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Carlo simulations were applied to evaluate exposure 
health risks. The total hazard index(HI) for 14 non-
carcinogens and the average incremental lifetime can-
cer risk (ILCR) of As and Pb exposure through drink-
ing water were found acceptable. Sensitivity analyses 
suggested that Sb and As in the drinking water repre-
sent an increasing risk to human health. The results of 
this study provide key data on local metal pollution 
characteristics, help identify potential risk factors, 
and contribute to the development of effective envi-
ronmental management policies for Taihu Lake.
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Introduction

The world is currently facing many cases of environ-
mental contamination and ecological damage, which 
have been at least partly attributed to a growing popu-
lation and human activities, with aquatic ecosystems 
being the most adversely affected (Mostofa et  al., 
2013). Water pollution reduces the water availabil-
ity and increases pressure on demand, as the result 
of which some populations face major challenges in 
addressing pollution and experience water scarcity 
(Han & Currell, 2017; Ma et al., 2020). Such issues 
are particularly challenging in China as more than 
40% of the countries’ rivers are polluted, 80% of its 
lakes suffer from eutrophication, and approximately 
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300 million rural residents lack access to safe drink-
ing water (An et al., 2017; Liu & Yang, 2012; Zhou 
et al., 2018). In recent decades, the presence of vari-
ous waterborne elements, including heavy metals, 
has been widely reported in China (Peng et al., 2017; 
Zhang et al., 2011). Even the Qinghai and Tibet Pla-
teau, regarded as the area of China least disturbed by 
human activity, have been found to contain several 
metal pollutants, such as Mg, Al, Fe, and Hg at rela-
tively high concentrations (Wu et al., 2016).

Taihu Lake, the third largest freshwater lake in 
China, is located in one of China’s most developed 
areas (Liu et al., 2020) and has been suffered heavily 
pollution due to local industrial and urban development 
in recent decades. The lake’s condition has improved 
significantly since 2007, when an algal outbreak 
reduced the water quality and caused widespread con-
cern in government and public circles (Huang et  al., 
2020; Li et  al., 2020). However, the main focus has 
been on the routinely monitoring items and organic 
pollutants. Previous studies on inorganic elements have 
mostly focused on single elements or heavy metals. 
Cd, Cr, Cu, Ni, Pb and Zn were the most common ele-
ments in the past (Chen et al., 2019; Li et al., 2018;J 
Liu et al., 2017; Rajeshkumar et al., 2018).

Elements are critical to both humans and the environ-
ment. For example, Mg, Se, K, and Ca are vital to physi-
ological functions. However, heavy metals, such as Cd, 
Pb, Cu, Hg, and Zn, are common pollutants in surface 
water, due to their environmental persistence, toxicity, 
and accumulation in food chains (Meneghel et al., 2020). 
Study reported that drinking 1 L/day water containing 
50 μg/L As could result in the development of cancer in 
the liver, lung, kidney, or bladder and an increase in the 
cases of skin damage could occur with 0.0012 mg/kg/day 
As exposure through drinking water (Chowdhury et al., 
2016). However, systematic research on the distribution 
of elements in Taihu Lake has been limited. Considering 
the potential effects they may have on humans, it is nec-
essary to monitor levels of exposure to these elements in 
people’s daily lives, to identify potential health risks and 
facilitate improvements in public health.

In this study, we chose 14 sites in Wuxi which uses 
Taihu Lake as its water source for collecting quar-
terly water samples in 2018. Analysis of these samples 
revealed the presence of 33 elements. We subsequently 
reviewed the spatial distribution information with respect 
to these elements in drinking water, as reported in the 
literature for various countries and areas. Finally, we 

conducted a “Four steps” health risk assessment as per 
the US Environmental Protection Agency (US EPA), to 
establish the health risk to local adults and children posed 
by the substances identified in the Wuxi water supply.

Experimental

Water pollution profile in Wuxi

Chemicals and reagents

Thirty-three standard element solutions and internal 
standards (Sc, Y, In, Tb) were obtained from Inor-
ganic Ventures (Lakewood, NJ, USA). Deionized 
water was purified using an ELGA Purelab Ultra 
system (Vivendi Water Systems, Buckinghamshire, 
UK). Individual stock solutions were prepared in pure 
water (100 mg/mL), for ICP-MS analysis.

