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Abstract: The concentration level related to toxicities of trace elements in drinking water, 18 

rice, wheat flour, and their associated negative impacts on human health have become an 19 

emergent issue in China. Because Xinjiang is the largest province in China with the majority 20 

of arable pasture landavailable for cultivation, it is important to analyse the concentrations of 21 

trace elements in relation to their toxicities in water, rice, and wheat flour and to investigate 22 

the health risk differences between agricultual and pastoral areas in Bay County, Xinjiang. 23 

The study results showed that (1) metal concentrations from drinking water, rice, and wheat 24 

flour were within the permissible limits; (2) concentration levels of trace elements and their 25 

total risk from drinking water and rice were higher in the agricultural areas than those in the 26 

pastoral areas, whereas concentration levels of trace elements and their total risk from wheat 27 

flour were higher in the pastoral areas than those in the agricultural areas; (3) the 28 

concentration level of the trace elements in rice were higher than in the wheat flour, but the 29 

risk from the wheat flour was higher than the risk from rice; (4) total non-cancer risk from the 30 

flour (HIf) in both areas exceeded the respective safe reference doses; (5) total cancer risk 31 

from the wheat flour, rice, and water exceeded the safety limit (1 × 10−4); (6) for the exposed 32 

population, arsenic was suggested as the most evident pollutant leading to carcinogenic 33 

concernsregarding the water, rice, and wheat flour; (7) the risk index from the wheat flour 34 

made up the highest percentage both in the total cancer risk and the non-cancer risk, followed 35 

by rice and then water; and (8) the human health risk was attributed to influence from the 36 

local environment in the agriculture areas, while it was attributed to the external environment 37 

in the pastoral areas. 38 

 39 

Key words: health risk assessment, trace elements, water, rice, wheat flour, , Xinjiang, China  40 

 41 

 42 

 43 



3 
 

1. Introduction 44 

Although essential trace elements are essential for animal and human life, they are only 45 

needed at minimum levels (Chen et al., 2018).  Concentrations of trace elements are 46 

increased by waste disposal, vehicular exhausts, atmospheric deposition, fertilization, use of 47 

pesticides, and application of sewage sludge in arable land (Cheng et al., 2018). When more 48 

trace elements are taken up by humans than are discharged, the extra trace elements will 49 

accumulate in the body (Zheng et al., 2013). Generally, it takes several decades for trace 50 

elements to be excreted from human body (Liu, 2014). Trace elements have a significant 51 

toxicity, persistence, and bio-accumulation (Cheng et al., 2018).  52 

 53 

Trace elements may enter the human body through oral intake, inhalation, or dermal contact, 54 

and this may cause negative impacts on human health (Zheng et al., 2013). Food and water 55 

constitute important sources of human oral exposure to trace elements (Doabi et al., 2018, 56 

Chen et al., 2018). Exposure to trace elements from drinking water has affected human health 57 

with different diseases (Singh & Kumar, 2017). Aside from drinking water, crops—especially 58 

rice and wheat—may be the most important pathway for human uptake of trace elements. 59 

The main cause of excessive trace elements in drinking water and crops in rural areas is land 60 

reclamation, including the use of chemicals and wastewater irrigation in agricultural activities 61 

(Yang et al., 2018). Pesticides and some chemicals from wastewater irrigation circulate 62 

through the atmosphere, water, soil, and biosphere, but some of these are vestigial in surface 63 

water, ground water, and crops (Sánchez-González et al., 2013). The chemical residues may 64 

not be completely removed via modern drinking water treatment. As a result of this, drinking 65 

water and crops in rural areas may not always be safe for human consumption, but safety of 66 

the drinking water and crops always neglected (Guo et al., 2014).  67 

 68 
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Owing to rapid economic development in the last two decades, the China’s environment has 69 

been badly polluted by trace elements (Chen et al., 2018: Cheng et al., 2018: , Li et al., 70 

2015).The concentration levels related to toxicities of trace elements in drinking water, rice, 71 

and wheat and their associated negative impacts on human health have become an emergent 72 

issue in China. Thus, it is important to monitor and improve the quality of drinking water and 73 

crops to ensure the health and safety of people in China. Although many studies have focused 74 

on the trace element concentration levels in drinking water and crops and their human health 75 

risk assessment, most of the studies investigated the industrial areas (Wu et al., 2018, 76 

Tepanosyan et al., 2018, Oguri et al., 2018). Trace element pollution has already had adverse 77 

impacts on the environment and threatened human life in the agricultural areas (Yang et al., 78 

2018).    79 

 80 

Xinjiang has the largest areas of reclaimed land in China, and it is being reclaimed at the 81 

fastest rate (Liu 2014). Consequently, this land reclamation increases trace element 82 

concentrations and causes many health problems. Furthermore, land cultivation in Xinjiang 83 

has transformed pastoral areas into agricultural lands through the applications of different 84 

technologies and chemicals, which could result in two negative impacts. First, it may cause 85 

the pollution of water and soil resources in reclaimed land. Second, the consumption of crops 86 

in cultivated areas is increasing. Both these aspects increase the exposure to trace elements in 87 

terms of their health risk. Moreover, Xinjiang is a temperate zone with a typical continental 88 

climate (Hu, 2014); therefore, trace elements tend to easily accumulate in the surface of the 89 

soil, which leads to the problem of contamination of trace elements in water and crops in 90 

Xinjiang (Liu, 2014). However, information on the concentration of multiple trace elements 91 

from multiple pathways such as drinking water, rice, and wheat flour, and their potential 92 

health risks on Xinjiang, is insufficient so far. As a cultivated land development zone that has 93 
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been reserved, Xinjiang provides the largest strategic support for food production and arable 94 

land security in China.  95 

 96 

As such, it is important to analyze the concentration levels of the environmental multiple 97 

trace elements in drinking water and crops as well as their health risk differences between 98 

agricultural and pastoral areas in Xinjiang to investigate how land reclamation from pastoral 99 

areas to agricultural areas increases the environmental trace element concentration level, and 100 

its human health risk. In addition, it is necessary to analyses the health risk of the multiple 101 

trace element from three main pathways in the rural areas of Xinjiang in order to provide a 102 

strategy for food safety and agriculture development in the Xinjiang regions and in other 103 

regions of China.   104 

 105 

In this study, drinking water, rice, and wheat flour are the main routes for trace element 106 

exposure, so samples of drinking water, rice, and wheat flour were collected from 180 107 

households in typical agricultural and animal husbandry regions. The distribution and human 108 

health risk differences among the elements Fe, Zn, As, Mn, Ni, Se, Cu, Co, Pb, and Cd from 109 

multiple exposure routes including drinking water, rice, and wheat flour in these regions were 110 

investigated. This study may provide basic information for determining the impacts of land 111 

cultivation on the concentration variations of trace elements and their exposure levels in 112 

drinking water, rice, and wheat flour that pose a threat to human health. It may also provide 113 

experimental data and local evidence for food and drinking water risk management in 114 

