
Journal of Geoscience and Environment Protection, 2019, 7, 90-105 
http://www.scirp.org/journal/gep 

ISSN Online: 2327-4344 
ISSN Print: 2327-4336 

 

DOI: 10.4236/gep.2019.76008  Jun. 26, 2019 90 Journal of Geoscience and Environment Protection 
 

 
 
 

Health Risk Assessment in Children by Arsenic 
and Mercury Pollution of Groundwater in a 
Mining Area in Sonora, Mexico 

José Leopoldo Mendoza-Lagunas1, Diana María Meza-Figueroa2,  
Marco Antonio Martínez-Cinco3, Mary Kay O’Rourke4, Elena Centeno-García5,  
Francisco Martin Romero5, Leticia García-Rico6, María Mercedes Meza-Montenegro7*  

1Programa de Doctorado en Ciencias en Biotecnologia, Instituto Tecnológico de Sonora,  
Ciudad Obregón, México 
2División de Ciencias Exactas y Naturales, Departamento de Geología, Universidad de Sonora, Rosales y Encinas,  
Hermosillo, México 
3División de Estudios de Posgrado, Facultad de Ingeniería Química, Universidad Michoacana de San Nicolás de Hidalgo 
(UMSNH), Morelia, México 
4Mel & Zuckerman College of Public Health, University of Arizona, Tucson, AZ, USA 
5Instituto de Geología, Universidad Nacional Autónoma de México, Ciudad Universitaria, Delegación Coyoacán,  
Ciudad de México, México 
6Centro de Investigación en Alimentos y Desarrollo, Hermosillo, México 
7Dirección de Recursos Naturales, InstitutoTecnológico de Sonora, Obregón, México 

 
 
 

Abstract 
A highly acidic spill from one of the most important copper mines in the 
Americas (Buenavista del Cobre) occurred in Sonora, Mexico in August, 
2014. 40,000 m3 of metals-enriched sulphate solution escaped into the Sonora 
River representing the worst ecological disaster in Mexican history. The spill 
affected the economy, water accessibility and the health of residents near the 
river. Despite the economic importance of mining in this area, no environ-
mental assessment was undertaken. There is no information about the health 
impact of this event on the local population. The study assesses the health risk 
among children exposed to arsenic and mercury via groundwater in five 
communities located in a mining area into the Sonora River Basin, Mexico. 
Local drinking water from the localities was sampled one year after the spill 
and it was analyzed for arsenic and mercury by Atomic Absorption Spectro-
metry coupled with Hydride Generation (AAS/HG). Further, some of the 
traditional local foods were sampled and analyzed for the same elements. Re-
sults indicate that levels of arsenic in drinking water did not exceed the Mex-
ican Norm (25 µg As/L) or the EPA Guideline (10 µg As/L). The concentra-
tions of mercury exceeded the WHO and Mexican Legislation value (1.0 µg 
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Hg/L). The Hazard Quotient (HQ) values for arsenic were >1 in 42% of 
children exposed and for mercury in 67% of the children. Foods concentra-
tions contained in the ranges of 9.2 to 62.0 µg As/Kg and 0.28 to 42 µg Hg/Kg 
for arsenic and mercury respectively. These values are below the Codex Ali-
mentarius limits. Children affected by mining activities are at risk of devel-
oping chronic diseases associated with low arsenic and mercury exposure via 
groundwater consumption, without consideration of the contribution from 
these metals by other important exposures routes. 
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1. Introduction 

Mining is an important economic activity in many countries, and a major source 
of pollution in groundwater (Malm, 1998). Wastes, as metals, are produced by 
these mines and represent a pollutant source for superficial water and deep wells 
(Higueras et al., 2004). Mining activities generally are far from big cities. How-
ever, small towns grow where mines are located as workers move to the site and 
then experience ecological damage e.g. deforestation and groundwater pollution 
caused by the mining activity (Zulling & Hendryx, 2011).  

The presence of metals affects the groundwater quality (Polanco et al., 2017; 
Buschmann et al., 2007), and is due to contact with the ore and human activity 
(Steckling et al., 2017). Water sources of some communities located near an iron 
mine in Liberia, Africa, contained higher levels of arsenic, mercury, and sele-
nium than the Maximum Contaminant Levels established by the World Health 
Organization (WHO) (Gleekia et al., 2016). 

