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ABSTRACT 
 
 

 Natural salt deposits around the world are used as human and livestock dietary 
mineral sources. The nomadic herders of the Darhad Valley, in northern Mongolia, 
harvest the precipitate that forms around saline lakes throughout their valley. The 
precipitate is termed hujir, and the main harvest location is Tukh. Darhad people are 
concerned about the declining amount of a hujir in the Tukh precipitate area and are 
curious about possible health effects related to hujir consumption. These studies focus on 
formulating the best management practices for sustainable hujir harvest by evaluating 
factors influencing the formation of hujir, and by establishing the mineralogy and ionic 
concentrations in Tukh soil, water, and hujir through chemical and spatial analyses. A 
dietary risk assessment was also accomplished by obtaining consumption rates through 
interviews, and determining exposure values from the consumption rates and ionic 
concentrations. Exposures were compared to chronic oral endpoints to relate potential 
health risks. A map of Tukh was created using Global Positioning System and 
Geographic Information System technologies and acts as baseline spatial data on the area. 
Minerals present include trona, halite, calcite, and other evaporites. According to pH and 
EC results, the area used for human harvesting at Tukh is more saline than the remainder 
of the lake. The soil profile within the precipitate area showed a TDS of 49 mg/L and pH 
of 7.2 in the surface horizon relative to an EC of 0.4 mg/L and a pH of 6.4 lower in the 
profile. This indicates a presence of capillary rise from groundwater, resulting in 
evaporation and salt precipitate at the soil surface. High exposure of arsenic, antimony, 
and lead compared to U.S. Environmental Protection Agency and World Health 
Organization endpoint values resulted in risk quotients of 33, 1.7, and 14, respectively, 
which create concern in the population’s hujir consumption. Further epidemiological and 
biomonitoring research would provide insight in the health relationships to hujir 
consumption. Future research could benefit from the resulting spatial and chemical data 
completed in these studies. 
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CHAPTER 1 

INTRODUCTION 
 
 

Background 
 
 

 Saline deposits have been widely utilized throughout the history of the world as a 

source for human and animal dietary mineral requirements. Preserved human bodies 

dating from 400 B.C. found in Austrian salt mines indicate a history of salt extraction, 

which extends for at least 2,400 years (Kurlansky 2002). The salt lakes of Sayula and 

Xaltocan of central and southern Mexico were managed as a salt source until they were 

overtaken by European conquest (Gilmore 1955). Until about 100 years ago, salt had 

been one of the most important commodity and trade items because of its many diverse 

uses and the human body’s dietary need for it (Kurlansky 2002). Salt was historically 

essential as a storage preservative for meat and fish, as currency, as an instigator of war, 

and even as an ingredient in folklore cures. In Mongolia, traditional healers have long 

incorporated precipitates, termed hujir, as a raw material in twenty-six different 

traditional medicines treating: “tumors, worms (parasites), necrosis, indigestion, and 

oesophagitis, as well as to neutralize poison, block menstruation, and relieve 

constipation” (Enkhtuvshin 2006 1).  

 The nomadic herders of the Darhad Valley in northern Mongolia collect and 

utilize hujir, which forms in the saline system called Tukh (Tükh) (Figures 1, 2, and 3). 

This hujir is utilized as an ingredient in a salty milk-tea, suuti tsai, which is consumed 

throughout the day. According to interviews taken in June 2007, it is also fed to livestock 
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and used for multiple human-health ailments. Tukh is considered a very important 

resource to the Darhad people for dietary minerals. Livestock-grade hujir is also collected 

from two other locations within the Darhad Valley, Elstei and Tarv. According to the 

Darhad residents, only a small population of the valley consumes hujir collected at Elstei. 

The people of the Darhad are concerned that the rate of hujir formation is decreasing at 

Tukh and have asked for a way to sustainably harvest it. They have also inquired about 

the human-health risks and benefits associated with hujir consumption. 

 
 
Figure 1. The Darhad Valley in Mongolia. Image obtained from GoogleTM Earth 4.3  
(Google Inc., Mountain View, CA, United States). 
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Figure 2. Darhad residents collecting hujir at Tukh. Photo taken by Austin Allen and  
edited by Dr. Robert K.D. Peterson. 
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Figure 3. Study locations in the Darhad Valley. Image obtained from GoogleTM Earth 4.3  
(Google Inc., Mountain View, CA, United States). 
 
 
Site Description 
 
 The Darhad Valley is located west of the Khovsgol Lake Valley, roughly between 

50°35’56.4” to 51°24’8.4” °N, and 99°1’20.1” to 100°3’13.3” °E (Figure 1). It covers 

Tukh 

Elstei Tsagaan Uur 

Tarv 
Renchinlhumbe 

GoogleTM Earth 
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about 1500 square kilometers and is located in Mongolia’s Khovsgol Aimag (province). 

The valley is remote, isolated by the Horidol, Saihan, and Great Sayan Mountain ranges. 

The temperature ranges between -50.4°C (-58.72°F) and 34.9°C (94.82°F), and the 

annual precipitation averages 206 mm (Sharhuu 2007). The valley has permafrost soils 

and plentiful wetland, river, and lake systems. Vegetation ranges from grassland steppe 

and streamside riparian to mountain and taiga forests (Goulden et al. 2006). 

 According to the seventeenth century Mongolian poet Danzanravjaa, the Darhad 

Valley has the best hujir for curing diseases (Bashbish 2007). Currently, a majority of the 

residents in the valley still collect and utilize three different types of hujir (Figure 3). The 

primary area for harvesting hujir is at Tukh, located at 51°23’29” N,  99°27’43” E, and 

consists of three lakes all fed by a groundwater spring on the southwest side of the lake 

(Figures 4, 5, and 6). Tukh is the most popular area to collect hujir for humans and 

livestock and is the main focus of this study. The second, and less popular area is south of 

Tukh, called Elstei, at 51°18’39” N, 99º25’17” E, and is assumed to have a lesser quality 

hujir due to the unpopularity of its usage by the Darhad residents (Figure 3). 



 
 

 
 

  
 
Figure 4. Map of Tukh created using GPS data collected in June 2007 and ArcGIS 9.3 (ESRI, Redlands, CA, USA). Sample transects 
are labeled A through E, marked to scale.  

6 



 
 

 
 

 

 
 

Figure 5. Photo of Tukh taken June 2007; looking east over the valley.  
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Figure 6. Field work at Tukh, June 2007. 
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 Several other smaller saline basins exist within the valley and are used by the 

countryside herders for livestock mineral supplements. One of the main basins employed 

for this purpose, Tarv, located at about 51°03’49” N, 99°24’48” E, south central within 

the valley (Figures 7 and 8), was also a research site for this project. During June 2007, 

the area consisted of two small ponds surrounded by two separate salt depositional areas. 

The area is fed by a shallow water table, about 1 meter below the surface. Impact by 

grazing livestock was excessive throughout the area, and the visual quality of the 

precipitate was poor. I also analyzed a single sample of baivan, a salt precipitate collected 

in the taiga on the west side of the Darhad, which is mostly consumed by wild animals 

but also used as an ingredient in herbal medicines (Figure 9). 



 
 

 
 

 
Figure 7. Map of Tarv created using GPS data collected in June 2007 and ArcGIS 9.3 (ESRI, Redlands, CA, USA). Reference image 
is from GoogleTM Earth 4.3 (Google Inc., Mountain View, CA, United States). 
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Figure 8. Fieldwwork at Tarv, ph

   

hotos taken in Juune 2007.  
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Figure 9. Baivan, a salt precipitate that forms in the Darhad taiga and is consumed by 
wild animals.  
 
 
Socio-Cultural Background 

 The population of the entire valley is 9,989, and residents live primarily as 

nomadic herders who move four or more times a year, following ideal forage for each 

season (Batchimeg 2006). They raise goats, sheep, horses, cattle, and yaks, subsisting on 

what they can produce from these animals with few imported goods. The average life 

expectancy for the Khovsgol Aimag is 59.5 and the most prevalent cause of death is 
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circulatory failure, which was reported as including organ failures at 31.8 % of all deaths 

in 2006 (Batchimeg 2006; Mongolian National Statistics 2003). The people of the valley 

practice a mixture of Shamanist and Buddhist beliefs, and use both Western and 

traditional medicines.  

 Mongolia’s socialist government was highly influenced by the Soviet Union until 

1990. After removal of this government control, the Darhad Valley lost financial support 

for community infrastructure and many public services including the protection of Tukh 

by fence and paid guard. In the aftermath, the indigenous peoples of the valley have 

struggled financially and have had trouble solving community problems with the limited 

support from the Mongolian government. Since the loss of management, Tukh’s 

ecosystem has been affected by grazing animals as well as by human over-harvest and 

use, especially during drought. 

 
 

Previous Research 
 
 

 In 2006, chemical analyses of hujir samples taken from Tsaidam Lake in Olziit 

Soum, Arkhangai Province were completed by Enkhtuvshin, a student of the Mongolian 

Traditional Medicine School of the Health Sciences University. This hujir was harvested 

in north-central Mongolia and is an edible human salt. Enkhtuvshin results showed this 

specific hujir helps cure cholemesis and alleviates stomach acid (2006). The primary 

mineral present was trona, a hydrated sodium bicarbonate carbonate evaporate mineral. 

Macronutrient composition included potassium, sodium, calcium, magnesium, 
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hydrocarbonate, chloride, fluoride and sulfate. Micronutrients included bromide, 

strontium, lithium, rubidium, and cesium.  

 Dr. Natusuko Hamamura, currently a microbiologist at Portland State University 

(she worked at Montana State University at the time of the study), analyzed grab samples 

of hujir taken from Tukh, Elstei, and Tarv (Figure 3) in 2005-2006. These samples 

contained trace amounts (0.1%) of metals, heavy metals, metalloids, micronutrients, and 

trace inorganics (Sparks 2002). Using inductively coupled plasma atomic emission 

spectrometry (ICP-AES) analyses of water extracts, she detected ions such as arsenic, 

aluminum, nickel, boron, and copper.  This generates concern about the high ionic 

content in hujir being consumed on a daily basis. Hamamura’s data showed 

concentrations of 1.2 mg/L arsenic (the World Health Organization’s (WHO) drinking-

water guideline value is 0.01 mg/L) and 2.4 mg/L aluminum (the WHO guideline value is 

0.2 mg/L) in hujir: deionized water dilutions from samples collected at Tukh.   

 This study builds on Hamamura’s results with more thorough chemical analyses 

to establish the primary minerals and ionic concentrations present in Darhad Valley’s 

hujir sources and determine the amount of hujir being consumed by the people of the 

valley. A human exposure assessment combines the chemical composition with human 

consumption rates to determine the amount of each ion consumed per day. This exposure 

is compared to chronic oral endpoints and drinking-water guidelines to predict the 

human-health risk of hujir consumption by the Darhad people. It also presents baseline 

spatial and mineralogy data that can be used in further research.  
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Study Objectives 
 
 
 The foci of this study include spatial and chemical analyses of salt deposits at 

Tukh, as well as a dietary risk assessment. There are three objectives related to these foci. 

The first is to determine the spatial extent of the precipitate at Tukh by collecting baseline 

spatial data using Global Positioning System (GPS) technology and map any related 

animal or natural impacts. The second is to determine and compare the chemical 

compositions and geological properties of hujir harvested and utilized by the Darhad 

people from the Tukh, Elstei, and Tarv mineral deposits. The chemical and spatial data 

results will help suggest a sustainable management practice for Tukh. The final objective 

is to complete a dietary risk assessment on hujir consumption using obtained 

consumption rates to establish daily exposure and relate this exposure to chronic oral 

endpoints. 

 The first objective was addressed by mapping the Tukh system using GPS. Then 

the spatial data was compiled using Geographic Information System (GIS) technology to 

create a baseline map of the salt pan. A map of Tarv was also designed using GPS and 

GIS.  

 The second objective was completed by performing comprehensive chemical 

analyses of samples collected from transects at each site and from the supplies of several 

families living in the valley. Then the chemical characteristics of soil, water, and hujir at 

Tukh were compared to determine if these factors influence the formation process and if 

so, which plays a more significant role. In addition, I documented the diversity in 

minerals and ionic concentrations around the lake to answer the question of why the 
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human harvest area is only in a certain location at Tukh. Using these results, a suggested 

plan for sustainable hujir harvest was created.  

 The third objective was addressed by collecting utilization and historic 

information through interviewing Darhad residents, including attaining hujir consumption 

rates and by obtaining dietary endpoint values from the WHO, the United States 

Environmental Protection Agency (USEPA), and the United States National Academy of 

Science (USNAS). The final objective was to calculate the overall health risk of hujir 

consumption related to ionic concentrations present in hujir.  

 The completion of these objectives will document the importance of these mineral 

supplements to the Darhad Valley residents and provide baseline data on the spatial, 

geological and geochemical characteristics of these important indigenous people’s dietary 

resources.    
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CHAPTER 2 
 
 

SPATIAL AND CHEMICAL CHARACTERIZATION OF NATURAL SALT  
DEPOSITS IN THE DARHAD VALLEY, NORTHERN MONGOLIA  

 
 

Introduction 
 
 
 Darhad Valley nomadic herders collect the salt precipitate that forms on the 

surface of the Tukh saline system for their domestic use. They are concerned that harvest 

practices and possibly climate change, are leading to decreases in quality, decreases in 

extent, and physical damage of the Tukh system. They would like to take steps to ensure 

the sustainable use of this important resource. 

 I documented the human use of Tukh hujir in interviews taken June 2007. 

Personal use averaged 18.1 kg/yr and livestock use, 191.8 kg/yr (typical for the average 

five-person family).  The total annual harvesting rate at Tukh was calculated by 

extrapolating these numbers to the 2006 Darhad Valley population of 9,989 (Batchimeg 

2006). Using the average harvesting rate per family (totaling about 210 kg/yr) and 

assuming 50% of the population collects hujir, the rate of harvest at Tukh is 209,649 

kg/yr, which is equivalent to the weight of about fifteen and a half African elephants 

(each with an average weight of 13.5 tons). If 75% of the population harvest hujir, this 

calculation results in 314,474 kg/yr (equivalent to 23 African elephants). In 2007, the 

area of salt precipitate around Tukh measured by Global Positioning System (GPS) was 

382,632 m2 (the precipitate forms about 1-5 centimeter above the surface of the saline 

lake bank); therefore, the annual harvest rate of the Tukh area is 0.55 kg/m2. Naturally, 



18 
 

 
 

this precipitate regenerates itself, but as seen from the calculations, it is important to be 

able to manage this resource for future use. 

 This study compares a variety of chemical characteristics at different locations 

around Tukh to determine if these factors influence the formation process and if so, to 

conclude which aspect plays the most significant role. This will be done by 

demonstrating the diversity in mineralogy and ionic concentrations of Tukh and the other 

two salt deposit areas of the Darhad Valley. Results from the study will help define the 

best management practices for conservation of Tukh and the sustainable harvest of hujir.   

 Chemical analyses were completed on aqueous, soil and hujir samples. These 

analyses included determining cation and anion concentrations through ion 

chromatography and inductively coupled plasma atomic emission spectrometry, and 

mineralogy through x-ray diffraction and scanning electron microscopy. Spatial data was 

collected with the Global Positioning System and applied to Geographic Information 

System technologies to establish baseline data for future use and comparison purposes.  

Sustainable management examples from other indigenous communities were used to 

provide insight on practical applications. Results from Tukh’s human harvest area 

showed higher salinity compared to the rest of the lake. In addition, results indicated the 

presence of groundwater capillary rise, leading to evaporation of water and precipitation 

of solids within the precipitate area at Tukh. 

 
Evaporite Basins and Precipitates 
 
 Evaporite basins, such as where the Darhad salt deposits are located, are generally 

sources of potassium sulfate and chloride ores as well as sodium chloride, magnesium 
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chloride, borates, and sulfur (Goncharenko 2006). Salt depositional areas in semi-arid and 

arid inland climates form because of the higher evaporation rate compared to 

precipitation rate, ranging from 50-90% water loss through evaporation in these 

environments (Sparks 2002). Salts build up in these climates due to the quick evaporation 

of rainfall and the lack of water infiltrating the soil (Smith and Compton 2004). The 

primary source of soluble salts includes fossil salts derived from prior salt deposits or 

solution trapped in soil from historic marine deposits (Sparks 2002). These salts typically 

include sodium, calcium, magnesium, chloride, sulfate, nitrate, hydrocarbonate, and 

carbonate (Sparks 2002).  

 In the Darhad Valley, ephemeral lakes fill during the rainy season. As this water 

dries up and solar heat evaporates the water, the salt solidifies (precipitates) out of 

solution, and a crust forms on the soil surface (Lowenstein and Hardie 1985). In similar 

areas around the world, the crust is composed of several dominant mineral deposits, 

including halite, miradite, epsomite, trona, thenardite, anhydrite, calcite, and/or gypsum 

(Yechieli and Wood 2002; Mees 2001; Lowenstein and Hardie 1985). Sources of the 

precipitate consist of the weathering of these primary minerals, residual fossil salts, saline 

groundwater, atmospheric deposition, and brines from natural salt deposits (Sparks 

2002). The focus of this research is the salt crust, hujir, which according to interviews, 

forms during the warmer months of May and June.  

