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Abstract: Over 500 abandoned uranium mines are located on the Navajo Reservation. Different
pathways of environmental uranium exposure have been studied with respect to the Navajo people
including water, soil, and plants; however, uranium exposure from traditional Navajo food, specifically
mutton (sheep), has not been reported. This study focuses on mutton consumption in the small
community of Cameron, Arizona, located in the southwestern region of the Navajo Nation and
initiated after community members expressed concern with the uranium exposure of their sheep.
Preliminary investigation into the presence of uranium in sheep raised near Cameron showed elevated
uranium levels in the kidneys the sheep tested. The goal of this study is to investigate mutton
consumption among the Navajo living in Cameron. Mutton is a traditional food of the Navajo,
but consumption practices are not well documented. An important aspect of determining the extent
of exposure through food consumption is to assess the frequency of consumption. The results of this
study indicate the Cameron participants consume mutton most commonly at family gatherings or
celebrations. The survey suggests that less mutton is consumed now compared to the past, and there
is concern that contaminated mutton may change traditional ceremonies.
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1. Introduction

The Navajo Nation is the largest contiguous Native American reservation in the continental
United States. Located within the Four Corners region of the American Southwest, its borders span
71,000 square kilometers across Arizona, New Mexico, and Utah. The Navajo Nation is recognized by
the United States’ government as a sovereign nation, though the United States retains plenary power,
and is separated into 110 tribal Chapters governed through five management Agencies. The Cameron
chapter is located on the Navajo Reservation in northern Arizona, approximately 50 miles north of
Flagstaff, AZ and 35 miles east of the Grand Canyon (Figure 1). According to the 2010 United States
census, the Cameron Chapter had a population of 885 with a land area of 238,523 acres [1]. Of the
885 Cameron residents, 832 of these are American Indian/Alaska Native. The gender breakdown
of the Cameron population is 51% female/49% male. The adult population (people over the age
of 18 years) is 624 community members. The area is in the Painted Desert and on the East Kaibab
Monocline [2]. Uranium was discovered in the Chinle Formation of the Upper Triassic Period [3],
specifically in the Petrified Forest Member [4]. Past uranium mining in the Cameron Chapter extends
back to 1952, leaving a legacy of 98 open pit abandoned uranium mines located within the Cameron
Chapter boundaries documented by the United State Geological Survey [3]. Figure 1 shows a map
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of the Navajo Nation; the Cameron Chapter is located in the western region of the Navajo Nation.
The abandoned mines are indicated by X’s on the map.
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Figure 1. Map of the Navajo Nation illustrating the abandoned uranium mine locations.

Uranium is both radioactive and is a heavy metal. Chemically, uranium targets certain organs
in the body such as the kidney and liver, causing damage to these target organs [5,6]. It has been
shown that uranium and its radioactive decay products can be absorbed through contaminated
food sources [7], particularly by accumulation in the bone, which potentially can cause bone cancer.
Several studies have shown chronic uranium exposure through consumption of contaminated water
can act as a nephrotoxin [8,9] and can affect the stomach [10] as well as accumulate in the bone [11].
Another study suggested that uranium could also target the brain and teeth [12]. Chronic exposure to
uranium can also affect the central nervous system [13].

The pathway of exposure to environmental uranium for humans living on the Navajo Reservation
through vegetation [14], water [15], and soil [16] have been previously studied [17]. However, livestock
and wildlife have not yet been studied to determine the impact of exposure to uranium on the Navajo
Reservation. Off the reservation, the Oak Ridge National Laboratory (ORNL), located in eastern
Tennessee, discovered wildlife (insect, birds, and mammals) living near ORNL had elevated levels of
radionuclides in tissue samples compared to other similar wildlife living in other areas of Tennessee [18].
These findings were supported by other studies [19,20], which found that wildlife in closer proximity
of contaminated radioactive sites had higher radioactivity levels in their tissues compared to animals
living in areas further away.

Uranium was found in sheep blood at higher concentrations in areas where depleted uranium
ammunition was used by the allied forces during the 1999 NATO attacks in Southern Serbia [21].
Previous research illustrated a pathway of exposure to humans from contaminated animals in areas
of mining in South Africa, which could pose a possible public health risk [20]. Navajo people
traditionally eat sheep as a part of their diet [22]; sheep are also important in traditional ceremonies [23].
Consumption of sheep exposed to uranium, such as those who may graze near one of the 98 open pit
uranium mines near Cameron, AZ, may be a public health risk.
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One study from Bosshard [24] described exposure to uranium through food. The study indicated
that the range of uranium exposure was between 1–3 µg/person/day in regions of no uranium mining
and as high as 9 µg/person/day in regions of uranium mining. A separate study from Canada
investigated moose grazing near uranium mines and concluded that the Indigenous People should not
consume the kidneys as the levels of uranium were found to be 2–3 times higher than moose grazing in
the control area [25]. Uranium exposure and maximum contaminant limits have been set for uranium
consumption in drinking water at 30 µg/L [26]; however, regulations on maximum uranium exposure
levels in food have not been determined.