Through history, events related to mining operations had important negative 
environmental effects. For example, in April, 1998, a mining spill of acid waste 
occurred at the Aznalcóllar mine, in Spain, negatively affecting the Guadalquivir 
estuary (Gomez-Parra et al., 2000). More recently in Cajacay, Perú, a broken 
pipe spilled zinc and copper poisoning 111 people including a significant num-
ber of children (Robles et al., 2012). In September 2015, in San Jose, Argentina, a 
gold mine spilled 1,000,000 liters of cyanate solution, affecting at least 5 rivers 
(MCH, 2016). In Mariana, Brazil, in October, 2015, two mine reservoirs col-
lapsed, releasing 62,000,000 m3 of mud containing toxic metals. The spill 
reached the Atlantic Ocean, through the Dulce River and altered the biodiversity 
of rivers and coasts (Fato, 2015). The use of mercury in artisanal gold mining 
contaminates adjacent surface water at levels from 15 to 32 µg Hg/L (Mahamady 
& Orhan, 2016).  

Mining activity negatively affects human health as a result of ecosystem dam-
age. Recent reports demonstrate that people who lived near a gold mine in Ec-
uador presented unacceptably high mercury levels in their urine (Schutzmeier et 
al., 2016). Mining activities impact primary food production around the world. 
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The National Human Exposure Assessment Survey (NHEXAS) of Arizona found 
that communities near mines were exposed to arsenic from water, dust and food 
resulting in elevated urinary biomarkers (O’Rourke et al., 1999). Research made 
in Hunan Province, China, found that soybean crops were affected by heavy 
metals from the soil because of surrounding mining activity (Zhou et al., 2013). 
Similarly in Karnataka, India, the concentration of arsenic in food grains culti-
vated in soil near of gold mines was greater than other grains grown in soil far 
from mines (Chakraborti et al., 2013). Rice grown in soil at an abandoned mine 
contained arsenic in the range of 104 - 774 µg/Kg at a site in Korea (Kwon et al., 
2017).  

Arsenic and mercury are some of the most toxic metals generated by mining 
activities and drinking water consumption is one of the most important expo-
sure routes for humans. Children are considered the group most vulnerable to a 
variety of contaminants and they are more susceptible to environmental expo-
sure compared with adults (Trejo-Acevedo et al., 2009). Arsenic is notorious for 
its toxicity. Chronic exposition to high arsenic levels through drinking water can 
cause cancer of the skin, bladder, kidneys, and lungs, arterial hypertension, car-
diovascular diseases, neuropathies, lung diseases, and even diabetes (Chen et al., 
1992; Smith et al., 1998; Chun et al., 2000; Burgess et al., 2013). Even low chronic 
exposure to arsenic through drinking water (10 - 50 µg/l) can produce these dis-
eases in humans (Argos et al., 2010; Sohel et al., 2009). Mercury is also an im-
portant neurotoxic agent (Sly & Proncenzuk, 2007) that can severely affect fetal 
and postnatal development (Grandjean, 2007; Murata et al., 2004). Mercury can 
cause irreversible damage to the nervous system; producing neurological deve-
lopmental delay. Mercury causes arterial hypertension and arrhythmias in low 
doses, and mental developmental delay at high doses in children (Grandjean et 
al., 2004; Thurston et al., 2007; Eke & Celik, 2008). 

Sonora is located in the northwest of Mexico, on the Mexico-US border; the 
Sierra Madre Occidental run from N to S across the State. Gold, silver, copper, 
molybdenum, and others metals are found in the mountains (SGM, 2014). 
Buenavista del Cobre is one of the most important copper mines and is located 
in Cananea, Sonora, 35 km south of the USA border. This mine is one of the 
largest copper reserves in the world (Del Águila et al., 2017). The Sierra Madre is 
part of the basin and range physiographic province; basins include the Bacanu-
chi and Bacoachi rivers whose confluence at Arizpe becomes the Sonora River 
(Figure 1), and flows downstream through the communities of Aconchi, Bavia-
cora, and Ures (Figure 1). 