Sample collection

Wuxi city is located in the southeastern part of Jiangsu 
province and on the north shore of Taihu Lake, East 
China (31°07′–32°02′N, 119°33′–120°38′E). Sam-
ples were collected on a quarterly basis from 14 sites 
which were the routine monitoring sampling points in 
Wuxi city in 2018, as shown in Fig. 1. Water samples 
were collected in 250 mL polypropylene plastic bot-
tles, transported to the laboratory under refrigeration, 
stored at 4 °C, and analyzed within 7 days.

Sample preparation

Water samples were prepared according to the National 
Environmental Protection Standards of the People’s 
Republic of China (Water quality—Determination of 
65 elements—Inductively coupled plasma-mass spec-
trometry) (Department EP, 2014). Finished water and 
tap water samples were acidified at pH < 2 using nitric 
acid, while raw water samples were filtered through 
a 0.45  μm membrane before acidified. The internal 
standard stock solution (Sc, Y, In, Tb, Bi, 10 μg/L) was 
then added to each sample. The samples were trans-
ported to instrument for analysis.

To ensure the quality of the results, the 1 ppb tuning 
solution was injected to maintain optimum conditions 
across the entire mass range (4–290 amu), depending 
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on the sensitivity of Li, Co, In, and U, oxide (CeO), 
and double charge (Ba2+) levels before sample analy-
sis. Tuning requirements: at standard mode sensitivity 
7Li ≥ 50 K cps/ppb, 59Co ≥ 100 K cps/ppb, 115In ≥ 200 K 
cps/ppb, and 238U ≥ 300  K cps/ppb. Standard mode 
double charge Ba2+/Ba < 3.0%, and standard mode 
oxide 156CeO/140Ce < 2.0%. The solvent blanks, sample 
blanks, and spiked samples were analyzed simultane-
ously throughout the sample preparation and analytical 
process. The recovery of spiked samples was between 
91.0% ~ 102%. Additionally, the fluctuation of the inter-
nal standard values was in the range of 89–112%, indi-
cating good stability and accuracy. The methodological 
data are summarized in Table S1.

Analyses

A Thermo Scientific iCAP Qc inductively coupled plasma 
mass spectrometer (Thermo Scientific, USA) was used  

for all analyses. Details of the instrumental operating con-
ditions and optimized measurement parameters are listed 
in Table S2.

Literature review

Search strategy

The relevant biomedical sciences database (PubMed) 
was used to search for appropriate literature. Articles 
included were identified using a manual search, in which 
the keywords “element name” and “drinking water” 
were applied from inception through September 2017.

Statistical analysis

To clarify the regional distribution characteristics of the 
target element residuals, elemental data from previous 
studies were compared with our study. The data were 

Fig. 1   Sampling sites in Wuxi city (to be printed in color)
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analyzed statistically using software program (SPSS 
13.0 for windows) The difference in elements levels 
between different areas based on the literature was ana-
lyzed by the t-test after log-transformation to obtain an 
approximate normal distribution with the significance 
criterion set at p value below to 0.05. To improve the sta-
tistical robustness, we conducted the comparison using 
a bootstrap method which was suitable for an unknown 
distribution in the comparison between the current study 
and the literature.

Health risk assessment

The recommended EPA guidelines specify that human 
health risk assessments should be conducted in four 
steps: hazard identification, exposure assessment, tox-
icity assessment, and risk characterization (Jiřík et al., 
2016).

This process enabled the probability of adverse 
reactions by the exposed population to the exposure 
dose to be established. Risk was characterized using 
the hazard index (HI; applicable to non-carcinogens) 
and incremental lifetime cancer risk (ILCR; applica-
ble to carcinogens) parameters.

Hazard identification

According to the latest evaluation results from the Risk 
Assessment Information System (RAIS; sponsored by 
the U.S. Department of Energy, Office of Environmen-
tal Management),14 elements detected in the present 
study were non-carcinogens and two were carcino-
gens. The toxicity values and classifications are listed 
in Table 1.