Studies have shown a gender difference in uranium accumulation. Males tend to accumulate more
uranium in the kidney [6] and gastrointestinal tract [27] compared to females. The most vulnerable
population to uranium accumulation is infants, which may exceed adults by three-fold [28].

The Navajo people have felt the ramifications of uranium mining. Today there are 523 abandoned
uranium mines located on the Navajo Reservation with only one having been remediated [29]. Another
concern from uranium contamination is the groundwater contamination from historical uranium
mining [15]. The Navajo Nation Tribal Council passed a resolution in 2007 that prohibited further
uranium mining on the Navajo Nation, which honors the traditional values of the Navajo Nation to
protect Mother Earth [30]. The environmental uranium exposures of the Navajo people are unique
because of previous mining activity and the lifestyle of the Navajo people.

Multiple Navajo communities requested information from the Northern Arizona University
(NAU) research team concerning uranium levels in their traditional food source, specifically sheep.
Since the 1600s, sheep have been important to the Navajo in a variety of ways. Mutton fed Navajo
families, wool kept them warm, and the sale of blankets woven by women of the family group provided
cash from the local trader [31]. This study was requested by the Cameron community and presents an
opportunity for the NAU research team to assist the Navajo people to obtain scientific information that
is critical for their health and sovereignty. By responding to this request, the NAU research team can
continue building a trusting relationship between the Navajo Nation and researchers, while gaining
insights into environmental uranium exposure. In a sheep study of bioaccumulation of uranium in
sheep in Cameron, Arizona, the results suggest elevated levels of uranium in the kidneys of the sheep
raised in the southwestern region of the Navajo Reservation ([32], see Supplemental Material). In this
study, kidneys from five sheep raised in Cameron were compared to kidneys from five sheep raised
in Eager, Arizona, the control site, located 80 miles south of the Navajo Reservation and 100 miles
south of the closest abandoned uranium mine. The study indicated that the average uranium level in
the Cameron sheep kidney was 120 ppb while the average uranium level in the Eager sheep kidney
was 30 ppb; this is a four-fold increase in uranium content. The concern of the Cameron community
to eating mutton from meat with potentially elevated levels of uranium is the foundation for the
research reported here. An important question in addressing this concern is with regard to the mutton
consumption practices among the Navajo. Thus, the goal of the study is to investigate the consumption
of mutton in the community of Cameron by gender and age groups. Additionally, questions were
asked to assess the perceptions of participants regarding the importance of mutton in traditional
ceremonies. Gaining an understanding of the amount of mutton raised on the Navajo Reservation and
consumed by the Navajo people is key to providing guidance for safe consumption of this important
traditional food.

2. Materials and Methods

The research was conducted in Cameron, AZ, located in northern Arizona in the southwestern
area of the Navajo Nation. The mutton consumption survey was administered to a convenience sample
of 72 members of the Cameron Chapter. Prior to the study, the Chapter approved the research by
voting on a resolution of support for the survey. Additionally, approval was granted by the Navajo
Nation Western Agency and the Tuba City Health Board. The study protocol, survey, and consent
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form were approved by the NAU Institutional Review Board and the Navajo Nation Human Research
Review Board (see Supplementary Materials for approval documentation).

The Diné Hataalii Association (Navajo Medicine Men) was consulted to provide insights into
Navajo culture to shape policies around sheep consumption. This approach was taken to assure
cultural sensitivity around issues shaping the lives of the Navajo people. The study focused on
adapting the Indigenous Health Indicator [33] developed by the Swinomish Tribe. This entailed
meeting with the Diné Hataalii Association members to get their input on the relationship between
Navajo consumption of potentially contaminated sheep and its relationship to the Navajo Fundamental
Laws [34]. To determine the appropriateness of the questions, the survey was beta tested among
15 Cameron community members at the 14 December 2016, Cameron Monthly Chapter meeting.
To assess readability, cultural appropriateness, and Face Validity, community members provided
detailed input on question readability, perceived cultural appropriateness of individual questions,
and what they believed the questions measured.

Surveys were conducted at social gatherings in Cameron, Arizona, between June and October 2017.
The first event where the survey was conducted was a Veterans’ celebration. Afterward, the Cameron
Chapter had a social gathering of commodity food distribution along with a Health Fair event for
community members to attend. A second event was the Cameron Days Celebration that occurs during
the Navajo Nation Western Agency Fair.

The community was introduced to a questionnaire about personal mutton consumption and
perspective of the role of mutton in traditional Navajo Culture. Descriptive characteristics, including
gender, age, community, tribal affiliation, number of adults and children in their household, and if
they owned sheep, were self-reported. Participants were asked about their lifetime pattern of mutton
consumption as well as their views on the impact to traditional ceremonies. Participants were also
asked at which events they ate mutton such as family, community, or ceremonial gatherings and if they
viewed the mutton they consume as a health risk due to uranium.

Descriptive characteristics in the questionnaire were presented as counts and percentages. Mutton
ceremony perceptions and eating habits among survey respondents were presented as counts and
percentages by gender and age groups. Counts and percentages of the frequency of consumption
and preparation of mutton were presented overall. Responses were not mutually exclusive and
percentages may not always add up to 100%. All analyses were conducted using SAS V9.4 (SAS Inc.,
Cary, NC, USA).