 In saline systems such as these in the Darhad Valley, minerals precipitate due to 

evaporation caused by the change in seasonal temperatures (Yechieli and Wood 2002). 

This process can trigger capillary rise from groundwater supplies and can therefore, 
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increase the precipitation of minerals (Smith and Compton 2004). Lowenstein and Hardie 

from the Department of Earth and Planetary Sciences at Johns Hopkins University term 

this process of seasonal flooding, evaporation and salt-pan formation (or desiccation) the 

“saline pan cycle” (1985, 629). Continental salinization is an allogenic build-up of saline 

deposits formed in lake, slope and alluvial regions. Usually, this type of system contains 

calcium and magnesium instead of sodium and is less saline (Brouchkov 2002). 

Continental salinization has been reported in the intermountain depressions of the Lake 

Baikal area in Russia, which is located just north of the Darhad Valley and which is the 

main constituent of the Baikal Rift System (Brouchkov 2002).  

 
Indigenous Resource Management 
 
 According to Article 1, 1b of the Indigenous and Tribal Peoples Convention 1989, 

by the International Labour Organization (ILO No. 169), indigenous people are defined 

by their descent from the original population that inhabited an area prior to it being 

defined by a governmental state and have retained some independence from that legal 

entity (social, economic, political, or cultural). Research on Y-chromosomal analysis has 

indicated that Mongolians are direct descendents of ancient Mongolian and Turkish 

nomads dating back to the end of the Neolithic period. In fact, the data revealed that 

through the male line, descendants of Ghengis Khan rapidly spread throughout Eurasia 

(Katoh et al. 2005). Northern Mongolian ethnicity originated from the 12th century 

through intermixing of Mongolian and Turkish nomadic tribes; hence, the people of the 

Darhad Valley are thought to have similar ancestors and are considered indigenous to the 

area (Katoh et al. 2005).  
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 Throughout the developing world, indigenous knowledge has been an important 

part of sustaining rural communities and managing natural resources (Dixon 2005). Crate 

(2005) probed the definition of sustainability among the indigenous peoples of post-

Soviet Sakha villages in northeast Siberia. Sustainability was commonly defined as “the 

building of local diversified economies, communities, and health via strong local 

leadership; a shared vision to work toward common goals; the reinstatement of local 

knowledge; and rights to land and resources” (Crate 2005, 305). Soviet Union 

governmental influence of Mongolia ended in 1990, and therefore, the same issues Crate 

mentions as daily struggles for the people of the Sakha, including having to adapt to 

changing politics, economy, social development, and globalization, exist among the 

Darhad people. Hence, similar adjustments in thinking and basic economy have been or 

are being confronted. The next step is to shape the best sustainable management practice 

for Tukh and the people of the Darhad using indigenous knowledge and sustainability as 

defined by the Sakha peoples.  

 Several indigenous resource management examples exist throughout the world 

that can be used as examples to help create management suggestions for Tukh. These 

include the rural mountain stream systems used by the Nepalese as a water source for 

their crops (Osti 2005), the wetland management of the peoples of Illubator, Ethiopia 

(Dixon 2005), and the monkey-puzzle tree of the Andes Mountains in Southern Chile 

important to the livelihood of the Mapuche Pewenche people (Herrmann 2006). These 

well-documented examples include the use of indigenous knowledge and community 

resource management efforts as conservation endeavors. Tukh is different from these 
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three examples because the area has (up to this point) experienced less impact and overall 

depreciation from outsiders. Educational tools showing the integration and application of 

similar indigenous knowledge, practice, and thought in resource management can help to 

create a plan for sustainable hujir harvest at Tukh.   

 Nepalese local farmers of the Gorkha, Tanahun, and Baglung districts harvest 

water using indigenous practices (Osti 2005). These practices include building temporary 

water diverting structures (dams) or making use of natural structures to be able to bring 

water to their crops of paddy and wheat. This traditional knowledge has been passed 

down through generations for about 3,000 years and has been demonstrated to be a 

sustainable way of managing the natural resource of stream flow (Osti).  

 After the increase of wetland cultivation due to agricultural land shortages in rural 

Illubator, Ethiopia, and the resulting degradation of these wetlands, along with water 

supply loss, the indigenous peoples of the region began questioning the sustainability of 

the process (Dixon 2005). The indigenous knowledge utilized in agricultural practices in 

this region was passed down through generations; however, the idea for cultivating of 

wetlands was gained from shared indigenous knowledge being utilized by numberous 

communities in the region. These wetlands provide important drinking and irrigation 

water resources, habitat for medicinal plants, and food for livestock (Dixon). Resource 

management practices in some communities include flooding the wetland during the 

summer months and leaving areas of natural vegetation at the head of the wetlands in 

order to sustainably preserve the water supply and soil fertility (Dixon).  
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 The Mapuche Pewenche of southern Chile consider the Aruacaria, or the monkey-

puzzle tree, a sacred part of the Andes Mountains (Hermann 2006). They collect and eat 

the nut produced by the tree, feed it to their livestock, and sell it for profit. Due to the 

importance of the nut to these indigenous people, it has been valuable for them to manage 

the resource sustainably. Each family of the Mapuche Pewenche have an established 

territory where they collect seeds during the summer months, making the harvest 

sustainable (Herrmann). When harvesting, the immature seeds are left on the tree and 

some are left on the ground or dispersed while carrying the seeds back to the family’s 

home. Herrmann concluded that the practice of not all trees being harvested is “forest 

management” and that it aids in conservation.  

 The objective of this study is to create sustainable management suggestions for 

the Darhad Valley residents by determining the influencing factors of the precipitate 

formation process through a comparative study of the chemical relationships of the saline 

system’s water, soil, and hujir that form around the lakes in the deposition areas.  

 
Materials and Methodology 

 
 

Sampling Design and Collection 
 
 Samples were collected in June 2007 from the three mineral deposits used for 

human harvesting and animal grazing: the Tukh, Elstei, and Tarv saline systems. A 

sample of baivan, which grows naturally in the taiga and is used by wild animals, was 

also collected. Samples were also collected from the families who were interviewed on 
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hujir usages, collection practices, health relationships and history of use to obtain 

accurate representations of edible hujir.  

 It was important to ensure the understanding of the evaporite basin formation 

processes by performing chemical analyses on diverse samples collected from around the 

saline system. Therefore, samples were collected from each site’s ephemeral lake water, 

the salt crust formed on the surface of the lakeshore, and horizons within the soil profiles 

in and adjacent to the mineral deposition areas (Figure 4). Sample transects were created 

extending from the lake water boundary out into the salt crust. These transects were 

located in popular human harvest areas and at visually higher quality hujir formations of 

each salt-pan. Five hujir samples of about 20-200 grams each were taken in the spots of 

better quality hujir along each transect. This sampling method was designed to determine 

if there are differences in hujir ionic concentrations moving away from the lake water 

boundary. This method was modeled after the Darhad herders’ hujir harvesting technique 

to obtain relevant samples for the dietary risk assessment and to be able to accurately 

address the issues stated previously.  

 Four, five-sample transects perpendicular to the shore-line were located in the 

Elstei salt-pan and five, five-sample transects were positioned in the Tukh area. At Tarv, 

four transects were arranged in areas of better quality maraa (the Mongolian word for 

livestock-grade hujir) and five samples taken from each, for a total of 20 samples 

(Figures 7, and 8).  

 Two soil profiles were examined at each evaporite basin. One profile was located 

in the salt depositional area where precipitate had formed on the soil surface horizon and 
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the other in vegetated soil, outside of the precipitate area. The latter soil profile was dug 

above and/or outside the saline system. Homogeneous soil samples of about 50 to 300 

grams each were taken from each soil horizon at Tukh’s and Tarv’s soil profiles. A single 

homogeneous soil sample, mixing the soil from each horizon, was taken from each 

profile at Elstei because the horizon boundaries were indistinguishable. 

 Aqueous samples of about 60-100 mL were collected on the A and C transects at 

Elstei and along the A and E transects at Tukh. A sample was also taken from the 

groundwater spring that feeds the three saline lakes at Tukh. Three aqueous samples were 

collected at Tarv from transects A and D and from the groundwater found one meter deep 

in the soil profile located inside the precipitate area. These samples were extracted with 

60 mL syringes and then filtered with a 0.2 µm syringe filter into a 125 mL nalgene 

bottle. Two samples were collected at each sampling position, and one was acidified by 

adding ultra-pure nitric acid (HNO3) at 5% of the sample volume for preservation.  Each 

physical research site was an enclosed evaporite basin, and no additional surface water 

bodies influenced these sites and/or the hujir production. Therefore, no additional 

aqueous samples were collected, other than the ones mentioned. The specific hujir, soil, 

and aqueous samples’ physical geographic positions were recorded by a GPS receiver 

(methodology described later in this report).  

 In addition, samples were obtained from six different families’ hujir supplies. A 

300 gram sample of baivan was also obtained (Figure 9). These were analyzed in the 

same manner as the other samples and were collected for comparison purposes.  
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 A working partnership with the Mongolian Institute of Geo-ecology was created 

to acquire a sampling permit from the Mongolian government. The Mongolian Customs 

Agency granted permission to export these samples from the country. A United States 

Soil Sampling Permit was obtained by the Montana State University Soils Laboratory to 

import the samples into the United States for analysis.    

 
Spatial Analysis 
 
 Global Positioning System (GPS) technology was used to gather geographic 

locations and spatial dimensions of the salt deposits under study. Due to its remote 

location, no known survey points exist in the valley, and therefore a base station was 

manually set up to successfully acquire the most accurate data possible (Figure 10). This 

base station was set up at our Renchinlhumbe camp and was stationary throughout the 

mapping process. To complete the initial set up, a 24-hour reference point was recorded 

at the base station location to obtain the correct coordinates, which were used later in data 

logging and the differential correction.  
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Figure 10. The GPS base station set up at Renchinhumble camp, June 2007.  

 Two Trimble GeoXTTM (Trimble Navigation Unlimited, Sunnyvale, CA, USA) 

GPS receivers were used in this research, both equipped with TerraSyncTM 2.61 (Trimble 

Navigation Unlimited, Sunnyvale, CA, USA) and Microsoft ActiveSync 5.0 (Microsoft 

Corporation, Redmond, CA, USA). These receivers have the ability to collect data at sub-

meter accuracy after differential correction. One receiver was used in the base station to 

collect a base file on days of GPS field data collection. The rover receiver collected GPS 

data in the field. A Trimble Hurricane antenna (Trimble Navigation Unlimited, 

Sunnyvale, CA, USA) was attached to the base station to obtain additional accuracy by 

overcoming multi-path rejection from the GeoXT receiver. The antenna enhanced the 

base station accuracy by about five meters (Trimble 2004). After mapping, all data files 
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were transferred to the computer program, Pathfinder Office 3.1 (Trimble Navigation 

Unlimited, Sunnyvale, CA, USA) and stored in a PFdata file. 

 The base station reference point was established after averaging a point position 

collected for 24 hours. There was some trouble keeping the base station receiver powered 

for the full time period, and therefore, the reference point was logged for 12 hours and 

then for another six hours. From this, the average point position was calculated by 

Pathfinder Office 3.1 (Trimble Navigation Unlimited, Sunnyvale, CA, USA) and used as 

the reference point throughout the project’s base station GPS data logging. This reference 

point was 51°06’53.927”N, 99°40’21.308”E, at an altitude of 1583.9 meters and a 

mapping horizontal precision of 5.8 meters. Base files were only logged on days of field 

mapping. 

 Both Tukh and Tarv were fully mapped in the field. Only sample transect data 

were collected at Elstei, due to limited receiver battery power and arduous environmental 

conditions. Tukh is the only basin where mapping was critical due to the Darhad people’s 

concern of its decreasing spatial change. Due to this concern, Tukh was mapped in great 

detail. Plans for fencing the southwest side of the lake and the groundwater spring have 

been developed, but financial assistance was still on hold as of late June 2007. This 

study’s data collection occurred before fence establishment and can serve as baseline data 

to determine positive or negative environmental impacts from the protection measures. 

 

 Mapping at Tukh The perimeters of both the lakes and their precipitate boundaries 

were mapped. The mapping also included: all hujir sample transects, hujir and water 

sampling locations, and soil profile positions. Animal and environmental impact zones at 
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Tukh were recorded for baseline data. This mapping was important to track change over 

time after the fence is established. The groundwater spring that feeds these lakes was also 

mapped and was a significant animal impact location. Animal and human trails and 

lakeshore bank erosion were also included.  

  

 Mapping at Tarv Tarv was mapped to create baseline data for the animal mineral 

sources in the Darhad Valley. The pond perimeters and precipitate boundaries were 

collected using GPS. Other features included: hujir sample transects, hujir and water 

sampling locations, and soil profile positions. Due to the herders’ traditional use of this 

area, heavy livestock impact was observed throughout the entire basin.  

 
Differential Correction and Exporting GPS Data 
 
 The GPS files collected while in the Darhad Valley were differentially corrected 

using code correction in Pathfinder Office 3.1 (Trimble Navigation Unlimited, 

Sunnyvale, CA, USA) and the base files collected at the base station. The data were then 

cleaned up, removing any outlying error during mapping. The rover files were 

differentially corrected separately to create individual maps with higher accuracies 

(APPENDIX A- Data Quality Assessment for Mapping at Tukh and APPENDIX B- Data 

Quality Assessment for Mapping at Tarv).  

 GPS data were then exported in ESRI shapefiles specific to the data dictionary 

categories used during data collection (APPENDIX C- GPS Data Dictionary). This data 

included the lake boundary, the sample collection locations and transects, salt 

depositional areas, locations of impact, areas of erosion, and locations of soil profiles. 
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Again these were separately exported, based on location, and combined to create the 

maps of Tarv and Tukh. 

 
GIS Applications 
 
 The shapefiles were imported into ArcGIS 9.3 (ESRI, Redlands, CA, USA) to 

create data layers within a main layer datum for both Tukh and Tarv. Each shapefile layer 

was assigned a symbol and color-coded to correspond to each mapping category (Figures 

4 and 7). These categories are represented in a legend in each map and a scale given for 

distance relationships. GPS accuracy was determined for each data layer using the 

attribute table created upon import. Metadata were created in ArcCatalog 9.2 (ESRI, 

Redlands, CA, USA) (APPENDIX D-Metadata for Tukh). 

 To determine lake and precipitate areas at Tukh, the datum layer was converted 

from a geographic coordinate system (GCS), World Geodetic System 1984 (WGS 1984) 

into the projected coordinate system (PCS), World Geodetic System 1984 Mercator 

(WGS 1984 PDC), which is in meters. This allowed the system to calculate spatial 

information on polygon data. A new field was created for area in the attribute tables for 

both the “Lake Boundary” layer and the “Salt Depositional Area” layer. Then Geographic 

Calculator, a function in ArcGIS, was applied to the field to determine the individual and 

total polygon areas in square meters. In some cases, the lake boundary polygons had to be 

subtracted from the salt depositional area polygons to get accurate data.  
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Electric Conductivity and pH 
 
 Both electric conductivity (EC) and pH were measured in the field, for water and 

soil samples, and back at the laboratory for all hujir dilutions, water, and soil samples. 

Measurements in the field were taken upon sample collection with a Hanna Combo pH & 

EC Meter, HI98130. Samples taken from each soil profile horizon were made into a 

saturated paste, allowed to settle, and then ECe /pH were measured on the soil solution. 

For water samples, the ECw /pH were taken directly from the water source.  

 Measurements in the laboratory were taken using an Orion model 720A pH meter 

and an Accumet model 30 conductivity meter. Pure water samples, hujir to deionized 

water dilutions of 1:100, and soil solution from saturated paste diluted to 1:100 were 

measured for all samples analyzed by ion chromatography (IC) and inductively coupled 

plasma atomic emission spectrometry (ICP-AES). Each sample was measured three times 

and the average and standard deviation calculated. As is standard, measurements for EC 

were taken prior to pH. Electrical conductivity was converted to total dissolvable solids 

(TDS) by multiplying the EC (mS/cm) by 640 for EC’s in the range of 0.1 to 5.0 and by 

800 for EC greater than 5.0 (Sparks 2002). This results in TDS in mg/L or parts-per-

million (ppm).  

 
X-Ray Diffraction  
 
 The Image and Chemical Analysis Laboratory’s (ICAL) NORAN Energy 

Dispersive X-Ray Detector (XRD), XGEN-4000 (Scintag, Inc., Cupertino, CA, USA), at 

Montana State University (Bozeman, MT) was used to determine the mineralogy of soil 

and hujir samples taken from Tukh. Samples were ground using a mortar and pestle to a 
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fine powder and placed in a random powder mount side sample holder for analysis. The 

holder was then placed into the machine and the analyses were run using DMSNT 

software (Scintag, Inc., Cupertino, CA, USA) from 4.0 to 75.0 degrees 2 Theta, step size 

0.050 degrees, at a scan rate of 0.05 deg/min. XRD results were used to compare 

minerals present among samples. 

