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ABSTRACT

There exist potential health risks due to the presence of some elements in groundwater. This study presents measure-
ments of gross alpha and beta activity and chemical concentrations (fluorides and nitrates) in 25 water wells in Aldama
municipality, Chihuahua, Mexico. Total alpha and beta emitter analyses were performed at the Academic Unit of Nu-
clear Studies at the Autonomous University of Zacatecas. Radioactive elements were concentrated by total evaporation.
All samples were measured with a Wallac-Oy 1411 liquid scintillate with a pulse separation option (Pulse Shape
Analysis) for 6 h. Fluorine and nitrate analyses were performed at the Faculty of Engineering of the Autonomous Uni-
versity of Chihuahua by flow injection-hydride generation collection-atomic absorption spectrometry. Exposure levels
were calculated for each well and found to exceed maximum limits allowed under Mexican law in terms of 1) gross
alpha and beta activity; and 2) fluoride and nitrate concentrations. Gross alpha activity in two wells exceeded the refer-
ence value of 0.56 Bq-L™". Fluorides and nitrates were found in 40% and 48% of water wells, respectively. Fluoride
values were higher than 1.5 mg-L™', and the exposure doses for adults and children exceeded the reference value of 0.06
mg'kg -d”". Children are the most vulnerable, since their intake doses are near or above of 0.12 mg-kg "-d™" of the
minimum level of risk for the development of skeletal fluorosis or bone fractures. On the other hand, while nitrate con-
centrations in water wells exceeded the drinking water limit of 10 mg-L™", this does not represent a serious health risk,
since the calculated exposure doses for adults and children are below the chronic reference level of 1.6 mg-kg '«d™" es-
tablished by the USEPA.
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1. Introduction scription is provided by Dobson et al. [1].

There are potential health risks due to exposure to ura-
nium (U) and radium (Ra) which are the most important
alpha emitters especially in groundwater [2]. Once in-
gested, U is preferentially deposited in kidneys and soft
organs, while Ra, with chemical properties similar to
those of calcium, can be deposited in bones. Both ele-

ments are considered carcinogenic, depending on the ex-

Aldama City is located in the Mexican state of Chihua-
hua and is part of the Municipality of Aldama. It is about
30 km from the most important uranium deposit in Mex-
ico, Pena Blanca, which accounts for 60% of Mexican
uranium reserves (Figure 1). A complete geological de-

"There exist potential health risks due to the presence of some ele-

ments in groundwater. This study presents measurements of gross alpha
and beta activity and chemical concentrations (fluorides and nitrates) in
water wells in Aldama municipality, Chihuahua, Mexico.
#Corresponding author.
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posure levels [3]. UNSCEAR [4] established values of
doses for a given person over a period of 50 years (70
years for children) for radioactive material. For children
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Figure 1. Location of the study area in Chihuahua, Mexico.
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(aged 7 - 12 years) and adults (17 years and older), the
values are: 350 L-y ', and 500 L-y ", respectively.

In addition, owing to the local geology, there are other
potential health hazards in Aldama municipality, such as
the presence of fluoride (F") and nitrate ( NO; ) in ground-
water [5].

Fluorine, which is commonly referred to as its ionic
form fluoride, has a chemical affinity to hydroxyapatite
in bones and can thus accumulate in the skeleton, causing
injuries similar to osteoporosis (skeletal fluorosis). Fluo-
rine can also react with the enamel in teeth, leading to
dental fluorosis, characterized by damage ranging from
mild effects, such as spotting on the teeth, up to their
total loss [6]. The calculations of fluorine exposure levels
consider both children and adults with average body
masses of 20 and 70 kg, respectively. The calculations
assume a daily intake of 1 liter (children) to 2 liters
(adults) of water per day. The comparison reference value
for fluorine is the minimum risk level calculated by the
ATSDR [7], which is 0.05 mgkg '-d™" for chronic oral
exposure [8].

Interest in nitrates in water arises from the fact that
they can convert blood hemoglobin to methahemoglobin,
which reduces blood oxygen content, affecting cell func-
tions and causing a disease called methahemoglobinemia
[9]. Changes to the Mexican legislation established a ma-
ximum permissible level of nitrogen (as nitrates: N- NO5 )
of 10 mg:L™' [10], similar to the level established by the
USEPA [11] and recommended by the WHO [12]. The
reference level to prolonged exposure to nitrates is 6
mgkg -d' [13].

The main objective of this study was to determine
gross alpha and gross beta activities as well as fluorine
and nitrate concentrations in Aldama municipality well
water and to calculate the exposure level of those para-
meters. The results presented in this paper will offer an
overall assessment of the degree of radioactive and chemi-
cal elements in groundwater in northern Mexico and may
be seen as an assessment of this area, which could be uti-
lized for authorities at the federal, state and municipal le-
vels of government in Mexico for establishing preventive
actions.

