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Source Analy51s and Health Rlsk AsseSSment of Heavy Metals in the Groundwater of

Shijiazhuang =] Typlcal Clty in Nor{h China Plain :
CHEN:HUI« , ZHAQl Xln -yu' (FEHANG Shuai', SONG Yuan- megg.-, LU_,-Meng qi', ZHAO Bo', CHEN Hao-da", GAO Sai', WANG Lin-jing',
/ . - . =
CUI J]‘an-sheng'1 27 ZHANG Lu-lu'** —
(1. College; of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China; 2. Biotechnology Laboratory for Pollution
Control in Hebei Province, Shijiazhuang 050018, China)
Abstract ; Increasing attention has been paid to the heavy metal pollution in groundwater. The source analysis and risk assessment of heavy metals will provide data and method
support for the targeted control of heavy metal pollution in groundwater. In this study, 20 sampling sites were selected in Shijiazhuang City. The APCS-MLR model and health
risk model were applied to analyze and evaluate the pollution sources and health risks of 10 types of heavy metals in the groundwater of Shijiazhuang. The results showed that
(D the mean concentration of heavy metals in groundwater followed the order of Fe >Zn > Mn > Cu > Al > Pb > Cr > As > Cd > Hg, and the mean p(Fe) and p(Ph) were
260.3 pg-L™" and 10.01 pg-L ™", respectively. According to the results of the single factor and Nemerow index, Pb, Fe, and Cd primarily contributed to the heavy metal
pollution in the groundwater. @ The concentration of heavy metals ranged from 47.30 to 2 560 pg+L™". In terms of spatial distribution, the highest concentration appeared
at $3 (2560 pg+L.™"), whereas the lowest concentration was at 89 (47.30 pg+L™"). @) Source analysis results showed that industrial and agricultural activities,
transportation emission, and geological background were the major heavy metal sources, among which the contribution of industrial and agricultural activities was the highest
(47.83% ). @ The industrial-agricultural activities posed a potential threat to adults (HI > 1) ; however, the non-cancer and the cancer risks of other sources for both adults
and children were at an acceptable level (HI <1) and potential threat level, respectively; industrial-agricultural activities were the major source of non-cancer (adults;
52.46%, children; 52.45% ) and cancer risks (adults; 65.22%, children; 65.69% ), among which Cd and As showed high cancer risk. Therefore, to ensure the safety of
the groundwater environment, strictly controlling the pollution sources and further strengthening the risk control of heavy metal pollution in groundwater are necessary.

Key words: North China Plain; urban groundwater; heavy metals; source analysis; health risks
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Hg 1.8 0.000 3 0.001 3
As 1.8 0.000 3 0. 000 1
Cd 1 0.000 5 0.000 5
Cr 2 0. 003 0. 003
Pb 0. 004 0.001 4 0.001 4
Al 10 0.14 0. 14
2 HRESWH

2.1 ﬂﬁﬁkﬁﬁﬁmm SF i
Eﬁ%ié%/ﬁfﬂjﬁﬁﬁ 5,8 Fe >Zn,> Mn >
Cu>Al>Pb>Cr>As>Cd>Hg E’Ji%”(%@,{\
*p(FeWﬂp(Pb)ﬂJ{EﬁwUﬁ 260. 37 gL~ F
10. 01 pg L " P i FES (BT 40, Koo 8 4 -
(ﬁfiﬁ{ﬁi’af&?@%&l&TﬁﬁgﬁrﬁM%FE{EJ
(GB/T 1484&f2017) 0 2 T 2, 52 7 > Mn >Fe
> Cu >Pb >Cd » As > Cr > Al > Hg E’Jiﬁ?—ﬁ“,/\* Zn

VRl Min T RE 7 A T S 5% MR Rl HL o B 7= A Aok

P . IR X R 43 B 4 T B B v 1 s [ A S
(CV >100% ) , uHIE Zn(222% ) . Fe(152% ) . Mn
(144% ) F1 Pb (111% ) , T BHAS [A] SR AE 5 4 @ Wk
FEM 25K, ] REAFAE IR G e

A E - K 4 JE vk B Y (E R 407.2
pg-L~' YL 47.30(89) ~2560 pg L' (S3)[ A
2(a) ] WRAE AN T, 15 Y vk B DTk a5 KA R A
SRR S3 ., S8 Ml S20. LA HE 4 B E S i H
(Bl 2(b)], Fe W B, B &8 Sk 1Y
63.78%; HWK N Zn F1 Mn, 20 5 5 48 MR ER
20. 92% £11 6. 26% .

