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Abstract

The purpose of this research is to characterize uranium 
exposure and accumulation with respect to sheep grazing 
on or near abandoned uranium mine sites on the Navajo 
Nation. The study hypothesizes lower uranium levels would 
be observed in sheep grazing in non-mining areas compared 
to those grazing in mining areas. Hearts from ten different 
sheep, five from each site, were analyzed for uranium con-
tent using inductively coupled plasma mass spectrometry. 
The results indicate that there are similar levels of uranium 
in sheep hearts from both mining and non-mining areas, 
ranging from 50 to 100 ppb. The results suggest that the 
uranium exposure of sheep grazing in non-mining areas of 
the Navajo Nation are similar to the uranium exposure of 
sheep grazing in abandoned mine regions.
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Background

Uranium is widely distributed in nature; as a result, there are 
very small concentrations in plants, animals, humans, and most 
water sources [1]. Uranium is extracted utilizing underground 
mining, open pit mining, or in situ leaching. In the course of un-
derground and open pit mining, the ore is hauled away from the 
mine sites to mills for processing into a more concentrated form 
of uranium. Observations on humans and experimental animals 
indicated uranium may be regarded as moderately soluble, with 
less than forty percent of the inhaled material being transferred 

into the systematic circulation within a few days or weeks. Ad-
ditionally, the daily intake of uranium in food and water varies 
across the world, due to the fluctuating abundance of uranium 
[1]. People living in areas that have been affected by uranium 
mining accumulate uranium in the lung tissue, skeleton, liver, 
and kidney [2]. The total amount of uranium by organ from the 
highest to the lowest is: bone, liver, kidney, lung, soft tissue, 
muscle tissue, and heart. Uranium is a known nephrontoxicant, 
and has the potential to cause kidney disease [3]. 
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Studies have focused on livestock bioaccumulating other 
metals like lead, mercury, cadmium, chromium, and manga-
nese from anthropogenic sources increased their accumulation 
in the environment [4-7], however, there are few studies that 
focus on uranium accumulation in livestock, more specifically 
sheep that graze on or near abandoned uranium mine sites 
[8,9]. Therefore, a determination of uranium concentrations in 
sheep in a rural mining area is important for assessing potential 
effects of pollutants on domestic animals.

Sheep are a dietary stable food for the Navajo [8], all as-
pects of the animal are utilized by the Navajo [10], and there 
are important cultural uses for the animal [9]. The purpose of 
this study is to characterize the concentrations of uranium in 
sheep hearts from the community of Cameron, AZ which is in 
the southwest region of the Navajo reservation. Cameron has 
98 open pit abandoned uranium mines that have been docu-
mented by the United State Geological Survey [11]. The study 
hypothesized that the uranium levels of the sheep in Cameron 
would be higher than sheep raised on the Navajo reservation 
where there was no mining. The sheep investigated from the 
comparison site came from the community of Leupp, AZ, also 
located in the southwestern region of the Navajo Reservation 
where no mining activity is reported.

Materials and methods

Five female sheep were collected from three different fami-
lies in the Cameron area, and five female sheep were collected 
from one family ten miles away from the community of Leupp. 
The Cameron sheep were two to eight years of age, and the 
Leupp sheep were four to six years of age. All of the sheep were 
euthanized using a traditional Navajo butchering technique. 
Multiple organs and muscle tissues were collected; however, for 
this study the focus is on the heart. Upon collection, the heart 
was placed in gallon sized freezer bags, placed in an ice chest, 
and transferred back to Northern Arizona University (NAU). 
The following day, the heart was sliced thinly, air dried in the 
laboratory, powdered with a standard kitchen coffee grinder, 
and combined/homogenized in one bag per sheep for sample 
preparation and bulk analysis. 