3. Results

Table 1 presents the demographic information of the participants who completed the sheep
consumption survey. Of the 72 participants who completed the survey, most were 40 years and
older (72%), female (60%), identified as Navajo (96%), and were from the Cameron Chapter (57%).
The number of participants not living in the Cameron Chapter (43%) is identified as people who grew
up in Cameron as children but have moved away and lived elsewhere as an adult. These participants
go back to Cameron for community events to show their support for their childhood community.
According to the 2010 Census, there were 624 adults living in Cameron [1]; thus, approximately 6.6%
of the Cameron adult population participated in the survey. There was an average of 2.6 adults and
1.5 children in the households with only 25% of participants self-reported owning sheep. This table
indicates that the least represented age group in this study was the 18–25-year-old group. As to the
gender of the participants, there were more women than men. Most of the participants identify with
the community of Cameron but resides elsewhere.
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Table 1. Demographic information for participants who completed the sheep survey, 2017 (n = 72).

Characteristic N (%) or Mean ± SD

Age group
18–25 years 7 (9.7)
26–39 years 13 (18.1)
40–55 years 17 (23.6)
56–70 years 21 (29.2)
>70 years 14 (19.4)

% Female 43 (59.7)

Community
Cameron 41 (56.9)
Tuba City 12 (16.7)

Other 19 (26.4)

% Navajo 69 (95.8)

Adults in household 2.6 ± 1.5

Children in household 1.5 ± 1.7

Sheep (% yes) 18 (25)

Abbreviations: Standard deviation (SD).

Table 2 describes the importance of mutton in traditional cultural environment. While 93% of
participants believe mutton is important for Navajo traditions, 58% of all participants and 49% of
participants that reported mutton is important for Navajo traditions also believe ceremonies would not
change if the mutton were not available. Many of the female participants (54%) do think that ceremonies
will change, while 25% of the male participants do not think the ceremonies will change. The results
suggest a gender difference in perception of change in ceremonies if the mutton is contaminated.
There were also differences in responses by age group. The majority (86%) of younger participants
(18–25 years) believed that ceremonies would be changed if there was no mutton, compared to older age
groups (>40 years). Additionally, slightly more than half (52%) of the participants believe it would be
impossible to have a ceremony if the mutton was contaminated. Again, a difference between the gender
responses was observed with a higher percentage of female participants responding positively to
ceremonies being impossible to perform without mutton compared to the male participants. In contrast
to whether ceremonies would be changed, most (75%) of older adults (>70 years) believe that some
ceremonies would be impossible to perform if there was no mutton compared to younger participants’
(<55 years) response that ceremonies would still be possible (57%) with no mutton.

Table 3 illustrates perception of safety with respect to eating mutton from sheep that have grazed
around abandoned uranium mines near Cameron, AZ. Almost half (48%) of participants did not think
or worry whether it was safe to eat mutton while 23% percent did. Participants were also asked at what
events do they eat sheep. About 80% of participants consumed mutton during family gatherings while
only 25% consumed mutton during regular meals. Additionally, 54% self-reported consuming mutton
at ceremonies and 53% consumed mutton at holiday events. In terms of lifetime mutton consumption
habits, 73% of the surveyed population agree that people ate more mutton when they were younger
compared to today. Only 19% do not think people ate more mutton in the past.

Table 4 describes the preparation-serving styles of different organs and tissues of the sheep. The results
in Table 4 show that the majority of survey participants consume many different parts of a sheep. The
cooking preparation of mutton is the most likely to be stewed or grilled for all the different sheep tissues.

Table 5 describes the frequency of consumption of the different organs and tissues of the sheep.
The majority of participants who reported eating the specific organ or tissues reported consuming
blood sausage, mutton stew, roasted mutton sandwiches, ribs, hind legs, Achii once a month (26–32%)
or every few months (50–60%). Few participants reported eating any part of the sheep every day (0–6%
or 1–2 individuals).
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Table 2. Mutton ceremony perceptions among participants who completed the sheep survey, 2017 (n = 72).

Question

Response, N (%)

All Participants Gender Age Group (years)

Men Women 18–25 26–39 40–55 56–70 >70

Do you think mutton is important for traditions?
Yes 66 (93.0) 25 (89.3) 41 (95.4) 7 (100.0) 12 (92.3) 16 (94.1) 20 (95.2) 11 (84.6)
No 5 (7.0) 3 (10.7) 2 (4.6) 0 (0.0) 1 (7.7) 1 (5.9) 1 (4.8) 2 (15.4)

Missing * 1 1 0 0 0 0 0 1

Would ceremonies be changed if there was no mutton?
Yes 30 (42.3) 7 (25.0) 23 (53.5) 6 (85.7) 6 (46.2) 6 (35.3) 8 (38.1) 4 (30.8)
No 41 (57.7) 21 (75.0) 20 (46.5) 1 (14.3) 7 (53.8) 11 (64.7) 13 (61.9) 9 (69.2)

Missing * 1 1 0 0 0 0 0 1

Would some ceremonies be impossible to perform if
there was no mutton?