Xinjiang. 115 

 116 

2. Materials and methods  117 

2.1 Study area 118 
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This study was conducted in Bay County, Xinjiang, China, which is located in the southwest 119 

of the Xinjiang Uyghur Autonomous Region. Specifically, the region is between 80°37′39″–120 

83°02′25″ E and 41°24′08″–42°38′52″ N. The Keyir (KYR), Kariwah (KRW), Dawanqi 121 

(DW), and Yaturi (YTR) are typical agricultural areas, and Yangchang (Y) and Bulong (B) 122 

are pastoral areas in this region (Figure. 1). In DW, KYR, KRW, and YTR, farmers cultivate 123 

wheat for production of wheat flour but rice must be imported from other regions and sold in 124 

supermarkets. In the pastoral areas of Y and B, both rice and wheat flour is imported.  125 

 126 

2.2. Sample collection and preparation 127 

In July 2015, methods of the multi-stage random sampling (Guo et al., 2015) were used to 128 

collect samples of tap drinking water, flour, and rice from 180 families. The drinking water 129 

was taken from the water containers (the population collects drinking water from the taps and 130 

stores the water in a container), and the rice and wheat flour samples were collected from the 131 

food containers of every family in the four typical agricultural (Keyir, Kariwah, Dawanqi, 132 

Yaturi) and two natural pastoral (Bulong, Yangchang) areas of Bay County (Figure 1). A 133 

total of 30 samples for each of the three media from every region were collected. 134 

 135 

About one liter of water was collected in a plastic container and then samples were filtered 136 

through the filter papers. A total of 10 ml of nitric acid was added to preserve the drinking 137 

water samples. The acidified drinking water samples were stored at 0–4 °C and analyzed 138 

within seven days of collection. The water samples were collected and preserved in 139 

accordance with the GB/T5750.2-2006 Standard test for Drinking Water (Magesh et al., 140 

2017).  141 

 142 
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The wheat flour and rice samples were collected separately in plastic bags. Five hundred 143 

grams of polished rice and wheat flour were packed in polyethylene bags and sent to a 144 

laboratory. The rice samples were rinsed with tap water followed by deionized water to 145 

remove dust. After drying in an oven at 50 °C for 24 hours, each rice or wheat flour sample 146 

was homogenize by grinding with an agate mortar and passing through a 0.15 mm sieve (Ma 147 

et al., 2016). All samples of rice and wheat flour powders were stored in sealed polyethylene 148 

bags and preserved in a desiccator before analysis.  149 

 150 

2.3 Instrumental analysis and quality control 151 

2.3.1 Instrumental Analysis 152 

Drinking water samples 153 

Each 10 mL water sample was acidified with 100 μL of nitric acid, and the concentrations of 154 

trace elements (Fe , Zn , As , Mn , Ni , Se , Cu , Co , Pb , Cd) were determined using Agilent 155 

7700x inductively coupled plasma mass spectrometry (ICP-MS). 156 

 157 

Rice and flour samples   158 

Exactly 0.5 g of each prepared dried rice or wheat flour powder sample was placed into a Parr 159 

Acid Digestion Vessel. Then, 5 mL of concentrated nitric acid (HNO3, 70% wt ≥99.999% 160 

metal basis, Aladdin Reagent Co. Ltd, Shanghai, China) and 1 mL hydrogen peroxide (H2O2, 161 

30% wt, guaranteed reagent grade, Aladdin Reagent Co. Ltd) was added. The samples were 162 

then set aside for 24 hours in order to allow the contents to thoroughly mix. After the initial 163 

reaction, the electric heating plate method (Chen et al., 2018) was used to individually digest 164 

the rice and wheat flour powder samples. After complete digestion, the sample mixture was 165 

filtered through a Whitman 0.45 µm filter paper. After cooling down to room temperature, the 166 

digested solutions were diluted with ultrapure water up to 25 mL and kept at 4 °C (Guo et al., 167 
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2015). All digestions were carried out in duplicate, and a method blank was carried 168 

throughout the entire procedure for each batch of samples. Concentrations of the trace 169 

elements ( Cd , Co , Pb , Ni , As , Se ) were determined using Agilent 7700x inductively 170 

coupled plasma mass spectrometry (ICP-MS) and concentrations of  the trace elements (Zn ,  171 

Cu ,  Fe , Ca , Mg , Mn , Mo) were determined using the inductively coupled plasma optical 172 

emission spectroscopy (ICP-OES). 173 

 174 

2.3.2 Quality control 175 

All the laboratory apparatuses were soaked in 10% nitric acid solution for acid washing 176 

overnight before being rinsed with deionized water. ICP-OES and ICP-MS were calibrated 177 

before and after the analysis of elemental concentrations. An external calibration curve with 178 

corresponding standards was obtained before the analysis by using a stock standard solution 179 

(Chen et al., 2018). A blank sample containing 5% (v/v) nitric acid was run after every 10 180 

samples were analyzed. Elements were analyzed in triplicate to assess the precision of the 181 

analytical process throughout the analysis. Standard deviation (SD) was used to confirm the 182 

precision of the analytical results (Guo et al., 2015). The accuracy of analyses was checked 183 

on samples of rice and wheat flour respectively by comparing their trace elements to the 184 

concentrations of the certified standard materials (GBW10010 and GBW10011, China 185 