The area has been studied geologically, but as of yet there is very little infor-
mation about the health impact caused by the mining activity on the population 
and no information about the risk posed by failure of the retaining dam in 2014, 
where 40,000 m3 of copper sulphate and sulphuric acid enriched with metals 
spilled from Buenavista del Cobre mine, reaching the Bacanuchi river (Figure 
1), impacting 254 km of the extension of the Sonora River and approximately 
322 water wells. The impacted area has 23,261 habitants, of which about 19% are  
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Figure 1. Sonora River geographical location. 
 
children under 14 years of age, according to data from the National Institute of 
Statistics and Geography (INEGI). Local wells draw from the river and are the 
major source of drinking water for the communities located along the Sonora 
River Basin serving both people and agriculture. The Sonora River basin is con-
sidered a tourist destination because of its gastronomy and natural landscape. 
The spill occurred in 2014, causing distrust of traditional local foods and hence 
impacting the economy of the communities located along the Sonora River Ba-
sin.  

The spill from the Buenavista del Cobre mine is the worst ecological disaster 
in Mexican history (SEMARNAT, 2014). The Mexican Federal Government in-
itiated the “Escrow Account for the Sonora River”, which involved collaborative 
actions between various government institutions, (e.g. Environmental Ministry 
and Natural Resources, SEMARNAT,) universities and private institutions 
(Grupo Mexico, S.A de C.V) to evaluate the ecological and biological impact of 
this environmental disaster and propose bioremediation strategies. The website 
of the initiative reported a mean arsenic concentration of 27.5 ± 0.005 µg As/l in 
13 sampling sites of surface water upstream from the Molinito dam which con-
trols the water flow of Sonora River Basin (Figure 1), while mercury was re-
ported as non-detectable. On the other hand, the Mexican Geological Survey 
(SGM) in 2014, reported concentrations of arsenic between 2 and 14 mg/Kg in 
the stream sediment in the study towns (except in Baviácora where measure-
ments were not taken.) But so far, there is no information about arsenic and 
mercury levels in the groundwater from these small communities. This is the 
first study which assessed the health risk in children exposed to arsenic and 

https://doi.org/10.4236/gep.2019.76008


J. L. Mendoza-Lagunas et al. 
 

 

DOI: 10.4236/gep.2019.76008 94 Journal of Geoscience and Environment Protection 
 

mercury via drinking water in this mining area following the copper mine acid 
spill on the Sonora River Basin. 

2. Materials and Methods 
2.1. Study Area 

The Sonora River basin is characterized by its diversity, both of vegetation and 
geological features. According to the National Water Commission (CNA), the 
river is an intermittent stream since the rainfall is relatively low (85 - 115 mm in 
high areas and 25 - 50 mm in low areas). Because of the high temperatures, be-
tween 38˚C and 41˚C during the monsoon, and the geographical location, there 
is riparian habitat surrounded by xerophytic scrub in the north and east and oak 
grasslands, and scrub in the north (INEGI, 2010). Based on active exploitative 
activities, mining searches and population demographics, the towns of Bacanu-
chi, Arizpe, Aconchi, Baviácora, and Ures were selected for this study (Figure 
1). 

2.2. Drinking Water and Food Collection  

Tap water samples were taken randomly from 10 households in each town (Ba-
canuchi, Arizpe, Aconchi, Baviácora, and Ures), in 500 ml polypropylene con-
tainers. Each sample was preserved with nitric acid (HNO3), and refrigerated 
until its laboratory analysis. Drinking water available in the region is obtained 
from wells. The most common local traditional foods were sampled in each vil-
lage (flour tortilla, empanada, chiltepin sauce, cheese). These were purchased 
and immediately stored in coolers with ice and salt for transport.  

2.3. Ethical Issues 

Informed consent forms were signed by both the tutor and the participant. In-
terview questions and all data obtained were managed according to guidelines of 
the Institutional Bioethics Committee of Instituto Tecnológico de Sonora 
(ITSON).  

2.4. Recruitment and Data Collection 

At least 20 preschoolers (2 - 6 years old) were recruited at home for each town 
studied. The interviews were completed in the presence of the child’s tutor. Age, 
weight, height, and daily water intake data were collected to calculate the hazard 
quotient (HQ). 

2.5. Drinking Water Analysis 

Both arsenic and mercury were measured and compared to regulatory Standards 
(Mexican Norm; NMX-AA-051-SCFI-2001). To quantify total arsenic in the 
water, 50 ml of each sample were placed in a 100 ml volumetric flask, and 4 ml 
20% potassium iodine (KI) and 8 ml of 50% hydrochloric acid (HCl) were add-
ed, and then enough distilled water to reach 100 ml. The content was transferred 
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to a polypropylene container, and it was heated to between 60˚C - 80˚C for 5 
minutes, and returned to room temperature. For the arsenic analysis the 
air/acetylene flame was used and the arsenic lamp was adjusted at 193.7 nm. So-
dium borohydride (NaBH4) was used as a reductant agent. 

