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Abstract

:

In order to assess the exposure of rural residents to trace metals via drinking water ingestion, 222 drinking water samples of rural areas from 8 provinces in China were collected and 18 trace metals analyzed by inductively coupled plasma mass spectrometer (ICP-QMS). Based on metal concentrations, the health-risk assessment such as chronic daily intakes (CDI) and hazard quotient (HQ) were calculated. Results showed that most metals occurred in the drinking water at very low concentrations, indicating a general good quality, while the concentrations of As, Pb and Zn in some samples from Qinghai, Yunnan and Hunan provinces were higher than World Health Organization (WHO) and Chinese guidelines for drinking water. The values of CDI and HQ indicated a negligible health risk for most Chinese rural residents via drinking water. However, high concentrations of As in drinking water from Qinghai province would pose a serious risk to the local inhabitants. More attention and intensive study should be paid to Zn, Pb and As contents.
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1. Introduction


Drinking water quality and security is a global issue. At present, there is an increasing trend that fresh water is under immense stress due to rapid population growth, urbanization and unsustainable consumption of water in industry and agriculture [1,2,3,4,5]. In developing countries, the problem is further aggravated due to the lack of proper management, unavailability of professionals and financial constraints [6,7,8,9,10,11,12,13].



Heavy metals/metalloids are an important kind of pollutant that lead to a degradation of water quality [14]. Trace metals in waters may originate from both natural and anthropogenic processes, such as mineral weathering, industrial activities, municipal wastewater discharge, unsustainable agricultural practices, and traffic activities [15,16]. Landfill impact on water contamination is considered to be one of the most pronounced issues threatening water quality [17,18] Due to the contamination of arsenic (As), drinking water from more than 70 countries is not safe for consumption for approximately 150 million people [19]. High levels of lead (Pb) and vanadium (V) are often detected in tap water supplied by lead pipes [20,21,22]. Bottled water can usually be contaminated by Pb and antimony (Sb) due to the leaching of these elements from the containers [23,24]. The elevated concentrations of toxic metals in drinking water will increase the body loadings which may result in adverse health effects varying from shortness of breath to several types of cancer [3,8,25,26,27].



In China, water contamination is an increasing environmental problem. A high number of lakes and major rivers in China are classified as severely polluted according to the water environmental quality standard of China (GB 3838-2002), with only half of China’s 200 major rivers and less than a quarter of its 28 major lakes and reservoirs suitable for use as drinking water after treatment [28]. It has been reported that 90% of cities in China are suffering from varying degrees of groundwater contamination by metals and other pollutants [29]. It was noted by [30] that contamination of potable water with heavy metals has a considerable impact on the Chinese population’s health. Therefore, it is essential to constantly monitor water quality used for drinking purposes in China, but such work is not always sufficient. Furthermore, drinking water quality monitoring and the available studies on daily intakes of trace metals in drinking water are limited to big cities [31,32,33] or specific sites [34,35]. In rural areas or countryside regions, water quality information is scarce [3,8]. Indeed, water pollution is especially severe in Chinese rural areas [28] (Zhang et al.). In 2006, a national survey of 6948 rural households across China observed that only about half had access to a centralized public water supply and the remainder relied on untreated hand pumps, wells, or surface-water sources [36]. Thus, the objectives of this study were to evaluate drinking water quality in terms of trace metal concentrations in Chinese rural areas and assess the daily metal intakes and associated health risks via drinking water ingestion.