National Center for Standard Materials). 186 

 187 

2.4. Data analysis 188 

This study used descriptive statistics to analyze the main features of the elements in drinking 189 

water, wheat flour, and rice. One-sample Kolmogorov-Smirnov (K-S) test was used to 190 

analyze the distribution of the concentration of the elements. Tukey HSD test and Non-191 

parametric test were used to examine the differences in concentration of elements between 192 
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agricultural and pastoral areas. The study used the deterministic approach method to evaluate 193 

the hazard quotient and cancer risk index of elements. The study also used the 95th of the 194 

linear prediction method to calculate the 95th percentile of exposure level. All statistical 195 

analyses were performed using the IBM Statistical Package for the Social Sciences (SPSS) 196 

version 19.0, STATISTICA software.  197 

 198 

2.5 Human health risk assessment  199 

Health risk assessment is the process of estimating the probability of occurrence of events 200 

and the probable magnitude of adverse health effects over a specified time. It includes four 201 

main steps. These are hazard identification, dose response assessment, exposure assessment, 202 

and risk characterisation (U.S. EPA, 2004) .This study used a deterministic risk to assess the 203 

risk index of drinking water, rice, and flour. Health risks from individual trace element 204 

exposure are insufficient to describe full health risks to residents (Praveena & Omar, 2017). 205 

Cumulative trace element exposures will increase the health risks more than individual trace 206 

element exposure (Zheng et al., 2013) .Thus, in this study hazard identification and dose 207 

response assessment steps were identified by literature reviews and then exposure assessment 208 

and hazard identification were calculated with first hand data by the risk assessment model. 209 

The total cancer risk (TCR) and total non-cancer risk index (HI) of ten elements in drinking 210 

water, rice, and flour were calculated on this study. For the total cancer risk and non-cancer 211 

risk, we assumed that 10 trace elements have similar modes or mechanisms of action and 212 

there is no coordination or antagonist’s effect.  213 

 214 

2.5.1 Exposure assessment  215 

Human exposure to trace elements mainly occurs in three pathways: direct ingestion, 216 

inhalation through the mouth and nose, and dermal absorption through exposed skin. For 217 
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trace elements in water and crops, ingestion is considered the main pathway. The average and 218 

95% concentration doses are calculated with formula (1), which is adapted from the US 219 

Environmental Protection Agency. Calculations are performed for adults (as the general 220 

population).  221 

 222 

ADD =                     (1) 

 

In the above formula, ADD is the average (50%) and 95% cumulative concentration value of 223 

the daily dose through ingestion (expressed in mg/ kg/day), C is the average (50%) and 95% 224 

cumulative concentration of the chemical pollutants in drinking water (mg/L), rice, and wheat 225 

flour (mg/kg); IR includes IRw, IRr and IRf; IRw is the average daily water consumption, i.e., 226 

2.810 L/day for adults; IRr is rice average consumption, i.e., 80g/day for an adult; IRf  is 227 

wheat flour average consumption i.e., 456.30 g/day for an adult; ED is exposure duration 228 

(72.4 a); EF is exposure frequency (365 days); BW is an adult’s body weight (62.5 kg); and 229 

AT is life time (365 days × 72.4 years). The above exposure variables were based on the 230 

results of the questionnaires, relevant research (Zheng et al., 2013), the standards of the 231 

United States Environmental Protection Agency (EPA, 2004), and the report by the 232 

Environmental Ministry of China (2010). 233 

 234 

2.5.2 Risk characterization 235 

The deterministic approach is used for all the parameters. Cd, As, Ni, and Co are classified as 236 

carcinogenic elements (Table S1), while Co , Cu , Fe , Pb , Mn , Fe , Ni , Se , and Zn are non-237 

carcinogenic (HQ) elements for humans, based on the ingestion reference dose reported by 238 

the U.S. EPA (EPA, 2004) (Table S1). 239 
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 240 

2.5.2.1 Hazard quotient 241 

The potential non-carcinogenic human health risks that are caused by trace element exposure 242 

are usually characterized by the hazard quotient (HQ), which is the ratio of ADD of each 243 

contaminant for an individual ingestion exposure pathway to the corresponding reference 244 

dose (RFD) expressed in mg/ (kg day); and RFD is the oral reference dose, which is obtained 245 

from a database of risk-based concentrations (Table S1). The HQ is calculated using Equation 246 

(2). In this equation, HQw, HQr, and HQf in the text are the hazard quotients through 247 

ingestion of water, rice, and wheat flour (unitless).  248 

               HQ =                                                                  (2) 249 

The hazard index (HI) is introduced to evaluate the aggregate non-carcinogenic risks posed 250 

by the mixed trace elements using Equation (3).  251 

252 
 253 

                                                                   (3) 254 

                                               255 

In the text, HIw, HIf, and HIr are the sum of the HQs from all the elements that induce hazard 256 

quotient in water, rice, and wheat flour respectively;; and n is an element that induces the HQ 257 

(hazard quotient). HIw, HQr, and HQf in the text are the total hazard index of elements from 258 

water, rice, and wheat flour respectively (unitless). If HI or HQ is greater than 1, this 259 

indicates a potential for adverse effects on human health (Praveena & Omar, 2017). 260 

 261 

2.5.2.2  Carcinogenic risk (CR) 262 

The carcinogenic risk is the incremental probability of an individual developing cancer over a 263 

lifetime due to carcinogenic exposure in a specific scenario. The carcinogenic risk is 264 
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evaluated by the following Equation (4). The exposure metric used for carcinogenic risk 265 

assessment is the lifetime average daily dose (the average lifetime is 72.4 years in this study).  266 

    (4) 267 

To evaluate the total potential cancer risks (TCR) from all of these elements in each pathway 268 

for drinking water, rice, and flour, these parameters were calculated using Equation (5) 269 

(Praveena #and Omar, 2017).  270 

TCR=   (5) 271 

In this, CR is the individual carcinogenic risk of every element;; n is an element that induces 272 

cancer risk; and CSF is the cancer slope factor (expressed in mg/kg/day). TCRw, TCRr, and 273 

TCRf in the text are the total cancer risk index (TCR) of water, rice, and flour.  274 