R4 BREMTKEEBRESFTRIT

Table 4 Analysis of heavy metal concentrations in Shijiazhaung

WH Fe Mn Cu Zn Hg As cd Cr Pb Al

S/ pg- L 260. 2 25.58 11.09 85.50 0. 04 0.93 0.89 2.06 10. 01 10. 42
R/ pg- Lt 1 600 150. 0 42.00  803.0 0.10 2.00 2.10 5.20 39.50 24. 00
/M pg L 20. 00 3.60 0. 80 3.00 0. 00 0.35 0.20 0.20 1. 00 0.58
bR/ pg 17! 397. 1 36.73 9.75  190.0 0.03 0.43 0.53 1.36 11.07 5. 64
5 S R 1.52 1. 44 0. 88 2.22 0.69 0. 46 0.59 0. 66 1.11 0. 54
35S 5.53 5.88 4.22 10.61  -0.88 1.31 1.57 0.34 2.42 0.59
fis £ 2.30 2.41 1.94 3.25 0.08 1.32 1.55 1.10 1.67 0.57
E R M ZAriE/ peg- L= 300.0 100.0 1000 1000 1.00 10. 00 5.00 50. 00 10. 00 200.0
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Fig. 2 Accumulation and proportion of heavy metals in each groundwater sampling site
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¥ ‘1 f I f==Table 5 Average COncent rations oiﬁlwelals in groundwater in different 1reg10n§'I
/ . F T Ve gL
HW@‘Z Fe Mn Cu Zn Hg As Cd Cr Pb Al SCHik
E FIE 260.2  25.58  11.09  85.50  0.04 0.93 0. 89 2.06 10.01  10.42  ABF5
H*JIH:L"!L-; — 93.25 18.21 1.59 0.03 — 1.04 5.50 2.24 — [47]
S — 62. 18 0.57 3.18 0. 65 1.32 — 2.36 0.27  65.32 [48]
KR 27.38  1.21 0.15 3. 60 — 1.20 0.04  21.27 0.30 2.46 [50]
N 103.9  59.47 1.87 — — 50. 13 — 5.26 0.21 — [49]
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2.2 EAJE Uk S ()43 A REAE
TF 5% DX b T 7K 4% 75 4 @ ViR B 1) 4 (8] 43 A3 an 1
AT R S SR (885.7 pgeL7) >
AR (314.9 pg-L7") >0 (232.5 pg-L7") >t
#(97.8 peg- L") M. E4AJE Cd, Cr, Cu, As
FPh Y23 (8] 73 A REAEARARL , Hh B0 AR DX ik i ¢
55, Mn Fll Zn A= e BE R X | Fe | Hg
FAL B v BE AR v T R R R
AN ) 43 8 14 2 TR) 43 A I R — 3%, 24y
TR (E2AURE S3, S4, ST, S13, S14
820 AE) . Hi R (S3 ., S4 1 S20) B BG4 X
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RIHE 153 R /KI5 YA B A B o
2.3 MR KESE G RN

AR EH T K b 4 8 Y B IS e s L P
{H7E0.00 ~3.95 Z [0 ([ 4) ,SFEXME R 0. 25. 4
PAEHET bR B IR B A TS Y
BOOrHIh 6,1 fn2 A BTG YL EEA T S3 Ml S20
FER,Ph ., Fe, Cd JCE & T /KI5 YL F 2 51mkA .
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Fig. 3 Spatial distribution characteristics of heavy metal concentrations in groundwater
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o AR 5 FEAHAL (8 5) . TR0l 3 3l 2 AR 2o K
(LN :52.46%, JL#E .52, 45% ) Fl &0 KU (%
N:65.22%, JLEE.65.69% ) 1) EZ vk &, X v] hE
SR TTAO % B4 & m #EPERY As Al Cd, 5 HAD
HEAJRM L, As 1 Cd 195 CSF AMIE RFD A fE &
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Table 6  Groundwater heavy metal specific sources of health risks in adults and children

A ’ | Lz r ¥
TiH Ee)R ""'r
PCl ~PC2 PC3 , PCl PC2 %
Fe 4.73%107 L4710 1.94x1072  2.25x1072  17.03x10> 9/ 25 x107°
Mn 3.86 x10 72 9.38 x10 2 6.31x1073 /1.83 x 10*{ | 4.45x10 2 2 x107% |
Cu 4.61x107%  1/00x102  1.27x1072 219 xJod ) 477 %107 605 x10° /
S In 1.74 x 102 1. 56.x 102 ~ 4.46x107 | 7. 95410732 7. 14 x1073 2004 ‘x%p ®
— S Hg 3.12%x10 P ¢ 2 18 zll()“:‘ 2.67x107% | ,1 4910~ " 1404 x 102 L27x1073
Aescl g L1 4P 5.33x10 % 1/ 2079410 -2 9.43 x 102 2 5510 2 %.33x1072 4. SI_X_I_O’Z-":;;,:
- [ F a 1.26 10 7 %'»-*" 141 410#‘ 5.32 %1073 5 89%107% . 6.58x107* [ 2.47x10 73
fo T A 5.03 X107 /227107 2.77x107! A alar %0 1lor 10 1731.x10 47
- T Cd 3.36 x 107y 9 61‘|x10 - 6.49x10 | I 60 x10 ! 4,58 x10 72 3.00 x 107
? [ & o 2.69 x107 | risk10-t | 2.s2x1072 A 1.28%10°2 5.62x107 1.19x10°?
iy ¥ - HI™ L1 f 545410 ;—4 94 x10 " 5.27x107! 2.45x10"" 2.33x107!
fe P ¥ As 9.81x10% 4. 42xm-"" 5.39 x10 7 4.68 x10 7 2.11x1077 2.57 1073
A -4 -5 -6 -4 -3 -6
sl R Cd 3.36 x 10 9.61 x10~ 6.49 x 10 1.60 x 10 4.58 x10 3.09 x 10
] Cr 1.56 x10 73 6.85x10° 1.46 x 107 6.94 x10° 3.05x10 77 6.48 x10~°
“it 4.49 x10~* 1.65x107* 7.50 x10 ? 2.13 x10~* 7.64 x10 ° 3.52x10°°
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Fig. 5 Proportion of health risks of specific sources

in adults and children
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Fig. 6 Spearman correlation of heavy metal elements in‘groundwater
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Fig. 7 Rotating the factors of heavy metals in groundwater
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