2. Materials and Methods

Groundwater samples were collected in duplicate from
25 wells in and around the municipality of Aldama City,
in the state of Chihuahua, Mexico (Figure 2). Therefore,
a total of 50 water samples were collected in 1-liter poly-
ethylene bottles. Twenty-five samples (n = 25) were pre-
served following the standard methods to measure radio-
activity levels [8]. The other 25 samples were preserved
according to the protocol used to measure fluoride and
nitrate by atomic absorption [14].

Open Access

Gross alpha and gross beta emitter analyses were per-
formed at the Academic Unit of Nuclear Studies at the
Autonomous University of Zacatecas in Mexico. The
protocol obtains a measurement of alpha activity from
natural emitters. The radioactive elements were concen-
trated by total evaporation. The solid residue was dis-
solved with 8 ml of di-ionized water, and mixed with 12
ml of OpthiPhaseHiSafe 3 Wallac scintillation liquid and
stored in a polyethylene vial. Gross alpha and gross beta
activities for all samples were measured with a Wallac-
Oy 1411 liquid scintillate with a pulse separation option
(Pulse Shape Analysis) for 6 h. Alpha and beta radiation
were classified by a counter using a discrimination opti-
mum pulse parameter [15]. Fluoride and nitrate analyses
were performed at the Faculty of Engineering of the Au-
tonomous University of Chihuahua by flow injection-hy-
dride generation collection-atomic absorption spectrometry,
using a Perkin Elmer 3100.

Radioactive and chemical dose calculations of ground-
water samples above maximums, according to Mexican le-
gislation, was performed taking into account the concen-
tration of the element of interest, as well as standard val-
ues of body mass and water consumption for both adults
and children [6]. Table 1 shows standard body mass and
water consumption values for children and adults that
were utilized in the equations. The equations used to es-
timate risk exposure to chemical and radioactive ele-
ments are presented below. The following equation was
used to obtain the annual effective doses [4] (UNSCEAR,
2000):

HE =C,,_, *Q, * DE * (1)

Where: H is the effective annual dose (mSv), Cy-; is
the radioactive concentration in water (Bq-L™") and Q, is
annual water consumption and DE the dose coefficient
(mSv-Bq ).

Moreover, the next equation was used to measure flu-
orine and nitrate exposure dose risks [16]:

Dose = CHT*FE @)
PC

Where: Dose is the exposure dose by water consump-
tion (mgkg '-d™"), C is the contaminant concentration
(mg-L™"), TI the water consumption rate (L-d '), EF the
exposure factor value (a dimensional) and PC, body mass

(kg).

3. Results and Discussion

Results obtained in this study are presented in Table 2.
In addition, Table 3 gives nitrate and fluorine exposure
doses received by users of water from sampled wells in
Aldama municipality.

Despite the proximity to uranium ores, only two wells
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Figure 2. Location of samples wells in Aldama, Chihuahua, Mexico.
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Table 1. Standard values considered for risk analyses.

Parameter Adults Children
Body mass (kg) 70 20
Water consumption (I1°") 2 1

Table 2. Chemical and radioactive element concentrations
obtained from wells in Aldama, Chihuahua, Mexico.

Radioactive Elements Chemical Elements

Wells Alpha (Bq:I'")  Beta (Bq-1™) (mg-r‘) (nI:;C-)li')
P-47 0.365 0.166 0.23 0.9
P-44 0.399 0.169 2.8 1.6
SN-3 ND 0.08 22 ND
SN-4 0.187 0.072 1.2 12
P-39 0.335 ND 2.7 0.4
P-71 0.296 0.077 15 0.8
P-29 0.174 ND 4.8 0.5
SN-5 0.209 0.082 0.9 0.7
EPAS-11 0.251 0.147 1.5 12.1
P-5 EPAS 0.337 0.224 1.1 21.6
P-1 0.181 0.052 ND 49
SN-6 0.29 ND 22 3.4
SN-7 0.505 0.346 0.9 20.8
P-291 0.394 0.187 22 17.8
P-170 0.744 0.359 2.9 21.6
P-262 0.526 0.329 2.8 15.1
P-325 0.217 0.114 33 2.7
p-2 1.138 0.226 2.7 242
SN-8 0.19 0313 1.1 20.2
AURO 0.371 0.263 ND 7.3
HIPO 0.186 0.264 ND 4.6
SN-12 0.545 0.382 0.9 20.7
SN-9 0.339 0.211 0.04 26.9
SN-11 0.407 0.229 0.90 16.3
SN-10 0.563 0.517 0.90 29.8

"ND = Not Detected.

(P-170 and P-2) of the 25 showed high alpha activity
(Table 2) with levels of 0.744 Bq-L™" and 1.138 Bq-L™",
respectively. These values are 33% and 103% higher
than the maximum acceptable level of 0.56 Bq-L™" [10].
Beta emissions do not pose any risk because they are
below the maximum acceptable level of 1.85 Bq-L™". The
value used in the effective dose calculations was the U
concentration of 0.72 Bq-L™', previously reported by
Villalba et al. [2] for Aldama City. The effective adult
dose is 0.023 mSv and 0.01 mSv for children. These va-
lues are below the annual reference dose of 0.1 mSv, for
drinking water [17]. However, this effective dose only re-
flects alpha emission from uranium, leaving aside effective

Open Access

Table 3. Fluorine and Nitrate exposure doses in groundwa-
ter in Aldama, Chihuahua, Mexico.