Yes 36 (52.2) 9 (34.6) 27 (62.8) 4 (57.1) 3 (23.1) 9 (52.9) 11 (55.0) 9 (75.0)
No 33 (47.8) 17 (65.4) 16 (37.2) 3 (42.9) 10 (76.9) 8 (47.1) 9 (45.0) 3 (25.0)

Missing * 3 3 0 0 0 0 1 2

* Missing not included in percent.
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Table 3. Mutton eating habits among participants who completed the sheep survey, 2017 (n = 72).

Question

Response, N (%)

All Participants Gender Age Group (years)

Men Women 18–25 26–39 40–55 56–70 >70

Do you think or worry whether it is safe to eat mutton?
Yes 23 (32.4) 7 (25.0) 16 (37.2) 2 (28.6) 2 (15.4) 3 (17.7) 7 (33.3) 9 (69.2)
No 34 (47.9) 18 (64.3) 16 (37.2) 4 (57.1) 9 (69.2) 10 (58.8) 9 (42.9) 2 (15.4)

Sometimes 14 (19.7) 3 (10.7) 11 (25.6) 1 (14.3) 2 (15.4) 4 (23.5) 5 (23.8) 2 (15.4)
Missing * 1 1 0 0 0 0 0 1

At what events to you eat sheep? **
Regular meal 18 (25.0) 5 (17.2) 13 (30.2) 0 (0.0) 2 (15.4) 6 (35.3) 4 (19.1) 6 (42.9)

Ceremony 39 (54.2) 15 (51.7) 24 (55.8) 6 (85.7) 7 (53.9) 9 (52.9) 8 (38.1) 9 (64.3)
Holiday 38 (52.8) 9 (31.0) 29 (67.4) 4 (57.1) 9 (69.2) 7 (41.2) 12 (57.1) 6 (42.9)

Family gathering 60 (83.3) 22 (75.9) 38 (88.4) 7 (100.0) 11 (84.6) 14 (82.3) 18 (85.7) 10 (71.4)
Community event 30 (41.7) 10 (34.5) 20 (46.5) 1 (14.3) 6 (46.2) 6 (35.3) 12 (57.1) 5 (35.7)

Do you think people eat more mutton in your
childhood compared to today?

Yes 52 (73.2) 20 (71.4) 32 (74.4) 6 (85.7) 7 (53.9) 10 (58.8) 17 (81.0) 12 (92.3)
No 19 (26.8) 8 (28.6) 11 (25.6) 1 (14.3) 6 (46.1) 7 (41.2) 4 (19.0) 1 (7.7)

Missing * 1 1 0 0 0 0 0 1

* Missing not included in percent; ** Participants may choose more than one response.
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Table 4. Preparation of mutton among participants who completed the sheep survey, 2017 (n = 72).

Part of Sheep Prepared
Number of Participants How Sheep was Prepared

Roasted Grilled Fried Stewed Boiled Other

N (%) N (%) *

Blood sausage 52 (72.2) 3 (5.8) 2 (3.9) 1 (1.9) 1 (1.9) 46 (88.5) 0
Mutton stew 63 (87.5) 2 (3.2) 7 (11.1) 2 (3.2) 20 (31.8) 43 (68.3) 1 (1.6)

Roasted mutton Sandwich 59 (81.9) 20 (33.9) 37 (62.7) 4 (6.8) 0 2 (3.4) 0
Mutton ribs 60 (83.3) 20 (33.3) 40 (66.7) 3 (5.0) 0 2 (3.3) 0

Roasted mutton meat 60 (83.3) 26 (43.3) 31 (51.7) 5 (8.33) 5 (8.3) 2 (3.3) 0
Hind leg 57 (79.2) 15 (26.3) 22 (38.6) 5 (8.8) 16 (28.1) 22 (38.6) 0

Intestines (Achii) 53 (73.6) 14 (26.4) 33 (62.3) 12 (22.6) 0 3 (5.7) 0
Liver 53 (73.6) 15 (28.3) 25 (47.2) 17 (32.1) 0 2 (3.8) 0
Heart 45 (62.5) 8 (17.8) 16 (35.6) 17 (37.8) 0 8 (17.8) 0

Kidneys 47 (65.3) 12 (25.5) 23 (48.9) 15 (31.9) 0 4 (8.5) 0
Lungs 38 (52.8) 7 (18.4) 12 (31.6) 14 (36.8) 0 8 (21.1) 0

Esophagus 18 (25.0) 5 (27.8) 5 (27.8) 6 (33.3) 0 4 (22.2) 0
Hoof 15 (20.8) 6 (40.0) 8 (53.3) 1 (6.7) 0 3 (20.0) 1 (6.7)
Skin 12 (16.7) 3 (25.0) 8 (66.7) 1 (8.3) 0 2 (16.7) 0
Head 46 (63.9) 33 (71.7) 10 (21.7) 2 (4.4) 0 3 (6.5) 0

Tongue 39 (54.17) 25 (64.1) 8 (20.5) 2 (5.1) 0 5 (12.8) 0
Eyes 39 (54.2) 29 (74.4) 7 (18.0) 1 (2.6) 0 3 (7.7) 0
Ears 24 (33.3) 15 (62.5) 7 (29.2) 1 (4.2) 0 1 (4.2) 0

Stomach 45 (62.5) 9 (20.0) 9 (20.0) 9 (20.0) 2 (4.4) 24 (53.3) 0

* Percent is of the number of participants who consumed the respective part of the sheep; not mutually exclusive (percentages will not always add up to 100%).
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Table 5. Frequency of consumption among participants who completed the sheep survey, 2017 (n = 72).