Exposure assessment

In this study, the primary exposure pathway considered 
for the element exposure assessment was through water 
ingestion by adults (21–70) and children (0–6). Expo-
sure due to oral ingestion of drinking water was quanti-
fied using Eq. (1), after (YH Liu et al., 2017):

where CDI refers to the chronic daily intake (mg/kg/
day), Ci is the element concentrations in tap water 
(μg/L), IR is the ingestion rate (L/day), EF is the 
exposure frequency (days/year), ED is exposure dura-
tion (years), BW is body weight (kg), and AT is the 

(1)CDI = (Ci × IR × EF × ED)∕(BW × AT),

Table 1   Details of element toxicity values and classification basis

Symbol Oral RfDi (mg/kg/day) Cancer Slope Factor Chronic Toxicity

B 2.00 × 10–1 Developmental and reproductive, GI tract
V 5.04 × 10–3 Liver, Gastrointestinal system
Mn 2.40 × 10–2 Central nervous system, Reproductive system
Ni 2.00 × 10–2 Skin, Kidney, Blood, Cardiovascular system
Zn 3.00 × 10–1 Blood, Pancreas, GI Tract, Immune System, Developmental and 

reproductive
As 3.00 × 10–4 1.50 general toxicity: Skin, Nervous System, Cardiovascular System, Blood, 

Liver, GI Tract, Reproductive Effect; carcinogenic toxicity: Class A 
human carcinogen, skin cancers, internal cancers

Se 5.00 × 10–3 Nervous system, Developmental and reproductive, Liver, Skin and hair
Sr 6.00 × 10–1 Skeletal System
Mo 5.00 × 10–3 Skeletal System, Liver, Reproductive System, GI Tract
Cd 5.00 × 10–4 Kidney, GI tract, Liver, bones, testes, and cardiovascular system
Sb 4.00 × 10–4 Electrocardiac disorders, Respiratory disorders, and possibly increased 

mortality
Ba 2.00 × 10–1 Cardiovascular system, Nervous system, GI tract
Hg 1.60 × 10–4 Central nervous system and kidneys, Cardiovascular system, Immune 

system Skin
Pb 3.60 × 10–3 5.50 × 10–2 general toxicity: Central nervous system, Cardiovascular system, Blood, 

Kidneys carcinogenic toxicity: Class B2
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time over which exposure was averaged (days). The 
input values for these parameters were derived from 
the literature and are listed in Table S3.

Toxicity assessment

The carcinogen toxicity parameter was represented 
by the average oral cancer slope factor (CSF), which 
is the amount of carcinogen ingested per unit of time, 
per unit of body weight. As recommended by the US 
EPA, the ingestion reference dose (RfDi) through 
drinking water was used as the non-carcinogenic tox-
icity parameter in the present study (Jarabek et  al., 
1990). The CSF and RfDi details applicable to the 
target compounds herein are listed in Table 1.

Risk characterization

The non-carcinogen HI was defined as the ratio of 
CDI to RfDi for an individual substance, and when 
potentially hazardous compounds consisted of more 
than one type, the total HI was regarded as the sum 
of those developed for individual substances, as 
shown in Eq. (2) and (3):

Based on experience, if HI < 1, the non-carcinogenic 
health risk to the recipient is within acceptable lim-
its, and if not, remediation and reassessment may be 
required (Tan et al., 2016).

The ILCR for oral ingestion was employed to assess 
carcinogenic health risk, as calculated using Eq. (4):

According to the US EPA, an ILCR within the 
range 10–6 to 10–4 is acceptable.

Results

Drinking water pollution profile

The concentrations of 33 elements found in water 
samples taken from 14 sites in Wuxi are summarized 

(2)for one compound, HI − CDI∕RfDi,

(3)
for multiple compounds, HI − HI1 + HI2... + HIn,

(4)ILCR = CDI × CSF.

in Table  2. Element concentrations ranged from 
0.01 μg/L (Tl) to 60.96 mg/L (Ca), with a detectable 
rate of 98.48%. The data showed that the average con-
centrations of Sr, Al, Fe, B, Ti, Ba, and Zn were com-
paratively higher than those of the other elements.