 275 

3. Results and discussion  276 

3.1 Environmental trace element concentration  277 

The descriptive statistical results for trace elements in drinking water and crops (wheat flour 278 

and rice), including minimum, maximum, mean, standard deviation (SD), coefficient of 279 

variation (CV), p value of the K-S test, and 95% cumulative concentration, are summarized 280 

in S2 and S3 respectively. 281 

 282 

3.1.1 Trace element concentration in drinking water  283 

The results obtained from these trace element analyses of drinking water in both agricultural 284 

and pastoral areas are shown in Figure 2a, and are also compared to the guideline values 285 

(China’s drinking water standard (GB5749-2006) and those of WHO and USEPA). The 286 

results indicated that Cd, Cu, Mn, Ni, Pb, Zn, Fe, As, and Se in drinking water in the 287 

agricultural and pastoral areas are within the permissible limits of standards. This result 288 
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implies no obvious pollution resulted from these elements in drinking water, and it showed 289 

good to excellent water quality with respect to trace element concentrations in the agricultural 290 

and pastoral areas of Bay County, Xinjiang, China. The pH is a critical index for water 291 

quality, and it is useful for reflecting water chemistry (Hu et al., 2015). The pH levels of both 292 

areas were neutral to slightly alkaline, and within the limits of the World Health Organization 293 

recommended values.  294 

 295 

The trend of mean metal concentrations (mg L-1) (Table S2) in drinking water in the 296 

agricultural and pastoral areas respectively followed a decreasing order:  297 

Agricultural areas: Fe > Zn > As > Mn > Ni > Se > Cu > Co > Pb > Cd 298 

Pastoral areas: Fe > Zn > Se > Ni > As > Mn > Cu > Co > Cd > Pb.  299 

 300 

In both areas, large values of CV (> 50%) were found for Cd , Cu , Mn , Pb , Zn , As , and Se 301 

in drinking water in the agricultural areas and for Cu , Mn , Pb , and Zn in drinking water in 302 

the pastoral areas. This represents wide variations in element concentrations. The variety of 303 

the water source is a main reason for the wide variations in element concentrations. Water 304 

samples were collected from the residents’ containers and households used different 305 

containers, so this container variety is another possible reason for the wide variations in 306 

element concentrations. The highest concentrations were observed for Fe and Zn, and these 307 

two elements accounted for almost 90% of the total concentrations, while the lowest were for 308 

Pb and Cd. Trace elements reach water systems in natural and anthropogenic ways. 309 

Regardless of origin, many physicochemical and biochemical processes affect their 310 

distribution in the water system (Kostić et al., 2016). The distribution trends in metal 311 

concentrations found in this study are similar to trends observed in previous studies (Magesh 312 

et al., 2017, Zhang et al., 2017, Saha et al., 2017a). The source of Fe and Zn is mainly 313 
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associated with natural weathering of source rocks or aquifer materials (Magesh et al., 2017, 314 

Saha et al., 2017a). Thus, the relatively high levels of Zn and Fe found in this area may be 315 

from natural occurrences, including composition of the earth’s crust and weathering, erosion 316 

of bedrocks, volcanic activities, and ore deposits. The average contents of Fe and Zn in this 317 

study were lower than those in the previous studies, which were collected in the Tamiraparani 318 

river basin, South India (Magesh et al., 2017, He, et al ., 2016 ).  319 

 320 

T test was used to analyze the difference in contamination resulting from Cd , Cu , Mn, Pb , 321 

Zn , Co , and As (these elemental concentrations were disturbuted normally in both areas) in 322 

drinking water between the agricultural and pastoral areas. A non-parametric test 323 

(Kolmogorov-Smirnov two sample test) was used to analyze the difference in contamination 324 

by Ni , and Fe , (these elemental concentrations were non-normally distributed) in the 325 

drinking water between the agricultural and pastoral areas (Figure  3). Figure 3 shows that 326 

there were significant differences in the drinking water between the agricultural and the 327 

pastoral areas in the levels of all elements except Zn. The levels of As , Pb , Mn , Cd , Cu , 328 

and Co in the drinking water were higher in the agricultural areas than in the pastoral areas, 329 

and the mean values of Fe , Se , and Ni were higher in the pastoral areas than those in the 330 

agricultural areas. The levels of most of the elements, especially those with relatively high 331 

negative impacts in the drinking water were higher, and their concentration variations were 332 

larger in the agricultural areas than in the pastoral areas. This could be attributed to human 333 

activities during the land cultivation, including agricultural fertilizer and pesticide leaching, 334 

and using wastewater for irrigation (Yang et al., 2018) , which increased the concentrations 335 

of trace elements in the drinking water in agricultural areas. The levels of elements Ni, Se, 336 

and Fe in the drinking water were higher in the pastoral areas than in the agriculture areas. 337 
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The trace elements Ni, Se, and Fe may be related with the geological background of the 338 

pastoral areas.  339 

 340 

3.1.2 Trace element concentration in crop (wheat flour and rice) 341 

The results obtained from these element analyses of crops in both agricultural and pastoral 342 

areas are shown in Figure 2 (b and c) and are also compared to the guideline/s. The Chinese 343 

food hygiene standard (GB2762-2012) was initially selected as the evaluation criterion in this 344 

study. However, Cu and Zn are not specified in this standard. Thus, the Agricultural Standard 345 

in China (NY861-2004) and the standard of the Agriculture Organization and World Health 346 

Organization (FAO/WHO 1984) were chosen as the evaluation criteria for Cu and Zn. The 347 

results indicated that the mean contents of Pb, As , Ni , Cd , Cu , and Zn in wheat flour and 348 

rice from the agricultural and pastoral areas were significantly lower than the tolerance limits 349 

of the national standard. This implies that obvious pollution was not observed in all sites in 350 

agricultural and pastoral areas of Bay Xinjiang, China.  351 

 352 

The mean trace element concentrations (mg/kg) in wheat flour powder in agricultural and 353 

pastoral areas followed a decreasing order: Fe > Zn > Mn > Cu > As > Ni > Pb = Se > Cd> 354 