Part of Sheep Consumed
Number of Participants Frequency of Consumption

Every Day Every Week Every Month Every Few Months Once a Year Missing

N (%) N (%) *

Blood sausage 52 (72.2) 1 (1.9) 3 (5.8) 14 (26.9) 26 (50.0) 6 (11.5) 2 (3.8)
Mutton stew 63 (87.5) 2 (3.2) 8 (12.7) 20 (31.8) 32 (50.8) 0 1 (1.6)

Roasted mutton sandwich 59 (81.9) 2 (3.4) 5 (8.5) 20 (33.9) 30 (50.9) 0 2 (3.4)
Mutton ribs 60 (83.3) 2 (3.3) 3 (5.0) 17 (28.3) 36 (60.0) 1 (1.7) 1 (1.7)

Roasted mutton meat 60 (83.3) 2 (3.3) 6 (10.0) 17 (28.33) 34 (56.7) 0 1 (1.67)
Hind leg 57 (79.2) 1 (1.8) 6 (10.53) 15 (26.3) 33 (57.9) 0 2 (3.5)

Intestines (Achii) 53 (73.6) 1 (1.9) 4 (7.6) 17 (32.1) 28 (52.8) 2 (3.8) 1 (1.9)
Liver 53 (73.6) 1 (1.9) 3 (5.7) 13 (24.5) 30 (56.6) 4 (7.6) 1 (1.9)
Heart 45 (62.5) 1 (2.2) 3 (6.7) 11 (24.4) 25 (55.6) 3 (6.7) 2 (4.4)

Kidneys 47 (65.3) 1 (2.1) 2 (4.3) 11 (23.4) 26 (55.3) 5 (10.6) 2 (4.3)
Lungs 38 (52.8) 1 (2.6) 2 (5.3) 8 (21.1) 22 (57.9) 4 (10.5) 1 (2.6)

Esophagus 18 (25.0) 0 0 4 (22.2) 8 (44.4) 4 (22.2) 2 (11.1)
Hoof 15 (20.8) 1 (6.7) 1 (6.7) 1 (6.7) 8 (53.3) 2 (13.3) 2 (13.3)
Skin 12 (16.7) 0 0 2 (16.7) 5 (41.7) 3 (25.0) 2 (16.7)
Head 46 (63.9) 1 (2.2) 4 (8.7) 11 (23.9) 24 (52.2) 5 (10.9) 1 (2.2)

Tongue 39 (54.17) 1 (2.6) 4 (10.3) 6 (15.4) 22 (56.4) 5 (12.8) 1 (2.6)
Eyes 39 (54.2) 1 (2.6) 4 (10.3) 7 (18.0) 21 (53.9) 4 (10.3) 2 (5.1)
Ears 24 (33.3) 1 (4.2) 3 (12.5) 2 (8.3) 13 (54.2) 4 (16.7) 1 (4.2)

Stomach 45 (62.5) 1 (2.2) 3 (6.7) 12 (26.7) 22 (48.9) 6 (13.3) 1 (2.2)

* Percent is of the number of participants who consumed the respective part of the sheep.
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4. Discussion

In the Cameron Chapter, consumption of mutton occurs most often during family gathering events.
This practice may explain why the majority of participants believe mutton is important for traditions.
There were more female participants than male in this study, similar to the participation in a study from
the University of New Mexico called the Diné Network for Environmental Health (DiNEH) Project [35].
The DiNEH study was focused on kidney disease associated with uranium exposure on Navajo Nation.
In the study reported here, there were fewer participants from the 18–25 years age group, which was
also similar to participant response in the DiNEH Project. The results of the study reported here
suggest that if the mutton is contaminated, all members of the family will have some levels of exposure
to uranium through eating mutton with the older population (>40 years) eating mutton on a more
frequent basis. However, the health risk associated with consuming uranium-contaminated mutton is
unknown at the present time. The purpose of this study was to initiate interactions with the community
to learn more about their mutton consumption practices as well as gain an understanding of the
connection between mutton and cultural practices. Additional work is needed to determine uranium
exposure to the Navajo people through mutton consumption. The next step in this research is to test
different organs and tissues of the sheep prior to and after cooking in specific ways to estimate the
exposure to uranium. A more detailed study of the actual amounts of mutton consumed as well as
the specific frequencies of consumption is needed to determine exposure due to mutton consumption.
Based on discussions with the participants in the study, a rough estimate is that between one half to
one pound of meat is consumed at any given meal. Most families participate in at least one gathering
(such as a birthday) per month where mutton is served. More work is needed to better define the
exposure to uranium from mutton consumption.