Literature review findings

A review of 10,741 published papers identified 47 
articles as relevant to our study. Details of the Pub-
Med literature searched can be seen in Tables S4 and 
S5. Statistical comparisons between our data and 
those reported in the literature indicated that ele-
ment distributions in tap water exhibited significant 
regional characteristics, as shown in Fig. 2. We also 
compared differences in the regional distribution of 
tap water elements in China. Sites representing its 
major river basins and regions include Beijing (N 
China, capital), Shanghai (E China, Yangtze River 
delta), Hainan (S China), Chongqing (midlands), 
Inner Mongolia (interior of Eurasia), Tibet (SW 
Tibetan Plateau), and five major cities in NW China. 
As shown in Fig.  3, elemental water pollution was 
more severe in N China and the midlands. In a district 
of Chongqing, Al, Ba, Mn, and Ni levels exceeded 
the recommended values of the World Health Organi-
zation (WHO) and the national hygienic standards 
for drinking water in some water samples (Liu et al., 
2018; WHO, 2017).

The literature review found that drinking water 
elements pollution has significant regional char-
acteristics across the world. Many countries have 
suffered from a shortage of safe drinking water. 
Industrial, mining, and agricultural activities in the 
surrounding areas were main sources of elemen-
tal pollution in developing areas. Besides, climate 
change, soil contamination, marine pollution can 
also exacerbates the problem (Barnett-Itzhaki et al., 
2019).

Drinking water health risk assessment

Monte Carlo simulations have been widely used to 
compute difficult and multi-dimensional integrals in 
many disciplines, including physics and chemistry, 
for over 50 years (Belew et al., 2020). In the recent 
years, as this technique has become less computa-
tionally intensive than deterministic or point esti-
mate methods, it has been applied to public health 
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Table 2   Element concentration medians and ranges in water samples

Element Water type Drinking water 
standarda (mg/L)

Raw (N = 8) Finished (N = 12) Tap (N = 36)

B (μg/L) 68.1
(54.9–72.9)

55.0
(17.0–81.1)

62.2
(16.0–81.5)

0.500

Na (mg/L) 53.0
(35.1–66.3)

41.6
(12.1–65.5)

48.2
(12.8–75.8)

-

Mg (mg/L) 13.8
(11.3–16.5)

12.0
(10.4–16.6)

13.1
(10.1–18.4)

-

Al (μg/L) 14.3
(9.98–40.3)

43.7
(28.1–98.9)

37.8
(21.7–128)

0.200

K (mg/L) 8.33
(5.86–9.53)

7.43
(3.44–9.19)

7.68
(3.13–10.4)

-

Ca (mg/L) 54.7
(44.6–86.0)

54.1
(40.4–94.6)

58.4
(38.9–101)

-

Ti (μg/L) 68.6
(49.1–98.3)

60.1
(43.1–107)

64.9
(43.2–112)

-

V (μg/L) 1.58
(0.815–7.76)

1.35
(0.750–4.38)

1.40
(0.73–3.99)

-

Cr (μg/L) 0.217
(0.151–1.20)

0.159
(0.0845–0.556)

0.171
(0.0536–0.840)

-

Mn (μg/L) 0.536
(0.0764–1.10)

0.323
(0.0517–3.21)

0.608
(6.25 × 10–3-5.02)

0.100

Fe (μg/L) 3.89
(0.228–15.3)

1.77
(0.108–12.5)

11.1
(0.108–61.0)

0.300

Co (μg/L) 0.0463
(0.0275–0.305)

0.0357
(0.0157–0.0577)

0.0298
(0.0159–0.0567)

-

Ni (μg/L) 1.31
(1.16–2.19)

1.30
(0.469–2.71)

1.55
(0.351–2.50)

0.020

Cu (μg/L) 1.33
(0.983–9.36)

0.495
(0.176–1.68)

0.445
(0.0386–2.21)

1.000

Zn (μg/L) 1.70
(0.393–34.7)

3.91
(0.393–19.7)

11.0
(0.393–354)

