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Abstract: It is of great significance for groundwater drinking safety and risk control to scientifically evaluate the health risks of
heavy metals in groundwater and identify the main risk factors. 14 sampling sites in a typical region of North China were selected
as the research object according to the topography and flow direction of groundwater. From 2017 to 2019,122 groundwater samples
were collected and Cr® | Cd, As, Mn,Fe, Cu,Hg,Pb,Se and Zn in the samples were analyzed. The sources and risk factors of
heavy metals in groundwater were clarified by combining multivariate statistical analysis with health risk assessment model. The
results showed that;DThe mean concentration of heavy metals in groundwater in the study area was p(Fe) > p(Zn) > p(Mn) >
p(As) >p(Se) > p(Cu),and the other elements were not detected. According to the comprehensive pollution assessment, the
overall quality of groundwater was good. @1In terms of spatial distribution, the concentrations of As (5.04 wg/L),Mn (4.36
ng/L) ,Fe (18.52 pg/L) and Cu (0.38 pg/L) were the highest at S12,Se was the highest at S5 (0.52 pg/L) ,the highest
concentration of Zn was at S4 (12.88 wg/L). @Multivariate statistical results showed that the sources of As,Cu,Fe and Mn
might come from industrial activities probably, and the source of Se might be geological origin. @ The results of health risk
assessment showed that children were at the higher risk than adults, drinking water was the main way of heavy metal exposure,and
the main potential risk came from As. In order to ensure the drinking safety of groundwater, As should be taken as the priority
control index to strengthen groundwater protection in the future.
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Fig.1 Distribution of sampling sites in the study area
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Table 2 Parameters of health risk assessment model
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BW AH - ke AT BEEHME d
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EF T AT R 350 d/a C, A8 0T R S wg/L
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Table 3 Values of parameters related to the health risk assessment model
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KoK i KRB & E KoK ik #& KRR B RE
As 1.8 1.5 3.66 — —
o 2 41 41 — —
cd 1 6.1 6.1 — —
Fe 0.1 — — 0.3 0. 045
Mn 0.1 — — 0. 046 0.001 8
Cu 0.6 — — 0. 04 0.012
Se 1 — — 0. 005 0. 005
Zn 0.6 — — 0.3 0. 001
Hg 1.8 — — 0. 000 3 0. 000 3
Pb 0. 004 — — 0.001 4 0. 000 42
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Table 4 Analysis of heavy metal concentration in groundwater

i H [E%: K th Y/ (pe/L) FHME/ (peg/L) 5 F A % i Ji£ W Jig
1X 0.34~1.38 0. 69+0. 29 42.0 0.93 0. 00

As i X 0.23~1.51 0.67=0. 28 41.8 0.88 0.89
X 0.38~8.21 1.94+2. 04 105 1.99 3.00

X 0.54~13.20 3.35+2. 84 84.8 1.26 0.93

Fe i X 0.90~79. 60 7.30+12. 25 168 5.32 31.26
X 0.90~41. 00 9.98+9. 82 98. 4 1.26 1. 11

X 0.09~2.04 0. 54x0. 47 87.0 2.08 4.38

Mn it X 0.07~3.90 0.88+0. 83 94.3 2.11 5.15
I X 0. 07 ~20. 40 2.20+4. 17 190 3.57 12.59

X 0.09~0.58 0.23+0. 13 56.5 0. 88 0.56

Cu X 0.09~0.51 0.21+0. 11 52.4 1.04 0.78
X 0.09~1.24 0.32+0.29 90. 6 2.02 3.59

[ITRES 0.09~0. 60 0.36=0. 15 41.7 -0.27 -0.90

Se X 0.09~0. 84 0.39+0. 17 43.6 0.08 0.43
g X 0.07~0.98 0.34+0. 20 58.8 0.51 0.65

X 0.80~18.20 3.70+4. 44 120 2.13 4.49

Zn 3 X 0. 80~ 68. 00 6.81£14.38 211 3.72 13.76
FJE X 0.80~19. 40 3.25+3.93 121 2.43 6.42

1. Cr°" . Cd Hg .Pb KA,
p (Mn)/(ng/L)

(a) As¥BE B 22 5} (b) M £ ) 2 7] 43 A

p (Fe)/(ng/L) p (Cu)/(ng/L)
o 1852

B 20

(c) Fe J& f) 25 7] 43 A (d) Cud JE 28 ) 43 477

p(Se)(ng/l) p (Zn)(ng/l)

] :0.52
B 5204

(¢) SeHEMIZE WA L (f) Zn¥k BE B2 W3
B2 TAkEEERENZTEANG

Fig. 2 Spatial distribution of heavy metal concentration in groundwater
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Fig.3 Change of heavy metal concentration in groundwater in different seasons
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Table 5 Principal component analysis results of heavy metals in groundwater

Py jwﬁé%iﬂ%i A %Exfdiﬁjﬁﬁﬂl A ﬁi’f&iﬁﬁ%ﬁ%ﬂ
FAEE T2 E /% RBUTRE/%  HIEE RN/ % RBUSURE/%  FEE rEE /% RRTTRE/ %
1 3.366 56.107 56. 107 3.366 56.107 56.107 3.358 55.971 55.971
2 1.252 20. 869 76.976 1.252 20. 869 76.976 1.260 21.004 76.976
3 0.724 12. 063 89. 039 — — — — —
4 0.332 5.534 94.573 — — — — —
5 0.218 3.627 98. 199 — — — — —
6 0.108 1. 801 100. 000 — — — — —