In terms of traditional Navajo ceremonies, the survey suggests a difference of opinion between
genders. A majority of female participants think that ceremonies will change, while most male
participants do not think it will. In Navajo ceremonies, mutton is the main dish. Mutton’s role
in ceremonies in the future maybe modified if contamination is truly an issue. Navajo Elders and
Traditional Knowledge Holders need to voice their opinion on the impact on culture and ceremonies.
The potential of uranium exposure through food consumption is likely to be associated with areas of
past uranium mining activities on the Navajo Nation. Clearly, additional investigation of other areas
on the Navajo reservation should be pursued. Culturally relevant traditional food consumption should
be addressed through the combination of results from studies as is reported here and consultation with
Navajo Elders [36]. The approach taken in this study is to collaborate with Navajo Elders in order to
shape how developing policies can safely address public health while preserving the Navajo cultural
use of mutton.

5. Conclusions

The results of the mutton survey administered in this study suggest Navajo ceremonies may be
altered or threatened due to contamination of mutton, a traditional staple food of the Navajo people.
The request by the community of Cameron to investigate sheep contamination illustrates the concern
for mutton consumption in uranium mining communities on the Navajo Nation. The frequency of
mutton consumption is most often around family functions, although holidays also represent an
important time of consumption. The results from this study suggest that only a few Navajo people
consume mutton daily and that current mutton consumption is lower compared to the past. This study
was conducted in one community on the Navajo Nation; thus, additional Navajo communities should
be surveyed to understand if mutton consumption patterns are similar or different throughout the
Navajo Nation. The paucity of studies on uranium exposure through food consumption compared
to studies on uranium exposure through drinking water points to the need for additional research.
A study in Canada echoed the sentiment that research is needed with respect to Indigenous food
consumption in relation to uranium exposure [25]. Collaboration between researchers and Navajo
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Elders is a useful approach to creating policies that can address cultural sensitivity around traditional
food use of mutton.
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Lister thesis Chapter 3 and approval documentation.

Author Contributions: Conceptualization, T.R. and J.C.I.; methodology, T.R. and N.I.T.-S.; validation, R.C.;
formal analysis, T.R. and R.C.; investigation, T.R. and J.C.I.; resources, J.C.I.; data curation, T.R. and J.C.I.;
writing—original draft preparation, T.R., R.C., and J.C.I.; writing—review and editing, N.I.T.-S. and J.C.I.;
supervision, J.C.I.; project administration, J.C.I.; funding acquisition, J.C.I.

Funding: This research was funded by National Institute of Environmental Health Sciences/Center for Indigenous
Environmental Health Research (P50ES026089), National Cancer Institute/Native American Cancer Prevention
(U54CA143925), and NARCH 7 (U261IHS0074-01-01) funded by Indian Health Service and the National Institutes
of Health.

Acknowledgments: The authors thank the Navajo Nation Cameron community, the Navajo Nation Human
Research Review Board, and Navajo National tribal leaders for their thoughtful discussions and guidance for this
work. The authors also would like to thank Colette Davis for her technical assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cameron Chapter Website. Available online: https://cameron.navajochapters.org/ (accessed on
31 January 2019).

2. Bollin, E.M.; Kerr, P.F. Uranium mineralization near Cameron, Arizona. Tech. Mem. (US Atom. Energy Comm.)
1958, 357, 1.

3. Landa, E.R.; Gray, J.R. US Geological Survey Research on the environmental fate of uranium mining and
milling wastes. Environ. Geol. 1995, 26, 19–31. [CrossRef]

4. Chenoweth William, L.; Malan Roger, C. The uranium deposits of Northeastern Arizona. In Proceedings of the
New Mexico Geological Society 24th Annual Fall Field Conference Guidebook, 1973; pp. 139–149. Available
online: https://nmgs.nmt.edu/publications/guidebooks/downloads/24/24_p0139_p0149.pdf (accessed on
28 October 2019).

5. Holtzman, R.B.; Urnezis, P.W.; Padova, A.; Bobula III, C.M. Contamination of the Human Food Chain by
Radionuclides from Mill Tailings-Progress Report; Argonne National Laboratory: Argonne, IL, USA, 1979.

6. Tracy, B.L.; Quinn, J.M.; Lahey, J.; Gilman, A.P.; Mancuso, K.; Yagminas, A.P.; Villeneuve, D.C. Absorption
and retention of uranium from drinking water by rats and rabbits. Health Phys. 1992, 62, 65–73. [CrossRef]
[PubMed]

7. Linsalata, P. Uranium and thorium decay series radionuclides in human and animal foodchains—A review.
J. Environ. Qual. 1994, 23, 633–642. [CrossRef]

8. Magdo, H.S.; Forman, J.; Graber, N.; Newman, B.; Klein, K.; Satlin, L.; Amler, R.W.; Winston, J.A.;
Landrigan, P.H. Grand Rounds: Nephrotoxicity in a Young Child Exposed to Uranium from Contaminated
Well Water. Environ. Health Perspect. 2007, 115, 1237–1241. [CrossRef] [PubMed]