F~ Exposure (mgkg'-d™") NO; Exposure (mg-kg "-d™")

Wells Adults Children Adults Children
P-47 : : : :
P-44 0.080 0.140 : :
SN-3 0.063 0.110 ’ )
SN . . . .
P-39 0.077 0.135 : :
P-71 : : : :
P-29 0.137 0.240 ’ )
NS . . . .
EPAS-11 : : 0.346 0.605
P-5 EPAS ) : 0.617 1.08
Pl . . . .
SN-6 0.063 0.110 : :
SN-7 ) : 0.594 1.04
P-291 0.063 0.110 0.509 0.890
P-170 0.083 0.145 0.617 1.080
P-262 0.080 0.140 0.431 0.755
P-325 0.094 0.165 ! ’
P-2 0.077 0.135 0.691 1.210
SN-8 : : 0.577 1.010
AURO : : : :
HIPO ’ ! ! ’
SN-12 ’ ! 0.591 1.035
SN-9 ’ ! 0.769 1.345
SN-11 ’ ! 0.466 0.815
SN-10 ’ ! 0.851 1.490

"Does not exceed the recommended limit.

doses from all other radioactive elements (Th-230, Ra-
226, Pb-210, Po-210) in the U-238 radioactive decay se-
ries. Obviously once these are considered; the effective
dose will be higher. The connection between well water
radioactivity and health risk, especially for cancer has
been studied overseas [18,19]. For instance, one study car-
ried out in Finland concluded that radionuclide ingested
through well water was not associated with a substantial-
ly increased bladder or kidney cancer rate [20].
Concentrations of fluorine range from 0.04 mg-L™ to
4.8 mg-L™' (Table 2). In 10 out of 25 wells (40%), con-
centrations exceeded the acceptable level limit of 1.5
mg-L™". The fluorine exposure dose due to groundwater
consumption was calculated for the 10 wells with values
above legal limits, obtaining values of 0.063 to 0.137
mg-kg -d”" for adults and 0.110 to 0.240 mg-kg '-d”" for
children (Table 3). These dose values are above the ref-
erence dose value of 0.06 mg-kg '-d ™' [10], which makes
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the water unhealthy for human consumption. It is possi-
ble the population drinking water from these wells may
develop dental fluorosis. Dental fluorosis is an endemic
disease in Mexico affecting approximately 5 million peo-
ple [21]. Nevertheless, children are the most affected, be-
cause the dose values from consuming water is close to
or above the 0.12 mg-kg '*d”" maximum risk level linked
to the development of skeletal fluorosis or bone fractures
for children [22]. This scenario gets worse when we take
into account the serious nutritional deficiencies that many
children in the region are subject to [21].

Nitrate concentrations range from 0.4 mg-L™' to 29.8
mg'L". In 12 from 25 wells (48%) the values were above
the maximum level of 10 mg-L™' [10]. The exposure dose
was calculated for these 12 wells. Doses ranged from
0.346 to 0.851 mgkg '-d”' in adults and from 0.605 to
1.490 mgkg d™" for children (Table 3). None of the
doses exceeded the chronic reference level of 1.6
mgkg -d”' [11]. Craun ef al. [23] performed an experi-
ment in The United States of America with a group of
102 children of 1 - 8 years of age. The children drank
water with nitrate concentrations of 44 up to 500 mg-L™",
with exposure doses ranging from 2.2 to 25 mg-kg "-d "
No cases of methahemoglobinemia have been detected in
this municipality.

Another study in eleven Russian elementary schools
reported that 5.3% of children age 12-14 years of age had
problems related to nitrate concentrations of 105 mg-L™
[24]. However, we could not find any record of health
issues related to water consumption of concentrations
close to the 29.8 mg-L™" found in well SN-10. Due to all
of the above reasons, nitrate concentrations in ground-
water do not appear to pose any significant health risk to
the population of Aldama City.

4. Conclusion

Alpha emitters present in 2 out of 25 wells (8%) in Al-
dama municipality exceeded the maximum level of 0.56
Bg-L™'. With regards to beta emissions, they do not pose
any health risk, because all values are under the recom-
mended limits (1.85 Bq-L™"). Fluorine levels exceeding
the 1.5 mg-L™" maximum value were found in 10 of the
25 wells (40%). Dose values received by adults and chil-
dren exceeded the recommended ATSDR values. Nitrate
concentrations above the limit of 10 mg-L™" established
by Mexican law were found in 12 out of 25 wells (48%).
Nevertheless, calculated exposure doses were below the
USEPA chronic reference level of 1.6 mg-kg '-d”'. Ni-
trate concentrations do not appear to pose health risks to
either adults or children.
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