2. Materials and Methods


2.1. Sample Collection


Sampling was conducted in August 2010; 222 drinking water samples (including 59 raw drinking waters and 163 boiled waters) were randomly collected in Chinese rural areas in 8 provinces (Figure 1). Raoping is located at the eastern of Guangdong province, and belongs to the marine subtropical monsoon climate zone; Ezhou is located in the eastern part of Hubei province, and is located on the South Bank of the midstream of the Yangtze River. It belongs to the subtropical monsoon climate zone. Lianyuan is located in the central part of Hunan province and is called “the hometown of non-ferrous metals”. In the subtropical continental monsoon humid climate zone, Pinghe county is located in the south-west of Fujian province and is known as “thoroughfare of eight counties”. Huaiyuan is located in the northern part of Anhui province and is in the transitional zone from the north subtropical to the warm temperate zone. Yuxi is located in the central part of Yunnan province, belonging to the subtropical monsoon climate.; Minhe is located on the eastern edge of Qinghai province and is a continental dry climate on the plateau Daqing is located in the western part of Heilongjiang province and is in the continental monsoon climate zone of the north temperate zone. It is the largest petroleum and petrochemical base in China. All the samples were collected from wellsprings or wells in a 50 mL polypropylene tube pre-cleaned by 15% nitric acid and Milli-Q (18.2 MΩ cm) water [37]. After determination of the pH by pH meter (Beckman Coulter, Inc., Fullerton, CA, USA), the samples were acidified with ultra-pure concentrated 6M nitric acid to pH < 2. Due to local drinking habits, none of the water samples were filtered. Because most families drink boiled water instead of tap water directly in China, the boiled water used can indicate the health risk of drinking water. Furthermore, the water samples were boiled and analysed for trace metal concentrations in an iron kettle.




2.2. Analytical Methods


Analyses of trace metals were performed by a quadrupole inductively coupled plasma mass spectrometer (ICP-QMS) (ELAN DRC-e, PerkinElmer Inc., Waltham, MA, USA). Rhodium was used as an internal standard element to correct for instrumental drifts. Reagent and procedural blanks and a standard sample of known composition were analyzed as part of each batch of samples. The standard reference solutions (SRS) were analyzed to check the measurement precision. The accuracy of the method was checked by running SRS after every 10 samples. The precision of the analytical procedure, expressed as the relative standard deviation (RSD), was better than 10% and the range of precision of analysis procedure was 89% to 105%.





3. Risk Assessment


The exposure pathways of the metals in water include direct ingestion and dermal contact, but the later can be negligible in comparison to oral intake. The daily exposure for ingestion route was calculated according to the modified equation [38,39,40]:


  C D I =   C × D I   B W    



(1)




where CDI is the chronic daily intake (μg/kg/d), C is metal concentration in drinking water (μg/L), DI is the average daily intake rate of drinking water (L/d), and BW is body weight in (kg). Carcinogenic risk was determined according to Equation (2) and the hazard quotient for non-carcinogenic risk was calculated by Equation (3) [41]:


  R = 1 − E X P ( − S F × C D I )  



(2)




where R is the probability of carcinogenic risk (unitless), SF is the cancer slope factor of the contaminant (mg/kg/d) [41].


  H Q =   C D I   R f D    



(3)




where HQ is the hazard quotient, and RfD is the reference dose (μg/kg/d) [41].



Descriptive statistics and one-way analysis of variance (ANOVA) were performed by the SPSS software ver. 13.




4. Results and Discussion


4.1. Trace Metal Concentrations


This study focuses on 18 potential trace metals, including Ag, As, Ba, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, Sn, Sr, Tl, U, V and Zn. Results are summarized in Table 1, together with corresponding World Health Organization (WHO) (WHO, 2006) and Chinese guidelines for drinking water [42] The median concentrations of studied metals in the raw drinking water were similar to those in the boiled water. However, trace metals in boiled water are generally higher than in raw water. The concentration of nickel is the highest both raw and boiled water among all trace metals (Figure 2). Silver concentration is almost not detected, and the concentration of cadmium and thallium is always low.



The overall concentrations varied greatly and the maximum concentrations of most metals in the drinking water were well below the existing guideline values [42,43]. The exceptions were As, Pb, Zn and Tl.