9. Vicente-Vicente, L.; Quiros, Y.; Pérez-Barriocanal, F.; López-Novoa, J.M.; López-Hernández, F.J.; Morales, A.I.
Nephrotoxicity of uranium: Pathophysiological, diagnostic and therapeutic perspectives. Toxicol. Sci. off. J.
Soc. Toxicol. 2010, 118, 324–347. [CrossRef]

10. Auvinen, A.; Salonen, L.; Pekkanen, J.; Pukkala, E.; Ilus, T.; Kurttio, P. Radon and other natural radionuclides
in drinking water and risk of stomach cancer: A case-cohort study in Finland. Int. J. Cancer 2005, 114,
109–113. [CrossRef]

11. Kurttio, P.; Komulainen, H.; Leino, A.; Salonen, L.; Auvinen, A.; Saha, H. Bone as a Possible Target of Chemical
Toxicity of Natural Uranium in Drinking Water. Environ. Health Perspec. 2005, 113, 68–72. [CrossRef]

12. Paquet, F.; Houpert, P.; Blanchardon, E.; Delissen, O.; Maubert, C.; Dhieux, B.; Moreels, A.; Frelon, S.;
Gourmelon, P. Accumulation and Distribution of Uranium in Rats after Chronic Expsoure by Ingestion.
Health Phys. 2006, 90, 139–147. [CrossRef]

13. Houpert, P.; Lestaevel, P.; Bussy, C.; Paquet, F.; Gourmelon, P. Enriched but Not Depleted Uranium Affects
Central Nervous System in Long-Term Exposed Rat. Neurotoxicology 2005, 26, 1015–1020. [CrossRef]

http://www.mdpi.com/1660-4601/16/21/4195/s1
https://cameron.navajochapters.org/
http://dx.doi.org/10.1007/BF00776028
https://nmgs.nmt.edu/publications/guidebooks/downloads/24/24_p0139_p0149.pdf
http://dx.doi.org/10.1097/00004032-199201000-00008
http://www.ncbi.nlm.nih.gov/pubmed/1727413
http://dx.doi.org/10.2134/jeq1994.00472425002300040003x
http://dx.doi.org/10.1289/ehp.9707
http://www.ncbi.nlm.nih.gov/pubmed/17687453
http://dx.doi.org/10.1093/toxsci/kfq178
http://dx.doi.org/10.1002/ijc.20680
http://dx.doi.org/10.1289/ehp.7475
http://dx.doi.org/10.1097/01.HP.0000174527.66111.83
http://dx.doi.org/10.1016/j.neuro.2005.05.005


Int. J. Environ. Res. Public Health 2019, 16, 4195 12 of 13

14. Cooley, C.A.; Ingram, J.C.; Johnson, N.C. PS 18-9: Investigation of uranium uptake by Sporobolus airoides.
In Proceedings of the 93rd ESA Annual Meeting, New Orleans, LA, USA, 5–10 August 2008.

15. Hoover, J.; Gonzales, M.; Shuey, C.; Barney, Y.; Lewis, J. Elevated arsenic and uranium concentrations in
unregulated water sources on the Navajo Nation, USA. Expo. Health 2017, 9, 113–124. [CrossRef] [PubMed]

16. Lewis, J.; Gonzales, M.; Burnette, C.; Benally, M.; Seanez, P.; Shuey, C.; Nez, H.; Nez, C.; Nez, S. Environmental
Exposures to Metals in Native Communities and Implications for Child Development: Basis for the Navajo
Birth Cohort Study. J. Soc. Work Disabil. Rehabil. 2015, 14, 245–269. [CrossRef] [PubMed]

17. Brugge, D.; deLemos, J.L.; Oldmixon, B. Exposure pathways and health effects associated with chemical and
radiological toxicity of natural uranium: A review. Rev. Environ. Health 2005, 20, 177–194. [CrossRef]

18. Garten, C.T. Dispersal of radioactivity by wildlife from contaminated sites in a forested landscape.
J. Environ. Radioact. 1995, 29, 137–156. [CrossRef]

19. Van Dam, R.A.; Humphrey, C.L.; Martin, P. Mining in the Alligator Rivers Region, northern Australia:
Assessing potential and actual effects on ecosystem and human health. Toxicology 2002, 181, 505–515.
[CrossRef]

20. Dzoma, B.M.; Moralo, R.A.; Motsei, L.E.; Ndou, R.V.; Bakunzi, F.R. Preliminary findings on the levels of
five heavy metals in water, sediments, grass and various specimens from cattle grazing and watering in
potentially heavy metal polluted areas of the North West Province of South Africa. J. Anim. Vet. Adv. 2010, 9,
3026–3033. [CrossRef]

21. Popovic, D.; Bozic, T.; Stevanovic, J.; Frontasyeva, M.; Todorovic, D.; Ajtic, J.; Jokic, V.S. Concentration of
trace elements in blood and feed of homebred animals in Southern Serbia. Environ. Sci. Pollut. Res. 2010, 17,
1119–1128. [CrossRef]

22. Samuel-Nakamura, C.; Robbins, W.A.; Hodge, F.S. Uranium and Associated Heavy Metals in Ovis aries
in a Mining Impacted Area in Northwestern New Mexico. Int. J. Environ. Res. Public Health 2017, 14, 848.
[CrossRef]