 
Scanning Electron Microscopy  
 
 The JEOL-6100 Scanning Electron Microscope (SEM), also located in ICAL, was  

used to aid in the x-ray diffraction analyses to determine percentage of elements present 

in a sample. Samples were adhered to carbon sticky tape, were carbon sputter coated, and 

inserted into the SEM. Data were collected by both spot and area analysis to determine 

elements present in the sample. Rontec software (Röntec GmbH, Berlin, Germany) was 

utilized to determine element peaks and concentrations. Carbon was deleted from the 

results due to the carbon coat on the samples. Spot and area analyses ranged from three to 

six different locations in the sample, depending on the variety of results obtained. Data 

were helpful to verify minerals present in the XRD analyses.  

 Because the Suhee family sample was rumored to be the best quality hujir, it was 

chosen for full analysis. Suhee samples were photographed on a Zeiss Supra 55 VP 

Scanning Electron Microscope (SEM), also located in the ICAL laboratory. Two high-

resolution images in the range of 2 to 30 µm were obtained using the same sample 

prepared for SEM analyses (APPENDIX E-SEM Images). The remaining samples have 

been saved in case the opportunity arises for full analysis. 
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Ion Chromatography and Inductively Coupled  
Plasma Atomic Emission Spectrometry 
  
 Hujir samples were diluted to a ratio of 1:100, using 1 gram hujir to 100 mL of 

deionized water. The mixture was shaken and stirred until the hujir dissolved. A sub-

sample of 5 to 10 mL was filtered using a sterile 60 mL syringe and a 0.2 µm syringe 

filter. Then they were placed in two 10 mL sterile screw-cap FalconTM tubes, one for ion 

chromatography (IC) analysis and one for inductively coupled plasma atomic emission 

spectrometry (ICP-AES) analysis. The original dilution was stored to use for further 

analyses. Soil samples were made into a saturated paste and centrifuged at 5,000 RPM for 

15 minutes on a Sorrall RC-5B Refrigerated Super Speed Centrifuge to obtain a soil 

solution. This solution was extracted and filtered using a sterile 60 mL syringe and a 0.2 

µm syringe filter, then diluted 1:10 with deionized water, and placed in two 50 mL sterile 

screw-cap FalconTM tubes for analysis. Ultra-pure HNO3 (5%) was added to each 

sample’s dilution reserved for the ICP-AES analysis. Both water samples (two per source 

were collected in the field; both were filtered in the same manner, and one was treated 

with 5% ultra-pure HNO3) were kept in their pure state.  

The IC LC30 Chromatography Oven, CD25 Conductivity Detector, and GP50 

Gradient Pump located in the Environmental Chemistry Laboratory at Montana State 

University (Bozeman, MT) were used to analyze the samples for anionic concentrations. 

These anions included chloride, fluoride, sulfate, nitrate, carbonate, phosphate, and 

arsenate (V). The inductively coupled plasma atomic emission spectrometry (ICP-AES) 

also from the Environmental Chemistry Laboratory was utilized to obtain cationic 

concentrations in aqueous samples. These cations included aluminum, antimony, arsenic, 
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barium, boron, calcium, copper, iron, lead, magnesium, manganese, phosphate, 

potassium, silica, sodium, sulfur, and zinc. Because the ICP-AES analysis has a lower 

detection limit for arsenic and is therefore more accurate than the IC analysis, arsenic 

concentrations resulting from ICP-AES analyses were utilized for the purpose of this 

study.  

Sodium concentrations for some sample dilutions of 1:100 were unobtainable 

because they were above the machine’s upper detection limit. Therefore, the original 

sample dilution was made into a dilution of 1:1000 and analyzed using the same 

procedures mentioned above. Raw results that fell below the detection limits for both the 

ICP-AES and the IC were discarded and presented as below detection (BD) (Table 1). 

Mean percent recovery for the IC anionic concentrations ranged between 95 and 108 

(n=5), with a relative percent standard deviation between 10.7 and 13.3 (Table 2).  
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Table 1. Detection limits for ion chromatography (IC) and inductively coupled plasma 
atomic emission spectrometry (ICP-AES) analyses. 
 

Method 
Soluble 
Ion 

Detection Limit 
mg/L 

Inductively Coupled 
Plasma Atomic 
Emission 
Spectrometry  

Al 0.05 
As 0.05 
B 0.05 
Ba 0.05 

 Ca 0.1 
 Cu 0.1 
 Fe 0.01 
 K 0.1 
 Mg 0.1 
 Mn 0.01 
 Na 1 
 P 0.05 
 Pb 0.05 
 S 1 
 Sb 0.05 
 Si 1 
 Zn 0.01 
   
Ion Chromatography Cl 1 
 CO3 1 
 F 1 
 NO3 0.01 
 PO4 0.3 
  SO4 1 
 
 
Table 2. Percent recovery for ion chromatography analysis, calculated by dividing the 
concentration measured by the actual amount of ion in the standard.  
 

Ion 
Percent 
Recoverya,b Mean 

Standard 
Deviation 

95% Confidence 
Interval 

Cl- 75.1 - 102.0 95.1 11.3 14.0 
F- 85.6 - 113.0 103.4 13.3 13.3 
NO3

- 94.0 - 119.5 108.0 13.3 16.5 
SO4

-2 78.1 - 103.4 95.4 10.9 13.6 
 a Determined by calculating measured over the actual amount in the            
standards 
b Range, n=5 
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Ionic Charge 

 Charge balance was assessed by comparing the sum of anionic charge (mmol 

charge/L) to the sum of cationic charge. Ionic concentrations were obtained from IC and 

ICP-AES results for each sample, converted into molarities, then to moles of charge, and 

finally the charges were summed to determine total anionic or cationic charge. To include 

the charge from sodium ions, only the 1:1000 dilutions were used for hujir samples.   

 
Statistical Comparisons 
 
 Sample ionic compositions from both ICP-AES and IC analyses were compared 

using a mixed model procedure in SAS 9.1.3 (SAS Institute, Cary, NC, USA). A p-value 

< 0.05 was considered significant. Comparisons were made among each location’s 

calcium, magnesium, sodium, potassium, sulfate, and chloride concentrations, specific to 

the ion. Locations compared included: an overall comparison of the hujir samples from 

the three saline depositional areas in the Darhad and the families’ samples; the families’ 

samples compared specifically to Tukh’s E transect; the two soil profiles at Tukh 

compared to each other; and lastly, the three hujir transects at Tukh compared to each 

other. Water comparisons were made visually using raw data. The resulting associations 

will aid in confirming the use of hujir sample data from transect E and family samples 

later in Chapter Three’s dietary risk assessment and will help explain the chemistry and 

mineralogy around Tukh’s depositional area.  
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Results 
 
 
Spatial Analysis 
 
 Maps were created for both Tukh and Tarv showing each saline system’s 

significant features (Figures 4 and 7).  Each map indicates all sample type locations and 

areas of animal or environmental impact and depicts size relationships. This information 

will be valuable in the future for determining spatial change over time. Some hujir area 

data were lost during mapping at Tukh, and therefore the precipitate polygon at the 

southwest corner of the main lake was manually adjusted using ArcGIS (ESRI, Redlands, 

CA, USA). Photographs and measurements taken of the area during data collection were 

used to correct for size and shape of the polygon.  

 
Electrical Conductivity and pH 
 
 Electrical conductivity (EC) and pH of soil, water, and hujir samples can be 

related using the mean and standard deviation of results from each source and the 

sources’ location (Table 3). Electronic conductivity was converted to total dissolvable 

solids (TDS) to obtain units in mg/L or parts-per-million (ppm). Both EC and pH were 

taken at the same time.  
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Table 3. The TDS and pH results of the samples taken from water, soil, and hujir of the 
Darhad Valley's hujir sources. 
 

Sampling 
Sitea 

Sample 
Nameb 

Laboratoryc Fieldd 
pH TDSe pH TDSe 

Mean SDf Mean SDf Mean SDf Mean SDf 
Tukh Water A1 10.3 0.07 4781 30.3 9.7 0.04 5653 37.8 

E1 10.3 0.09 6317 144.1 9.7 0.05 6733 181.4 
Spring 9.3 0.05 644 9.4 8.9 0.03 755 16.9 

Elstei Water A1 9.8 0.05 2010 61.7 9.6 0.06 2379 22.5 
C1 9.7 0.03 1419 54.4 9.6 0.02 2315 101.3 

Tarv Water A1 N/A N/A N/A N/A 9.7 0.03 1781 41.6 
D1 9.9 0.07 4917 33.3 9.5 0.02 11061 97.8 
Spring N/A N/A N/A N/A 9.4 0.03 4675 41.1 

Tukh 
Hujirg,h 

A5 8.8 0.13 2144 29.3   
B3 10.4 0.15 2206 36.4   
D1 10.3 0.05 2345 30.2   
E1 11.1 0.06 1890 19.6   
E2 10.9 0.05 2039 41.6   
E3 11.1 0.08 1679 16.1   
E4 10.7 0.03 1634 32.2   
E5 10.6 0.05 2067 29.3         

Families' 
Hujirg,h 

Suhee 10.6 0.09 1835 37.5   
Ganochir 10.9 0.06 2972 32.8   
Gambaa 11.1 0.10 2462 25.9   
Tukh 
Store 10.7 0.02 3083 25.9         

Elstei 
Hujirg,h B2 10.4 0.10 467 3.2         
Tarv Hujirg,h A3 11.1 0.07 1626 27.9         
Tukh Soilg Out A 5.9 0.03 6 0.03 9.3 0.60 34 4.0 

Out B 5.9 0.09 15 1.2 9.4 0.03 61 2.9 
Out C 6.6 0.02 64 1.0 10.2 0.07 72 1.7 
In A  7.2 0.04 49 1.2 9.9 0.04 155 5.2 
In B 6.6 0.06 25 2.1 9.8 0.05 78 2.2 
In C 6.4 0.02 0.4 0.2 9.7 0.02 55 2.7 

All laboratory measurements included only one sample or dilution, measured three times 
a For further information on locations see Figures 1, 2, and 3 
b The letter signifies the transect within either Tukh, Elstei, or Tarv, and the number 
indicates the sample number (Tukh soil letters represent soil horizons)  
c Measurements taken on filtered samples 
d Measurements taken on unfiltered samples 
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Table 3-Continued 
 

e EC (for 0.1 to 5.0 mS/cm)*640 = TDS (mg/L or ppm) or EC (for > 5.0 
mS/cm) * 800 = TDS (mg/L or ppm) (Sparks 2002) 
f Standard deviation 
g In the laboratory, measurements were taken on dilutions of 1 gram to 100 mL 
deionized water   
h pH and TDS were not taken in the field       

  

 Hujir TDS and pH for all hujir samples were taken in the laboratory only. Results 

from the Tukh hujir transects did not indicate great differences from one another. The 

mean TDS’s were in the range of 1634 to 2345 mg/L (SD’s of 16.1 to 36.4), which was 

much greater than the overall water results. The mean pH ranges were between 8.8 and 

10.4 (SD’s of 0.05 to 0.1) for transects A, B, and D. The mean pH results for transect E 

ranged between 10.6 and 11.1 (SD’s of 0.03 to 0.08), which was overall more basic than 

the other transects around the lake.  

 Similar ranges for both TDS and pH existed for the samples acquired from family 

hujir supplies. These samples included Suhee, Ganochir, Gambaa, and the sample 

purchased from the local Darhad store. The mean TDS ranged between 1835 and 3083 

mg/L (SD’s of 25.9to 37.5), and the pH ranged between 10.6 and 11.1 (SD’s of 0.02 to 

0.09).  

 The samples taken from transect A at Tarv were similar to the hujir results from 

Tukh with a mean TDS of 1626 mg/L (SD of 27.9) and pH of 11.1 (SD of 0.07), which 

was expected since the water samples had higher TDS’s. Elstei had a lower mean TDS of 

467 mg/L (SD of 3.2) and a similar pH of 10.4 (SD of 0.1).  
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 Water Overall, the water samples had lower TDS results than the soil or hujir 

dilutions. Among the water samples analyzed, the water at Tarv had a higher TDS than 

the other two sources, Tukh and Elstei. This greater salinity can be expected due to the 

smaller lake area at Tarv (6,496 m2) compared to Tukh (558,864 m2), and therefore more 

concentrated in salt content. Among the samples taken from Tukh, the groundwater 

spring had the least mean TDS (644 mg/L, in the laboratory, and 755 mg/L, in the field) 

and the lowest pH (9.3, in the laboratory, and 8.9, in the field) of the water samples taken 

from Tukh. The water samples from transects A (4781 mg/L and 10.3, in the laboratory, 

and 5653 mg/L and 9.7, in the field) and E (6317 mg/L and 10.3, in the laboratory, and 

6733 mg/L and 9.7, in the field) had higher results, with the greatest salinity existing at 

Tukh’s E transect.  

  

  Soil Samples taken from each soil horizon in both profiles were made into a 

saturated paste and spun down in the laboratory to collect the soil solution. This soil 

solution resulted in overall less TDS and pH than the hujir samples, which was expected 

due to soils’ natural buffering capabilities. Both the mean pH and TDS values decreased 

(7.2 to 6.4 and 49 to 0.4 mg/L, in the laboratory, and 9.9 to 9.7 and 155 to 55 mg/L, in the 

field) in the soil profile located inside the precipitate area from the A, B, to C horizons. 

This indicates the presence of higher salinity on the surface of the soil. The profile 

located on the outside of the precipitate area revealed the opposite, with pH increasing, 

becoming more neutral (5.9 to 6.6, in the laboratory, and 9.3 to 10.2, in the field), and 

with TDS becoming more saline (6 to 64 mg/L, in the laboratory, and 34 to 72 mg/L, in 

the field), from horizons A, B, to C.  
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Ion Chromatography and Inductively Coupled  
Plasma Atomic Emission Spectrometry  
 
 All ionic concentration results are in Tables 4-7 and the statistical comparison 

results, in Table 8. Sodium concentrations were above the ICP-AES upper detection limit 

in most of the 1:100 sample dilutions. Their values, however, are presented in the  1:1000 

dilution. The later dilution’s sodium concentrations were used in the statistical 

comparisons.  

 Statistical comparisons of ion concentrations across sample location showed that 

hujir and soil samples of calcium, magnesium, sodium, potassium, and chloride were 

significantly different (p ≤ 0.05) between Tukh, Tarv, Elstei, and the family hujir 

supplies. All locations had significantly different ion concentrations, except for sulfate 

concentrations, (df = 11, F = 2.30, p = 0.10) (Tables 4-8), which were slightly higher in 

the Suhee family sample, and some of the samples from Tukh. Cations compared 

between the all of the samples included calcium (df = 12, F = 13.87, p < 0.0001), 

magnesium (df= 12, F = 78.49, p < 0.0001), sodium (df = 9, F = 1716.16, p < 0.0001), 

and potassium (df = 12, F = 58.08, p < 0.0001). Anions included sulfate, and chloride (df 

= 11, F = 13.82, p < 0.0001). Sample dilutions were all 1 gram hujir to 100 mL 

deionized water.  
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Table 4. Average molarities of major cations and anions for all sample sources:  families; 
Tukh hujir, water, and soil; Elstei hujir and water; and Tarv hujir and water.  