High purity deionized water (18.2 MΩ∙cm-1) produced using 
a Genpure Pro (Thermo) was used. Ultra-pure nitric acid (HNO3) 
(VWR), elemental standards of 101Ru (10 ppb) and 238U (1000 
ppm) (Elchrome) (VWR) were used. Standard kitchen coffee 
grinder (Kitchen Aid) and gallon sized food storage bags (Hefty) 
were used. A muffle furnace (Thermo Blue) was used to min-
eralize the samples. For uranium analysis, a Thermo X-series II 
inductively coupled plasma mass spectrometer (ICPMS) with an 
Apex introduction system, equipped with a self-respirating con-
centric MicroFlow PFA-ST nebulizer, was used.

Sample preparation included, slicing heart tissue samples as 
thin as possible, allowing them to dry for two to three weeks, 
powdered and homogenized in standard industrial food proces-
sor, and stored in a sterile 500 mL Whirl-Pak sample bag (VWR). 
The samples were separated into five replicates from each sam-
ple, exactly 1.47 g of sample in each 10 mL ceramic crucible 
(VWR) and mineralized for 24 hours in a temperature ramping 
method removing the organic matter. Roughly, 40 to 60 mg of 
mineralized tissue sample were transferred to 50 mL centrifuge 
tubes for partial acid digestion in 25% HNO3, filtration with a 
0.45 µm filter and 50 mL syringe (VWR) and brought to volume 
with high purity deionized water to 50 mL. The samples were 
diluted 1:5 by mixing 4 mL with dilution solution containing 0.05 

ppb ruthenium internal standard, and 1% HNO3 and Genpure 
water.

To determinate the concentration of uranium, a calibration 
curve was obtained with an R2 value of 0.997. Uranium calibra-
tion standard concentrations were 0.0, 0.1, 0.25, 0.50, 1.0 parts 
per billion (ppb), and an internal standard of 0.05 ppb ruthe-
nium was used. The sample concentrations and extraction effi-
ciencies were determined from the U238 to Ru101 mass to charge 
ratio, collected using a Thermo X-Series II Inductively Coupled 
Plasma Mass Spectrometer (ICPMS) with an APEX sample in-
troduction system, argon gas flow rate was set to 11.9, auxiliary 
flow of 0.70, and nebulizer flow at 0.83 L/min. 

Results

A total of ten sheep hearts, five sheep hearts from Cameron, 
and five sheep hearts from Leupp were collected and analyzed. 
Table 1 shows the uranium concentrations determined for each 
sample were between 50 and 100 ng/g. All the Cameron heart 
samples exceeded 65 ng/g except sheep two. The range, medi-
an, and average for the Cameron samples were 28.0, 72.0, and 
76.0 ng/g. The Leupp heart samples uranium concentrations 
also ranged from 50 to 100 ng/g (Table 1). All Leupp samples ex-
ceeded 60 ng/g uranium concentration except sheep five. The 
range, median, and average for the Leupp samples were 32.9, 
75.6, and 71.2 ng/g.   

Due to the similar uranium concentration averages from the 
study areas, a follow up experiment was conducted to deter-
mine if the mineralization method was reproducible and/or if 
the method contributed to the final result. The lack of a Stan-
dard Reference Material (SRM), further necessitated this exper-
iment in order to perform a quality assurance/quality control 
on the preparation protocol. The Relative Standard Deviation 
(RSD) was calculated for each subset of the ten samples to de-
termine if the samples that were compared had an RSD less 
than ten percent. An RSD less than ten percent would suggest 
that the furnace method was mineralizing the samples evenly 
and reproducibly. 

The one heart sample each from Cameron and Leupp were 
collected, prepared for analysis, and analyzed following the 
sample protocol describe above. The only change was the 
samples were separated into ten replicated, instead of five. This 
separation was done to decrease the total variance. The results 
showed that the Cameron average was 62.7 ng/g with a range 
of 10.9 ng/g, standard deviation of 3.5 ng/g, and RSD of 5.6%. 
The Leupp results showed the average was 67.0 ng/g with a 
range of 16.8 ng/g, the standard deviation of 4.9 ng/g, and the 
RSD of 7.3%. A t-test was used to compare one average value to 
the other to decide whether there was a statistically significant 
difference between two averages. Focusing the difference of 
averages between sheep hearts from the two communities, the 
t-test confirmed that the sheep hearts from Leupp were signifi-
cantly different from each other; while Cameron sheep hearts 
that were taken from a flock were similar (i.e. sheep one and 
three were similar, sheep two and five were similar, and sheep 
four was different from all of the Cameron sheep). The reason 
this t-test was conducted was to see if the sheep coming from 
one herd or area were similar as they were exposed to the same 
living conditions.