Co (agricultural areas); and Fe > Zn > Mn > Cu > As > Ni > Se > Pb > Cd > Co (pastoral 355 

areas). Large values of CV (>50%) were found for As , Pb , and Co in flour samples in the 356 

agricultural areas, representing wide variations in trace element concentration (Table S3). In 357 

both cases, the highest concentrations in wheat flour were observed for Fe and Zn while the 358 

lowest were for Cd and Co. The distribution trends in metal concentrations found in this 359 

study were similar to those in the previous study (Lei et al., 2015). The mean contents of 360 

these elements in wheat flour were compared to those in the previous studies and the results 361 

indicated that the average concentration levels of the trace elements in wheat flour in both 362 
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cases were lower than those for these elements from the wheat flour collected in Jinhui 363 

Shaanxi (Lei et al., 2015) and the Kunshan (Huang et al., 2008). 364 

 365 

The mean trace element concentrations (mg/kg) in rice in the agriculture and pastoral areas, 366 

separately, followed a decreasing order:  367 

Fe  > Zn  > Mn  > Cu > As > Ni  > Se  > Pb  >  Co  >  Cd (agricultural areas);  368 

Fe  >  Zn  > Mn  >  Cu > As > Ni >  Pb= Se >  Co >  Cd (pastoral areas). Large values of CV 369 

(>50%) were found for As and Fe in rice samples in the agricultural areas, representing a 370 

wide variation in trace element concentrations (Table S3). In both cases, the highest 371 

concentrations in rice were observed for Fe and Zn, while the lowest were for Cd and Co. 372 

The distribution trends in metal concentrations found in this study were similar to those of the 373 

previous study (Liang et al., 2017). The average concentration levels of these elements in rice 374 

were compared to those of the previous studies and the results indicated that the 375 

concentration levels of trace elements in rice in both cases were lower than those of these 376 

elements from the rice collected in Taiwan (Tsai et al., 2010), Iran (Fakhri et al., 2018), and 377 

Guangdong (Ma et al., 2017). 378 

 379 

In both cases, the levels of Fe and Zn in rice and wheat flour were in the highest 380 

concentrations. Iron is identified as an essential natural element in plants, and it plays an 381 

important role in plant growth, productivity, and leaf and grain yield, and it can be found 382 

naturally in different kind of plants (Praveena & Omar, 2017), but if it exceeds the limited 383 

amount it leads to some adverse health effects. Although Zn is an essential element for 384 

human health, the level of Zn that produces adverse health effects is much higher than the 385 

dietary reference intake (DRI) for the essential nutrient (Tsai et al., 2010). Elements including 386 

As , Cd , Pb , and Co are the most toxic elements because As, Pb , and Cd are nonessential 387 
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elements with toxicity effects on plants and humans (Saha et al., 2017b). Although the levels 388 

of these elements are below the danger threshold in this study, residents still need to be aware 389 

of  long or excessive exposure to these non-essential and essential elements, which pose 390 

dangers to their health. The trace elements in the soil and irrigation water, and pollution from 391 

surrounding industry and agriculture practices significantly influence the level of trace 392 

elements in rice and wheat (Abbas et al., 2017). The toxic elements can be accumulated but 393 

are non-biodegrable; therefore, the presence of toxic elements in a marketed crop is largely 394 

unavoidable (Mastilović et al., 2010). Mastilović et al. (2010) also reported that trace element 395 

contamination in marketed rice and flour can also come from processing and packaging 396 

operations, such as the equipment and sanitary control preparations, as well as from 397 

packaging materials. In this study we collected rice and wheat flour samples from residents’ 398 

own containers. Different households used different types of containers, so the containers 399 

may also be one of the sources of the difference in trace element contamination in a crop. The 400 

different containers may be the other reason for the wide variation of the coefficients of trace 401 

element concentration in agriculture and pastoral areas. The variety of crop cultivars, soil 402 

properties, and cultivation practices on element uptake of crops (Ma et al., 2017) are the other 403 

reason for the distribution pattern of trace elements and the wide variation of the coefficients 404 

of trace element concentration in rice and wheat flour. 405 

 406 

Non-parametric test and Tukey HSD test were used to analyze the difference in concentration 407 

levels of trace elements in the wheat flour from agricultural areas, rice from agricultural 408 

areas, wheat flour from pastoral areas, and rice from pastoral areas (Figure. 4). The results 409 

indicated that there were significant differences in the levels of all elements except for Fe , Pb 410 

, and As in the rice samples between the agricultural areas and the pastoral areas, while the 411 

levels of these elements in the rice samples in the agricultural areas were higher than those in 412 
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the pastoral areas. Although the rice was imported to both the agricultural and pastoral areas,  413 

the levels of the elements in the agricultural area were higher than those in the pastoral area. 414 

This difference is because the rice was imported from various sources nationalwide, which 415 

reflected the different degrees of local evironmental contamination by these elements. 416 

 417 

The results showed that there were no significant differences in the levels of Fe , Zn , Cu and 418 

Co in the wheat flour samples between the agriculture areas and the pastoral areas, whereas 419 

there were significant differences in the levels of Mg , Mn , Pb , As , Se , Cd , and Ni. The 420 

levels of Mg , Mn , Pb , As , Se , Cd, and Ni in the wheat flour samples were higher in the 421 

pastoral areas than in the agricultural areas. The wheat flour in the agricultural areas was 422 

produced in the local environment but it was imported from elsewhere in the pastoral areas, 423 

so the levels of these elements in the flour in pastoral areas were different from those in the 424 

agricultural areas. The result also indicated that the wheat flour in these agricultural areas is 425 

/less contaminated than those imported from outside.  426 

 427 

The results also indicated that the levels of most of the elements except Mg, Cu , and Cd in 428 

the rice were higher than those of the wheat flour. The distribution patterns of contamination 429 

of the trace elements in crops are different, and such differences almost depend to some 430 

degree of both the kinds of crops and the regions where they are grown (Xiao et al., 2018). 431 

Therefore, the trace element levels in different crops in the agricultural and pastoral areas 432 

were different. The other reasons for the difference are absorption characteristics of elements 433 

in rice and wheat flour, which greatly vary due to different elements and different varieties of 434 

crops (Silins and Högberg, 2011), and this is the other main reason for the differences in 435 

levels of elements in the crops in the agricultural and pastoral areas. Toxic elements in rice 436 

studies involving paddy fields and marketed rice samples have attracted worldwide concern 437 
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(Praveena and Omar, 2017, Ma et al., 2017). Rice is able to absorb toxic elements from soil 438 

and water in paddy fields more effectively than other crops (Praveena and Omar, 2017), so 439 

the levels of most trace elements in rice in both areas are higher than those in flour.  440 