Source Name  DFa Ca Mg Na K Sulfate Cl
     mM                     mM                         mM   

Family Hujir 
Samples 

Gambaa  100 0.18 0.09 ADb 0.06 0.70 5.78
Ganochir 100 0.05 0.24 ADb 0.11 2.76 6.49

Suhee 100 0.08 0.28 ADb 0.45 14.90 1.73
Ochir 100 0.19 0.03 ADb 0.07 

Tukh Store  100 0.05 0.36 ADb 0.14 7.11 8.86
Mean 0.11 0.20 ADb 0.17 6.37 5.71

Standard Dev. 0.07 0.14 0.00 0.16 6.29 2.97
Gambaa  1000 0.02 0.01 8.02 0.01 0.22 0.60
Ganochir 1000 0.01 0.03 9.46 0.02 0.35 0.72

Suhee  1000 0.01 0.02 1.85 0.03 
Ochir 1000 0.02 0.01 5.88 0.02 

Tukh Store 1000 0.02 0.05 7.03 0.03 
Mean 0.02 0.02 6.45 0.02 0.28 0.66

Standard Dev. 0.01 0.02 2.89 0.01 0.09 0.08
Tukh 
Store 10 0.14 0.69 ADb 0.29   

Tukh Hujir 
Human 

Harvest Area 

 E2  100 0.08 0.04 ADb 0.13 1.22 3.3
E3 100 0.11 0.05 ADb 0.07 2.28 3.3
E4 100 0.11 0.03 ADb 0.08 13.51 4.3

Mean 0.10 0.04 ADb 0.09 5.67 3.63
Standard Dev. 0.02 0.01 0.00 0.03 6.81 0.58
E2 1000 0.01 0.01 5.16 0.02 
E4  1000 0.02 0.02 5.84 0.01   

Tukh 
Transects 

D1 100 0.13 2.54 ADb 0.20 26.84 2.18
B3 100 0.18 1.07 ADb 0.04   
 D1 1000 0.02 0.20 3.52 0.02 
 B3 1000 0.02 0.11 6.61 0.01 3.27 0.10

Tukh Water 
Samples 

 A1  0.15 0.86 22.64 0.44 0.37 11.03
 E1  0.08 0.47 22.56 0.30 0.45 7.16

 Spring  0.57 0.92 9.21 0.13 0.22 0.52
Tarv Hujir 
and Water 
Samples 

A3  100 0.29 0.03 ADb 0.79 3.24 3.93
 A1 H20  0.19 0.17 22.42 4.66 
 D1 H20  0.15 0.09 21.73 1.64 11.25 21.53

Elstei Hujir 
and Water 
Samples 

 B2 100 0.07 0.05 6.77 0.02 0.64 0.90
 A2 H20  0.30 0.85 ADb 0.19 6.00 4.85
 C2 H20  0.32 0.95 ADb 0.21 5.72 4.70
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Table 4-Continued
 

Tukh Soil 
Samples 

Out A  100/10 0.04 0.01 BDc BDc 0.06 0.15
Out B 100/10 0.06 0.03 0.03 0.002 BDc 1.24
Out C 100/10 0.06 0.10 0.85 BD 1.95 2.03

Mean 0.05 0.05 0.44 0.002 1.00 1.14
Standard Dev. 0.01 0.05 0.58 0.00 1.34 0.94

In A 100/10 0.00 0.00 0.73 0.01 2.07 2.08
In B 100/10 0.02 0.02 0.45 0.01 1.83 1.01
In C 100/10 0.02 0.05 0.47 0.01 2.01 0.86

Mean 0.01 0.03 0.55 0.01 1.97 1.32
Standard Dev. 0.01 0.02 0.16 0.00 0.12 0.67

a Dilution factor (mL DI: gram); For reference, the dilution factor equal to human consumption rate is 
about 300 
b Concentration above the upper limit of the machine
c Below ICP-AES machine's detection limit
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Table 5. Cations present in surface water, soil saturated paste extracts, and hujir. 
 

Source Name DFa Ca Mg Na K
    -----------------mM----------------

Family Hujir Samples Tukh Store 10 0.14 0.69 ADb 0.29
Gambaa  100 0.18 0.09 ADb 0.06
Ganochir 100 0.05 0.24 ADb 0.11
Suhee 100 0.08 0.28 ADb 0.45
Ochir 100 0.19 0.03 ADb 0.07
Tukh Store  100 0.05 0.36 ADb 0.14
Gambaa  1000 0.02 0.01 8.02 0.01
Ganochir 1000 0.01 0.03 9.46 0.02
Suhee  1000 0.01 0.02 1.85 0.03
Ochir 1000 0.02 0.01 5.88 0.02
Tukh Store 1000 0.02 0.05 7.03 0.03

Tukh Hujir Human 
Harvest Area 

 E2  100 0.08 0.04 ADb 0.13
E4 100 0.11 0.05 ADb 0.07
E3 100 0.11 0.03 ADb 0.08
E2 1000 0.01 0.01 5.16 0.02
E4  1000 0.02 0.02 5.84 0.01

Tukh Transects D1 100 0.13 2.54 ADb 0.20
B3 100 0.18 1.07 ADb 0.04
 D1 1000 0.02 0.20 3.52 0.02
 B3 1000 0.02 0.11 6.61 0.01

Tukh Water Samples  A1   0.15 0.86 22.64 0.44
 E1   0.08 0.47 22.56 0.30
 Spring   0.57 0.92 9.21 0.13

Tarv Hujir and Water 
Samples 

A3  100 0.29 0.03 ADb 0.79
 A1 H20   0.19 0.17 22.42 4.66
 D1 H20   0.15 0.09 21.73 1.64

Elstei Hujir and Water 
Samples 

 B2 100 0.07 0.05 6.77 0.02
 A2 H20   0.30 0.85 ADb 0.19
 C2 H20   0.32 0.95 ADb 0.21

Tukh Soil Samples Out A  100 0.04 0.01 BDc BDc

Out B 100 0.06 0.03 0.03 0.00
Out C 100 0.06 0.10 0.85 BD
In A 100 0.00 0.00 0.73 0.01
In B 100 0.02 0.02 0.45 0.01
In C 100 0.02 0.05 0.47 0.01

a Dilution factor (mL DI: gram); For reference, the dilution factor is equal to a human 
consumption rate is about 300 
b Concentration above the upper detection limit of the machine  
c Below ICP-AES machine's detection limit    
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Table 6. Anions present in surface water, soil saturated paste extracts, and hujir. 

Source 
Sample 
Name  DFa SO4

-2 Cl- F- NO3
-2 PO4

-3 
      ------------------------mM------------------ 

Family 
Hujir  

Gambaa  100 0.70 5.78 0.31 0.37 0.12 
Ganochir 100 2.76 6.49 0.17 0.07 0.22 
Suhee 100 14.90 1.73 BDb 0.60 0.07 
Tukh 
Store  100 7.11 8.86 0.12 1.00 0.08 
Gambaa  1000 0.22 0.60 0.02 0.05 0.01 
Ganochir 1000 0.35 0.72 0.03 0.01 0.02 

Tukh Hujir 
Human 
Harvest 

Area 

E1 100 0.12 2.6 0.17 0.47 0.17 
 E2  100 1.22 3.3 0.22 0.74 0.18 
E4 100 13.51 4.3 0.15 4.45 0.09 
E3 100 2.28 3.3 0.17 1.48 0.17 
 E5  100 10.41 4.9 0.05 4.22 0.01 

Tukh 
Transects 

D1 100 26.84 2.18 BDb BDb BDb 
A5  100 25.41 0.92 BDb 1.32 0.02 
 B3 1000 3.27 0.10 BDb BDb BDb 

Tukh Water   A1   0.37 11.03 0.29 0.05 0.27 
 E1   0.45 7.16 0.31 0.03 0.15 
 Spring   0.22 0.52 0.08 BDb BDb 

Tarv Hujir 
and Water  

A3  100 3.2 3.9 0.12 0.37 0.21 
 D1 H20   11.2 21.5 0.30 0.20 1.05 

Elstei Hujir 
and Water  

 B2 100 0.64 0.90 0.06 0.127 0.01 
 A2 H20   6.00 4.85 0.81 BDb BDb 
 C2 H20   5.72 4.70 0.78 BDb BDb 

Tukh Soil  Out A  10 0.06 0.15 BDb 0.02 BDb 
Out B 10 BDb 1.24 0.01 0.09 BDb 
Out C 10 1.95 2.03 0.01 0.20 BDb 
In A 10 2.07 2.08 0.03 0.49 BDb 
In B 10 1.83 1.01 0.02 0.15 BDb 
In C 10 2.01 0.86 0.02 0.49 BDb 

a Dilution factor (mL DI: gram); For reference, the dilution factor equal to 
human consumption is about 300       
b Below the ion chromatography machine's detection limit 



 
 

 
 

Table 7. Minor constituents present in surface water, soil saturated paste extracts, and hujir. 
 

Source 
Sample 
Name DFa B Cu Fe Mn Zn Al As Pb Ba Sb Si 

       ----------------------------µM------------------------µM-------------------------µM----------------   
Family 
Hujir  

Tukh Store 10 37.0 1.5 1.3 BDb BDb BDb 10.5 0.5 0.5 BDb BDb 
Gambaa 100 22.2 3.5 18.3 0.9 0.8 0.007 5.7 BDb 0.9 0.4 BDb 
Ganochir 100 23.1 0.9 35.5 1.1 0.5 0.015 10.1 0.3 1.4 0.7 35.3 
Suhee 100 BDb BDb 0.6 BDb BDb 0.002 BDb 0.3 BDb BDb BDb 
Ochir 100 13.6 1.5 4.7 BDb BDb 0.002 BDb 0.3 BDb BDb BDb 
Tukh Store 100 17.6 0.5 3.2 BDb BDb BDb 13.6 BDb 0.6 1.6 BDb 
Gambaa 1000 BDb BDb 2.4 BDb BDb 0.002 BDb BDb BDb BDb BDb 
Ganochir 1000 BDb BDb 11.9 BDb BDb 0.003 BDb 0.3 BDb BDb BDb 
Suhee 1000 BDb BDb BDb BDb BDb 0.002 BDb BDb BDb BDb BDb 
Ochir 1000 BDb BDb 2.6 BDb BDb 0.003 BDb BDb BDb BDb BDb 
Tukh Store 1000 BDb BDb 2.1 BDb BDb 0.003 BDb BDb BDb BDb BDb 

Tukh 
Hujir 

Human 
Harvest 

Area 

 E2 100 40.7 BDb 2.6 BDb BDb BDb 6.7 0.4 BDb BDb BDb 
E4 100 24.9 3.2 27.6 0.9 4.0 0.014 3.9 0.7 1.0 0.3 36.0 
E3 100 20.4 0.5 13.6 0.6 BDb 0.006 12.4 BDb BDb 1.3 49.1 
E2 1000 3.7 BDb 0.8 BDb BDb 0.002 BDb BDb BDb BDb BDb 
E4 1000 BDb BDb 8.1 BDb BDb 0.006 BDb 1.1 BDb BDb BDb 

Tukh 
Transect 

D1 100 11.1 0.2 0.7 0.1 0.2 0.003 1.2 BDb 0.4 BDb BDb 
B3 100 7.4 1.1 5.7 1.9 0.3 0.005 2.1 BDb 0.6 0.2 BDb 
 D1 1000 1.9 BDb BDb BDb BDb 0.002 BDb 0.3 BDb BDb BDb 
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Table 7-Continued 
 

 B3 1000 0.9 BDb 0.4 BDb BDb 0.002 BDb BDb BDb BDb BDb 
Tukh 
Water  

 A1   35.9 BDb 0.9 BDb BDb BDb 4.3 0.3 1.5 BDb BDb 
 E1   26.2 BDb 0.8 BDb BDb BDb 4.2 0.4 0.8 BDb BDb 

 Spring   12.0 BDb 2.8 BDb BDb 0.003 BDb BDb 4.3 BDb BDb 
Tarv 
Hujir 
and 

Water  

A3 100 1.9 1.3 2.7 1.6 BDb BDb 10.81 BDb 0.7 1.2 BDb 
 A1 H20   14.6 2.3 3.8 BDb BDb 0.002 9.7 0.4 1.3 BDb 293.4 

 D1 H20   31.5 0.8 4.9 BDb 1.1 0.008 BDb 0.3 0.5 BDb 161.1 
Elstei 
Hujir 
and 

Water  

 B2 100 9.3 0.8 33.8 0.7 BDb 0.034 3.3 BDb BDb 3.0 90.4 
 A2 H20   28.2 BDb BDb BDb 2.7 0.007 BDb 0.3 BDb BDb BDb 

 C2 H20   31.1 BDb 1.1 BDb BDb 0.003 BDb BDb 0.3 3.8 BDb 
Tukh 
Soil  

Out A 100 BDb 0.3 0.5 0.4 0.3 BDb 0.8 0.3 BDb 0.4 BDb 
Out B 100 BDb  BDb 0.4 BDb BDb BDb BDb 0.2 BDb BDb BDb 
Out C 100 BDb 0.2 0.8 BDb BDb BDb BDb BDb BDb BDb BDb 
In A 100 8.3 0.9 1.8 1.1 0.9 BDb 1.33 0.4 0.4 0.7 BDb 
In B 100 BDb BDb 0.4 BDb BDb BDb BDb BDb BDb 3.6 BDb 
In C 100 BDb BDb 0.2 BDb BDb BDb BDb BDb BDb BDb BDb 

a Dilution factor (mL DI: gram); For reference, the dilution factor equal to human consumption 
rate is about 300 

   
   

b Below ICP-AES machine's detection limit       
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Table 8. Statistical comparison results using mixed model procedure in SAS 9.1.3 (SAS Institute, Cary, NC, USA). 

Sources 
Compared Ca  Mg Na K Sulfate Cl Summary  

All 13 Sourcesa < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.1007 < 0.0001 All significantly different except 
sulfate concentrations 

Family Hujir and 
Tukh's E 
Transect 

0.8084 0.1019 0.6802 0.4896 0.8408 0.1843 None significantly different 

Family Samples 
and Tukh's B 

Transect 
0.3814 0.0041 0.9616 0.5245 0.024 0.1168 

Only magnesium and sulfate 
concentrations are significantly 

different 
Family Samples 

and Tukh's D 
Transect 

0.82 < 0.0001 0.407 0.8689 0.0618 0.3645 
None significantly different except  

magnesium concentrations 

Tukh's E 
Transectb 0.06487 0.866 0.6884 0.8141 N/Ad N/Ad None significantly different 

Tukh's E and B 
Transects 0.0511 0.0001 0.3105 0.3323 N/Ad N/Ad Only magnesium concentrations are 

significantly different 

Tukh's E and D 
Transects 0.2838 < 0.0001 0.184 0.127 0.0321 0.2077 

None Significantly different except 
magnesium and sulfate 

concentrations 
Tukh's Soil 

Profilesc 0.0034 0.563 0.7587 0.1433 0.2675 0.7904 None significantly different except 
for calcium concentration 

a Sources include Tukh's hujir, soil, and water samples, as well as Elstei and Tarv hujir and water samples. 
b All five samples from Tukh's E transect. 
c All horizons taken from the soil profiles both inside and outside Tukh's hujir area.  
d Not able to analyze due to lack of sample data.  
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 Hujir The five sampling points on Tukh’s E transect, located on the southwest 

side of the lake, were statistically compared. Calcium (df = 2, F = 0.54, p = 0.65), 

magnesium (df = 2, F = 0.15, p = 0.87), sodium (df = 1, F = 0.28, p = 0.69), and 

potassium (df = 2, F = 0.23, p = 0.81) concentrations were not significantly different 

among point locations, indicating all five samples along Tukh’s E transect were not 

different in ionic content. Sulfate and chloride could not be compared due to lack of IC 

analysis runs.  

 Comparing samples from Tukh’s E and D transects indicates a significant 

differences in magnesium and sulfate ionic concentrations. Cations include calcium (df = 

1, F = 2.11, p = 0.28), magnesium (df = 1, F = 43,925.8, p < 0.0001), sodium (df = 1, F 

= 11.3, p = 0.18), and potassium (df = 1, F = 6.41, p = 0.13). Anions include sulfate (df 

= 1, F = 10.4, p = 0.03), and chloride (df = 1, F = 2.25, p = 0.21). All dilutions 

compared were 1 gram hujir to 100 mL of deionized water, except for sodium, which was 

compared using dilutions of 1 to 1000. 

 Only magnesium (df = 1, F = 7511.45, p = 0.0001) concentrations were 

significantly different when comparing Tukh’s B and E transects. Cations included 

calcium (df = 1, F = 18.08, p = 0.0511), magnesium, sodium (df = 1, F = 3.55, p = 

0.3105), and potassium (df = 1, F = 1.61, p = 0.3323). Sodium was the only one 

compared using dilutions of 1 to 1000. Again sulfate and chloride could not be compared 

due to lack of IC analysis runs.  

 Samples’ specific ionic concentrations were compared between Tukh’s B, and D 

transects, and only magnesium concentrations were significantly different (df = 1, F = 
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7511.5, p = 0.0001). Cations included calcium (df = 1, F = 18.08, p = 0.05), sodium (df 

= 1, F = 3.55, p = 0.3105), and potassium (df = 1, F = 1.61, p = 0.33) concentrations. 

Sodium was the only one compared using dilutions of 1 to 1000. Again, sulfate and 

chloride could not be compared due to lack of IC analysis runs. 

 Ionic concentrations of the family samples and Tukh’s B transect were compared. 

Cations included calcium (df = 1, F = 0.97, p = 0.38), magnesium (df = 1, F = 34.94, p = 

0.004), sodium (df = 1, F = 0.00, p = 0.96), potassium (df = 1, F = 0.49, p = 0.52), 

sulfate (df = 1, F = 702.98, p = 0.02), and chloride (df = 1, F = 29.04, p = 0.12). Again, 

both sulfate and magnesium concentrations were significantly different between 

locations. The dilutions compared were 1 gram hujir to 100 mL deionized water, except 

for sodium, sulfate, and chloride, which were compared using dilutions of 1 to 1000. 

 Comparisons of Tukh’s D transect and the six family samples showed no 

significant difference among relative ionic concentrations, except for magnesium (df = 1, 

F = 249.2, p < 0.0001). Cationic concentrations compared included calcium (df = 1, F = 

0.06, p = 0.82), magnesium, sodium (df = 1, F = 0.86, p = 0.41), and potassium (df = 1, 

F = 0.03, p = 0.87). The major anions were sulfate (df = 1, F = 0.49, p = 0.06), and 

chloride (df = 1, F = 1.14, p = 0.36) concentrations. All dilutions compared were 1 gram 

hujir to 100 mL deionized water, except for sodium, sulfate, and chloride, which were 

compared using dilutions of 1 to 1000.  