For the mercury quantification, 50 ml of sample were also poured into a 100 
ml volumetric flask, 1 ml of 1% potassium dichromate (K2Cr2O7) and distilled 
water to 100 ml were added, and chloride (SnCl2) was used as reductant agent. 
Mercury was detected using the cold steam method at 253.7 nm, and for both 
analyses argon was used as a transport gas. For arsenic and mercury quantifica-
tions calibrations curves were prepared using five arsenic and mercury standards 
levels (5, 10, 20, 30 and 40 ppb) respectively. For the arsenic and mercury deter-
mination, an Atomic Absorption Spectrophotometer (Agilent Technologies 220 
Series AA) coupled to a vapor generator (VGA77 Agilent Technologies) was 
used. As a quality control, 30% of the drinking water and food samples were 
spiked with 10 ppb of arsenic and mercury to determine quality parameters. 

2.6. Food Analysis 

Arsenic and mercury in food were quantified according with the Mexican norms 
(NOM-117-SSA1-1994), with a slight modification, briefly, 1.25 g and 2.5 g of 
the dry and wet samples respectively, were weighed and settled in a beaker and 
15 ml of the tri-acid solution (1HNO3:1HCl:1HClO4 ) were quickly added, and 
heated for its digestion. Once a crystalline liquid was obtained, the fluid was fil-
tered through Whatman No. 42 into a 100 ml volumetric flask, and analyzed for 
arsenic and mercury.  

The percentages of recovery for arsenic and mercury showed values of 106.1% 
and 92.7% respectively. The coefficient of variation (CV) was equal to or lower 
than 6.6%, and the detection limits were of 0.9 and 0.8 µg/L for arsenic and 
mercury respectively. According to the AOAC International guidelines for met-
als, the recovery obtained was within the expected parameters (80% - 115%) and 
also the CV percentages. In addition the calibration curve showed a regression 
coefficient of (R2) > 0.99. 

2.7. Risk Assessment 

The non-carcinogenic risk assessment (Hazard Quotient; HQ) was calculated for 
arsenic and mercury, according to the US-EPA formula (USEPA, 2008). 

C IR EF EDADD
AT BW

∗ ∗ ∗
=

∗
 

ADDHQ
RfD

=  

were C is the metal concentration (mg/L) in ground water, IR is rate water in-
take (L/day), ED is the exposure duration (in years), EF is the exposure frequen-
cy (365 days/year), and the averaging time (AT) is the ED multiplied by the av-
erage time (365 days) (USEPA, 2013). In this study, ED and ED and body weight 
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(BW) expressed in kg, were taken from the survey of each participant. 

2.8. Statistical Analysis 

A one way ANOVA was used to determine difference in concentration among 
towns, and all ANOVA assumptions were verified. A chi square test was used to 
validate percentages of HQ greater than one per town. Confidence intervals for 
proportions, ANOVA, Square Chi test and basic statistics were performed in 
Minitab 17. 

2.9. Results and Discussion 

Table 1 shows the average age value for the total children (n = 123), 3.5 ± 1.24 
years old, and there was not statistical difference in age by town (p > 0.05). Ac-
cording to the Human Growth Charts from the Center for Disease Control and 
Prevention (CDC, 2000), most of the children in the towns had appropriate 
height for age and weight for height proportions, i.e. between the 5th and 95th 

percentile. It should be noted children who lived in Ures were in the highest 
weight/height percentile (94.4), of the study towns, Ures is the biggest and is lo-
cated nearest to a big city, Hermosillo, giving the children greater diversity of 
food accessibility. 

Table 2 shows the average ± SD levels of the arsenic and mercury in drinking  
 
Table 1. Population distribution by age and nutritional description.  

Town N *Age ± SD Girls % Boys % 
Percentile 

Height/Age 
Percentile 

Weight/Height 

Bacanuchi n = 20 3.5 ± 1.3 58.3 41.7 94.9 89.1 

Arizpe n = 24 3.5 ± 1.3 50.0 50.0 87.8 67.9 

Aconchi n = 25 3.1 ± 1.2 52.0 48.0 61.6 72.8 

Baviácora n= 22 3.6 ± 1.1 40.9 59.1 88.2 77.5 

Ures n = 26 3.8 ± 1.2 69.3 30.7 94.4 94.4 

Total n = 123 3.5 ± 1.2 54.4 45.5 90.1 72.8 

*For age is shown the average and de Standard Deviation (SD). 