As shown in Figure 3, except for zinc, the others correspond to the right coordinate axis. The concentration of zinc is extremely high. The mean concentrations of Ag, As, Cd, Co, Sb, Th, Tl, U are relatively low. The mean concentrations of Cr, Cu, Mo, Ni, Pb, V, Zn are relatively high. The concentrations of As, Mo, Pb, V are relatively concentrated. The concentrations of Cr, Cu, Ni, Zn are relatively dispersive. The concentration of Ni present a normal dispersion, the concentration of Pb, V are left offset prior, As, Co, U are right offset prior.



Because As is a highly toxic element with many carcinogenic effects, its occurrence in drinking water deserves the most concern. The maximum tolerable concentration of 10 μg/L has been established by the national Chinese and WHO drinking water standards (WHO, 2006; MHPRC, 2006). In mainland China, it involves eight provinces, including 40 counties and 1047 villages, with a population of 2,343,238 exposed to high-arsenic water (generally between 50 and 2000 μg/L) [44]. In this study, most of the water samples had As concentrations lower than the Chinese and WHO threshold levels. But three samples from Minhe, Qinghai province, contained significantly high As concentrations (22–100 μg/L). These samples were collected from mineral spring water sites and thus the enrichment of As might be a result of water-rock interaction processes [45]. Indeed, Qinghai is one of the provinces that suffer contamination by high-arsenic water. A highest concentration of 318 μg/L of As in groundwater has been reported in Qinghai province [8,35,42]; As levels investigated in potable water in Qinghai found the highest concentration was 100 and 23.17 μg/L, respectively. Recently, a stricter reference As guideline of 3.4 μg/L has been recommended for drinking water based on male bladder cancer with an excess risk of 10−4 for a 75-year lifetime exposure [46]. In comparison, 5% of the drinking water failed to meet this guideline.



Lead has numerous acute and chronic adverse effects on humans, especially children, by influencing their nervous system and reducing their intelligence. Pb is an ultratrace metal in natural water with concentrations being as low as several ng/L [47]. But elevated Pb has usually been detected in bottled water due to the leaching of Pb from the containers [23,24] and in tap water due to the corrosion of water supply systems [22,48,49]. In the current study, Pb occurs in drinking water at very low concentrations (51%) below the detection limit. However, several samples with Pb concentrations are higher than the WHO and Chinese guidelines of 10 μg/L. These samples were all collected from Yunnan province, which is a major lead mineralization belt in China. So, these elevated concentrations of Pb in the drinking water probably reflect the high natural background [50].



Zinc is an essential element, but excessive intakes can cause demyelinating diseases in humans [51]. The median concentration of Zn in this study was 8.6 μg/L, far below the Chinese guideline value of 1000 μg/L. But Zn concentrations (1060–2260 μg/L) in three samples from Hunan province exceeded the Chinese reference value. Hunan province is regarded as the heartland of Chinese non-ferrous mining and smelting, especially for Zn. It can therefore be concluded that the high concentrations of Zn in drinking water from Hunan must be a result of contamination from the Zn mining/smelting activities [50]. This is in agreement with the findings of Cai et al. [34], where they have reported similar concentrations of Zn (10–2090 μg/L) in contaminated groundwater from Xiangjiang watershed, Hunan province.



According to the above discussion, more attention should be paid to Zn, Pb and As content, and the distribution of these in 8 provinces are shown in Figure 1.



No WHO limits exist for Tl in drinking water although the United States Environmental Protection Agency (USEPA) guideline value for Tl has been set to 2 μg/L [52]. No waters in this study had Tl concentrations that exceeded the USEPA limit. However, China established a much stricter threshold level of 0.1 μg/L for Tl in drinking water considering its high toxicity. Although most waters were far below this level, two samples still surpassed this (0.11 and 0.14 μg/L). The highest value of Tl in the present study was in agreement with the maximum concentration (0.152 μg/L) found in bottled waters from British Isles [53].



Except for the above several outliers, the overall concentrations of the trace metals would indicate a general good quality of the studied waters. In addition, our results were in good agreement with previous studies on drinking water from urban regions of Beijing [3,31,32], and cities from Jiangsu province [33], suggesting that rural drinking water quality regarding trace metals was equal to those from the urban regions. A similar result was obtained from the survey of Gao et al. [54], where no obvious difference was found for Cu, As, Hg and Cd concentrations in drinking water between the urban and suburban areas of Beijing.



