial 2009 findings.

Risk assessment

The calculated values for the ADDO and [L(ADD)O] are pre-

sented in Table 3, and the values for the oral hazard

quotients (HQOs) and oral excess cancer risk (ECROs) are

presented in Table 4 for each age group in both Cerro Alto

and the rest of the Municipality of Chimaltenango. Values

in bold represent a risk likely to be associated with adverse

health effects. For ECR, the age groups represent the contri-

bution of exposures that occur during that age range to the

overall lifetime excess cancer risk. Under RME conditions,

the HQOs and ECROs are elevated for all age groups in

Cerro Alto. Using CTE exposure parameters resulted in elev-

atedHQOs in Cerro Alto for the birth to less than 2 years age

group; ECROs were elevated in all age groups in Cerro Alto

under CTE conditions.

The hazard index (HI) is the summation of the HQOs for

each age group to give the lifetime noncarcinogenic risk.

Similar to the hazard index, the summation of the age

group-specific ECROs gives the total lifetime excess cancer
CTE RME

a 7.70 × 10�4 9.43 × 10�4

0.049 0.049

0.297 0.924
0.426 1.389
1.006 2.861

175 350

2 2
14 14
54 54

9.62 9.62
36.6 36.6
70 70

730 730
5110 5110
19,710 19,710
25,550 25,550

stribution (USEPA 2013), for all locations outside of Cerro Alto.



Table 2 | Groundwater arsenic concentrations in Chimaltenango, Guatemala

Arsenic concentration (μg/L)
Sampling site location Sample 1 Sample 2 Average

Monte Cristo MRLa MRL MRL

Agua Viva Puerto Rico MRL MRL MRL

Puerto Rico MRL MRL MRL

Fundación El Castillo MRL MRL MRL

Hierba Buena MRL MRL MRL

Residenciales Las Margaritas MRL – MRL

Santa Isabel 0.47 0.44 0.46

Leonidas Mencos 0.44 0.47 0.46

El Rosario 0.52 0.51 0.52

San Rafael (well 1) 0.53 – 0.53

Residenciales La Cañada 0.55 – 0.55

Santa Isabel (well 2) 0.62 0.60 0.61

Bodega Municipal 0.64 0.60 0.62

Alameda A 0.69 0.72 0.71

Las Victorias 0.78 – 0.78

El Durazno 0.84 0.80 0.82

Hospital Nacional 0.85 0.90 0.88

Bosques del Porvenir 0.88 0.87 0.88

Alameda B 1 T. Concreto 0.90 – 0.90

San José Bethania 0.91 – 0.91

Cienaga Grande 1.00 1.10 1.05

Santa Ana Cooperativa 1.30 1.30 1.30

El Esfuerzo 1.40 – 1.40

Monte Cristo (instituto) 1.50 1.50 1.50

El Refugio 1.90 1.80 1.85

La Pedrera Municipal 2.10 2.10 2.10

Cerro Alto 46.0 49.0 47.5

aMethod reporting limit (MRL), 0.40 μg/L.
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risk at 70 years of age (see Table 5). The hazard indices for

Cerro Alto were 4.5 and 27 for CTE and RME conditions,

respectively. The lifetime ECROs in Cerro Alto of 9.5 ×

10�4 and 5.8 × 10�3 exceed the 10�4 to 10�6 range deemed
Table 3 | Estimates of daily oral intake of arsenic (mg/kg-d)

Age group (years) 0 to <2
Population Chimaltenango Cerro Alto

CTE ADDO 1.1 × 10�5 7.3 × 10�4

L(ADD)O 3.3 × 10�7 2.1 × 10�5

RME ADDO 8.7 × 10�5 4.5 × 10�3

L(ADD)O 2.5 × 10�6 1.3 × 10�4

://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
acceptable by the USEPA (USEPA ). Groundwater

arsenic concentrations found in the rest of the municipality

did not result in an unacceptable HQO or ECRO for any age

range using either CTE or RME conditions under the

USEPA criteria described above.
DISCUSSION

Location and potential sources of contamination

Only a single site, Cerro Alto, was found to have a ground-

water arsenic concentration greater than the WHO

provisional guideline for arsenic in drinking water of

10 μg/L. The average concentration found in Cerro Alto in

this study (47.5 μg/L) was similar to our initial findings in

2009. All other sampling locations in the Municipality of

Chimaltenango had levels well below the WHO provisional

guideline.