 441 

3.2 Health risk assessment  442 

3.2.1 Exposure assessment 443 

The deterministic estimated ADD values (average and 95%) for adults through ingestion of 444 

drinking water, wheat flour, and rice are summarized in Tables S4, S5, and S6 respectively. 445 

In this study, 95% cumulative concentration was considered as the high-end estimate/s for 446 

risk calculations (Saha et al., 2017a). The differences in the 95% of the ADD were more 447 

significant than the average values.  448 

 449 

3.2.2 Risk characterization   450 

According to the evaluation of health risk assessment models recommended United States 451 

Environmental Protection Agency by the  U.S. EPA (2010), the level of health hazard risks 452 

(cancer and hazard quotient) caused by trace elements ingested orally through drinking water, 453 

wheat flour, and rice were assessed for the population in agricultural and pastoral areas of 454 

Bay County.  455 

 456 

3.2.2.1 Cancer risk assessment  457 

To date from previous studies, oral slope factors have been derived only for Cd , Ni , Co , and 458 

As (Fakhri et al., 2018). Consequently, the risk of cancer for adults due to ingestion exposure 459 

to water, wheat flour, and rice were only estimated for Cd , Ni , Co , and As by the 460 

deterministic approach and graphically shown in Figures 5a, Figure 5b and Figure 5c and also 461 

https://www.epa.gov/
https://www.epa.gov/
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in Tables S7, S8, and S9. 462 

 Drinking water  463 

The result of the cancer risk assessment of the drinking water is shown in Figure 5a and 464 

Table S7. In both areas, the average (50%)of the risk from Cd, Ni, Co and As from drinking 465 

water were higher than the acceptable risk level (1 × 10-6) but lower than the safety risk 466 

level (1 × 10-4). The 95% of the cancer risk from Cd, Ni, Co and As from drinking water in 467 

pastoral areas and the 95% of the cancer risk from Cd, Ni, Co from drinking water in 468 

agricultural areas were higher than the acceptable risk level (1 × 10-6) but lower than the 469 

safety risk level (1 × 10-4). The 95% cancer risk of the As in agriculture areas exceed the 470 

safety level ((1 × 10-4). In both areas, the average and 95% total cancer risk (TCR) from 471 

drinking water exceeded the safety reference level (1 × 10-4). The 95% of and the  total 472 

cancer risk (TCR) in the drinking water were almost 4 times higher in the agricultural areas 473 

and almost 2 times higher in the pastoral areas than the safety reference level. In both areas, 474 

the risk index of drinking water followed this order: As > Ni > Co > Cd; thus, for the exposed 475 

population As contributed the most to the total cancer risk. The population exposed to As via 476 

drinking water is causally related to cancer of the lung, kidney, bladder, and skin, and the risk 477 

increases with increasing exposure (Zheng et al., 2013). It was indicated that ingesting 478 

drinking water from the agricultural and pastoral areas in Bay County over a lifetime could 479 

increase the probability of cancers closely related to high As intake. These results are similar 480 

to most of the previous studies (Zhang et al., 2017, Zeng et al., 2015, Liang et al., 2017). 481 

Moreover, previous studies indicated that the traditional drinking water purification processes 482 

including coagulation–sedimentation, sand filtration, and disinfection are applied to predicate 483 

water in China, but the As removal efficiency is almost zero. Thus, the cancer risk that was 484 

induced by trace elements and especially by As in water in both areas should arouse attention. 485 

 486 
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The average cancer risk indexes of Cd , As , and Co and the average value of total cancer risk 487 

from drinking water in the agricultural areas were higher than those in the pastoral areas. The 488 

risk differences indicated that cultivation and land reclamation (Guo et al., 2014) 489 

frompastoral to agricultural areas could increase trace element concentrations and their risks 490 

in drinking water, and cause many more health problems. 491 

 492 

Crop (wheat flour and rice) 493 

The result of the cancer risk assessment of flour is shown in Table S8 and Figure 5b. In both 494 

areas, the average and 95% of the risk  induced by As , Cd , Ni , Co , and total cancer risk 495 

from flour exceeded the safety reference limit ((1 × 10-4). The avearge risk of As and total 496 

cancer risk in the agricultural areas were 15 and 30 times higher than the safety reference 497 

levels. The 95% risk of As and total cancer risk in the agricultural  areas were 50 and 80 498 

times higher than the safety reference limit. The aveareg risks of the As and total cancer risk 499 

in pastoral areas were 28 and 47 times higher than the safety levels. The 95% risk of As and 500 

TCR in pastoral areas were 50 and 80 times higher than the safety levels. In both areas, the 501 

average risk index of the flour follows this order: As > Co > Ni = Cd ; thus, for the exposed 502 

population, As contributed the most to the total cancer risk of the flour.  503 

 504 

The result of the cancer risk assessment of the rice is shown in Table S9 and Figure. 5c. In 505 

both areas, the average and 95% risk idexes of As, Co, Ni and total cancer risk from the rice 506 

exceeded the safety reference level (1 × 10-4) .The average and 95% risk indexes of Cd in the 507 

rice were higher than the acceptable risk level (1 × 10−6) but lower than the safety reference 508 

level (1 × 10-4). The average risk of As and total cancer risk from rice in the agricultural 509 

areas were 7 times and 11 times higher than the safety level. The 95 % risk of the As and 510 

total cancer risk from rice in agriculture areas were 20 and 28 times higher than the safety 511 
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level. The average risk of As and total cancer risk from rice in the pastoral areas were 5 times 512 

and 7 times higher than the safety level. The 95% risk indexes of As and total cancer risk 513 

from the rice in the pastoral areas were 10 times and 15 times higher than the safety level. In 514 

both areas, the cancer risk index from the rice followed this order: As > Ni > Co > Cd; thus, 515 

As contributed the most to total cancer risk from the rice and the result was similar to most of 516 

the previous studies (Ma et al., 2017, Liang et al., 2017). Arsenic contamination in crops 517 

mainly come from two sources: natural process and anthropogenic activities, such as ore 518 

mining,  smelting, coal combustion, and arsenic-based pesticides and herbicides in agriculture 519 