1.000

Ga (μg/L) 0.0240
(0.0167–0.275)

0.0677
(0.0159–0.130)

0.0833
(0.0206–0.130)

-

Ge (μg/L) 9.49 × 10–3

(5.98 × 10–3-0.163)
0.0141
(5.98 × 10–3-0.0244)

0.0136
(5.98 × 10–3-0.0293)

-

As (μg/L) 1.74
(1.56–13.0)

0.687
(0.513–1.27)

0.745
(0.530–1.01)

0.050

Se (μg/L) 0.226
(0.118–0.457)

0.219
(0.102–0.430)

0.272
(0.110–0.499)

0.010

Rb (μg/L) 2.60
(1.74–3.33)

2.51
(1.82–2.99)

2.55
(1.74–3.45)

-

Sr (μg/L) 196
(147–232)

191
(155–241)

190
(161–250)

-

Zr (μg/L) 0.0153
(9.80 × 10–3-0.124)

0.0240
(0.0135–0.0405)

0.0227
(0.0124–0.0572)

-

Mo (μg/L) 1.43
(1.14–1.57)

1.26
(0.691–1.61)

1.39
(0.647–1.97)

0.070

Cd (μg/L) 0.0126
(5.97 × 10–3-0.0290)

0.0179
(0.0102–0.0432)

0.0167
(5.93 × 10–3-0.0299)

0.005
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and environmental risk assessments, which has led 
to significant advances (Anchal et al., 2020; Djahed 
et al., 2020; Fakhri et al., 2020).

Among the 14 non-carcinogens, the CDI values 
were found to be in the order of Sr>B>Ba>Zn>other 
elements. Sr was identified as the highest daily intake, 

a: these limits were from the standards for drinking water of the People’s Republic of China (GB 5749–2006) (China, 2006)

Table 2   (continued)

Element Water type Drinking water 
standarda (mg/L)

Raw (N = 8) Finished (N = 12) Tap (N = 36)

Sn (μg/L) 0.0242
(0.0216–0.0545)

0.0128
(4.14 × 10–3-0.0916)

9.69 × 10–3

(3.24 × 10–3-0.103)
-

Sb (μg/L) 1.08
(0.885–1.80)

1.02
(0.465–1.72)

1.10
(0.376–0.103)

0.005

Ba (μg/L) 64.5
(45.9–84.0)

61.0
(47.3–85.6)

67.7
(50.4–94.0)

0.700

Ce (μg/L) 0.0137
(2.50 × 10–3-1.21)

5.94 × 10–3

(2.50 × 10–3-0.0214)
7.38 × 10–3

(2.50 × 10–3-0.0598)
-

W (μg/L) 0.0943
(0.0602–0.507)

0.121
(0.0744–0.324)

0.126
(0.0747–0.296)

-

Au (μg/L) 0.0705
(0.0385–0.164)

0.0614
(0.0255–0.112)

0.0668
(0.0103–0.145)

-

Hg (μg/L) 0.0917
(0.0485–0.268)

0.0756
(0.0228–0.150)

0.0690
(0.0244–0.259)

0.001

Tl (μg/L) 5.14 × 10–3

(1.87 -7.37) × 10–3
8.94 × 10–3

(1.62 × 10–3-0.0153)
3.54 × 10–3

(1.35 × 10–3-0.0105)
0.0001

Pb (μg/L) 4.09 × 10–3

(2.18 × 10–3-0.799)
2.18 × 10–3

(2.18 × 10–3-0.0722)
5.60 × 10–3 (2.18 × 10–3-0.213) 0.010

Fig. 2   Element distributions reported in global tap water samples (to be printed in color)
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with average values of 1.53×10-3 and 3.47×10-4 mg/
kg/day for adults and children, respectively, as shown 
in Table  S6. Next, Monte Carlo simulations, con-
ducted using Oracle Crystal ball software, were used 
to analyze the degree of health assessment uncer-
tainty. Oracle Crystal Ball is the leading spreadsheet-
based application for predictive modeling, forecast-
ing, simulation, and optimization.