 
Table 2. Arsenic and mercury concentrations in the drinking water from the wells lo-
cated in the towns of the Sonora River Basin. 

Town 
(n) 

Size of sample 
(n) 

Mean arsenic 
(µg/l ± SD) 

Mean mercury 
(µg/l ± SD) 

Bacanuchi 9 3.6 ± 5.5 2.2 ± 0.2 

Arizpe 10 3.1 ± 0.8* 2.6 ± 1.9 

Aconchi 10 5.1 ± 1.3 2.1 ± 0.3 

Baviácora 10 5.8 ± 3.7 2.0 ± 0.08 

Ures 10 5.6 ± 3.9 1.9 ± 0.1 

*Means different from the other towns (p < 0.005). 
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water from Ures, Baviácora, Aconchi, Arizpe, and Bacanuchi (where n = 10 ex-
cept for Bacanuchi where n = 9). None of the obtained concentrations for arsen-
ic in the drinking water samples exceeded the Mexican guideline established for 
arsenic in tap water limited to 25 µg As/l (Norma Oficial Mexicana, 
NOM-127-SSA1-1994) or the World Health Organization (WHO), with a rec-
ommended value of 10 µg⋅As/l. However 1% of the individual samples from 
Ures, Baviácora and Bacanuchi had values above of the WHO norm with values 
of 14.5, 15.9 and 17.8 µg⋅As/l respectively. For mercury, the average concentra-
tions were in the range of 1.9 ± 0.1 to 2.6 ± 1.9 µg⋅Hg/l (Table 2), levels which 
exceeded the established value for the Mexican norm (1.0 µg⋅Hg/l).  

The contamination of the water caused by the mining industry is documented 
around the world. In southern Armenia, heavy metals were studied in the sur-
face water of minor rivers of the Voghchi and Meghri basins near a mining zone. 
They found arsenic concentrations between 1.2 to 3.6 µg⋅As/l, values within the 
range found in our study (Babayan et al., 2017). A study carried out in Kilembe, 
Armenia, reported that the ore processing and the center leachate were respon-
sible for increasing arsenic contamination in the Nyamwamba River from levels 
of 0.12 ± 0.1 to 1.5 ± 4.2 µg/l, concentrations lower than we found in our study 
towns (Mwesigye & Tumwebaze, 2017).  

In Mexico, in a mining zone near Zacatecas, values of arsenic in drinking wa-
ter exceeded the Mexican guideline by 50 times (Razo et al., 2004). These were 
the highest values that we found in the reviewed literature including data from 
our own study. 

Yasuda et al. (2011) carried out a study in Indonesia in a gold mining area 
close to Cikaniki River, finding mercury concentrations in the range of 0.83 to 
1.07 µg/l, levels lower than we detected in our communities affected by the cop-
per mine acid spill. In a study carried out by Adjei-Kyereme et al. (2015) in the 
Asutifi District, Ghana, was reported mining activity increases the concentration 
of mercury from <1 to 5.3 ± 3.7 µg/l, especially in the dry season. It is important 
to mention that despite the geographical differences in the reported studies and 
this research, the presence of mercury in water as a consequence of the mining 
activity was common among all the studies. 

According to data published on the website of “Escrow Account for the Sono-
ra River”, mercury reached its highest concentration in surface water (1.86 µg/l) 
20 days after the spill happened. The rest of the Hg values showed across the 
study time varied to 0.3 to 0.5 µg/l. The official website, however, shows only 
mercury concentrations in the river flow, and does not mention metal concen-
trations in the wells. The 2014 spill is not the only one but is the most docu-
mented by a variety of communication media and scientific studies this later not 
published yet. The presence of mercury in the drinking water from our study 
area is also supported by reports which show that artisanal gold mining activity 
is done near these towns, as mercury is used for gold purification (Zulling & 
Hendryx, 2011). González-Merizalde et al. (2016) reported the presence of mer-
cury in several rivers of the Nangaritza River basin in the Ecuadorian Amazon 
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mining area with levels < 1 µg⋅Hg/l (González-Merizalde et al., 2016), values 
lower than we found in our study area. 

