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Table S1. Parameters used for calculation of water quality index (WQI). 

Parameters wi Wi Si 
(mg/L) 

 

Cr 5.00 [1] 0.16  0.05   
Mn 5.00 [1] 0.16  0.10   
Fe 4.00 [2]  0.13  0.30   
Cu 4.00 [2]  0.13  1.00   
Zn 4.00 [1] 0.13  1.00   
Cd 5.00 [1] 0.16  0.01   
Pb 5.00 [1] 0.16  0.01   

Total 32.00  1.00    
  



 
Table S2. Exposure parameters used for health risk assessment calculations in this study. 

Notes: a1 and a2 in Log-Normal and Normal (a1, a2) defines the average value and the standard deviation for logarithmic normal and normal distribution; b1 and b2 in Uniform (b1, b2) defines the 

minimum and the maximum for uniform distribution; c1, c2 and c3 in in Triangular c1(c2, c3) defines the most likely value, the minimum and the maximum for triangular distribution.

Parameters Unit Probabilistic Distribution Children Adult females Adult males References 

Cw mg L Normal Measured Measured Measured This study 
Intake rate  

 (IR) L/day Normal 50th : 0.6, 
 95th : 1.3 

50th : 1.4,  
95th : 3.4 

50th : 1.6, 
95th : 4.0 [3,4] 

Exposure frequency 
(EF) day/year Triangular 350 (180, 365) 350 (180, 365) 350 (180, 365) [5] 

Exposure duration 
(ED) year Uniform (0, 6) (0, 30) (0, 30) [6,7] 

Average body weight 
(BW) kg Lognormal (19.6, 1.96) (57.59, 8.03) (67.55, 8.72) [3,4] 

Average time of exposure  
(AT) 

day point 365 × ED (non-carcinogenic) 
365 × 70 (carcinogenic) 

[5,6]  

Exposed skin area 
(SA) 

cm2 Normal 50th : 8000, 
95th : 9500 

50th : 15000, 
95th : 20000 

50th : 17000, 
 95th : 20000 

[3,4] 

Skin permeability 
coefficient 

(PC) 
cm/h point 0.002 (Cr), 0.0001 (Mn), 0.001 (Fe and Cd), 0.0006 (Zn 

and Cu), 0.00004 (Pb) 
[8-10]  

Exposure time 
(ET) 

h/day Triangular 0.20 (0.13, 0.33) 0.20 (0.13, 0.33) 0.20 (0.13, 0.33) [11,12]  

Unit conversion factor 
(CF) 

L/cm3 point 0.001 0.001 0.001 [13] 

Average Life（L）  a Fixed value 70 70 70 [10] 



Table S3. Values of reference dose (RfD) and carcinogenic slope factor (CSF) in different pathways. 

 

 

 

 

 

 

 

Note: n/a not available. a.[14]; b. [10]

Parameters Cr Mn Fe Cu Zn Cd Pb RfD  3.00×10−3 a 1.40×10−1 b 7.00×10−1 a 4.00×10−2 a 3.00×10−1 a 5.00×10−4 a 1.40×10−3 a RfD  7.50×10−5 a 8.00×10−4 b 1.40×10−1 a 8.00×10−3 a 6.00×10−2 a 2.50×10−5 a 4.20×10−4 a CSF  4.10×101 b  – – – – 3.8×10−1 b 8.50×10−3 a CSF  5.00×10−1 b  – – – – 6.10 b n/a 



Table S4. Uncertain concentration (ug/L) of heavy metals (HMs) in groundwater of Hainan Island. 

Parameters Probabilistic distribution Parameters（mean, SD） Reference 

Cr Lognormal (6.52, 3.12) Metal specific 
Mn Lognormal (175.39, 572.48) Metal specific 
Fe Lognormal (36.57, 88.90) Metal specific 
Cu Lognormal (1.57, 1.46) Metal specific 
Zn Lognormal (22.94, 27.99) Metal specific 
Cd Lognormal (0.05, 0.07) Metal specific 
Pb Lognormal (2.17, 3.59) Metal specific 



Table S5. Principal component analysis of heavy metals in groundwater of Hainan Island. 

Component 

Initial eigenvalues  Extraction sums of squared loadings  Rotation sums of squared loadings 

Total 
% of 

Variance 
Cumulative %  Total 

% of 

Variance 
Cumulative %  Total 

% of 

Variance 
Cumulative % 

1 2.19  31.24  31.24   2.19  31.24  31.24   1.82  26.04  26.04  

2 1.28  18.34  49.58   1.28  18.34  49.58   1.49  21.22  47.26  

3 1.12  16.02  65.60   1.12  16.02  65.60   1.28  18.34  65.60  

4 0.95  13.53  79.13   — — —  — — — 

5 0.78  11.12  90.26   — — —  — — — 

6 0.35  5.04  95.29   — — —  — — — 

7 0.33  4.71  100.00   — — —  — — — 

Note: “—” characteristic root component is not less than 1 and rotation. 



Table S6. Summary statistics for 5th, 25th, 50th, 75th and 95th percentile non-carcinogenic and carcinogenic health risk based on Monte Carlo simulation using Crystal Ball (vs. 

11.1.2.4). 