As can be seen in Table S6, the total HI for the 14 
non-carcinogens ranged, from 1.23 × 10–5 to 6.64 × 10–1 
for adults, with an average of 7.79 × 10–2, and from 
2.16 × 10–9 to 1.21 × 10–4 for children, with an aver-
age of 1.17 × 10–5, which suggested that the health risk 
posed by these elements in the local drinking water 
was acceptable. Among these elements, HI of Sb and 
As were relatively higher than others, with values of 
2.73 × 10–2 ± 2.49 × 10–2 and 2.60 × 10–2 ± 2.42 × 10–2.

After 10,000 simulations, the average ILCRs for 
As and Pb in the drinking water were 1.17 × 10–5 and 
2.47 × 10–8 respectively, for adults, and 2.59 × 10–6 and 
5.57 × 10–9 respectively, for children—which were 
within acceptable limits. The range of carcinogenic 

risks acceptable by the USEPA ranged from 10−6 to 
10−4.The details are shown in Table S7.

Sensitivity analysis

To obtain a deeper understanding of the contribution 
of the parameters in the model to prediction, we per-
formed sensitivity analyses on the HI and ILCR risk 
evaluations.

Considering the lower exposure levels of children, 
the model was only applied to adult exposure levels. 
We found that the exposure duration made the highest 
contribution to the total HI (55.09%), with Sb playing 
an important role in the prediction results for the 14 
non-carcinogens.

Scatter plots were used to review correlations between 
the multiple variables and the total HI. The higher the 
value, the stronger the correlation. We found that the cor-
relation coefficients for exposure duration, ingestion rate, 
and Sb levels were 0.7844, 0.5003, and 0.0924, respec-
tively, and the body weight was -0.1796, as shown in 
Fig. 4.

Fig. 3   Regional element distributions in Chinese tap water (to be printed in color)
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The tornado tool and spider chart were used to ver-
ify the sensitivity analyses. The tornado tool represents 
the oscillation amplitude between the maximum and 
minimum predicted values for each variable. In this 
index, the variable with the largest oscillation ampli-
tude has the highest rating and has the most effect on 
the prediction, whereas variables with smaller oscilla-
tion amplitudes have correspondingly less influence.

A spider chart was obtained by numerically testing 
all variables to show the difference between the mini-
mum and maximum predicted values. The greater the 
slope of the variable curve, the greater the effect on 
the prediction. The slope angle represents a positive 
or negative correlation. The Tornado tool and spider 
chart analysis results (Fig.  5) were consistent with 
previous results. Exposure duration, ingestion rate, 
and body weight had a greater impact on health risk 
forecasting while body weight also present the posi-
tive effect followed by elements Sb, As, Hg, and V.

Discussion

All water sample element concentrations in Wuxi 
complied with the China Sanitary standards for drink-
ing water requirements, with the exception of Zn, 
whose concentration exceeded the national stand-
ard in some tap water samples. We noted that the Fe 

and Zn concentrations were significantly higher in 
the tap water than in the initially finished water. This 
could be attributed to the materials used in fabricat-
ing water-supply pipelines, as galvanized pipes are 
widely used in water supply systems to improve cor-
rosion resistance. Prolonged contact time during the 
transportation of water from the plant to consumers 
may lead to the accumulation of metals (Yao et  al., 
2021).

Common techniques used to remove elements from 
water include precipitation, coagulation-flocculation, 
ionic exchange, adsorption, and membrane separa-
tion (Abdullah et  al., 2019). We also noted that the 
present water treatment process in Wuxi, including 
conventional technology (coagulation, sedimentation 
and sand-filtration), ozone-biological activated car-
bon process and ultrafiltration membrane treatment 
process, was effective in reducing the concentration 
of several elements including V, Mn, Fe, Cu, and As 
whose concentrations in finished water and tap water 
were much lower than in untreated raw water, which 
indicated a high removal efficiency. However, for the 
most elements, such as B, Na, Mg, K, Ca, Ti, Ni, Se, 
Rb, Sr, and Ba, current water treatment technology 
cannot remove them effectively.