 The six family samples were compared to the five samples from Tukh’s E 

transect. There were no significant differences among the related ionic concentrations, 

including: calcium (df = 1, F = 0.06, p = 0.81), magnesium (df = 1, F = 3.76, p = 0.1), 
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sodium (df = 1, F = 0.19, p = 0.69), potassium (df = 1, F = 0.54, p = 0.49), sulfate (df = 

1, F = 0.04, p = 0.85), and chloride (df = 1, F = 2.17, p = 0.18). All were dilutions of 1 

gram hujir to 100 mL deionized water. These results indicate that the ionic concentration 

obtained from IC and ICP-AES analyses for both Tukh’s E transect and the family 

samples were not significantly different from one another, and both can be used in 

exposure calculations for the dietary risk assessment presented in Chapter Three.  

 

Water Samples were compared using raw ionic concentration result data (Tables 

4-7). They were not compared statistically due to lack of analyses runs. Among the 

samples collected at Tukh, both calcium and magnesium concentrations were highest in 

the spring (567 µM, and 922 µM, respectively) compared to the water samples taken 

from transect A (148 µM, and 857 µM, respectively) and transect E (77 µM, and 472 

µM, respectively). The samples taken from Tukh’s groundwater spring revealed lower 

sodium, potassium, sulfate, and chloride concentrations relative to water samples taken 

from  transects A and E. 

There was no difference between water samples analyzed from Elstei (transects A 

and C) among calcium, magnesium, sodium, potassium, sulfate, and chloride 

concentrations related to sampling locations. Water samples analyzed from Tarv resulted 

in greater concentrations from transect A compared to transect D for all major cations: 

calcium (188 µM and 145 µM), magnesium (167 µM and 86 µM), sodium (23 µM and 

22 µM), and potassium (4,661 µM and 1,641 µM), respectively.  
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 Soil Samples taken from both soil profiles at Tukh were statistically compared 

between profile locations (Table 9). Cations compared included calcium (df = 1, F = 

38.55, p = 0.003), magnesium (df = 1, F = 0.40, p = 0.56), sodium (df = 1, F = 0.11, p = 

0.76), and potassium (df = 1, F = 5.52, p = 0.14) concentrations. Anions included were 

sulfate (df = 1, F = 1.84, p = 0.2675), and chloride (df = 1, F = 0.08, p = 0.79) 

concentrations. All were dilutions of 1 mL soil solution to 100 mL deionized water, 

except for sulfate and chloride, which were compared using dilutions of 1 to 1000.  Only 

calcium concentrations were significantly different between the two soil profile locations.  

In the profile located outside of the hujir area, all ionic concentrations increased 

from horizons A to C (Tables 4-8). The greatest changes being in the magnesium and 

chloride concentrations between locations. Magnesium increased from 11.52 µM in the A 

horizon to 98.75 µM in the C horizon, and chloride concentrations, 0.15 mM to 2.03 mM.  

Both calcium and magnesium increased with depth located inside the precipitate 

area. Calcium increased from 3.9 to 17.7 µM, and magnesium, 4.1 to 53.5 (horizons A to 

C). No trend in concentration differences existed for sodium, potassium, sulfate, and 

chloride. 

 
X-Ray Diffraction 

 Minerals present in the soil and hujir samples included quartz (SiO2), trona 

(Na3CO3HCO3·2H2O), halite (NaCl), calcite (CaCO3), and calcium or sodium sulfates 

(Table 9). The presence of these minerals is expected in a typical continental saline 

system (Lowenstein and Hardie 1985), and these same evaporite minerals are expected to 

be present in the lake water and diluted aqueous samples (Smith and Compton 2004). 
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Both the family hujir samples and Tukh’s E transect have similar minerals present, 

including quartz, trona, thenardite (Na2SO4), kaolinite (Al2Si2O5(OH)4), anhydrite 

(Ca(SO4)), and albite (NaAlSi3O8). Three family samples contained halite (Gambaa, 

Ganochir, and the sample purchased at a local Darhad store), which was not present in 

the samples taken from any of the transects at Tukh. The Gambaa sample included the 

presence of gypsum, which was not a surprise, referring to the previous minerals 

mentioned in the family samples. 



 
 

 
 

Table 9. X-ray diffraction mineralogy for soil and hujir samples.  
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Family 
Precipitate 
Samples

Gamba X X X X
Ganochir X X X X X X
Storea X X X X X X X
Shee X X X X X X
B3 X X X X X X X
D1 X X X X X X
E4 X X X X X X X X X
Outside Ab, c X X X X X X
Outside Bb, c X X X X X X
Outside Cb, c X X X X X
In Ad, c X X X X X
In Bd, c X X X X X
In Cd, c X X X X X X X

Tiaga 
Precipitate Biavane X X X

B2 X X X X
D5 X X X X X X X

Family 
Precipitate 
Samples

Tohi 
Precipitate

Tohi Soil

Tarv
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Table 9-Continued 

 
a Indicates hujir sample perchased from a local Darhad store 
b Indicates soil profile dug on the outside of the precipitate area 
c Letter indicates the soil horizon 
d Indicates soil profile dug within of the precipitate area 
e Hujir that grows in the tiaga of the Darhad and is feed on by wild animals 
Quartz-SiO2 Muscovite-KAl2(Si3Al)O10(OH,F)2 Anhydrite-Ca(SO4) 
Trona-Na3CO3HCO3∙2H2O Dolomite-CaMg(CO3)2 Calcite-CaCO3 

Halite-NaCl Actinolite-Ca2(Mg, Fe2+)5Si8O22(OH)2 Pyrite-FeS2 

Threnardite-Na2SO4 Magnetite-FeIIFeIII
2O4 

Montmorillonite-(Na,Ca)0.33(Al,Mg)2Si4O10 
(OH)2·n(H2O) 

Kaolinite-Al2Si2O5(OH)4 Anorthite-CaAl2Si2O8 Copiapite-FeIIFeIII
4[OH,(SO4)3]2·20H2O 

Thermonatrite-Na2CO3·H2O Sodium Sulfate Hydrate-NaSO4·H2O Alunogen-Al2(SO4)3·17H2O 
Albite-NaAlSi3O8 Burkeite-Na6(CO3)(SO4)2 Gypsum-Ca(SO4)·2H2O 
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 Among the samples taken from Tukh, transects B and E were more similar to 

each other in mineralogy than transect D. Both B and E contain quartz, trona, thenardite, 

kaolinite, albite, muscovite (KAl2(Si3Al)O10(OH, F)2), and actinolite (Ca2(Mg, 

FeII)5Si8O22(OH)2). Transect D contained quartz, thenardite, kaolinite, magnetite 

(FeIIFeIII
2O4), anorthite (CaAl2Si2O8), and sodium sulfate hydrate. Only transect E 

contained burkeite (Na6(CO3)(SO4)2) and calcite (CaCO3).  

 Comparing the samples taken from each soil horizon in the two soil profiles dug 

at Tukh, all samples contained quartz, kaolinite, albite, and calcite. Only the A horizons 

of both the profiles, and the C horizon of the profile located on the inside of the 

precipitate area contained muscovite. The B horizon of both the profiles and the C 

horizon of the profile located on the inside of the precipitate area contained dolomite 

(CaMg(CO3)2). Both the A and C horizon of the profile located on the outside of the 

precipitate area contained actinolite. Only the B horizon of the profile located on the 

outside of the precipitate area contained pyrite (FeS2) and this was apparent by visual 

signs of red and dark orange coloring in the field, indicating oxidation-reduction 

reactions in the soil (Figure 11). The C horizon of the profile located on the inside of the 

precipitate area was the only sample with montmorillonite 

((Na,Ca)0.33(Al,Mg)2Si4O10(OH)2·n(H2O)).  
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Figure 11. Soil oxidation-reduction reactions occurring in the soil profile dug outside of 
the precipitate area at Tukh.  
 
 
 Samples analyzed from Tarv similarly contained quartz, albite, and muscovite. 

Transect D contained trona, halite, calcite, and dolomite. Transect B results indicated the 

presence of kaolinite.  
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 The baivan sample that was taken from the Darhad taiga and that is used as a salt 

source for wild animals had copiapite (FeIIFeIII
4[OH, (SO4)3]2·20H2O), alunogen 

(Al2(SO4)3·17H2O), and gypsum (Ca(SO4)·2H2O).  

 
Ionic Charge 
 
 Overall, the majority of the charge differences calculated were positive (Table 

10), not including the charge differences in samples with sodium concentrations above 

the upper detection limit. This can be expected, as carbonate could not be accurately 

measured in the analyses I completed, and therefore was not incorporated into the 

calculations. The positive charge resulting from the calculations is thought to be due to 

the inconclusive calculation of both carbonate and organic ligand concentrations, which 

are negatively charged.  
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Table 10. Sum of cationic and anionic charge calculated from chemical compositions of 
surface water, soil saturated paste extracts, and hujir samples taken from Tukh, Elstei, 
and Tarv.  

Source Samples DFa 
Excess 
Cationb 

Excess 
Anionc 

Sample 
Charged 

Family Hujir 
Samples 

Gambaa  1000 8.11 1.13 6.98 
Ganochir 1000 9.61 1.49 8.12 

Suhee  1000 1.94 1.94 
Ochir 1000 5.97 5.97 

Tukh Store 1000 7.19   7.19 
Tukh Hujir 

Human 
Harvest Area 

E2 1000 5.24 5.24 

E4  1000 5.96   5.96 
Tukh 

Transects 
 D1 1000 3.98 3.98 
 B3 1000 6.89 6.64 0.25 

Tukh Water 
Samples 

 A1   25.19 12.92 12.27 
 E1   24.03 8.86 15.17 

 Spring   12.38 1.04 11.34 
Tarv Water 

Samples  
 A1  23.17 23.17 
 D1   22.31 47.66 -25.36 

Elstei Water 
Samples 

 A2   25.31 17.67 7.64 
 C2   25.57 16.92 8.65 

Tukh Soil 
Samples 

Out A  10 0.11 0.29 -0.17 
Out B 10 0.20 1.33 -1.14 
Out C 10 1.16 6.13 -4.97 
In A 10 0.79 6.71 -5.91 
In B 10 0.53 4.82 -4.29 
In C 10 0.62 5.37 -4.75 

a Dilution Factor (mL:g) 
b Determined by adding all cation charge from cationic molarities 
c Determined by adding all anionic charge from anionic molarities 
d Positive charge indicates an estimate of carbonate and organic ligands in solution 
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Discussion 
 
 
 It is important for the people of the Darhad Valley to sustainably manage the 

indigenous mineral resource at Tukh for their future use. The majority of Tukh’s hujir is 

made up of sodium bicarbonate and sodium sulfate minerals that can behave as antacids 

and laxatives upon consumption. Sodium carbonate minerals present in hujir included 

trona, thermonatrite, and some burkeite. Sodium sulfate minerals included thenardite, 

burkeite, and gypsum.  

 The results indicated Tukh’s E transect was more saline than the other areas 

around the lake. This was indicated in the higher TDS and pH results from aqueous 

samples (6317 mg/L and 10.3 for the water sample, and a range of 1634 to 2345 mg/L 

and 10.6 to 11.1 for diluted hujir samples) (Table 3). As EC (and therefore TDS) 

increases in soils, so does the presence of salt (Sparks 2002). It can therefore be assumed 

that the higher TDS at Tukh’s E transect indicates the greater presence of evaporite 

minerals relative to the other locations sampled around Tukh, possibly explaining why 

this area’s serves as the Darhad human harvesting location. The greater salt content might 

be caused by a partial physical separation from the larger lake (Figures 4 and 5).  

 According to Sparks (2002) and Brouchkov (2002), carbonate is present at soil 

pH levels greater than 9.5 in allogenic (lake or alluvial) saline deposits; therefore, is most 

likely present in these hujir samples. This assumption can be confirmed with the XRD 

mineral data for the samples (Table 9). This is important because I was not able to 

measure carbonate concentrations in my study. The presence of carbonate can be related 

to the overall positive charge revealed in the ionic charge results calculated for these 
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samples (using the available data) (Table 10) and to the presence of trona in all but one 

hujir sample (Transect D did not contain trona according to XRD) (Table 9).  

 All samples contained higher concentrations of sodium compared to other cations 

or anions present (Tables 4-8). This is apparent in the minerals present in the samples 

analyzed, including trona, halite, and thenardite in the hujir samples and albite in the soil 

samples (Table 9). Aqueous samples are assumed to have minerals similar to those 

existing in the precipitate (Smith and Compton 2004). Therefore, similar minerals seen in 

the XRD results are expected to have dissolved to create the ions present in the water 

samples taken from the study locations.  

Indications of the Tukh hujir formation process were observed when comparing 

TDS, pH, and ionic concentrations between the two soil profiles dug at the site. 

Interestingly, the reverse was seen with soil depth in both pH and TDS results relative to 

soil profile locations (Table 3). The profile inside the precipitate area had results of a 

decreasing pH and TDS as the soil depth progressed (7.2 to 6.4, and 49 to 0.4 mg/L, as 

measured in the laboratory), form horizons A to C. This indicates capillary rise from 

groundwater supplies as water evaporation occurs (Smith and Compton 2004). The 

opposite results were seen in the soil profile located on the outside of the precipitate area, 

with an increasing pH and TDS with soil depth (5.9 to 6.6 and 6 to 64 mg/L, as measured 

in the laboratory), from horizons A to C, suggesting leaching in the soil profile.  Ionic 

concentrations also increased with soil depth in the outside profile, further confirming 

this assumption (Tables 4-8). These findings indicate the importance of the soil and 

groundwater in hujir formation.  



62 
 

 
 

According to the results, transect E contains similar concentrations of cations and 

anions compared to the rest of the sample locations around Tukh (besides magnesium and 

sulfate concentrations). However, the aqueous and hujir samples revealed higher TDS 

and pH readings at samples taken from transect E, indicating greater overall salt content. 

We also see the importance of capillary rise through the soil profile in hujir formation 

related to the soil profile location comparisons. Protecting the major human harvest area 

(the area around transect E) in the Tukh system might be a solution to preserve this small 

section for harvest. Nonetheless, it would not be considered sustainable because of the 

excessive harvesting rates by the people of the Darhad as specified earlier in the chapter.  

For best management practices of Tukh, the ideal solution would be to protect the 

entire area from animal impact and human over-harvesting in order to preserve the saline 

ecosystem. However, this is not financially feasible for the Darhad people due to the cost 

of fencing materials, labor, and the size of the saline system (Figures 4 and 5).  

The spring and wetland area at Tukh is an important water source for the Tukh 

saline system (Figures 4, 5, and 6). Upon observation during fieldwork in June 2007, the 

high impact of grazing animals on this area was readily apparent. In addition to the 

human harvesting area, the spring should also be considered for protection for water 

quality purposes, for the health of the Darhad people, and for the livelihood of Tukh’s 

ecosystem.  
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CHAPTER 3 
 
 

A DIETARY RISK ASSESSMENT FOR INDIGENOUS CONSUMPTION OF 
NATURAL SALT DEPOSITS IN THE DARHAD VALLEY, NORTHERN 

MONGOLIA 
 

 
Abstract 

 
 

The nomadic herding communities of the Darhad Valley, located in northern 

Mongolia, collect and utilize a salt precipitate, called hujir, which forms on the soil 

surface of a local saline system. This indigenous dietary salt supplement is consumed 

daily as an ingredient in a salty milk-tea. A dietary risk assessment was conducted 

because of the increasing health concerns among the Darhad people as a result of 

consuming this substance. A suite of laboratory analyses identified the composition to be 

primarily sodium bicarbonate and sulfate salt. Consumption rates were obtained from 

extensive interviews with nomadic herders of the valley and a chronic exposure 

assessment was completed using chemical analyses on hujir samples obtained from the 

saline lake and from residents’ supplies. A combination of chronic toxicity threshold 

values, dietary reference intake recommendations, and drinking-water standards were 

used to characterize the dietary risk related to hujir consumption. Arsenic, fluoride, 

nitrate, and sodium exposure levels were greater than their associated toxic endpoints and 

indicate potential health concerns. Exposures to arsenic, fluoride, and nitrate were as high 

as 33, 1.2, and 1.3 times the chronic oral reference dose, respectively. Exposures to 

antimony, arsenic, and lead were 1.7, 19, and 14 times the drinking-water guidelines, 
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respectively. Given these results, epidemiological studies are needed to better understand 

possible health effects associated with hujir consumption. 

 
Introduction 

 
 

As with many cultures past and present, it is common tradition for Mongolian 

nomadic herders to collect mineral precipitate that forms on the surface of saline systems 

and utilize it as an indigenous salt source. The people of the Darhad Valley, in northern 

Mongolia, obtain precipitate from a saline system called Tukh. This mineral precipitate, 

hujir, is an ingredient in the popular salty tea, suuti tsai, and is consumed throughout a 

typical Mongolian herder’s day. According to the interviews I obtained from Darhad 

residents in 2007, this tradition has lasted for generations, if not longer. The Darhad 

people have become concerned with potential health effects of consuming hujir and this 

concern is the focus of this environmental health risk assessment. 