23. Ballew, C.; White, L.L.; Strauss, K.F.; Benson, L.J.; Mendlein, J.M.; Mokdad, A.H. Intake of nutrients and
food sources of nutrients among the Navajo: Findings from the Navajo Health and Nutrition Survey. J. Nutr.
1997, 127, 2085S. [CrossRef]

24. Bosshard, E.; Zimmerli, B.; Schlatter, C. Uranium in the diet: Risk assessment of its nephro- and radiotoxicity.
Chemosphere 1992, 24, 309–322. [CrossRef]

25. Thomas, P.; Irvine, J.; Lyster, J.; Beaulieu, R. Radionuclides and trace metals in Canadian moose near uranium
mines: Comparison of radiation doses and food chain transfer with cattle and caribou. Health Phys. 2005, 88,
423–438. [CrossRef] [PubMed]

26. National Primary Drinking Water Regulations. Available online: https://www.epa.gov/ground-water-and-
drinking-water/national-primary-drinking-water-regulations (accessed on 29 January 2019).

27. Gilman, A.P.; Villeuve, D.C.; Secours, V.E.; Yagminas, A.P.; Tracy, B.L.; Quinn, J.M.; Valli, V.E.; Willes, R.J.;
Moss, M.A. Uranyl nitrate: 28-day and 91-day toxicity studies in the Sprague-Dawley rat. Toxicol. Sci. 1998,
41, 117–128. [PubMed]

28. Dorne, J.C.M.; Kass, G.E.N.; Bordajandi, L.R.; Amzal, B.; Bertelsen, U.; Castoldi, A.F.; Heppner, C.; Eskola, M.;
Fabiansson, S.; Ferrari, P.; et al. Human risk assessment of heavy metals: Principles and applications. Metal
Ions Life Sci. 2011, 8, 27.

29. Arnold, C. Once upon a mine: The legacy of uranium on the Navajo Nation. Environ. Health Perspect. 2014,
122, A49. [CrossRef] [PubMed]

30. Brown, J.J.; Lambert, L.; DS, R.N. Blowing in the Wind: The Navajo Nation and Uranium; The Evergreen State
College: Olympia, WA, USA, 2010.

31. Bailey, L.R. If You Take My Sheep: The Evolution and Conflicts of Navajo Pastoralism; Westernlore Publications:
Pasadena, CA, USA, 1980; pp. 1630–1868.

32. Lister, A.R. The Bioaccumulation of Uranium in Sheep Heart and Kidney: The Impact of Contaminated Traditional
Food Sources on the Navajo Reservation; Master of Arts, Northern Arizona University: Flagstaff, AZ, USA, 2018.

33. Donatuto, J.L.; Satterfield, T.A.; Gregory, R. Poisoning the body to nourish the soul: Prioritizing health risks
and impacts in a Native American community. Health, Risk Soc. 2011, 13, 103–127. [CrossRef]

34. Austin, R.D. Navajo Courts and Navajo Common Law: A Tradition of Tribal Self-Governance; University of
Minnesota Press: Minneapolis, MN, USA, 2009.

http://dx.doi.org/10.1007/s12403-016-0226-6
http://www.ncbi.nlm.nih.gov/pubmed/28553666
http://dx.doi.org/10.1080/1536710X.2015.1068261
http://www.ncbi.nlm.nih.gov/pubmed/26151586
http://dx.doi.org/10.1515/REVEH.2005.20.3.177
http://dx.doi.org/10.1016/0265-931X(94)00068-8
http://dx.doi.org/10.1016/S0300-483X(02)00470-5
http://dx.doi.org/10.3923/javaa.2010.3026.3033
http://dx.doi.org/10.1007/s11356-009-0274-6
http://dx.doi.org/10.3390/ijerph14080848
http://dx.doi.org/10.1093/jn/127.10.2085S
http://dx.doi.org/10.1016/0045-6535(92)90299-7
http://dx.doi.org/10.1097/01.HP.0000154008.79474.d4
http://www.ncbi.nlm.nih.gov/pubmed/15824592
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
http://www.ncbi.nlm.nih.gov/pubmed/9520346
http://dx.doi.org/10.1289/ehp.122-A44
http://www.ncbi.nlm.nih.gov/pubmed/24486697
http://dx.doi.org/10.1080/13698575.2011.556186


Int. J. Environ. Res. Public Health 2019, 16, 4195 13 of 13

35. Hund, L.; Bedrick, E.J.; Miller, C.; Huerta, G.; Nez, T.; Ramone, S.; Shuey, C.; Cajero, M.; Lewis, J. A Bayesian
framework for estimating disease risk due to exposure to uranium mine and mill waste on the Navajo Nation.
J. R. Stat. Soc. Ser. A (Stat. Soc.) 2015, 178, 1069–1091. [CrossRef]

36. Berkes, F. Indigenous ways of knowing and the study of environmental change. J. R. Soc. N. Z. 2009, 39,
151–156. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/rssa.12099
http://dx.doi.org/10.1080/03014220909510568
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