In analyzing elements distribution differences in 
drinking water, developing countries or those often at 
war, such as India, Bangladesh, Pakistan, and Ghana, 

Fig. 4   Scatter plots of all variables with the total hazard index (to be printed in color)
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were found higher levels of heavy metal in drinking 
water, such as Cd, Cu, Hg, Ni, As, Pb compared with 
other countries. Various of industrial activities such 
as those involving minerals, steel, ores, milling, plat-
ing, and ancillaries which discharge their effluents 
to the main river basin along with trace metals affect 
the quality of water (Sahoo & Swain, 2020). In Kam-
rup of India, for example, 37 of the 44 sampling sta-
tions investigated had Cd levels much higher than the 
guideline value of 0.003 ppm set by the WHO(WHO, 
2017). And 14 sampling stations contained Pb above 
the EPA guideline value of 0.015 ppm (Chakrabarty & 
Sarma, 2011). The high elemental pollution of drink-
ing water in Saudi Arabia and Pakistan were attributed 
to the Gulf War and the Kuwaiti oil fires. In South 
America, drinking water in Venezuela and Chile has 
been found to be low in macroelements, such as Na, 
K, Ca and Mg, whereas Al, Cu, As, and Pb concen-
trations were relatively high, compared to those in 
other countries. Ca and Mg levels in water have been 
associated with the carbonate bedrock weathering. 
The components of which is mainly formed by coarse 
grained quartz sands and ferruginous materials instead 
of carbonate bearings. Therefore bio-essential ele-
ments were scarce (Mora et  al., 2009). In developed 

countries, where suitable water quality standards have 
been implemented, drinking water quality is compara-
tively better. However, Zn content (674 ± 620  mg/L) 
was detected in the pipes with brass components in 
Finland (Inkinen et al., 2014). In North Texas, USA, 
Sr ranged from 66 ~ 18,195  µg/L was found signifi-
cantly higher than other areas. The EPA currently rec-
ommends no more than 4,000 µg/L of Sr in drinking 
water (Fontenot et al., 2013).

It should also be noted that Pb pollution is seen in 
Tibet, the NW, and in Inner Mongolia in China, where 
industrial development has been slower than in other 
areas. The Tibetan Plateau, is the origin of many large 
rivers, such as the Yangtze River and Yellow River. 
Even less impacted by the anthropogenic activities 
due to its location, river water quality has also been 
negatively affected by rapid economic development in 
recent years. Surface soil evaluations of Qinghai-Tibet 
Plateau revealed higher Pb levels, which ranged from 
9.43 ~ 122.51  mg/kg, than soil background values 
in China (26 mg/kg) (Yang et al., 2020). Pb levels in 
snow pit samples from three glaciers on the Tibet Pla-
teau ranged from 0.82 ~ 5.72 ng/g (Chen et al., 2021).

Sr was found to be the element with the high-
est daily intake, the median concentration of Sr in 

Fig. 5   Validating the sensitivity analysis using the Tornado tool and Spider chart (to be printed in color)

Environ Monit Assess (2022) 194: 106106   Page 10 of 13



1 3
Vol.: (0123456789)

tap water was 190μinL, making it the most abundant 
among the trace elements. The levels of Sr are of con-
cern in other areas as well, especially where they were 
found to be 400 ± 280 μg/L, 376.46 ± 39.15 μg/L and 
1610.00 ± 787.10 μg/L in Japan, Saudi Arabia, and the 
USA, respectively (Al-Saleh, 1996; Fontenot et  al., 
2013; Kikuchi et al., 1999). In Chongqing, China, high 
levels of Sr have also been found in drinking water 
samples (Liu et al., 2018). Sr is an alkaline earth metal 
that occurs in a wide range of compounds, such as cel-
estite (SrSO4) and strontianite (SrCO3). The natural 
dissolution of these materials and conventional water 
treatment processes is not effective at removing Sr. As 
a result, Sr from surface water or ground water often 
enters into drinking water and is transported to cus-
tomers (Zhang et al., 2018). Sr is an important mineral 
existing in human bones and teeth and is not currently 
regulated under hygienic standards. However, studies 
have showed that ingestion of Sr may pose a potential 
threat to human skeletal health leading to an increased 
risk of leukemia and other diseases.