Table 3 shows the ADD and HQ values for arsenic and mercury. Even 
though, the average value (n = 117) of arsenic concentrations did not exceed the 
WHO recommendations, we found that at least one third of the children are at 
risk (HQ > 1). Children from Ures and Baviácora had percentages of HQ > 1 of 
57% and 77% respectively. According to HQ values from the total population 
between 34% and 53% of the children are at risk to develop some chronic disease 
induced by arsenic. Martinez-Acuña et al. (2016) carried out a study in Zacate-
cas, Mexico, and showed at least 74% of the children from seven communities 
near a mining zone had HQ values higher than 1 for arsenic exposure, with a 
mean value of ADD 1.2E−3. Another study carried out in the mining area in 
Cambodia, reported that children exposed to arsenic had values of HQ between 
10.02 and 12.18, with ADD values of 3.6E−2 and 3.0E−2 for female and male re-
spectively (Phan et al., 2010), the HQ results from our study population were 
lower than those findings, since the arsenic levels in drinking water and the 
ADD values were smaller. However, it should be noted that extreme summer 
temperatures in these towns may have increased water consumption since a 
third of the children had values of HQ > 1, or they had arsenic contribution by 
other sources like foods and/or artisanal mining. 

For the total population (n = 117) the HQ values for mercury demonstrated 
that more than 67% of the children are at risk of developing some chronic dis-
ease by mercury exposure. When considering the ADD values, children from 
Bacanuchi ingested more mercury than children from the other communities  
 
Table 3. Arsenic and Mercury Hazard Quotient and Average Daily Dose per town.  

Element Town (n) 
ADD 

mg/Kg/day 
HQ (mean 
min–max) 

% HQ > 1 
above 

Confidence Interval 
(α = 0.95) 

Arsenic 

Bacanuchi (20) 1.91E−05 1.3 (0.3 - 2.8) 45 23 - 68.4 

Arizpe (24) 6.25E−06* 0.4 (0.1 - 0.7) 0 ------- 

Aconchi (25) 1.33E−05 1.0 (0.2 - 4.0) 34 21.1 - 61.3 

Baviácora (22) 1.98E−05 1.3 (0.4 - 2.9) 77 56.4 - 92.1 

Ures (26) 1.63E−05 1.1 (0.3 - 2.9) 57 36.9 - 76.6 

Total (117) 1.47E−05 1.0 (0.1 - 4.0) 42 34.4 - 53 

Mercury 

Bacanuchi (20) 1.34E−05* 2.7 (0.7 - 5.9) 80 56.3 - 94.2 

Arizpe (24) 5.27E−06 1.0 (0.3 - 1.7) 58 36.6 - 77.8 

Aconchi (25) 5.71E−06 1.3 (0.3 - 5.1) 64 42.5 - 82 

Baviácora (22) 6.77E−06 1.3 (0.4 - 3.0) 77 54.6 - 92.1 

Ures (26) 5.63E−06 1.1 (0.3 - 3.0) 57 36.9 - 76.6 

Total (117) 7.06E−06 1.4 (0.3 - 5.9) 67 57.3 - 75.1 

*Means different from the other towns p < 0.05. Hazard Quotient (HQ); Average Daily Dosse (ADD); Ref-
erence dose for arsenic 3.0E−4 µgKg−1día−1 reference dose for mercury 1.0E−4 µgKg−1día−1 (US-EPA, 1992). 
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with a mean value of 1.34E−05, which is significantly greater when compared 
with the other towns (p < 0.05) where 80% of the children had HQ values higher 
than 1. 

Table 4 shows the HQ values obtained in our study, compared with others 
populations exposed to arsenic and mercury through drinking water and foods. 
Oribi et al. (2010), carried out a study in Ghana, reporting that young residents 
from a mining community exposed to mercury through drinking water had a 
value of HQ = 2.1, our study had a value of HQ = 1.4, both results higher than 1. 
Recent investigations report the consumption of fish as the major exposure route 
for organic mercury, which is very neurotoxic. Castilhos et al. (2015) reported 
residents from Brazil living near a gold mine had a value of HQ = 5.8 due pri-
marily to consumption of polluted fishes. De Miguel et al. (2014), reported high 
values of HQ = 4.5 for adults from Antioquia, Colombia, as a result of the con-
sumption of fish coming from a polluted river near a gold mine.  

Despite the fact that we measured only the exposure pathway from water, 
both from drinking and cooking, we still found values of HQ > 1. These values 
would potentially be higher with the contribution from others routes like foods 
and soils.  