The statistical analysis confirms that biological samples, es-
pecially when dealing with grazed animals, require that addi-
tional information and measurements, such as lifestyle and lo-
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Table 1: Uranium concentrations in sheep hearts from Cameron 
and Leupp, AZ.

cation of origin, be gather to account for error with and between 
samples. The heart is a muscle that pumps blood throughout 
the body and represents a site where uranium is not expected 
to accumulate. This is possibly a reason why similar concentra-
tions are observed in the Leupp and Cameron.

Site Sheep Number Average (ng/g) Standard Deviation

Cameron One 91.5 7.9

Two 63.5 1.7

Three 87.8 3.6

Four 72.0 6.1

Five 65.3 1.3

Leupp One 76.0 2.3

Two 60.5 3.0

Three 91.5 18.0

Four 69.8 6.3

Five 58.7 2.5

Discussion

Limitations of the study was the unknown specific ages of 
the sheep, instead an estimation was made by the veterinarian 
on site. The veterinarian mentioned that if the sheep was graz-
ing in an arid like desert like area like Cameron that the teeth 
would wear much more and not be a great indicator of age. 
The reason why this is important is because the older the sheep 
the longer they have the potential to be expose to uranium and 
suffer any damage to uranium. The second limitation is that the 
number of sheep sampled is not statistically significant, and it 
can be only used as a statistical simulation, that that we have a 
sample size of five from each site. Statistical consultants have 
suggested collecting more sheep (n= 30 from each site); howev-
er, that would have proven difficult as the community members 
in Cameron have decreased the amount of sheep they raise as 
they do not know how their sheep are being affected by the 
legacy of uranium mining. The third limitation is the grazing his-
tory, or each sheep was unknown, in that it was unknown if the 
sheep was grazing in certain areas for most of their lives, or if 
they were traded and moved from one community to the next. 
Understanding the area from where the sheep originated is im-
portant because the Navajo Nation represents a large land mass 
with varying environmental conditions and differing environ-
mental contaminates, uranium is variable. Furthermore, if the 
sheep come from a site off of the reservation, this represents 
another set of possible exposures from where they came from. 

This study was conducted to fulfill a request made by the 
Cameron and Leupp communities to study their sheep for ura-
nium accumulation. Although sheep have a cultural significant 
to Navajo, the impact and fear of uranium exposure from min-
ing in these communities may result in an elective reduction in 
sheep herds. The Navajo have a long standing dietary proactive 
of eating sheep; thus, if the sheep were accumulating uranium 
then it would represent an additional route of exposure. It was 
hypothesized that the uranium levels in the Cameron heart 
samples would be somewhat higher than those of the heart 
samples from the Leupp sheep. This was not observed as the 

levels were relatively similar. Further study of other organs and 
tissues is warranted to determine other accumulation. The re-
sults, instead, suggest that uranium does not accumulate in the 
heart. 

The results from the study have been reported back to the 
community members that provided sheep, as well as the com-
munities of Cameron and Leupp. There were multiple occasions 
like Chapter meetings and community gatherings where the 
community was informed of the status of the research project. 
Additionally, after the samples were analyzed, the results were 
disseminated to the community members that provided the 
sheep for analysis. 

The uranium concentrations from Cameron and Leupp do 
not represent the entirety of this region, either on or off the 
reservation. To establish a more complete picture, the sampling 
of sheep across the reservation need to be conducted. Addi-
tionally, a better understanding of the environment in Leupp, 
Cameron, or elsewhere should be established concurrently for 
any further evaluations.   
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