As is intensely studied for its mutagenicity, carci-
nogenicity, and teratogenicity, the maximum ILCR 
value for As was 1.21 × 10–4, which was close to the 
USEPA maximum acceptable value. In view of the 
multiple exposure pathways, people can be exposed 
to As through the digestive tract, respiratory tract, 
and skin. Therefore the risk of exposure to As is high. 
As-contaminated drinking water is one of the major 
causes of arsenic toxicity in more than 30 countries, 
especially in developing countries, such as Bang-
ladesh, India, and Vietnam (Kabir & Chowdhury, 
2017). Even in developed areas, a considerable pub-
lic health burden may result from exposure to As, 
like in the USA, where exposure lead to 500 ischemic 
heart deaths and 1,070 cases of cancer, 80 of which 
were nonmelanoma skin cancer, and the mean burden 
corresponded to $10.9 billion (2017 USD) (Greco 
et  al., 2019). Removal of As is usually achieved by 
physicochemical methods, such as oxidation, pre-
cipitation, ion exchange, separation, and adsorption 
(Kumar et  al., 2019). In the present study, the aver-
age content of As in raw water was 1.74 μg/L, ranged 
from 1.56 to 13.0  μg/L, which was well above fin-
ished water and tap water (0.687 μg/L and 0.745 μg/L 
respectively). This difference suggested that the cur-
rent water treatment process was effective for arsenic 
removal. Among natural and anthropogenic sources 
of As, natural geological sources are dominant and 

can be accelerated by human activities such as min-
ing. It is important to improve metallurgical processes 
to regulate As emissions in ore mining and dressing 
industries, restrict the export of As-containing pri-
mary materials, and regulate the use of As in grow-
ing applications such as semiconductors (Shi et  al., 
2017). By regulating anthropogenic activities, the 
threats posed by As to human and environmental 
health can be minimized.

In the sensitivity analysis, Sb was found to play 
an important role among the 14 elements. Sb is a 
heavy metal with applications in various industrial 
section including semiconductors, infrared detec-
tors and diodes, and its usage increases annually. Sb 
detected in water samples was mainly released from 
sediments. Furthermore, recent studies of Taihu Lake 
found that microcystis from algal blooms can absorb 
Sb. The Sb values in water samples ranged from 1.79 
to 6.99  µg/L in the algae-dominated zone and from 
1.02 to 41.46  µg/L in the macrophyte-dominated 
zone. The levels of Sb in soil samples were 3.5 mg/
kg and 3.2 mg/kg respectively (Ren et al., 2019). The 
data suggested that Sb pollution in this area exceeded 
the average global Sb concentration in rivers (1 μg/L). 
Long-term exposure to Sb can result in antimony 
spots on the skin, stomach pains, colic, nausea, and 
vomiting. An early study found that two-thirds of rats 
exposed to 209 mg Sb/m3 as SbO3 for 63 days failed 
to conceive and incidences of spontaneous abortions 
and disturbances in menstruation increased (Ren 
et  al., 2019). In consideration of its higher contri-
bution to the total HI and toxicity, it is necessary to 
intensify the monitoring of Sb.

Conclusions

The results of elemental analysis of Taihu Lake and 
drinking water in Wuxi confirmed that attention should 
be paid to potential long-term health impacts arising 
from the local water, considering the spatial variabil-
ity of sources. Overall, the drinking water quality in 
this area complied with the Chinese National Sanitary 
Standards for drinking water, and non-carcinogenic 
risk levels were found to be within safe limits. How-
ever the health risk associated with local drinking 
water consumption was found to be significantly corre-
lated with the Sb and As levels in the water. Therefore, 
we conclude that further work is required to understand 
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the toxicity of Sb and As ingested through drinking 
water, and to evaluate the efficacy of the current water 
treatment process, in terms of its ability to remove or 
dilute hazardous metals and other potential pollutants 
associated with human health risks.

Overall, the work described here establishes a com-
prehensive understanding of the levels of various metal 
elements in local water and has helped highlight impor-
tant knowledge gaps which should be addressed atten-
tion in future investigations.
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