The common anthropogenic sources of arsenic pol-

lution, such as smelting operations and mining, are not

present in the study area, and arsenical pesticides or other

agricultural sources would likely be minor and more

widely distributed given the low-scale farming present in

the region. Recent studies have examined arsenical com-

pounds used in poultry feed and their potential to

contaminate groundwater drinking sources (Denver et al.

; Fisher et al. ). Fisher et al. () noted that arseni-

cal compounds may be used in chicken feed to prevent

disease, improve growth, and improve pigmentation. Their

recent review of published studies concluded that arsenic

from animal waste has little, if any, effect on groundwater

concentration levels, even in shallow aquifers (Fisher et al.

). The availability of studies on this subject is limited,

however, and it cannot be ruled out as a possible source

of groundwater contamination. Since a large-scale poultry
2 to <16 16 to <70
Chimaltenango Cerro Alto Chimaltenango Cerro Alto

4.3 × 10�6 2.7 × 10�4 5.3 × 10�6 3.4 × 10�4

8.6 × 10�7 5.5 × 10�5 4.1 × 10�6 2.6 × 10�4

3.4 × 10�5 1.8 × 10�3 3.7 × 10�5 1.9 × 10�3

6.9 × 10�6 3.6 × 10�4 2.9 × 10�5 1.5 × 10�3



Table 4 | Age-specific health risk estimates for carcinogenic and noncarcinogenic effects

Age group (years) 0 to <2 2 to <16 16 to <70
Population Chimaltenango Cerro Alto Chimaltenango Cerro Alto Chimaltenango Cerro Alto

CTE HQO 0.038 2.4 0.014 0.91 0.018 1.1
ECRO 4.9 × 10�6 3.1 × 10�4 3.9 × 10�6 2.5 × 10�4 6.1 × 10�6 3.9 × 10�4

RME HQO 0.29 15 0.11 5.9 0.12 6.4
ECRO 3.7 × 10�5 1.9 × 10�3 3.1 × 10�5 1.6 × 10�3 4.3 × 10�5 2.2 × 10�3

Table 5 | Lifetime health risk estimates for carcinogenic and noncarcinogenic effects

CTE RME
Age group (years) 0 to <70 0 to <70
Population Chimaltenango Cerro Alto Chimaltenango Cerro Alto

HIO 0.070 4.5 0.53 27

ECRO 1.5 × 10�5 9.5 × 10�4 1.1 × 10�4 5.8 × 10�3
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facility is located adjacent to Cerro Alto, this potential

source deserves further investigation.

A likely source may be derived from the fact that Cerro

Alto is situated within an area of tertiary volcanic rocks, and

all other sites sampled are located outside of this geological

zone, as shown in Figure 1. It has been recognized that vol-

canic rocks can contribute to elevated arsenic levels in

water, including in many areas of Central America

(Bundschuh et al. ; López et al. ). In geothermal

fields in Guatemala, well water samples have revealed

arsenic concentrations as high as 12.34 mg/L (López et al.

).

Significance of health risk assessment

In reviewing the outcomes of the health risk assessment,

there is no potential concern with the levels of arsenic caus-

ing either carcinogenic or noncarcinogenic adverse health

outcomes in the study region, outside of Cerro Alto; all

HQO and ECRO estimates are below the values deemed

unacceptable. Within Cerro Alto, however, our health risk

estimates indicate that there is a likelihood of increased

risk of both noncarcinogenic and carcinogenic effects. The

hazard indices for both exposure scenarios are well in

excess of one, and the potential lifetime excess cancer

risks in Cerro Alto of 9.5 × 10�4 and 5.8 × 10�3 signify that

conservative estimates for cancer development amongst

residents in Cerro Alto range from approximately one to
om http://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
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six out of 1000 individuals exposed. Under both exposure

scenarios the contribution of exposures occurring during

the first 2 years results in greater than 50 percent of the life-

time noncarcinogenic risk, and greater than 30 percent of

the lifetime carcinogenic risk.