Comparing eight cities in China (Table 2 and Table 3), the contents of trace metals in drinking water in the Baoding, Guangdong, Shenyang and Henan are higher than in rural areas. The other three cities is lower than that in rural area. However, trace elements in Beijing were lower after 2012 than before 2011. This indicates that the quality of drinking water in the country has improved.



Comparing trace metal content in groundwater in China and abroad (Table 4), trace metal contents in groundwater are higher than drinking water universally. Zinc, for example, is very high. The content of trace elements in groundwater in China was higher than abroad [64,65].




4.2. Exposure Assessment


Considering the fact that fewer rural residents drink unboiled water, we thus used the data of boiled water for the exposure assessment and the following risk assessment. The chronic daily intakes (CDI) of trace metals via drinking water ingestion were calculated based on Equation (1) listed in Section 3. The average daily intake rate of drinking water has been set to 2.2 L. This value has been proved and widely used for the Chinese population [31,32]. Average body weight was taken as 65 kg according to actual measurement by previous surveys [31,32]. The results of CDI together with background exposure values are presented in Table 5.



The CDI values for most trace metals were much lower than the corresponding background exposure values. Generally, the mean values of CDI accounted for less than 5% of their background values, except Ba (32%), As (15%) and Pb (7.2%). The maximum CDI value (3.37 μg/kg/d or 200 μg/d) for As was 10 times and three times higher than its background exposure value (0.3 μg/kg/d) and tolerable daily intake (TDI) value (1.0 μg/kg/d) [69], respectively, indicating a high health risk. In the arsenic-affected areas of West Bengal, Vietnam and Thailand, daily intakes of As via drinking water ingestion were 216–266 μg/d [70], 1.1–4.3 μg/kg/d [71] and 1.1–4.3 μg/kg/d [72], respectively, similar to the highest value of our study. But in the highly contaminated areas of East Punjab, Pakistan, As concentrations in groundwater could reach 2400 μg/L and the calculated CDI for As could be as high as 4800 μg/d [73]. Although high CDI of As were found in a few sites, its median value (0.01 μg/kg/d or 0.64 μg/d) in this study was much lower than the results from Beijing (0.07 μg/kg/d) [31], Shenzhen (0.029 μg/kg/d) [3] and İzmir, Turkey (0.035 μg/kg/d) [26], but similar to Maryland (0.52 μg/d) [74]. Similarly, the median or mean CDI values for other trace metals (mainly Cd, Cr, Cu, Pb, Mo, Ni, Sb, U and Zn) were also lower than (or similar to) data from the Chinese cities of Beijing [31], Shanghai [32], Shenzhen [3], and cities from Jiangsu province [33], as well as other regions of İzmir, Turkey [26], Kohistan, Pakistan [52], West Bengal, India [67], Japan [75] and Maryland [74]. But the mean CDI values for Cr, Pb, Ni, U and Zn in the present study were higher than the corresponding data from Japan [75].




4.3. Risk Assessment


Lifetime carcinogenic risk in Table 6 was calculated only for As since the slope factor values were not available for the other metals. The slope factor for As was taken as 1.5 (mg/kg/d). Reference dose values of the trace metals used for non-carcinogenic risk assessment are listed in Table 7.



The median and mean values of lifetime carcinogenic risk (R) for As in drinking water were 1.38 × 10−5 and 1.11 × 10−4, respectively, which was significantly lower than those results from Beijing (median 1.05 × 10−4) [31] and İzmir, Turkey (5.20 × 10−5 and 6.35 × 10−4 for median and 90th percentile, respectively) [26]. In this study, 98.7% of the individuals had lifetime carcinogenic risks higher than the lowest safe standard (1 in 1,000,000), while 11.3% exceeded the highest safe standards (1 in 10,000). However, people from Qinghai province had cancer risks as high as 5 in 1000. Therefore, some residents from Chinese rural areas may be exposed to drinking water with As concentrations that could lead to cancer.