 
Site Description 
 
 The Darhad Valley is located in Mongolia’s northern-most Khovsgol Aimag (a 

province), approximately between 50°35’56.4” to 51°24’8.4” N and 99°1’20.1” to 

100°3’13.3”E (Figure 12). It covers approximately 150 square kilometers, and is part of 

the Baikal Rift System (Goulden et al. 2006). 

 The Tukh area (0.92 km2) is located at approximately 51°23’29”N, 99°27’43” E, 

and consist of three saline lakes all fed by a groundwater spring on the southwest bank. 

Tukh is the common collection area for hujir within the valley. The composition of hujir 

being consumed has not been previously determined.  
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Figure 12. Location of study site within Mongolia and GPS map of Tukh completed in 
June 2007. 
 



66 
 

 
 

Background 
 

At Tukh, several primary and secondary minerals create the mineral deposit. The 

precipitate is formed on the surface of the saline lake’s banks through evaporation and is 

collected by Darhad residents using a “dragging and gathering” method similar to the 

method used 8,000 years ago at Lake Yuncheng, China (Kurlansky 2002). The hujir is 

then transferred to 25-50 kg storage bags. According to my interviews with Darhad 

residents, they collect an average of 18.1 kg/year (SD ± 17.6 kg/year, 95% CI 6.2) for 

family use and 191.8 kg/year (SD ± 201.6, 95% CI 71.5) for livestock use. 

The precipitate that forms at Tukh is considered a resource for the people of the 

Darhad Valley in their everyday lives. Not only is hujir consumed, according to my 

interviews, it is utilized as soap to wash hair and skin, for cleaning grease from hands and 

clothing, in baking, and to stop the fermentation process in milk. It is also used in 

livestock management for ridding horses of parasites, improving livestock strength, 

increasing the quality of goat’s cashmere, increasing the quality of cattle’s milk, keeping 

the livestock warm during the winter months, and for weight gain. Consumption of hujir 

is thought to aid in ailments such as stomachache, heartburn, brucellosis, joint pain, 

gallbladder issues, hangover cure, ulcers, stomach acid, to suppress urination, diarrhea, 

liver issues, high blood pressure, throat pain, tumors, and blood clots. It is described 

traditionally as a cure for any health problem and is utilized in several Darhad traditional 

medicines according to a local medicine healer (Bashbish 2007).   

 
Risk Assessment 
 

Environmental human-health risk assessment is typically quantitative, integrating 
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exposure and toxicity from a specific substance or group of substances (NRC 1983). 

Exposure is described as human contact (dermal, oral, or inhalation) to the substance, and 

can be termed an environmental stressor. The toxicity of that substance often has been 

determined through intensive dose-response research. Typically, estimated exposures are 

compared to toxic endpoints derived from dose-response studies. The toxic endpoints 

usually are no-observed-adverse-effect-levels (NOAEL’s) or references doses (RfD’s), 

which are NOAEL’s with incorporated uncertainty or safety factors. The quantitative 

value used in many risk assessments is obtained by dividing estimated or actual exposure 

by the toxic endpoint. This is known as the risk quotient (RQ) and gives a numerical ratio 

between exposure and toxicity (Peterson 2006). The RQ can then be compared directly to 

regulatory levels of concern.   

Despite the cultural and nutritional significance of hujir, Darhad people have 

communicated to us in interviews that they are concerned with potential health effects of 

consuming hujir. Therefore, the objective of this study was to estimate dietary risk of 

hujir consumption. Because this salty substance is important to their culture and everyday 

livelihood, it was essential to examine the benefits gained from consumption in addition 

to possible toxicities, while being culturally sensitive in the process. The assessment was 

based on the chemical composition of hujir and focused on exposure levels estimated for 

two gender-specific age groups.   

 
Materials and Methodology 

 
 

Data for the exposure assessment were gathered from both interviews conducted 
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in the summer of 2007 and ionic concentration results from laboratory analyses to 

estimate human exposure levels. Mongolian body weight data were from the World 

Health Organization (WHO) (2007) (Table 11). Dietary threshold values were acquired 

from several sources including different intake recommendations or standards due to 

limited availability of toxic endpoints for all ions present within the hujir samples. 

Because of the international location of this study, available toxic endpoint values and 

drinking-water guidelines were obtained from the WHO. The U.S. Environmental 

Protection Agency’s (USEPA) chronic oral toxic threshold values were utilized when 

WHO values were not available. The U.S. National Academy of Science’s dietary 

reference intake (DRI) levels were utilized for comparison.   

Table 11. Mongolian body weight according to gender and age (WHO 2007). Data 
shaded in green were used for the groups incorporating ages 25-54. Data shaded in 
orange were used for the 55 and over age groups.  
 

Age group Weight (kg) 95% CI Weight (kg) 95% CI
25 to 34 66.5 0.05 61.5 0.05
34 to 44 68.8 0.1 63.9 0.05
44 to 54 70.1 0.1 65.4 0.1
55 to 64 70.3 0.1 63 0.1
15 to 64 65.1 0.02 60.2 0.02

Men Women

 
WHO 2007
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Problem Formulation and Conceptual Model 
 

A conceptual model for toxicological assessment represents the flow or pathway 

between the source of a stressor and the impacts it may cause on a target, organism, or 

population (Morgan 2005). The conceptual model created for this study symbolizes the 

dietary risk for hujir, and signifies the connection between the harvesting area, Tukh, to 

dietary source, the salty milk-tea, suuti tsai, and lastly to the four categories of receptors 

(Figure 13). The focus of this dietary risk assessment was to estimate the risks associated 

with hujir consumption. The environmental stressor was hujir, and the receptor was the 

Darhad resident. The route of exposure was chronic dietary consumption, defined as 

average daily exposure over a lifetime (WHO 2006).  

 
Figure 13. Conceptual model for the dietary risk assessment of hujir. 
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When hujir is added to milk or water-tea, soluble minerals dissolve resulting in 

increased concentrations of aluminum, antimony, arsenic, barium, boron, calcium, 

copper, fluoride, iron, lead, magnesium, manganese, nitrate, phosphate, potassium, 

sodium, sulfate, and zinc. Upon consumption, these elements or compounds can become 

bioavailable within the human body. Hujir intake provides a source of dietary minerals 

for the Darhad people and their livestock. However, too much hujir intake may lead to 

chronic health effects. For the purpose of dietary risk assessment, the focus was only on 

human consumption of hujir.   

 
Interviews 
 

To estimate daily exposure of specific constituents found in hujir, it was 

important to determine the Darhad peoples’ hujir consumption rates (Xu et al. 2006). 

This was completed through culturally respectable interviews including 32 Darhad 

residents, representing 122 people (family members) throughout the valley. The subjects’ 

locations were dispersed throughout the valley and were chosen based on random stops 

on travel routes. A stratified random sample was not feasible because of the nomadic 

lifestyle of the Darhad population. Only individuals older than 25 were interviewed 

because younger residents tend not to add hujir to their tea.   

A consistent set of interview questions were used to evaluate hujir usage, health 

issues, and environmental concerns surrounding Tukh. The questions for hujir usage 

included whether individuals harvest hujir, harvest location(s), amount collected, 

retention time of amount collected, hujir applications, amount used for each purpose, 

usage per day, usage per year, and reasons for consumption. Questions related to health 
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included specific health issues within the family such as prevalence of high blood 

pressure, kidney or liver issues, and the importance of hujir to their family (length of 

use). Lastly, questions related to environmental issues of Tukh included any noticeable 

physical changes to the area and how long the area has been harvested.  

Many interviewees answered the consumption question by stating the amount of 

hujir added to a batch of tea. A further question was then asked to determine the amount 

of tea that was made in a day and the specific quantity consumed by that individual.  

 
Sample Collection 

 
Samples of hujir were collected in June 2007 both at the Tukh saline area and 

directly from family supplies. Twenty-five samples from Tukh were collected within five 

transects extending from the lake water boundary out into the salt crust. These transects 

were located in popular harvest areas and within higher quality hujir formations. Five 

hujir samples of about 20-200 g (depending on amount available) were taken from each 

transect in the spots of better quality hujir. Six samples were also collected from personal 

supplies of those interviewed and one sample was bought from a local Darhad store. All 

samples were labeled and bagged for storage. 

The samples were transported for chemical analysis from Mongolia to Montana 

State University’s Soil Laboratory (Bozeman, Montana). A U.S. Soil Permit was 

acquired for this purpose from this laboratory, and the proper Mongolia governmental 

documentation for exporting soil samples was completed.  
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Sample Preparation and Chemical Analysis 
 

To gain a representative sample of the hujir being consumed, samples collected 

from the interviewees as well as the samples collected from the southwest side of Tukh 

were used for analysis. According to the interviews taken and visual observation, the 

southwest side of Tukh is the best collection area for better quality hujir. These samples 

were prepared for analysis by creating a hujir to water dilution of 1 gram salt to 10 mL 

deionized water, 1 to 100, and 1 to 1000. Eleven total samples were used for analysis and 

dilutions applicable depended on the amount of ion present related to the analysis 

detection limit.  

To determine the soluble ion content, the dilutions were analyzed via ion 

chromatography (IC) and inductively coupled plasma atomic emission spectrometry 

(ICP-AES).  For the ICP-AES analysis, 5% nitric acid was added to the hujir:water 

dilutions. The concentrations of different anions and cations present in the hujir:water 

dilutions were obtained from this analysis. IC data included chloride, fluoride, sulfate, 

nitrate, phosphate, and arsenate (V). ICP-AES data included aluminum, antimony, 

arsenic, barium, boron, calcium, copper, iron, lead, magnesium, manganese, phosphate, 

potassium, silica, sodium, sulfur, and zinc. The ICP-AES arsenic concentrations were 

used rather than the results for the IC arsenate (V) due to a lower detection limit.  

Data obtained from the IC and ICP-AES were compared to the specific ion 

detection limits for the machine in which it was received. Detection limits for both the 

ICP-AES and IC are standard to the specific machine (Table 2). Values below the ion 
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detection limit were disregarded in the exposure assessment calculations because they 

were few in number and were considered unreliable for estimating exposures.  

 
Exposure Assessment 
 

Interviewees’ answers to the amount of hujir added to a batch of tea were 

indicated by the size of spoon they utilized. Therefore, hujir bought in the Darhad was 

placed into both measuring units, a teaspoon and a tablespoon, and weighed. This 

measurement was completed 10 times for each spoonful by placing a new amount of hujir 

within the spoon each time (Table 12). The weights obtained for each spoon size and 

replicate were used to obtain the mean and standard deviations. The mean result was then 

utilized in calculating consumption rates.  

Table 12. Holding capacities of differently sized spoons used as measuring devices for 
adding hujir to a batch of tea. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        a Measured in grams  

 

Sample # Tablespoona Teaspoona

1 7.20 7.08
2 12.79 6.60
3 10.69 7.56
4 10.87 4.98
5 12.12 7.06
6 9.81 4.14
7 7.12 7.67
8 14.53 6.74
9 13.04 6.83

10 13.06 5.17
Mean 11.12 6.38

Standard 
Deviation 2.50 1.19
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Body weight was obtained from the WHO 2006 Mongolian STEPS Survey on the 

Prevalence of Non-communicable Disease Risk Factors (2007). The data were divided 

into age groups according to gender (Table 11). A mean value of 68.5 and 63.6 kg for 

men and women, respectively, was calculated for the 25 through 54 age classifications. 

Values of 70.3 and 63 kg were given for men and women age 55-64, respectively, and 

were extrapolated for the 55 and over age classifications for this assessment.  

The daily consumption rate of hujir was determined by multiplying the amount of 

hujir added to a batch of tea in g/L by the amount of liters consumed per individual per 

day to obtain g/day. The consumption data were analyzed for significant differences 

between age and gender using a mixed model procedure in SAS 9.1.3 (SAS Institute, 

Cary, NC, USA). The exposure assessment included dividing both genders into two age 

groups to incorporate Mongolian body weights. These four groups were women ages 25-

54, women ages 55 and over, men ages 25-54, and men ages 55 and over. 

Each ionic concentration was converted to mg ion/g hujir, multiplying the data 

received from the analyses in mg/1000 mL by the volume in mL used for the specific 

hujir:water dilution. The mean and standard deviation were obtained for each ion.  

The mean consumption rate (g hujir/day) specific to each age group was 

multiplied by the mean concentration rate for each ion (mg ion/g hujir) to obtain the 

consumption rate in mg ion/day for each age group. The values for each ion were then 

divided by the average body weight specific to each gender and age group resulting in 

chronic exposure in mg ion/kg body weight/day.  
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To compare exposures to recommended dietary intake levels (DRI’s), chronic 

exposures were calculated in mg ion/day. This was completed simply by multiplying the 

ion content (mg ion/g hujir) by the Darhad people’s consumption rate (g hujir/day) 

depending on age group. Gender is not incorporated in the dietary recommendations and 

therefore differences in gender are not applicable for the exposure calculations.  

To compare exposures to drinking-water guidelines, overall chronic exposure was 

needed in mg ion/L. Mean consumption rates (g hujir/L) were multiplied by the 

individual mean ion concentration rate (mg ion/g hujir) to obtain exposure in mg ion/L. 

These were also separated specific to age group.  

 
Toxicity 

 Chronic oral toxic threshold values established by the WHO and the USEPA were 

utilized in this risk assessment. The toxic endpoints available from the WHO were used 

first, if available. These included the tolerable daily intakes (TDI’s), determined by the 

equation: 

[1]   TDI = (NOAEL or LOAEL) ÷ UF,                 

where UF is the uncertainty factor, ranging from 1-1000 (WHO 2006).Whether the 

LOAEL or NOAEL is applied depends on the more sensitive endpoint available from the 

most relevant study for that specific substance (WHO 2006). The TDI’s available 

included antimony, boron, and manganese.  

 Chronic oral RfD, NOAEL, and LOAEL values for arsenic, barium, copper, 

fluorine (the soluble form of fluoride), nitrate, sulfate (from drinking-water standards), 

and zinc were obtained from the USEPA’s Integrated Risk Information System (USEPA 



76 
 

 

1987, 1988b, 1991, 1998, 2003, 2005a, 2005b). Chronic oral reference dose (RfD) for a 

specific substance is determined using the equation: 

[2]   RfD = NOAEL ÷ (UF x MF),             

where the UF is the uncertainty factor, ranging from 1-1000, and MF is the modifying 

factor, determined by professional judgment (USEPA 1993). The benchmark dose 

(BMD50) and the lower benchmark dose (BMDL50) for barium were used because the 

NOAEL and LOAEL were not available. The BMD50 is defined as a dose in the range of 

1-10% of a health effect (USEPA 2008). The BMDL50 is the lower limit of a one-sided 

95th confidence interval of the BMD50 (USEPA 2008).  Fluorine’s toxic threshold values 

were used because it is the soluble form of fluoride. 

 Arsenic is the only ion among those analyzed in hujir that is a known carcinogen 

via the oral exposure route. The USEPA’s cancer risk estimate is a slope factor of 1.5 

mg/kg BW/day (USEPA 1998), and was compared to exposures to arsenic among the 

different groups. The following equation was used: 

 [3]         Population Cancer Risk Rate = Oral Slope Factor x Exposure,   

where the cancer risk level of E-4 is 1 in 10,000.  

The U.S. National Academy of Science (USNAS) has published dietary reference 

intakes (DRI’s) and tolerable upper level intakes (UL’s) (2004a, 2004b). Endpoints for 

calcium, chloride, copper, fluoride, iron, magnesium, manganese, phosphate, potassium, 

sodium, and zinc were compared to their specific exposure levels.  

For several ions, oral toxicity or dietary references were not available; therefore 

the WHO’s drinking-water guidelines were compared to estimated exposures. Because 
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the consumption method is through drinking, this can be an ideal comparison, but this is 

not common in risk assessment (Xu et al. 2006). The WHO gives these values in mg/L 

and the guideline value (GV) is determined by the equation: 

[4]   GV= (TDI x BW x P) ÷ C,              

where BW is body weight (60 kg for adults), P is the fraction of the TDI allocated to 

drinking water (a factor of 2-4), and C is the daily drinking water consumption (2 L for 

adults) (WHO 2006). The available GV’s included aluminum, antimony, arsenic, barium, 

boron, copper, fluoride, iron, lead, manganese, and nitrate. The recommended quantity 

obtained for aluminum was given as 0.1 – 0.2 mg/L as a guideline for water treatment, 

however, these values are suggested considering the potential neurotoxicity health effects 

related to aluminum (WHO 2006). 