Table 5 shows the arsenic and mercury concentrations in some local com-
mercial foods from these communities. None of analyzed food exceeded the 
Codex Alimentarius limits of 250 and 100 µg/Kg for arsenic and mercury re-
spectively. Since local foods represent the usual diet of our population, other  
 

Table 4. Comparison of our results with other reports in the world. 

Author Place Subjects Matrix Metal [µg/l] ADD HQ 

Our Study Bacanuchi 
 

Arizpe 
 

Aconchi 
 

Baviácora 
 

Ures 

Children Groundwater As 
Hg 
As 
Hg 
As 
Hg 
As 
Hg 
As 
Hg 

3.6 
2.2 
3.1 
2.6 
5.1 
2.1 
5.8 
2.0 
5.6 
1.9 

1.91E−05 
1.34E−05 
6.25E−06 
5.27E−06 
1.33E−06 
5.71E−05 
1.98E−05 
6.77E−06 
1.63E−05 
5.63E−06 

1.3 
2.7 
0.4 
1.0 
4.0 
1.3 
1.3 
1.3 
1.1 
1.1 

Phan et al., 2010 Kandal, Cambodia Female children Groundwater As 846.14 3.0E−3 10.02 

Martinez-Acuña et al., 
2016 

Guadalupe, 
Zacatecas, México 

Children Tap water As 78 2.0E−3 6.7 

Qian et al., 2010 China Children (4 - 7 y/o) Milled rice 
As 
Hg 

119 
5.8 

8.8E−1 
4.5E−2 

N/R 

Muhammad et al., 2010 Jalil-Dubair, Pakistan Adults Groundwater As 6.07 1.7E−4 0.56 

Wongsasuluk et al., 2014 Muahng, Thailand Adults Groundwater 
As 
Hg 

1.06 
0.10 

N/R 
0.28 

1.8E−3 

Jin-Soo et al., 2005 Songcheon, Korea Adults Stream waters As 246 3.1E−3 10.3 

Oribi et al., 2010 Obuasi, Ghana Children (2 - 19 y/o) Drinking water Hg 0.89 3.4E−4 2.1 

y/o: years old; N/R: no reported. 
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Table 5. Concentrations of Arsenic and Mercury in “artisanal or local commercial foods” 
from the communities of the Sonora River Basin. 

Local of food Town As (µg/Kg) Hg (µg/Kg) 

Coyota (wheat cookie) Ures 17.99 24.51 

Corico (corn cookie) Ures 36.11 11.69 

Flour tortilla Ures 30.00 11.83 

Jamoncillo (milk candy) Ures 23.69 13.1 

Traditional bread Ures 36.85 14.93 

Pumpkin empanada (sweet bread Ures 48.48 15.07 

Cooked cheese with chile Ures 33.36 0.28 

Corn tamale Ures 12.45 1.69 

Cooked cheese Ures 15.00 0.56 

Corn tamale Ures 9.23 4.84 

Flour tortilla Baviacora 36.56 12.54 

Homemade bread Baviacora 50.68 14.65 

Chiltepin sauce Aconchi 49.43 4.93 

Big flour tortilla Arizpe 43.5 14.65 

Chiltepin sauce Arizpe 24.92 5.63 

Big flour tortilla Bacanuchi 62.04 11.55 

Flour tortilla Bacanuchi 53.24 10.99 

Cooked cheese Bacanuchi 17.4 42.68 

 
exposure routes must be explored in order to calculate a more precise HQ for 
additional metal contribution.  

We did not include other metal exposure routes for the calculations of HQ, 
and some of the analyzed foods consumed by our study population had signifi-
cant levels of arsenic and mercury. This represents a direction for future study. 

3. Conclusion 

This work showed that the mining activity performed in the Sonora River basin 
affects the groundwater quality. Coupled with this, reports of mining spills, es-
pecially August, 2014 spill, have highlighted the presence of arsenic and mercury 
in the aquifers. Despite the relatively low concentrations of arsenic and mercury 
from the analyzed samples, children are more vulnerable to this kind of pollu-
tants and an important percentage of the participants are at risk of developing 
any one of a variety of chronic diseases related to arsenic and mercury exposure. 
To our knowledge, this is the first research conducted in this mining area which 
assesses the health risk of As and Hg exposure in children via drinking water. 
Our recommendation is to establish periodic drinking water monitoring in the 
area, and include other important exposures routes such as soil, dust and food, 
in order to evaluate the impact of mining activity in the population’s health lon-
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gitudinally across time. 
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