For the non-carcinogenic risk, hazard quotient (HQ) values for trace metals in this study were found in the order of As >> Sr > Ba > Sb > U > Zn > Mo > Ni > Cd >> Cr ≈ Ag >> Be. Arsenic has the highest HQ values with median and 90th percentile values of 0.03 and 0.27, respectively. Furthermore, three samples had HQ values for As higher than 1 (2.7, 3.2 and 11.2 respectively), indicating that non-cancer health effects would occur if people drink these waters. Apart from these, HQ values for all the other trace metals were far below 1, indicating a negligible non-carcinogenic risk.



It is important to note that HQ was not calculated for Pb since the reference dose value was not available. In addition, the previously established provisional tolerable weekly intake (PTWI) for Pb (25 μg/kg bw) was withdrawn in 2010 by JECFA (Joint FAO/WHO Expert Committee on Food Additives), as it could no longer be considered health protective. Therefore, the health risk of Pb in drinking water has not been assessed like the other metals. In fact, CDI values for Pb were relatively high in some sites from Yunnan province and the highest value was found to exceed the background exposure value for adults. Therefore, an elevated health risk may be posed to this portion of population and this situation will be worse when aggregated exposure over all pathways/routes is considered.





5. Conclusions


The present study conducted a preliminary survey to determine 18 trace metal concentrations in drinking waters supplied to Chinese rural populations and assessed the associated potential health risks. Except for high concentrations of As, Pb and Zn found in a few samples, the overall concentrations of the trace metals indicate a general good quality of the studied waters. The values of CDI and HQ indicated a negligible health risk for most Chinese rural residents via drinking water ingestion. However, high concentrations of As in drinking water from Qinaghai province poses a serious risk to the local inhabitants. More attention should be paid to Zn, Pb and As content and they should be monitored in the future. The results from our study may allow for construction of a database of water quality variables for rural areas. In addition, the CDI obtained in this study may provide useful information for the evaluation of daily metal intake and the associated health risks from total diet.



The uncertainty of the health risk assessment was mainly attributable to the following aspects: (1) seasonal variation in trace metal concentrations was not investigated; (2) water intake rate and consumption habits were not studied; and (3) body weights were not measured. This study provides guidance for drinking water trace metal regulatory activities and public health surveillance actions.
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Figure 1. Sampling location map and distribution of As, Pb and Zn in drinking water. Notes: Using a bar graph expressing arsenic, lead and zinc concentrations in eight provinces. The concentration of zinc in the eight provinces correspond to the right coordinate axis, while others correspond to the left coordinate axis. Except for the highest concentration of arsenic in Qinghai Province, the other seven provinces had the highest concentration of zinc. 
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Figure 2. Collation maps of raw and boiled water in eight provinces. 
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Figure 3. Boxplot of trace metals in drinking water in rural areas of China. 
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Table 1. Summary statistics of trace metal concentrations in raw waters and boiled waters from Chinese rural areas.
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Metal

	
Raw Drinking Water (n = 59)

	
Boiled Water (n = 163)

	
Guidelines




	
>DL

	
Min

	
Median

	
90th Percentile

	
Max

	
>DL

	
Min

	
Median

	
90th Percentile

	
Max

	
China

	
World Health Organization (WHO)






	
Ag

	
40

	
<0.0004

	
0.004

	
0.014

	
0.018

	
109

	
<0.0004

	
0.002

	
0.008

	
0.062

	

	




	
As

	
59

	
0.025

	
0.208

	
4.25

	
99.6

	
161

	
<0.01

	
0.329

	
1.79

	
5.92

	
10

	
10




	
Ba

	
59

	
15.3

	
70.5

	
140

	
384

	
163

	
16.4

	
65.8

	
170

	
309

	