 
Risk Characterization 
 

A risk quotient (RQ) was calculated to compare mean exposure levels to 

thresholds for each ion and according to each gender represented age group. The equation 

was:  

[5]  RQ = Exposure ÷ Endpoint             

A result greater than 1.0 indicates an exposure value greater than the given endpoint 

value. The USEPA’s standards for RQ levels of concern (LOC) typically are greater than 

1.0 for RfDs and 0.01 for NOAELs.  
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for arsenic, fluoride, and nitrate were greater than their associated RfD’s. This finding 

was associated with all groups, especially 55 and over. 



 
 

 

Table 13.  Dietary risk assessment for women, ages 25-54, based on chronic mean exposures. 
 

Soluble Ion Exposure a, b Chronic 
RfDa, c 

UFd for 
RfDa

RQe Chronic 
RfD LOAELa, f RQ 

LOAEL 
NOAELa, 

g
RQ 
NOAEL

Dose-Response 
Data Source

          
Boron 0.004 (0.012) 0.16 60 0.02 N/Ai N/Ai 9.6 0.0004 WHO 2006 
Copper 0.001 (0.006) 0.005 1000 0.26 15 0.0001 5 0.0003 USEPA 1988b 
Manganese 0.001 (0.002) 0.06 3 0.17 N/Ai N/Ai N/Ai N/Ai WHO 2006 
Zinc 0.002 (0.007) 0.2 N/Ai 0.009 2.14 0.001 N/Ai N/Ai USEPA 2005b 
Arsenic 0.008 (0.028) 0.0004 3 21 0.01 0.6 0.0008 10.5 USEPA 1998 
Barium 0.002 (0.005) 0.2 300 0.008 64h 0.00002 84h 0.00002 USEPA 2005a 
Antimony 0.002 (0.005) 0.006 1000 0.25 N/Ai N/Ai 6 0.0003 WHO 2006

Fluoride 0.05 (0.14) 0.06 1 0.8 0.12 0.4 0.06 0.8 USEPA 1987 
Nitrate 1.36 (7.56) 1.6 1 0.85 11 0.12 10 0.14 USEPA 1991 
Sulfate 8.59 (38.56) N/Ai N/Ai N/Ai 630 0.01 N/Ai N/Ai USEPA 2003 
a mg/kg body weight/day 
b 95th percentile exposure 
c Oral reference dose 
d Uncertainty factor 
e Risk quotient 
f Lowest-observed-adverse-effect-level 
g No-observed-adverse-effect-level 
h Value = benchmark dose, low (BMDL50) and benchmark dose (BMD50), respectfully 
i Not available through WHO and/or USEPA 
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Table 14.  Dietary risk assessment for women, ages 55 & over, based on mean chronic exposures. 
 

Soluble Ion Exposure a, b  Chronic 
RfD a, c

RQd Chronic 
RfD LOAELa, e RQ LOAEL NOAELa, f RQ NOAEL Dose Resp. Data 

Source
            
Boron 0.006 (0.015) 0.16 0.04 N/Ah N/Ah 9.6 0.001 WHO 2006 
Copper 0.002 (0.007) 0.005 0.4 15 0.0001 5 0.0004 USEPA 1988b 
Manganese 0.001 (0.002) 0.06 0.17 N/Ah N/Ah N/Ah N/Ah WHO 2006 
Zinc 0.003 (0.008) 0.2 0.02 2.14 0.001 N/Ah N/Ah USEPA 2005b 
Arsenic 0.01 (0.034) 0.0004 32.5 0.01 0.93 0.0008 16.25 USEPA 1998 
Barium 0.002 (0.006) 0.2 0.01 64g 0.00003 84g 0.00002 USEPA 2005a 
Antimony 0.002 (0.006) 0.006 0.33 N/Ah N/Ah 6 0.0003 WHO 2006 
Fluoride 0.07 (0.17) 0.06 1.23 0.12 0.62 0.06 1.23 USEPA 1987

Nitrate 2.14 (9.37) 1.6 1.34 11 0.19 10 0.21 USEPA 1991 
Sulfate 13.47 (47.81) N/Ah N/Ah 630 0.02 N/Ah N/Ah USEPA 2003 
a mg/kg body weight/day 
b 95th percentile exposure 
c Oral reference dose 
d Risk quotient 
e Lowest-observed-adverse-effect-level 
f  No-observed-adverse-effect-level 
g Value = benchmark dose, low (BMDL50) and benchmark dose (BMD50), respectfully 
h Not available through WHO and/or USEPA 
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Table 15.  Dietary risk assessment for men, ages 25-54, based on chronic mean exposures. 
 

Soluble Ion Exposure a, b Chronic 
RfDa, c 

RQd 
Chronic 
RfD

LOAELa, e RQ LOAEL NOAELa, f RQ NOAEL Dose Resp. Data 
Source 

            
Boron 0.003 (0.011) 0.16 0.02 N/Ah N/Ah 9.6 0.0003 WHO 2006 
Copper 0.001 (0.005) 0.005 0.2 15 0.0001 5 0.0002 USEPA 1988b 
Manganese 0.001 (0.002) 0.06 0.17 N/Ah N/Ah N/Ah N/Ah WHO 2006 
Zinc 0.002 (0.006) 0.2 0.01 2.14 0.0009 N/Ah N/Ah USEPA 2005b 
Arsenic 0.008 (0.026) 0.0004 20 0.01 0.57 0.0008 10 USEPA 1998 
Barium 0.001 (0.005) 0.2 0.005 64g 0.00002 84g 0.00001 USEPA 2005a 
Antimony 0.001 (0.005) 0.006 0.17 N/Ah N/Ah 6 0.0002 WHO 2006

Fluoride 0.04 (0.126) 0.06 0.73 0.12 0.37 0.06 0.73 USEPA 1987 
Nitrate 1.27 (7.021) 1.6 0.79 11 0.12 10 0.13 USEPA 1991 
Sulfate 7.98 (35.81) N/Ah N/Ah 630 0.01 N/A h N/Ah USEPA 2003 
a mg/kg body weight/day 
b 95th percentile exposure 
c Oral reference dose 
d Risk quotient 
e Lowest-observed-adverse-effect-level 
f  No-observed-adverse-effect-level 
g Value = benchmark dose, low (BMDL50) and benchmark dose (BMD50), respectfully 
h Not available through WHO and/or USEPA 
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Table 16.  Dietary risk assessment for men, ages 55 & over, based on mean chronic exposures. 
 

Soluble Ion Exposure a, b Chronic 
RfDa, c 

RQd  Chronic 
RfD LOAELa, e RQ LOAEL NOAELa, f RQ NOAEL Dose Resp. Data 

Source
         
Boron 0.005 (0.013) 0.16 0.03 N/Ah N/Ah 9.6 0.001 WHO 2006 
Copper 0.002 (0.007) 0.005 0.4 15 0.0001 5 0.0004 USEPA 1988b 
Manganese 0.001 (0.002) 0.06 0.17 N/Ah N/Ah N/Ah N/Ah WHO 2006 
Zinc 0.002 (0.007) 0.2 0.01 2.14 0.001 N/Ah N/Ah USEPA 2005b 
Arsenic 0.01 (0.031) 0.0004 29.34 0.014 0.86 0.0008 15 USEPA 1998 
Barium 0.002 (0.006) 0.2 0.01 64g 0.00003 84g 0.00002 USEPA 2005a 
Antimony 0.002 (0.006) 0.0006 0.33 N/Ah N/Ah 6 .0003 WHO 2006 
Fluoride 0.07 (0.15) 0.06 1.12 0.12 0.56 0.06 1.12 USEPA 1987

Nitrate 1.91 (8.40) 1.6 1.2 11 0.17 10 0.19 USEPA 1991 
Sulfate 12.07 (42.85) N/Ah N/Ah 630 0.02 N/Ah N/Ah USEPA 2003 
a mg/kg body weight/day 
b 95th percentile exposure 
c Oral reference dose 
d Risk quotient 
e Lowest-observed-adverse-effect-level 
f  No-observed-adverse-effect-level 
g Value = benchmark dose, low (BMDL50) and benchmark dose (BMD50), respectfully 
h Not available through WHO and/or USEPA 
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Exposures Compared to Dietary Recommended Intakes 
 

The mean sodium and fluoride exposure levels for residents ages 55 and over 

exceeded their respective DRI’s; however, exposures did not exceed UL’s (Tables 17-18, 

Figure 19). The estimated mean exposures for sodium were 0.7 and 1.2 times the DRI 

value for both age groups, respectively (Figure 20). Exposure to fluoride was 0.8 to 1.2 

times the DRI.  

Table 17.  Dietary risk assessment for men and women, ages 25-54, based on chronic 
mean exposures and dietary reference intakes. 

 
Soluble Ion Exposure a, b DRId RQ DRI ULe RQ UL 
            
Calcium 4.99 (17.62) 1000 0.005 2500 0.002 
Magnesium 3.67 (17.01) 410 0.009 350 0.01 
Sodium 974.85 (3575.4) 1500 0.65 2300 0.424 
Potassium 5.59 (22.9) 4700 0.001 N/Af N/Af 
Copper 0.09 (0.37) 0.9 0.095 10 0.009 
Iron 1.33 (9.16) 8 0.166 45 0.029 
Manganese 0.04 (0.12) 2.3 0.019 11 0.004 
Zinc 0.11 (0.43) 11 0.01 40 0.003 
Phosphate 3.78 (13.54) 700 0.005 4000 0.001 
Fluoride 3.02 (8.63) 4 0.756 10 0.302 
Chloride 153.99 (516.5) 2300 0.067 3600 0.043 
Data obtained from the U.S. National Academy of Science (USNAS 2004a, 2004b) 
a mg/day 
b 95th percentile exposure 
c Risk quotient 
d Dietary reference intakes 
e Tolerable upper level intake 
f  Not available 
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Table 18. Dietary risk assessment for men and women, 55 & over, based on chronic mean 
exposures and dietary reference intakes. 
 
Soluble Ion Exposure a, b DRIc RQd DRI ULe RQ UL 
            
Calcium 7.74 (21.64) 1200 0.006 2500 0.003 
Magnesium 5.69 (20.89) 420 0.014 350 0.016 
Sodium 1512.91 (4391.4) 1300 1.164 2300 0.658 
Potassium 8.68 (28.13) 4700 0.002 N/Af N/Af 
Copper 0.13 (0.46) 0.9 0.147 10 0.013 
Iron 2.06 (11.26) 8 0.258 45 0.046 
Manganese 0.07 (0.13) 2.3 0.03 11 0.006 
Zinc 0.16 (0.53) 11 0.015 40 0.004 
Phosphate 5.87 (16.63) 700 0.008 4000 0.001 
Fluoride 4.69 (10.60) 4 1.173 10 0.469 
Chloride 238.97 (634.4) 2000 0.119 3600 0.066 
Data obtained from the U.S. National Academy of Science (USNAS 2004a, 2004b) 
a mg/day 
b 95th percentile exposure 
c Dietary reference intakes 
d Risk quotient 
e Tolerable upper level intake 
f  Not available 
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Exposures Compared to Drinking-Water Guidelines 
 

Risk quotients for antimony, arsenic, and lead for each age group were greater 

than 1.0 compared to the WHO’s drinking-water guidelines (Figure 21, Table 19). 

Soluble antimony daily exposure levels were 1.6 to 1.7 times greater than the drinking-

water guidelines for the age groups 25-54 and 55 and over, respectively. The exposure 

levels for arsenic were 18 and 19 times the guidelines for the age group 25-54 and 55 and 

over, respectively. The consumption rates of lead were 13 to 14 times the guidelines for 

ages 25-54 and 55 and over, respectively.  

 

Figure 21. Risk quotients using the mean chronic exposures compared to the WHO 
drinking-water guidelines. The blue signify relationships to exposures for ages 25-54, and 
green ages 55 and over.  
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Table 19. Dietary risk assessment of hujir using drinking-water guidelines and mean 
chronic exposures. 
 

Soluble Ion Exposure
a  (25-54) 

95th Perc. 
Exposurea 

Exposurea 
(55 & over)

95th Perc. 
Exposurea 

WHO DW 
Guidelinea 

RQb  
(25-54) 

RQ  
(55 & over)

        
Aluminum 0.16 0.52 0.17 0.57 0.2 0.79 0.84 
Antimony 0.03 0.09 0.04 0.09 0.02 1.62 1.74 
Arsenic 0.18 4.57 0.19 4.97 0.01 17.89 19.16 
Barium 0.03 0.08 0.04 0.09 0.7 0.05 0.05 
Boron 0.08 0.2 0.08 0.21 0.5 0.15 0.16 
Copper 0.45 2.37 0.48 2.57 2 0.22 0.24 
Fluoride 0.03 0.1 0.03 0.11 1.5 0.02 0.02 
Iron 1.02 2.23 1.09 2.42 2 0.51 0.55 
Lead 0.13 0.79 0.14 0.86 0.01 13.11 14.04 
Manganese 0.02 0.03 0.02 0.03 0.4 0.04 0.04 
Nitrate 29.18 124.22 31.26 135.1 50 0.58 0.63 
Data obtained from the WHO’s drinking-water guidelines (WHO 2006) 
a mg/L 
b Risk quotient 

 
 

Discussion 
 
 

Arsenic toxicity is a major health concern throughout the world, due to both 

natural and human-made causes. Based on my assessment, chronic oral exposure to 

arsenic may be of concern. Exposure to arsenic was as high as 33 times the USEPA’s 

RfD, 19 times the WHO’s drinking-water guidelines, and approached the LOAEL. Oral 

exposure to arsenic by those 25-45 and 55 and older indicates a worst-case of 12 and 15 

in 1,000 occurrence of cancer above background levels due to lifetime arsenic 

consumption, respectively. A more refined calculation using life-adjusted-daily-dose 

(LADD) and incorporating exposure over a lifetime until age 60 (exposure is essentially 

zero from 0-24) results in a cancer risk of 7 in 1,000.  
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Chronic oral exposure to arsenic (at or above the LOAEL) can lead to human 

health effects related to hyperpigmentation, keratosis, and possible vascular 

complications (USEPA 1998). Arsenic ingestion from drinking water has been linked to 

lung, bladder, and skin cancers as indicated by the NRC (1999), Karagas et al. (2002) and 

Chen et al. (2004). A study completed by Chen et al. (2004) examined Taiwanese cancer 

risk associated with a lifetime exposure to drinking water from wells with different 

concentrations of arsenic. Their results indicated a relative risk (population exposed 

compared to a control population) of 2.28, 95% confidence interval of 1.22-4.27, for 

those exposed to drinking water with arsenic concentrations between 100-299 µg/L, over 

a lifetime (exposure to arsenic from hujir consumption ranges from 180-190 µg/L) (Chen 

et al. 2004). Results from an epidemiological study of 4, 216 people from West Bengal 

exposed to arsenic levels greater than or equal to 50 µg/L indicated 8.8% showing 

symptoms of hyperpigmentation, 3.6% keratosis, 10.2% hepatmegaly, 5% weakness, 

27.8% abdomen pain, 0.7% nausea, 11.7% lung disease, and 4.7% neuropathy 

(Mazumder 2003). However, Vahter et al. (1995) showed a remarkably high metabolism 

of inorganic arsenic within 30 women from four Andean villages located in northwestern 

Argentina, with exposure levels ranging from 2.5 to 200 µg/L arsenic in their drinking 

water. This may also be the case with the Darhad people because health effects from 

arsenic are not readily apparent within the population (lacking signs of skin pigmentation 

and other visual signs).  

Antimony decreases body weight and reduces food and water intake in rats above 

the NOAEL of 6.0 mg/kg body weight/day (WHO 2006). The WHO’s drinking water 
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guideline for antimony is 10% of the TDI, which was calculated with a 1000 uncertainty 

factor related to the NOAEL (WHO 2006). According to this risk assessment, the Darhad 

people’s exposure to antimony was 1.6 to 1.7 times the drinking-water guideline. Cancer 

has been correlated to inhalation of antimony, but not linked to oral intake (WHO 2006) 

Acute nitrate toxicity creates a 10% elevated occurrence of methemoglobinemia 

in infants (USEPA 1991).  My results indicate a potential chronic exposure of as much as 

1.3 times the RfD, and therefore may present an unacceptable risk to infants if they 

consume sufficient quantities of hujir. Fluoride toxicity has been shown to result in dental 

fluorosis, a cosmetic effect, according to an epidemiologic study within children at or 

above the LOAEL (USEPA 1987). The results of this dietary risk assessment revealed an 

exposure of 1.2 times the NOAEL for those 55 and over; however, the mean exposure did 

not exceed the WHO’s drinking-water guideline.  

High salt (sodium) consumption accelerates the effects of chronic kidney disease 

(Jones-Burton et al. 2006).  High dietary sodium intake has also been shown to increase 

blood pressure, which can stimulate atherosclerosis, eventually leading to heart disease, 

stroke, and heart failure (MacGregor and He 2005). In addition, a decrease in dietary salt 

intake has shown to be beneficial to skeletal health in those who consume equal to or less 

than the U.S. daily salt intake of 3,400 mg/day (Carbone et al. 2005). High salt diets can 

also lead to increased occurrence of stomach cancer as indicated in a study on Japanese 

diets (Hirohata 1997). My results indicated a mean daily exposure to sodium 1.2 times 

the DRI for those 55 and over. This exposure did not exceed the UL recommendations 

and is within the 3,400 mg/day intake evaluated by Carbone et al. (2005). The results 
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from this study are important to consider for the Darhad population because of the 

increasing abundance of kidney disease and blood pressure rates among local residents 

(Batchimeg 2006).  