(Ma et al., 2016). Arsenic is intaken by humans via diet could be absorbed by the 520 

gastrointestinal tract and distributed into the body to impair normal functions. Thus, the 521 

cancer risk induced by trace elements, especially As in from flour and rice in both areas, 522 

should arouse great attention. 523 

 524 

The average and 95 % cancer risk index from Cd and Ni and the average total cancer risk and 525 

As from flour in the pastoral areas were higher than those in the agricultural areas 526 

(Figure.5b). The average and 95% cancer risk index from Cd, As, Ni, Co and total cancer 527 

risk of these elements from rice in agricultural areas were higher than those in pastoral areas 528 

(Figure. 5c). The different source of the wheat flour and rice are the main reason for the risk 529 

difference. The differences in the 95% risk index between the agricultural areas and the 530 

pastoral areas from these elements from flour and rice were more significant  than the 531 

average risk index from these elements, and this result also reported in the previous study 532 

(Saha et al., 2017a). 533 

 534 

3.3.2.2 Hazard Quotient (HQ) 535 

Deterministic estimates of HQ for eight trace elements in water, wheat flour, and rice through 536 
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exposure to ingestion by adults in the agricultural and pastoral areas of Bay, Xinjiang,  China, 537 

are displayed in Figure. 6 (a, b and c) and Tables S10, S11, and S12.  538 

 539 

Drinking water  540 

The result of the non-cancer risk assessment of drinking water (HQ) is shown in Figure. 6 a 541 

and Table S10. The average and 95% risk index of HQ of the non-cancer induced trace 542 

elements (Cu , Mn , Ni , Pb , Zn , Fe , Co , and Se) in drinking water and the average (50%) 543 

and 95% risk index of the total hazard quotient (HI) of these elements in both agricultural and 544 

pastoral areas did not exceed the respective safe reference doses (HQ or HI = 1) . So, there 545 

was small concern for potential non-carcinogenic health risks associated with overexposure 546 

in the drinking water in the present study areas. In both areas, the risk index of drinking water 547 

follows this order: Fe > Se > Co > Ni > Zn > Cu > Mn > Pb. For the exposed population in 548 

both areas, Fe, Co, and Se contributed the most to HIw, but the rest of the metals (Cu , Mn , 549 

Ni , Pb , and Zn) made a minimum contribution to HIw. Although Zn was characterized with 550 

the highest ADD value, it posed a least-noncarcinogenic risk due to its relatively high 551 

reference dose value, and the result was identical to those of  previous studies (Zeng et al., 552 

2015, Zhang et al., 2017).  553 

 554 

The average and 95% non-cancer risk index (HQ) of Cu , Mn , and Pb from drinking water in 555 

the agricultural areas were higher than those in the pastoral areas, but the average and 95% 556 

non-cancer risk index (HQ ) of Zn and Se, and the average and 95% non-cancer risk   (HI) 557 

from drinking water (HZw) in the pastoral areas, were higher than those in the agricultural 558 

areas (Figure. 6a). The differences in the concentration levels of trace elements in the 559 

agricultural and pastoral areas were the main reasons for the risk difference. The differeces 560 
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between the agricultural areas and pastoral areas in the 95% non-cancer risk of these elements 561 

were more significant than the average risk value of these elements.  562 

 563 

Crop (wheat flour and rice ) 564 

The results of non-cancer risk (HQ) assessment of wheat flour is shown in Figure. 6b and 565 

Table S11. Although the average (50%) and 95% of the HQ index of trace elements (Cu , 566 

Mn , Ni , Pb , Zn , Fe , Co, and Se) exposure from flour in both agricultural and pastoral areas 567 

were less than 1 (HQ < 1), the average (50%) and 95% of the ( total non-cancer risk)of these 568 

elements from flour (HIf) in both agricultural and pastoral areas exceeded the respective safe 569 

reference doses (HQ > 1). So there might be a concern for potential non-carcinogenic health 570 

risks associated with the total overexposure from the flour wheat. For the exposed population 571 

in both areas, Cu , Fe , and Mn contributed the most to the total HIf, followed by Zn , Co , 572 

and Pb. The rest of element such as the Se and Ni made a minimum contribution to HIf.  573 

 574 

The result of HQ risk assessment of the rice is shown in Figure. 6c and Table S12. The result 575 

indicted that the average (50%) and 95% HQ index from trace elements (Cu , Mn , Ni , Pb , 576 

Zn , Fe , Co , and Se) exposure from rice in both the agricultural and pastoral areas were less 577 

than 1 (HQ < 1). The average (50%) and 95% HI of these elements from rice (HIr) in both the 578 

agricultural and pastoral areas were less than 1 (HIr < 1), so there was a less concern for 579 

potential non-carcinogenic health risks associated with the overexposure from the rice in this 580 

study area. For the exposed population in both areas, Cu , Fe , and Co contributed the most to 581 

HIr, followed by Zn , Mn , and Pb. The rest of Se and Ni made a minimum contribution to 582 

HIr.  583 

 584 

The average (50%) of HQ from Mn , Pb , Se , and Ni from flour were higher in the pastoral 585 
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areas than those in the agricultural areas and the result were shown in Figure. 6b. The average 586 

(50%) and 95% HQ risk from Zn , Cu , Mn , Ni , Se , Co , and the average (50%) and 95% 587 

risk index from the total HQ index of the eight elements from rice (HIr) were higher in the 588 

agricultural areas than those in the pastoral areas (Figure. 6c). The differences in levels of the 589 

trace elements between the agricultural and pastoral areas and the different sources of the rice 590 

and flour are the main reason for the risk difference.  591 

 592 

3.3 Sensitivity analysis  593 

Method of Percentage which calculates the percentage contribution of exposure pathways is 594 

used to determine which variables and pathways most strongly influence the risk estimate. 595 