Studies of inorganic arsenic exposure in humans have

indicated that the development of skin lesions as a result

of exposure to arsenic is typically associated with doses

greater than 0.02 mg/kg-d; although, some studies have

reported increased incidence of skin lesions at doses as

low as 0.0012 mg/kg-d (ATSDR ). Other arsenic-related

health effects have been reported at slightly higher doses,

including cardiovascular effects (0.014–0.065 mg/kg-d), res-

piratory effects (0.03–0.05 mg/kg-d), gastrointestinal effects

(0.01 mg/kg-d), and neurological effects (0.03–0.1 mg/kg-d)

(ATSDR ).

Health risk assessments provide estimates of the poten-

tial for the development of adverse human health effects.

The reliability of these estimates depends on the accuracy

and applicability of the exposure parameters used in their

calculation. The selection in this study of non-Guatemalan-

based values for ingestion rate and body weight likely do

not reflect the true values for the population of this study,

which literature has shown to be lower on average, particu-

larly in children (Smith et al. ; Campos et al. ;

Montenegro-Bethancourt et al. ; Kuzawa et al. ).

Due to a lack of completeness in the data for these par-

ameters for all age groups, standard values and those
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provided in the Exposures Factor Handbook (USEPA )

were used. While a lower ingestion rate would decrease an

individual’s dose, a lower body weight would increase

dose estimates. In 2010, the USEPA’s IRIS program released

a draft Toxicological Review of Inorganic Arsenic (USEPA

), where they developed a cancer slope factor of 25.7

(mg/kg-d)�1, a roughly seven-fold increase from the current

1.5 (mg/kg-d)�1. The quality review of the draft report is yet

to be finalized; however, use of this newly developed cancer

slope factor would significantly increase carcinogenic risk

estimates in Cerro Alto. The risks calculated in this study

represent values that should cause concern and prompt

the discontinuation of drinking from the contaminated

source until the arsenic concentrations can be brought

down to safe levels.

Study limitations

While multiple sites were sampled to the south, east, and

west of Cerro Alto, no sites were sampled to the north; there-

fore, this region remains largely uncharacterized. The scope

of our study was to characterize arsenic concentrations in

the Municipality of Chimaltenango, and sites further north

were located in a different municipality. Additionally, prior

to sample collection, no data on well locations were avail-

able in order to design a more informed sampling strategy.

The site nearest to Cerro Alto, Bola de Oro, was also not

sampled and may have similarly elevated arsenic levels.

Results of our risk assessment indicate an increased risk

of arsenic-related carcinogenic and noncarcinogenic health

outcomes for residents of Cerro Alto. However, no data on

the prevalence of such outcomes (e.g., skin lesions) are avail-

able for the Cerro Alto community, nor was biological

monitoring (e.g., hair or nail samples) conducted. Such

information, were it available, would help confirm the

health risk estimates developed, and contribute to a more

precise characterization of the extent of arsenic exposure.

Recommendations

It is evident that the arsenic levels in the drinking water

supply of Cerro Alto have the potential to cause adverse

health effects. The first option should be to find an alterna-

tive water source free of arsenic. This strategy has the
://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
advantage of not having to maintain or pay for treatment

processes, although both capital and operating costs would

still be involved. Acquiring access to another water source

for the residents of Cerro Alto may not be feasible due

mainly to the financial constraints and geographical iso-

lation of the community. In certain parts of the world with

groundwater arsenic contamination, concentrations have

been found to vary depending on well depth (Ravenscroft

; Becker et al. ); in some instances deeper wells

have produced water with arsenic levels below 10 μg/L,

where shallower wells in the same area have produced

water with concentrations in excess of 50 μg/L (Kinniburgh

& Smedley ). At the time of our study in 2012, residents

of Cerro Alto were utilizing only one of the two wells in the

community. During initial sampling in 2009, the current

well (depth: 244 m) and a shallower well (depth: 28 m)

were in operation. According to results from the 2009

study, the shallower well had a lower arsenic concentration

(48.97 μg/L) than the deeper well (55.15 μg/L); although,

both were well in excess of the 10 μg/L standard. Without

further testing it is unclear whether modifying the well

depth would sufficiently reduce arsenic concentrations.