The Darhad people’s exposure to lead may be of concern because my results 

indicated exposures as much as 14 times the WHO’s drinking-water guideline. Adverse 

effects due to lead toxicity are more prominent in infants, children, and pregnant women. 

Evidence suggests lead exposure, even at low concentrations, can cause neurotoxicity in 

humans (WHO 2006). Therefore, the most at-risk groups within this risk assessment are 

pregnant women and those 55 and over. The WHO’s guideline is based on cancer 

prevention and is 50% of the given Provisional Tolerable Weekly Intake (PTWI) of 25 

µg/kg body weight/day (WHO 2006). 

Estimated health risks increase when the 95th percentile exposures are 

incorporated into the RQ instead of the mean exposures. Antimony, arsenic, copper, 

fluoride, and nitrate exposures exceed their chronic oral RfD’s or TDI’s. Arsenic and 

fluoride are the only two that exceed both their respective LOAEL’s and NOAEL’s. The 

95th percentile exposure to arsenic is 2.5 times the LOAEL and fluoride’s is 1.4 times. 

The 95th percentile exposures to sodium, iron, and fluoride exceeded their associated 

DRI’s; however, only exposures to sodium and fluoride exceeded their UL’s by 1.9 and 

1.1 times, respectively. Comparing exposure to the WHO’s drinking-water guidelines, 

aluminum, antimony, arsenic, copper, iron, lead, and nitrate exceed their guideline 

quantities.  
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Uncertainty in this dietary risk assessment is potentially associated with the 

number of interviewees related to the total population of the valley. I collected data for 

122 people out of a total population of 9,989 (1.2%), this sample size may not have been 

sufficient. Additionally, I collected interview data randomly and did not use a stratified 

random approach. Another uncertainty in the interview process was associated with 

translations due to the language barrier of the local Mongolian dialect. The detection 

limits of the ICP-AES and IC analyses also indicate uncertainties of the ionic 

concentrations that were below these levels.  

Future research should include obtaining additional data on dietary consumption 

rates among the Darhad population, including a variety of age groups. An assessment of 

total daily exposure (i.e., aggregate exposure) should also be completed, specifically 

examining other food related items based on the daily diet of individual Darhad residents. 

Because all of the interviewees also feed hujir to their livestock, they may be receiving 

additional exposure through meat and dairy consumption. Also, inductively coupled 

plasma mass spectrometry (ICP-MS) would give a more refined analysis because of its 

lower detection limits for trace elements.  

A detailed epidemiological study would also be beneficial in relating health 

effects to toxicity from hujir consumption. These data would allow for a more refined 

risk assessment to be completed including greater accuracy in the dietary risk assessment 

for the Darhad community. A small proportion of community members consume very 

high quantities of hujir on a chronic basis. Additional epidemiological and risk 
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assessment data need to be generated for this group to determine if they are experiencing 

deleterious health effects. 
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CHAPTER 4 
 
 

CONCLUSION 
 
 
 In semi-arid and arid climates, small salt depositional areas act as significant 

water and salt sources for their native peoples (Smith and Compton 2004). For the 

nomadic herders of the Darhad Valley in northern Mongolia, the process of collecting the 

precipitate that forms on the soil surface has long been a culturally important aspect of 

their indigenous lifestyle. They obtain dietary minerals, which are primarily composited 

of sodium bicarbonate and sodium sulfate salts, from the Tukh saline system. Because the 

Tukh area has not been physically protected since the Soviet domination of Mongolia, it 

has suffered from human over-harvest and livestock deprecation. The Darhad people 

have noticed this change through a decrease in hujir quality and negative environmental 

impact. Therefore, they have asked for assistance in learning the composition of the 

precipitate and suggestions on how to sustainably manage the area as a community.  

Resource management is imperative for preserving the ecosystem of this important 

resource for the Darhad people.  

 This project addressed these issues by establishing baseline chemical, physical, 

and dietary characteristics of the Tukh and other saline ecosystems in the valley and the 

hujir that forms at the Tukh area. The first study focused on determining the hujir 

formation process at Tukh, the chemical composition and properties of hujir, establishing 

baseline geographic data, and compared the ionic content between the different saline 

deposits of the Darhad. The second study used the results of the ionic compositions of 
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hujir samples from Tukh and family supplies to complete a dietary risk assessment of 

hujir consumption. Exposures to hujir were calculated using interview data, including 

consumption rates by the Darhad people, the average ionic content making up hujir, and 

Mongolian body weights. Risk was calculated by relating these exposures to toxic 

thresholds and dietary endpoints.  

 The sustainable harvest of hujir can be realized through community partnerships, 

formed between the Darhad government, local Tukh herders, and the valley hujir users, 

along with physical protection measures and regulations. The use of indigenous resource 

management examples as educational tools will be essential in this effort (Dixon 2005; 

Herrmann 2006; Osti 2005). Further research using Global Positioning System (GPS) and 

Geographic Information System (GIS) technologies would be helpful to understand 

spatial change over time in the Tukh area and would enhance the effectiveness of the 

sustainability efforts. 

 The significant micronutrients present in the hujir consumed include boron, iron, 

aluminum, zinc, manganese, and barium. The hujir’s macronutrients include calcium, 

magnesium, sodium, potassium, sulfate, carbonate, bicarbonate, and chloride. Unusually 

high arsenic, antimony, and lead concentrations contained in hujir raise concern with 

human consumption because these levels are significantly over World Health 

Organization (WHO) and United States Environmental Protection Agency (USEPA) 

guidelines.  

 Uncertainty lies in the relative ionic dietary thresholds that should apply to the 

Darhad people to put their population’s health at risk. For example, Vahter et al. (1995) 
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showed high arsenic metabolism rates in women belonging to four different villages in 

the Andes, which suggests that toxic thresholds vary between populations. These women 

were consuming up to 200 µg/L arsenic per day through their drinking water. Recent 

studies have revealed that eating garlic may reduce the health effects caused by arsenic 

exposure (Dooley 2008). The Darhad people consume wild onions and possibly other 

members of the onion family, which could help prevent toxic health effects from hujir 

arsenic exposures. 

 However, epidemiological studies completed in Taiwan indicated an increased 

occurrence of bladder, lung, and liver cancers at lifetime arsenic exposures between 100 

and 299 µg/L  (Chen et al. 2004). New research has suggested pregnant women are more 

susceptible to arsenic methylation, implying arsenic can easily cross the placenta 

(Waalkes and Liu 2008). These results suggest an increased potential for lung cancer and 

other health effects later in the life of the as-yet-unborn child. Through hujir 

consumption, the Darhad people are exposed to a range of 180 to 190 µg/L arsenic for a 

period of 45 years (not including the exposure in the womb), which calculates to a 

population cancer risk of 7 in 1,000.  

 In conclusion, the cultural importance, the length of hujir use in the Darhad 

through generations, and research indicating a higher metabolism in certain human 

populations reveals the need for further studies of the health impacts caused by hujir 

consumption. A risk assessment combining all items consumed daily would be helpful to 

calculate total daily arsenic exposure. Further analysis on samples collected in 2007, 

including conducting inductively coupled plasma mass spectrometry (ICP-MS), could be 
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useful in determining trace element concentrations in hujir. Epidemiological research 

including biomonitoring of arsenic concentrations in human nail and hair would provide 

insight in the metabolism rates of the Darhad people and the health effects resulting from 

hujir consumption.  
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APPENDIX A 
 
 

DATA QUALITY ASSESSMENT FOR MAPPING AT TUKH 
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Table 20.  Estimated accuracy for GPS data at 68% confidence level, collected June 
2007. The rover was located approximately 33.53  kilometers from the base station. 
 
 

Range Percentage 

0 - 15 cm - 

15 - 30 cm - 

30 - 50 cm - 

0.5 - 1 m 34.6 

1 - 2 m 58.3 

2 - 5 m 7.2 

>5 m - 
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Table 21. Summary statistics for estimated accuracy of each GIS layer after differential 
correction. 
 

Feature / Layer Maximum 
PDOPa,b 

Maximum 
HDOPa,b 

Horizontal 
Precisionsa,b,c 

 

Vertical 
Precisionsa,b,c 

 
Soil Profile 5.8 (5.8) 2.65 (2.2-3.1) 1.55 (1.5-1.6) 2 (1.8-2.2) 

Salt Sample  3.39 (1.9-5.4) 1.97 (1.1-4.2) 0.95 (0.6-1.7) 1.32 (0.9-2.1) 

Sample Transects 3.2 (1.8-4.6) 1.52 (1-2.3) 0.8 (0.6-1.1)  

Trails 5.8 (5.6-6.0) 3.0 (2.9-3.1) 1.35 (1.0-1.7) 1.7 (1.3-2.1) 

Impact Areas 3.05 (2.5-3.6) 1.9 (1.3-2.5) 0.75 (0.7-0.8) 1.15 (0.8-1.5) 

Bank Erosion 2.5 (2.5) 1.2 (1.2) 0.9 (0.9) 1.1 (1.1) 

Saline Lake Boundary 5.05 (4.7-5.4) 2.75 (2.6-2.9) 0.7 (0.7) 1.65 (1.6-1.7) 

Salt Depositional Areas 5.45 (4.9-6) 5.55 (4.4-4.7) 1.3 (1.1-1.5) 3.05 (3-3.1) 

Water Sample Locations 2.0 (1.9-2.1) 1.05 (1.0-1.1) 1.1 (1.1) 0.65 (0.6-0.7) 
a Average 
b Range 
c 68% Confidence interval, units in meters 
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Table 22.  Data layers used within this map and their estimated horizontal accuracy.  
 

GIS Layer Estimated Horizontal 
Accuracya, b 

Soil Profile 1.55 
Salt Sample  0.95 
Sample Transects 0.8 
Trails 1.35 
Impact Areas 0.75 
Bank Erosion 0.9 
Lake Boundary 0.7 
Salt Depositional Areas 1.3 
Water Sample Locations 1.1 
Country Layer  

             a Average accuracy 
             b Units in meters 
 
 Map accuracy is approximately 1.55 meters. 
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APPENDIX B 
 
 

DATA QUALITY ASSESSMENT FOR MAPPING AT TARV 
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Table 23.  Estimated accuracy for GPS data at 68% confidence level, collected June 
2007. The rover was located approximately 19.04 kilometers from the base station. 
 
 

Range Percentage 

0 - 15 cm - 

15 - 30 cm - 

30 - 50 cm - 

0.5 - 1 m 75.1 

1 - 2 m 24.9 

2 - 5 m - 

>5 m - 
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Table 24. Summary statistics for estimated accuracy of each GIS layer after differential 
correction. 
 

Feature / Layer Maximum 
PDOPa,b 

Maximum 
HDOPa,b 

Horizontal 
Precisionsa,b,c 

 

Vertical 
Precisionsa,b,c

 
Soil Profile 2.7 (2.4-3.0)  1.25 (1.1-1.4) 0.85 (0.7-1.0) 1.4 (1.3-1.5) 

Salt Sample  3.67 (2.6-5.6) 2.0 (14-3.0) 0.985 (0.8-1.2) 1.39 (0.9-1.9)

Sample Transects 3.28 (2.6-3.7) 1.7 (1.5-2.0) 0.875 (0.8-1.0)  

Lake Boundary 4.6 (3.7-5.3) 2.47 (2.1-3.1) 0.833 (0.8-0.9)  

Salt Depositional Areas 4.9 (4.8-5.0) 3.05 (2.4-3.7) 0.85 (0.8-0.9) 1.4 (1.2-1.6) 

Water Sample Locations 2.6 (2.5-2.7) 1.3 (1.2-1.4) 1.55 (0.9-1.3) 0.7 (0.7) 
a Average 
b Range 
c 68% Confidence Interval, units in meters 
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Table 25.  Data layers used within this map and their estimated horizontal accuracy.  
 

GIS Layer Estimated Horizontal 
Accuracya, b 

Soil Profile 0.85 
Salt Sample  0.985 
Sample Transects 0.875 
Lake Boundary 0.833 
Salt Depositional Areas 0.85 
Water Sample Locations 1.55 

  a Average accuracy 
  b Units in meters 
 
 Map accuracy is approximately 1.55 meters. 
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APPENDIX C 
 
 

GPS DATA DICTIONARY 
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Table 26. Features is GPS data dictionary. 
 

Feature Feature 
Classification Attribute Attribute 

Classification Values 

Salt Sample Point Point Type Menu High 
    Medium 
    Low 

  
Sample 
number Numeric N/A 

  Desc Text N/A 
Soil Profile Point Type Menu High 
    Medium 
    Low 
  Profile Nu Numeric N/A 
  Desc Text N/A 
Water Samp Loc Point Type Menu High 
    Medium 
    Low 

  
Water Samp 
Num Numeric N/A 

  Desc Text N/A 
Salt Dep Ar Area Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
     
Lake Ar Area Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
  Est Depth Numeric N/A 
Basin Ar Area Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
Transect Line Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
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Human Harv Ar Area Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
Animal Harv Ar Area Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
ImpactAr Area Type Menu Human 
    Animal 
    Wind 
    Other 
  Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
ImpactLn Line Type Menu Human 
    Animal 
    Wind 
    Other 
  Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
Trails Line Type Menu Human 
    Animal 
    Wind 
    Other 
  Type Menu High 
    Medium 
    Low 
  Desc Text N/A 
  Width Numeric N/A 
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METADATA FOR TUKH 
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Tukh Final.mxd 

Metadata also available as  

Metadata: 

• Identification_Information  
• Distribution_Information  
• Metadata_Reference_Information  

Identification_Information:  
Citation:  
Citation_Information:  
Originator: Loren M. Barber  
Publication_Date: May 2008  
Title: Tukh Final.mxd  
Description:  
Abstract:  
Tukh is a saline system located in Northern Mongolia's Darhad Valley. The 
nomadic herders of the Valley harvest the precipitate that forms around this lake 
and add it to a salty milk tea that they consume throughout the day. Tukh is an 
indigenous salt source for the people of the Darhad Valley.  
Purpose:  
Mapping of Tukh was completed to create baseline GPS data of the area. Future 
mapping can aid in determining change over time, as the people of the Darhad 
Valley are concerned with the precipitate area decreasing in size.  
Time_Period_of_Content:  
Time_Period_Information:  
Single_Date/Time:  
Calendar_Date: 2007  
Time_of_Day: June  
Currentness_Reference: ground condition  
Status:  
Progress: Complete  
Maintenance_and_Update_Frequency: As needed  
Spatial_Domain:  
Bounding_Coordinates:  
West_Bounding_Coordinate: 99.46  
East_Bounding_Coordinate: 99.47  
North_Bounding_Coordinate: 51.392  
South_Bounding_Coordinate: 51.382  
Keywords:  
Theme:  
Theme_Keyword: indigenous salt source  
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Theme_Keyword: GPS  
Theme_Keyword: saline lake  
Access_Constraints:  
Only for use related to aiding the concerns of the Darhad People and to further 
this research.  
Use_Constraints:  
Only for use related to aiding the concerns of the Darhad People and to further 
this research.  
Point_of_Contact:  
Contact_Information:  
Contact_Person_Primary:  
Contact_Person: Loren M. Barber  
Contact_Organization: BioRegions International  
Contact_Position: Master's student  
Contact_Voice_Telephone: 406-570-5410  
Contact_Electronic_Mail_Address: lorenbarber@gmail.com  
Native_Data_Set_Environment:  
Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 2; ESRI 
ArcCatalog 9.2.2.1350  

 
Distribution_Information:  

Resource_Description: Map Files  
 
Metadata_Reference_Information:  

Metadata_Date: 20080429  
Metadata_Contact:  
Contact_Information:  
Contact_Organization_Primary:  
Contact_Organization: Montana State University  
Contact_Person: Loren M. Barber  
Contact_Address:  
Address_Type: 334 Leon Johnson Hall  
City: Bozeman  
State_or_Province: MT  
Postal_Code: 59717  
Contact_Voice_Telephone: Loren M. Barber  
Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial 
Metadata  
Metadata_Standard_Version: FGDC-STD-001-1998  
Metadata_Time_Convention: local time  
Metadata_Extensions:  
Online_Linkage: <http://www.esri.com/metadata/esriprof80.html>  
Profile_Name: ESRI Metadata Profile  

Generated by mp version 2.8.6 on Tue Apr 29 11:24:43 2008 
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SEM IMAGES  
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Figure 22. Image of a Darhad family’s hujir sample on a scanning electron microscope 
(SEM) with µm resolution.  
 



123 
 

 

 
 
Figure 23. Second image of a Darhad family’s hujir sample on the scanning electron 
microscope (SEM) with and lower µm resolution. 