	
1000




	
Be

	
29

	
<0.002

	
<0.002

	
0.168

	
0.700

	
49

	
<0.002

	
<0.002

	
0.070

	
0.767

	

	




	
Cd

	
56

	
<0.001

	
0.023

	
0.132

	
2.17

	
145

	
<0.001

	
0.018

	
0.098

	
1.42

	
5

	
3




	
Co

	
58

	
<0.002

	
0.133

	
0.729

	
3.08

	
162

	
<0.002

	
0.133

	
0.597

	
2.25

	

	




	
Cr

	
45

	
<0.02

	
0.475

	
3.43

	
4.14

	
122

	
<0.02

	
0.563

	
3.16

	
14.4

	
50

	
50




	
Cu

	
30

	
<0.02

	
0.033

	
4.42

	
18.1

	
91

	
<0.02

	
0.347

	
5.18

	
29.7

	
1000

	
2000




	
Mo

	
58

	
<0.003

	
0.330

	
2.66

	
10.0

	
163

	
0.004

	
0.358

	
1.899

	
5.304

	
70

	
70




	
Ni

	
55

	
<0.01

	
2.25

	
6.79

	
15.2

	
153

	
<0.01

	
2.04

	
6.51

	
19.6

	
20

	
70




	
Pb

	
28

	
<0.004

	
<0.004

	
3.93

	
15.5

	
79

	
<0.004

	
<0.004

	
3.28

	
23.6

	
10

	
10




	
Sb

	
52

	
<0.001

	
0.053

	
0.296

	
0.653

	
162

	
<0.001

	
0.060

	
0.358

	
1.90

	
5

	
20




	
Sn

	
10

	
<0.001

	
<0.001

	
0.282

	
1.41

	
29

	
<0.001

	
<0.001

	
0.081

	
1.85

	

	




	
Sr

	
59

	
5.57

	
210

	
883

	
1220

	
163

	
1.19

	
274

	
801

	
1130

	

	




	
Tl

	
56

	
<0.001

	
0.009

	
0.059

	
0.141

	
153

	
<0.001

	
0.006

	
0.045

	
0.102

	
0.1

	




	
U

	
59

	
0.002

	
0.274

	
3.25

	
5.41

	
163

	
<0.002

	
0.318

	
2.01

	
5.87

	

	
15




	
V

	
55

	
<0.01

	
0.727

	
5.96

	
78.7

	
158

	
<0.01

	
1.01

	
3.84

	
55.1

	

	




	
Zn

	
57

	
<0.05

	
10.7

	
197

	
2260

	
149

	
<0.05

	
8.45

	
67.3

	
1270

	
1000

	








All values are in μg/L; >DL: number higher detection limit.
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Table 2. Comparison of measured data and other trace metals in urban drinking water before 2011.
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	Locale
	Ba
	Cd
	Co
	Cr
	Cu
	Mo
	Ni
	Pb
	Sb
	Zn
	Time a
	Reference





	Rural area
	2.882
	0.002
	0.0101
	0.0437
	0.0708
	0.028
	0.1007
	0.0434
	0.0045
	1.966
	2010
	This study



	Beijing
	128
	-----
	0.0144
	3
	1.35
	1.13
	-----
	-----
	0.0755
	6.2
	1991
	Guo et al. [55]



	Penglai
	-----
	0.0003
	-----
	0.008
	0.02
	-----
	-----
	0.01
	-----
	0.7
	2006
	Lv et al. [56]



	Henan
	-----
	-----
	0.4715
	8.1035
	2.2895
	-----
	2.6005
	0.526
	-----
	1.8337
	2010
	Tong et al. [57]







All values are in μg/L. “-----” symbol indicates that this element in the literature was not reported. a the time of samples collected.
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Table 3. Comparison of measured data and other trace metals in urban drinking water (μg/L).
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	Locale
	As
	Ba
	Cd
	Cu
	Ni
	Pd
	Sb
	V
	Zn
	Time a
	Reference





	Rural area
	0.0457
	2.882
	0.002
	0.0708
	0.1007
	0.0434
	0.0045
	0.0771
	1.966
	2010
	This study



