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1. The Calculation Steps of Entropy-Weighted Water Quality Index

The unit and magnitude of WQI for different groundwater are frequently different,
resulting in wildly different weight calculations. The entropy weight method does not
assign weights to evaluation index parameters based on subjective judgment, but rather
uses the entropy weight method to standardize each parameter. The subjectivity of in-
dexes can be greatly eliminated by assigning reasonable weights to each index and calcu-
lating the comprehensive index according to the information entropy, thus improving the
accuracy of WQI [1].

The calculation of EWQI is based on the following steps [2,3]:

1. The selected water quality evaluation indices are normalized using matrix X (Eq. 1),
where m and n represent the number of groundwater samples and assessing hydro-
chemical indices, respectively. The values of m and n in this study are 21 and 13,
respectively. Homogenization treatment is carried out based on Eq. (2) and repre-
sented by Yi;
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2. Calculate information entropy “Ej” and entropy weight “Wj” using Egs. (3), (4), and
(5). Where Pjj represents the ratio of the index j value of sample i.
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3. EWQI can be achieved by Egs. (6) and (7). “q;” is the quantitative scale of grading for
hydrochemical indices and can be calculated by Eq. (7). In this study, Cj represents
the content of index j, and S;j represents the standard limit value of drinking water
quality index j in China.
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According to the EWQ)], the parameters TDS, pH, SOs%, Cl-, NOs-, As, Tt, K, Ca,
Na*, Mg?, Cd, B were selected for the water quality assessment in Zhaxikang area and the
results of entropy weight and water quality class are lists in Table S1 and Table S2, respec-
tively. According to the EWQI results, groundwater is classified into five grades ranging
from “high-quality water” to “very poor water.” The classification criteria are shown in
Table S3 [1]. The groundwater with ranks 1 and 2 is suitable for drinking purposes.

Table S1. Information entropy and entropy weight of parameters.

Item TDS pH SOs* Cl- NOs As Tte
Ej 0.9821 0.9658 0.9745 0.9578 0.9831 0.9839 0.9749
W;j 0.0437 0.0835 0.0622 0.1031 0.0413 0.0393 0.0613
Item K Ca? Mg? Na* Cd B
Ej 0.9722 0.9338 0.9835 0.9710 0.9472 0.9607
W 0.0679 0.1616 0.0403 0.0708 0.1289 0.0960
Table S2. Assessment results according to the calculated EWQI.
Sample ID EWQI Rank Sample ID EWQI Rank
RO1 192.69 4 MO01 52.22 2
RO2 205.15 5 MO02 48.42 1
RO3 147.16 3 MO03 49.84 1
RO4 26.92 1 S01 942.01 5
RO5 23.59 1 502 26.98 1
RO6 14.75 1 S03 1191.05 5
RO7 17.39 1 S04 673.17 5
L01 15.76 1 S05 209.05 5
L02 302.94 5 S06 1373.55 5
L03 75.95 2 507 1018.70 5
L04 27.39 1
Table S3. Water quality class based on EWQL
Range Rank Water Quality Type
<50 1 Excellent
50-100 2 Good
100-150 3 Medium
150-200 4 Poor
>200 5 Extremely poor

2. The Calculation Steps of Health Risk Assessment

Health risk assessment is conducive to supporting groundwater quality assessment
and environmental management [4].
The exposure dose (DI) for oral ingestion and skin contact could be calculated using
the following formulas separately [5,6]:

DI

Ingestion
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SAXK ,x ET xCy x CF x EF x ED
Dermal — BW x AT
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where DI is the daily chronic intake of groundwater (mg/kg/day). Cs is the concen-
tration (mg/L) of the contaminant in the water sample measured by the laboratory. The
contaminant in this study is B. The groundwater uptake rate (L/day) is symbolized by IR;
the exposure frequency (days/year) is represented by EF, and the exposure duration (year)
is denoted by ED. The average weight (kg) is denoted by BW, and the average time (day)
is symbolized by AT. SA denotes skin surface area; Ky denotes skin permeability; ET de-
notes bath exposure time, and CF denotes the unit conversion factor. The values of these
parameters are shown in Table 54 [5,6].