Percentage contribution of exposure pathways to total risk is calculated by the following 596 

equation:  597 

(6) 598 

 599 

Precent contribution i  * 100%  600 

The result indicated that in both areas, the risk index of flour made up the highest percentage 601 

both in the total cancer risk and the total non-cancer risk, followed by the risk index of rice 602 

and then the risk index of water (Table1).  603 

 604 

The consumption of foods may vary considerably from one individual to another, and is 605 

dependent on culture and the availability of food species. The daily intake of elements from 606 

food consumption is dependent on the concentration of the element in food as well as the 607 

amount or frequency of consumption. From the survey, it was clear that most of the 608 

communities in both the agricultural and pastoral areas consumed much more wheat flour 609 



26 
 

than rice. Although most of the trace element concentration levels in the rice were higher than 610 

that of the wheat flour in both areas, the consumption of the flour was higher than that of the 611 

rice; thus, flour was the main pathway for the exposure to trace elements and their human 612 

health risks in this study area.  613 

 614 

The residents in agricultural areas produced flour themselves but imported rice from outside 615 

the area, so the human health risk in the agricultural areas comes from both local and external 616 

sources. However, the residents in the pastoral areas imported both rice and flour from the 617 

outside regions, so the human health risk in pastoral areas came from an external source.   618 

 619 

3.4 Source of  Uncertanity  620 

There are some uncertainties that may limit the validity of the case presented: (1) the 621 

concentrations of trace elements across the seasons are different, but seasonal variation of 622 

trace metals were not investigated; (2) CSF and RFD were treated as constants for all 623 

members of population, but they could vary from person to person; (3) the concentrations of 624 

total trace elements found in the water, rice, and flour samples were considered as 625 

bioavailable concentrations in the human body that could somewhat exaggerate the risk 626 

assessment; (4) in this study, we did not consider the metal speciation, but this speciation is 627 

one of the important factors for a more robust health risk estimation because the metal may 628 

perform in a number of species that exhibit different levels of toxicity.  629 

 630 

Although the risk assessments in this study may not provide an absolutely accurate scenario 631 

of human health hazards, this study has provided useful information from a preliminary 632 

investigation of the health risk of trace elements in three pathways to adult populations in 633 

agricultural and pastoral areas. It also provides the basic evidence for [the] sustainable 634 
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agricultural development and management in Xinjiang, China. 635 

 636 

4. Conclusions 637 

All of the average concentrations of trace elements in the drinking water, rice, and flour in 638 

both the agricultural and pastoral areas in the present study were below the thresholds 639 

recommended by China’s national guide. Most of the concentration levels of pollution 640 

elements and their variations and health risk in both the drinking water and rice in the 641 

agricultural areas were higher than those in the pastoral areas, while the element 642 

concentration levels and the health risk in the flour in the pastoral areas were higher than 643 

those in the agricultural areas. Most of the element concentration levels in the rice were 644 

higher than in the wheat flour but the health risk of the flour is higher than rice.  645 

 646 

Although all the average concentration levels of the trace elements in the drinking water, rice, 647 

and flour were significantly lower than the tolerance limits of the national standard, the mean 648 

and 95% total cancer risk from the drinking water, rice, and flour, remained high and 649 

exceeded the safety referece level . For the exposed population, As contributed the most to 650 

the total cancer risk from the water, rice, and flour. There was little concern for potential non-651 

carcinogenic health risks associated with overexposure to the drinking water and rice, but 652 

there might be a concern for potential non-carcinogenic health risks associated with total 653 

overexposure in the flour in the present study. For the exposed population, Cu , Fe , and Mn 654 

contributed the most to the total HIf. The risk index of flour took up the highest percentage, 655 

both in the total cancer risk and the total non-cancer risk, followed by the risk index of the 656 

rice and then the risk index of water.  657 

 658 

The land reclamation from the pastoral areas to agriculture areas increase the trace elements 659 
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from drinking water and its health risk but may not influence the trace element concentration 660 

from crops and its health risk. The human health risk in the agricultural areas mainly came 661 

from the local environment, wheras the human health risk in the pastoral areas was mainly 662 

attributed /to external regions. 663 
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Fig1 Map of the study area 
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Fig.2 Box-whisker diagrams showing metal concentrations in drinking water, rice, 

flour and their comparison with national standards. (a) Represents for the drinking 

water; (b) represents for wheat flour; (c) represents for rice.  

Drinking water national standards:  WHO (WHO, 2006), USEPA (USEPA, 2012) 

and China drinking water standards (GB5749-2006).  

Rice and flour national standards :( GB 2762-2012), (NY861-2004) and (FAO/WHO 

1984) 
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Fig. 3 Concentrations of trace elements in drinking water in agricultural and pastoral 

areas of Bay country. Boxes with different letters in significance determined by T test 

and Non-parametric comparison (Kruskal –Wallis test).  
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Fig. 4 Concentrations of trace elements of rice and flour in agricultural and pastoral 

areas of Bay country. Boxes with different letters in significance determined by 

Non-parametric comparison Kruskal –Wallis test and Tukey HSD test 
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Fig. 5 Deterministic estimates of the cancer risk for adults through ingesting water, 

rice and flour in the agricultural and pastoral areas of Bay County, (a) represents 

drinking water, (b) represents wheat flour; and (c) represents rice 

 
 

Fig. 6 Deterministic estimates of hazard quotients of drinking water, rice and flour 

through ingestion by adults in agricultural and pastoral areas, (a) representing 

drinking water, (b) representing wheat flour, and (c) representing rice. 

 



Table 1 Sensitivity analysis result of identification of relative pathway contributed to total cancer risk and 

total non-cancer for adult group 
 

  Percent contribution of exposure pathway to TCR and 
HI 

Agricultural 
area 

TCR point estimate  HI point estimate   

Exposure 
pathway 

Average TCR % of total HI  % of total   

Drinking 
water  

1.84E-04 4.18% 4.94E-02 2.29   

Rice  1.12E-03 25.40% 3.78E-01 17.52   
Flour 3.10E-03 70.39% 1.73E+00 80.19   
Total 4.40E-03 100 2.16E+00 100%   

            
Pastoral area TCR point estimate  HI point estimate   

Exposure 
pathway 

TCR % of total HI  % of total   

Drinking 
water  

1.11E-04 1.98% 6.40E-02 2.91   

Rice  7.92E-04 14.13% 2.67E-01 12.15   
Flour 4.70E-03 83.99% 1.87E+00 84.93   
Total 5.60E-03 100 2.20E+00 100   
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