 

Risk Metal 
Adult males   Adult females   Children 

5th 25th 50th 75th 95th  5th 25th 50th 75th 95th  5th 25th 50th 75th 95th 
HQ Cr 2.56×10-3 1.25×10-2 2.45×10-2 3.72×10-2 5.27×10-2  3.43×10-2 4.36×10-2 5.09×10-2 5.90×10-2 7.12×10-2  4.35×10-2 5.47×10-2 6.32×10-2 7.16×10-2 8.41×10-2 

 Mn 1.30×10-3 6.29×10-3 1.24×10-2 1.88×10-2 2.67×10-2  1.74×10-2 2.22×10-2 2.60×10-2 3.01×10-2 3.65×10-2  2.14×10-2 2.71×10-2 3.14×10-2 3.56×10-2 4.23×10-2 
 Fe 5.26×10-5 2.55×10-4 5.01×10-4 7.61×10-4 1.09×10-3  7.07×10-4 9.00×10-4 1.06×10-3 1.23×10-3 1.49×10-3  8.62×10-4 1.09×10-3 1.27×10-3 1.44×10-3 1.71×10-3 
 Cu 3.93×10-5 1.91×10-4 3.74×10-4 5.69×10-4 8.12×10-4  5.29×10-4 6.73×10-4 7.90×10-4 9.17×10-4 1.11×10-3  6.44×10-4 8.15×10-4 9.47×10-4 1.08×10-3 1.28×10-3 
 Zn 7.65×10-5 3.71×10-4 7.29×10-4 1.11×10-3 1.58×10-3  1.03×10-3 1.31×10-3 1.54×10-3 1.79×10-3 2.17×10-3  1.25×10-3 1.59×10-3 1.84×10-3 2.10×10-3 2.49×10-3 
 Cd 1.04×10-4 5.05×10-4 9.94×10-4 1.51×10-3 2.14×10-3  1.40×10-3 1.78×10-3 2.08×10-3 2.42×10-3 2.93×10-3  1.72×10-3 2.17×10-3 2.52×10-3 2.86×10-3 3.40×10-3 
 Pb 1.54×10-3 7.48×10-3 1.47×10-2 2.23×10-2 3.19×10-2  2.07×10-2 2.64×10-2 3.10×10-2 3.60×10-2 4.37×10-2  2.52×10-2 3.19×10-2 3.71×10-2 4.22×10-2 5.02×10-2 

HI Total 5.65×10-3 2.76×10-2 5.42×10-2 8.23×10-2 1.17×10-1  7.61×10-2 9.68×10-2 1.13×10-1 1.31×10-1 1.59×10-1  9.46×10-2 1.19×10-1 1.38×10-1 1.57×10-1 1.86×10-1 
ILCR Cr 1.62×10-6 7.89×10-6 1.55×10-5 2.36×10-5 3.36×10-5  2.19×10-5 2.79×10-5 3.27×10-5 3.80×10-5 4.61×10-5  5.32×10-6 6.74×10-6 7.83×10-6 8.90×10-6 1.06×10-5 
 Cd 1.20×10-10 5.83×10-10 1.14×10-9 1.74×10-9 2.48×10-9  1.61×10-9 2.05×10-9 2.41×10-9 2.79×10-9 3.38×10-9  3.96×10-10 5.00×10-10 5.81×10-10 6.59×10-10 7.83×10-10 
 Pb 1.12×10-10 5.44×10-10 1.07×10-9 1.63×10-9 2.32×10-9  1.51×10-9 1.92×10-9 2.26×10-9 2.62×10-9 3.18×10-9  3.67×10-10 4.65×10-10 5.40×10-10 6.14×10-10 7.31×10-10 
TCR Total 1.62×10-6 7.89×10-6 1.55×10-5 2.36×10-5 3.36×10-5  2.19×10-5 2.79×10-5 3.27×10-5 3.80×10-5 4.61×10-5  5.32×10-6 6.74×10-6 7.83×10-6 8.90×10-6 1.06×10-5 



Table S7. Non-carcinogenic and carcinogenic health risk via different pathways. 

Risk Metal Adult males  Adult males  Children 

  Ingestion 
Dermal 
contact 

 Ingestion 
Dermal 
contact 

 Ingestion 
Dermal 
contact 

Non-
carcinogenic 

risk 

Cr 2.16×10-2 4.02×10-3  4.41×10-2 7.56×10-3  5.22×10-2 1.11×10-2 

Mn 1.24×10-2 5.06×10-4  2.54×10-2 9.53×10-4  3.01×10-2 1.41×10-3 

Fe 5.18×10-4 6.03×10-6  1.06×10-3 1.14×10-5  1.26×10-3 1.67×10-5 

Cu 3.89×10-4 2.72×10-6  7.97×10-4 5.12×10-6  9.43×10-4 7.55×10-6 

Zn 7.59×10-4 5.30×10-6  1.55×10-3 9.97×10-6  1.84×10-3 1.47×10-5 

Cd 9.92×10-4 4.62×10-5  2.03×10-3 8.69×10-5  2.40×10-3 1.28×10-4 

Pb 1.54×10-2 4.77×10-6  3.15×10-2 8.98×10-6  10 1.32×10-5 

HI 5.20×10-2 4.59×10-3  1.06×10-1 8.63×10-3  1.26×10-1 1.27×10-2 
Carcinogenic 

risk 
Cr 1.62×10-5 9.22×10-10  3.32×10-5 1.73×10-9  7.87×10-6 5.12×10-10 

Cd 1.15×10-9 4.31×10-11  2.36×10-9 8.12×10-11  5.59×10-10 2.39×10-11 

Pb 1.12×10-9 -  2.29×10-9 -  5.43×10-10 - 

TCR 1.62×10-5 9.65×10-10  3.32×10-5 1.82×10-9  7.87×10-6 5.36×10-10 
  



Figure S1. Spatial distribution of the concentrations (ug/L) of heavy metals in groundwater in study area. 



Figure S2. Spatial distribution of (a) the water quality index (WQI) and (b) pollution evaluation index (PEI). 
  



Figure S3. The country's key monitoring enterprises in Hainan province in 2015. 
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