Table S4. Model Parameters for the calculation of exposure dose.

Parameters Unit Children Adults
Ingestion rate (IR) L/day 0.7 2
Exposure frequency (EF) Days/year 365 365
Exposure duration (ED) year 12 40
Body weight (BW) Kg 18 60
Average time (AT) Days 4380 14600
Surface area (SA) cm? 6600 18000
Exposure time (ET) h/day 0.25 0.25
Skin permeability coefficient (Kp) cm/h 0.001 0.001
Conversion factor (CF) L/cm? 0.001 0.001

The potential hazard for noncarcinogenic risk of Hazard Quotient (HQ) could be cal-
culated using these equations [7]:

H _ D I Ingestion
angestion - R m (10)
DI
HQDermaI = ﬁ (11)

where RfD denotes the reference dose of specific contamination. The concentration
of B in groundwater samples was found to be high in the study area. According to IRIS
database [8], The RfDs was 0.2 mg/kg/day. The total noncarcinogenic risk was determined
as follows [9,10]:

HI = HQIngestion + HQDermal (12)

where HI is the hazard index. Values of HQ and HI less than 1 indicate that they are
suitable for human health. If the HI and HQ values are greater than 1, the noncarcinogenic
risk is unacceptable [11-13].

The noncarcinogenic risk factor for children ranged from 0.002 to 1.844, with an av-
erage of 0.375, whereas HQ (Hazard Quotient) for adults ranges from 0.002 to 1.580 (Table
S5). Generally, children are at a higher health risk than adults.
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Table S5. Assessment results of health risks based on drinking water intake and dermal contact.

Sample ID HQingestion HQpermal HI
Childern  Adults Childern Adults Childern Adults
LO1 0.004 0.003 9.17E-06 7.50E-06 0.004 0.003
L02 0.008 0.007 1.83E-05 1.50E-05 0.008 0.007
L03 0.047 0.040 1.10E-04 9.00E-05 0.047 0.040
L04 0.004 0.003 9.17E-06 7.50E-06 0.004 0.003
MO01 0.193 0.165 4.54E-04 3.71E-04 0.193 0.165
MO02 0.014 0.012 3.21E-05 2.63E-05 0.014 0.012
MO03 0.181 0.155 4.26E-04 3.49E-04 0.181 0.155
R04 0.002 0.002 4.58E-06 3.75E-06 0.002 0.002
RO5 0.002 0.002 4.58E-06 3.75E-06 0.002 0.002
RO6 0.002 0.002 4.58E-06 3.75E-06 0.002 0.002
RO7 0.010 0.008 2.29E-05 1.88E-05 0.010 0.008
RO1 1.221 1.047 4.03E-03 3.30E-03 1.225 1.050
R0O2 1.839 1.577 4.34E-03 3.55E-03 1.844 1.580
RO3 1.709 1.465 2.88E-03 2.36E-03 1.712 1.467

3. Fraction of Spring Water in River Water

Environmental tracer methods often use water chemical parameters [14], soluble

components [15,16], and isotopes [17,18] to identify and quantify mixing between two
water sources. In study area, the mixing ratio of river water and hot spring water is sus-
ceptible to many uncertainties, such as hidden faults in river channels, the number and
flow rate of hot springs exposed near rivers, and so on.

Using the equation, the B concentrations in a binary system were used to calculate
the fraction (f) of spring water in river water samples from Zhaxikang sampling sites. [19]:

/=, -C)IC,-C,) (13)

where f is the fraction of spring water, Cmix is the B concentration (mg/L) of mixed
river water downstream(R01), Csw is the B concentration (mg/L) of the hot spring(average
of S01, S06, and S07), and C:w is the B concentration (mg/L) of river water from up-
stream(R07). The concentration of B is also controlled by pH, as Figure Sla shows that the
correlation coefficient between B and pH can reach 0.51. It is clear from the well linear
relationship between B, Na, and CI that B is controlled by adsorption/dissolution in
groundwater (Figure S1b & Slc).
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Figure S1. Relationship of the B concentration with other measured hydrochemical parameters.
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