Several low-scale treatment strategies have been devel-

oped that may be appropriate in this context, on either the

household or communal level, to reduce arsenic concen-

trations below 10 μg/L. These include the use of zerovalent

(metallic) iron or other organic or natural adsorbents such

as iron oxide-bearing soils, which remove arsenic through a

process of adsorption, co-precipitation and ion exchange

(Bundschuh et al. ). The advantages of such options are

the low cost and availability of adsorbent materials, yet like

all potential treatment strategies they must be tailored to

the specific water conditions in order to have maximum effec-

tiveness. To increase arsenic removal efficiencies, the use of

zerovalent iron is often coupled with solar radiation technol-

ogies (Bundschuh et al. ). An in-depth evaluation of

arsenic remediation options is beyond the scope of this

study; however, prior to any remediation steps being

implemented, additional information on water characteristics

(e.g., pH, dissolved organic matter, presence of other ions),

arsenic species present (i.e. arsenite/arsenate ratio), avail-

ability of treatment materials, associated capital and

operating costs, acceptability of the proposed solution by resi-

dents, and its sustainability must be thoroughly analyzed.
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It would also be advisable to take samples to the north

of Cerro Alto and in surrounding regions in the same geo-

logic zone to provide additional evidence to our hypothesis

of a naturally present arsenic geologic source and help

identify the extent of the contamination. The likelihood

that the nearby poultry farm is the source of the contami-

nation in Cerro Alto is uncertain; given the large size of

the farm, further investigation regarding use of arsenical

compounds in feed should be gathered to assess the likeli-

hood of this source contributing to the observed high

arsenic concentrations in Cerro Alto drinking water. If

this source is a contributing factor, product substitution

by using a different feed free of arsenic should be

implemented.

Biomarkers for arsenic exposure such as hair or nail

samples would contribute to a greater understanding of

the level of individual exposures. Such information would

also help inform potential health-based interventions. As

noted, arsenic exposures occurring between birth and 2

years of age contribute a significant proportion of both the

carcinogenic and noncarcinogenic lifetime exposures.

Potential intervention strategies should first focus on redu-

cing or eliminating exposures in newborns and infants, as

this would significantly reduce the overall exposure risk.

To more fully characterize arsenic exposure, other routes

of exposure should be incorporated into the health risk

assessment. McClintock et al. () reported that in some

areas of Latin America, food contributes up to 50 percent

of total arsenic intake. Future data collection should also

focus on assessing appropriate exposure parameters (e.g.,

water ingestion rate, body weight) of the Guatemalan popu-

lations under study.
CONCLUSIONS

This study contributes to the limited available data on

groundwater arsenic in Guatemala and to the potential

number of individuals exposed to elevated concentrations

of arsenic in drinking water. Our measurements con-

firmed elevated arsenic levels in Cerro Alto drinking

water; although, we did not find any other location in

the Municipality of Chimaltenango that exceeded the
om http://iwaponline.com/jwh/article-pdf/12/3/533/395717/533.pdf
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WHO provisional guideline of 10 μg/L. Evidence to date

suggests that the presence of volcanic rock in Cerro

Alto is the source of the high arsenic concentrations

found there. As this geologic zone extends to other muni-

cipalities in the region, it is possible that other

populations are using water with similar arsenic levels

as those in Cerro Alto; for this reason, further sampling

should be conducted in these neighboring areas to

assess the validity of this hypothesis. Risk estimates

showed that at the level of arsenic found in the drinking

water of Cerro Alto (47.5 μg/L), both excess cancer and

non-cancer indices are above the USEPA’s acceptable

risk criteria, posing a likelihood of potential adverse

health effects in community residents. Immediate

measures need to be taken to reduce or eliminate the

arsenic levels in the water of Cerro Alto. Several low-

cost, small-scale remediation options have been devel-

oped which may be effective treatment options. Prior to

any intervention, an in-depth analysis of potential sol-

utions should be performed, with emphasis put on their

effectiveness and sustainability.
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