T =" FORFHEE/N T 1B R Bl ER ORI R

*k6 MTAKEERTHEEFHG
Table 6 Heavy metal factor
loadings in groundwater

HEB/ITR EMA 1 Eua 2
As 0. 890 0.119
Mn 0.933 -0. 195
Fe 0.758 0.225
Cu 0. 867 -0.033
Se -0. 465 0.777
Zn -0.402 -0.738
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KR EERREER, X5 TRAS bt
WIS A RARE L peah, L A £ R X
W2 BN 1.4 A% BT L EE X MR K 4 s
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] 220 K (1.0x107%) 200 i3 WY 19 o 2 58 34 12 T
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Table 7 Health risks posed of heavy metal through drinking water

and skin penetration in groundwater

Hom - s 1 X I X - JE X
A L # PN L # A JL#
Mn 3.69%107"° 5.34x107"° 6.01x107"° 8.70x107"° 1.50x107° 2.17x107°
Fe 3.51x107"° 5.08x107"° 7.65%107"° 1.11x107° 1.05x107° 1.51x107°
K Cu 1.81x107"° 2.61x107"° 1.65x107"° 2.39%x107"° 2.51x107"° 3.64x107°
Se 2.26x107° 3.27x107° 2.45%107° 3.54x107° 2.14x107° 3.09%107°
Zn 3.88x107"° 5.61x107"° 7.13x107"° 1.03x107° 3.40x107"° 4.92x107°
380 Mn 4.88x10° " 4.55%10° " 7.96x107"2 7.41x107" 1.99x10°" 1.85x10°"
Fe 1.21x107" 1.13x107"2 2.64x107" 2.46x107" 3.61x107"7 3.36 x107"?
EIKAEL  Cu 1.87x107"2 1.74x107"2 1.71x107"2 1.59x107" 2.61x107"2 2.42x107"
Se 1.17x107" 1.09x107" 1.27x107" 1.18x107" 1.11x10™" 1.03x10°"
Zn 3.62x107" 3.36x107" 6.65x107" 6.19%x107" 3.18x107" 2.95 x107"
U B 3.61x107° 5.19%x107° 4.79%107° 6.88x107° 5.35%x107° 7.70x107°
ok As 3.25%107° 4.70x107° 3.16x107° 4.57x107° 9.15x107° 1.32x107*
Fom KRAE As 7.40x1077 6.89x1077 7.19x1077 6.69x107’ 2.08x107° 1.94x10°°
RN oA 3.33x107° 4.77x107° 3.23x107° 4.64x107° 9.35x107° 1.34x107*
2.5 Wit F2 RS W 5T, I X Ml T K O A X R B A R

W58 DX 7K b G A0 v RE R (BT
ARG bR iE) (GB/T 14848—2017) I 28 Ar #fiE i
(B, R WIIF 5T DX 3B T 7K 3R 458 5 4k Ak 7 W] 455 22 14 2
EEEN, SR E RN R, As 23R
DX T /KK g £ 2 A 1 S AR XAt ek
FAEE (3R 8)  WIFFE X0 R 7K i As i 9 BEAIG T JiR
G5t AR TR R F R AR A ) 43
A REAE , T 7K Y As B 9 R o (L 32 200 A 1 Tl
A LB R S SR T R YR BT 4 R R
FEEORIET Tolk A 7= 05 3, B, s s Tolk A
PR IR RO AR

*x8 WHHEHNBEESRREIL
Table 8 Comparison of carcinogenic heavy metal
concentrations in groundwater with other cities

pg/L
BT/ X 3k As Cd cr® Z7% Wk
Al Y [X 35, 1.22 A e A ABFFE
ARIE 0.93 0.89 2.06 [13]
R 57 3.54 22.60 KA [37]
A 0.35 0.22 39.11 [28]

R K As YW BARAN B i TR
A i AP 20 fdt R AU TEAL & B, R IX A RE A
B VAR B AU, B AT DX 8 T KA A AU [
TR As, 5EEY (Cd) FIZRZE (Cr® ) HL R /K 1) E 2
it BREJRURS: (R ¥~ A7 7E 25 5 R It ASUAR 30 7K B s 1
AN J2 DA E Hb R K B TR 4 A P 5 T AT RE 23 22
PR S0P 4 J T A B 1 e RS K B IEAN
o 74 TR fe R JXU S T A1 35 SR U R 52 i IR K 28 4 1)

Ab B P S AT, AR S A R B R EROK
Lk,

it B AR AR IF S AL IE L T & K IR
MR D B I R A A — S R PR AR o XU B A1 A8
RUSR B 2 8045 92 Br KBS N RE 9 F 2 2% B )
AR RAE S SRR SR AR AP AR 2 5 OF B
PE RO B R OKR BB &ad ARk T AL
B2 L0 O S =RV T - DR v B e |
U, 24 iR A 5 DX T K R R R X
B AL b U AL T 00 28 Bir B, ib 5 AR S R B T
e Rt — 258 %

3 4hip

1) BF 5 DX 30T A7 4 R KRR 5 b 1 B4 R Uk
FE YR M (b R oK BT i AR HE) (GB/T 14848—
2017) 12 b o BRAH, 3= W BIF 5% IX M T 7K 35 5% 5
AL TR SN, DESE X iR K 4
JEWRE N R FE MM 257, As Mn Hl Cu
8 Ve B R S P AR AR e e R ALE , S12 SR A
Sb Vi FE A fie =5 . Se 19 25 8] 43 A St B o 7 S vk
JE 1, S5 SR 54 1 VR B B

2) W5 DX M R K R 4 R U R ZE T AR L
FLOEBWE RS, WAL A TR SR R
X 38§ 1R K K 5 A

3) X b K R 4 JE o0 F AT A DG 4
BE A 2 8 50 43 BT, 45 A FE 4 JE O K 25 18] 4 AR AR
EPT HEWT . As  Cu.Fe Al Mn F E R T Tk 4
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