	Baoding
	0.636
	-----
	0.292
	4.318
	-----
	0.824
	-----
	-----
	246.42
	2012
	Yang et al. [58]



	Beijing
	-----
	0.159
	-----
	0.007
	0.00065
	0.00095
	-----
	-----
	0.253
	2010
	Tian et al. [59]



	Guangdong
	2.45
	-----
	0.5
	25
	-----
	2.5
	-----
	-----
	5
	2011
	Qu et al. [60]



	Shenyang
	0.885
	-----
	0.1118
	3.1272
	-----
	8.8607
	-----
	-----
	-----
	2011
	Wen et al. [61]



	Qingdao
	0.0014
	0.162
	-----
	0.00377
	0.0193
	-----
	-----
	-----
	-----
	2011
	Meng et al. [62]



	Foshan
	1.67 × 10−3
	-----
	5.71 × 10−5
	0.0106
	2.34 × 10−3
	-----
	2.52 × 10−3
	-----
	0.025
	2012
	Shao et al. [63]







a the time of samples collected.
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Table 4. Comparison of measured data and other trace metals in groundwater (μg/L).
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	Locale
	As
	Cd
	Co
	Cr
	Cu
	Mo
	Ni
	Pb
	Zn
	Reference





	Rural area
	0.0457
	0.002
	0.0101
	0.0437
	0.0708
	0.028
	0.1007
	0.0434
	1.966
	This study



	Huaihe
	-----
	61.74
	42.49
	23.08
	52.32
	-----
	46.17
	154.96
	10,504.1
	Wang et al. [66]



	Ganjiang
	1.32
	0.111
	0.085
	0.9
	2.7
	-----
	2.62
	1.15
	8.81
	Zhang et al. [67]



	Miyun
	12.97
	2.76
	8.65
	57.73
	2.7
	2.53
	33.77
	150.87
	656.78
	Guo et al. [68]



	Pakistan
	----
	0.66
	0.39
	7.83
	51.85
	----
	4.12
	9.64
	951.46
	Muhammad et al. [64]



	Siberia
	0.65
	----
	1.03
	1.9
	2.2
	1
	----
	----
	14.3
	Wang et al. [65]



	Aotao
	----
	2.37
	4.42
	10.43
	2.14
	3.57
	5.29
	3.1
	13.69
	Wang et al. [65]
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Table 5. Descriptive statistics of exposure assessment.
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	Metal
	Mean a
	S.D.
	Min
	Median
	90th Percentile
	Max
	BDI b





	Ag
	0.0001
	0.0002
	6.77 × 10−6
	9.78 × 10−5
	0.0003
	0.0021
	



	As
	0.0457
	0.2415
	1.69 × 10−4
	9.84 × 10−3
	0.0809
	3.373
	0.3



	Ba
	2.882
	2.109
	5.18 × 10−1
	2.23 × 100
	5.635
	13.00
	9



	Be
	0.0012
	0.0030
	3.38 × 10−5
	3.38 × 10−5
	0.0035
	0.0260
	



	Cd
	0.0020
	0.0065
	1.69 × 10−5
	6.38 × 10−4
	0.0037
	0.0734
	0.22 c, 0.17 d



	Co
	0.0101
	0.0168
	3.38 × 10−5
	4.50 × 10−3
	0.0225
	0.1042
	0.3



	Cr
	0.0437
	0.0799
	3.38 × 10−4
	1.80 × 10−2
	0.1107
	0.4874
	1



	Cu
	0.0708
	0.1476
	3.38 × 10−4
	6.72 × 10−3
	0.1671
	1.005
	30



	Mo
	0.0280
	0.0419
	5.08 × 10−5
	1.12 × 10−2
	0.0654
	0.3391
	4



	Ni
	0.1007
	0.1017
	1.69 × 10−4
	7.16 × 10−2
	0.2247
	0.6634
	4



	Pb
	0.0434
	0.1049
	6.77 × 10−5
	6.77 × 10−5
	0.1147
	0.7988
	0.6 e, 2 f



	Sb
	0.0045
	0.0070
	1.67 × 10−5
	1.97 × 10−3
	0.0115
	0.0644
	



	Sn
	0.0027
	0.0101
	1.69 × 10−5
	1.69 × 10−5
	0.0028
	0.0627
	



	Sr
	11.85
	9.741
	4.03 × 10−2
	8.95 × 100
	27.31
	41.29
	



	Tl
	0.0005
	0.0008
	1.69 × 10−5
	2.13 × 10−4
	0.0017
	0.0048
	



	U
	0.0272
	0.0393
	3.04 × 10−5
	1.00 × 10−2
	0.0769
	0.1987
	



	V
	0.0771
	0.2258
	1.69 × 10−4
	2.90 × 10−2
	0.1479
	2.664
	



	Zn
	1.966
	7.019
	1.02 × 10−3
	3.02 × 10−1
	3.513
	76.49
	300







All values are in μg/kg/d. Standard Deviation, S.D. a One-half of the detection limit used for samples with concentrations less than limit of detection. b Background daily intake values (BDI, Baars et al. [69]). c Male. d Female. e Adult. f Children.
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Table 6. Descriptive statistics of carcinogenic risk assessment for arsenic.
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Metal

	
Mean

	
S.D.

	
Min

	
Median

	
90th Percentile

	
Max

	
Cancer Risk Probability






	

	

	

	

	

	

	

	
>1 in 103

	
>1 in 104

	
>1 in 106




	
As

	
6.65 × 10−5

	
3.52 × 10−4

	
2.24 × 10−7

	
1.28 × 10−5

	
1.11 × 10−4

	
5.06 × 10−3

	
1.35

	
11.26

	
98.65
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Table 7. Descriptive statistics of non-carcinogenic risk assessment.
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	Metal
	Mean
	S.D.
	Min
	Median
	90th Percentile
	Max





	Ag
	2.85 × 10−5
	4.24 × 10−5
	1.35 × 10−6
	1.96 × 10−5
	6.59 × 10−5
	0.0004



	As
	1.52 × 10−1
	8.03 × 10−1
	5.64 × 10−4
	3.28 × 10−2
	2.69 × 10−1
	11.24



	Ba
	1.44 × 10−2
	1.05 × 10−2
	2.59 × 10−3
	1.11 × 10−2
	2.82 × 10−2
	0.0650



	Be
	5.85 × 10−6
	1.49 × 10−5
	1.69 × 10−7
	1.69 × 10−7
	1.74 × 10−5
	0.0001



	Cd
	4.05 × 10−3
	1.30 × 10−2
	3.38 × 10−5
	1.28 × 10−3
	7.43 × 10−3
	0.1469



	Cr
	2.91 × 10−5
	5.32 × 10−5
	2.26 × 10−7
	1.20 × 10−5
	7.38 × 10−5
	0.0003



	Mo
	5.60 × 10−3
	8.38 × 10−3
	1.02 × 10−5
	2.25 × 10−3
	1.31 × 10−2
	0.0678



	Ni
	5.03 × 10−3
	5.09 × 10−3
	8.46 × 10−6
	3.58 × 10−3
	1.12 × 10−2
	0.0332



	Sb
	1.14 × 10−2
	1.75 × 10−2
	4.17 × 10−5
	4.93 × 10−3
	2.89 × 10−2
	0.1609



	Sr
	1.97 × 10−2
	1.62 × 10−2
	6.71 × 10−5
	1.49 × 10−2
	4.55 × 10−2
	0.0688



	U
	9.05 × 10−3
	1.31 × 10−2
	1.01 × 10−5
	3.35 × 10−3
	2.56 × 10−2
	0.0662



	Zn
	6.55 × 10−3
	2.34 × 10−2
	3.38 × 10−6
	1.01 × 10−3
	1.17 × 10−2
	0.2550











© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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