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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] This paper collected 34 surface soil samples to analyze and determine the concentrations of eight heavy metal, including
Hg, Cd, As, Pb, Cu, Cr, Zn, and Ni. The objective was to characterize the heavy metal pollution in the soil around a gold mine,
identify the sources of heavy metals in the soil, and conduct a risk assessment. [Methods] Correlation analysis and principal
component analysis were used to explore the sources of heavy metals in the soil. Single pollution evaluation and geo—accumulation
index method were employed to determine the degree of pollution. Potential ecological risk assessment and human health risk
assessment methods were utilized to evaluate the risks. [Results] (1) Only three point source pollutions were found in the study area:
one for Hg contamination and two for Cd contamination. (2) Nickel, chromium, and arsenic mainly originated from soil parent
materials, while lead, cadmium, zinc, and mercury primarily came from mining activities. Copper was derived from both soil parent
materials and agricultural activities. (3) Some localized areas demonstrated high potential ecological risks, mainly due to Hg and Cd,
while other elements posed minimal risks. (4) Human health risk assessment indicated that the heavy metal elements in the soil did
not pose significant health risks to humans. [Conclusions] The soil around the gold mine was influenced by mining activities and
exhibited localized pollution, albeit at a low level. The risks were manageable, but monitoring and assessment of heavy metals in this

area should be strengthened.

Key words: gold mine; soil heavy metal; pollution level; source analysis; risk assessment; environmental geological survey
engineering; Jiaodong Peninsula

Highlights: Heavy metal contamination of soil around a gold mine in Jiaodong Peninsula was studied, the sources of heavy metals in
soil were analysed, and potential ecological risk evaluation and human health risk evaluation were carried out.
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Fig.1 Location of the study area and distribution of soil sample sites
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Table 2 Evaluation standards of the geological
accumulation index assessment
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Table 4 Calculation parameters of human intake of heavy metals
% & N7 . Sy
S5 X LA TN i Hd kIR
IngR HHZOEA LR mg/d 100 200
InhR 5 H PR N 35 m’/d 14.5 75
ABS B B R TN 0.01 0.01
ED TR a 25 6
BW Pk kg 56.8 15.9 USEPA. 2011
B¢l e 9125 2190
AT Ee THEENK d 26280 26280
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Table 5 Reference values of RFD and SF

i RFD/(mg-kg'-d™) SF/(kg-d-mg™")

o ZOEA TN B ZEEIN LN BB
As 3x10™* 1.5x107° 3x107* 1.5 43x107 1.5
cd 1x1073 1x107 2.5x107° 6.1 6.3 6.1
Cr 3x107 2.55x10°° 7.5%10°° — 42 —
Cu 4x1072 — 4x107 — — —
Hg 3x107* 3x107* 2.1x10°° — — —

Ni 2x107? 2.3x107° 8x107* — 0.84 —
Pb 3.5%107° 3.5%107° 5.3x107 — — —
Zn 3x107! — 3x10™ — _ —

3 LR

3.1 TIEEERMERHE

Pl 2 B9 IX 4 4 Jm U 3R & R pH {E 2>
Al . HEAL AL (1) I He BR 1A S S {E S
Sb, & X E B34 2); (2) LR Cd. Pb 1 Zn 3
LA TER &R e R, HEAES; (3) TR
Cr Al Ni 75 SRR LB EL; (4) JCZ Cu F1 pH {H

PRI 5 DX 25 A A oo L XA ABL; (5) R 22 B30 IX 38 iy
pH {E1E 5.0~7.4,

a3 6 FIIE 3 A, FERF SR IX 1Y -, 4%
AR ITRAE T & i 0 T B (A 4 A 1 KU
i e, +4E0 pH “F-HME 6.31 5 5L{H 6.45 K3
A4, PRI R R i R 2 B H s Y, 1
Pb I Zn PP 43 J8 JC 3 19T 1 3 o s 5 7 o
{8, 43 S S 25 A AY 113 751 1.05 4%, Holoo

Pl 2 F5EIX e G Jm TR & A pH {ELM i 4]

Fig.2 Distribution map of soil heavy metal content and pH values in the study area
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Table 6 Characteristics of soil heavy metal concentration in
the study area

- N A5 GEy
JUE RUME ROKE CTIE bR % (PEZE 5355,
N 0

2019)
As  L13 919 453 257 5682 64
Cd 003 039 0098 0077 7862 0.117
Cr 148 953 3854 1626 4219 57
Cu 455 415 1805 1L12 6159 26
Hg 0.00658 2415 0.101 041 405.53 0.034
Hg* 0.00658 0.109 0.031 0.024 77.69 0.034
Ni 333 479 1517 920  60.62 24.6
Pb 136 859 3087 1481 47.99 272
Zn 34 157 6329 2687 4245 60.4
pH 475 808 631 091 1449 6.45

VE: Hg* NSIFR o A 5 7 s A BBl & By
mg/kg.

EITFH &R RE. TR Hg fAE— IR
RURESH, NS SR .

A5 FZB(CV) EbriE 2 5 AR . A8
SRBEMK, BWE BRI TR LR
A AR R s, R 32 N DR 3R 045 e A (A
45,2023) . —MEIA R, CV<10% R 55485, 10%<

CV<100% J AT, CV>100% F5EA 5. M
Fon LA, B XN 8, ZmERE A
SR, Hg JCE 7R S5 RECH T 400%, J& T A8 55
HATCR AR R BUE 42.19%~78.62%, Y8 T+
FARR . HREERE A5, Hg ot R B R RN
77.69%, {LIK T Cd(78.62%) . itk BF 5% X+ 338
1 ICE Hg Al Cd 1 5340 52 N 25T 3 14 52 i A )
L2 N
3.2 HIEEEEAIKIEN T

i1t Pearson AHOCH: A HT AT IR ST B 48 TR
(R, 47 B 4 JE 0 2 2 18] HAA A DG, Hok k]
REARTA], S Z R IEAS ] (FhEAESE, 2022) o BFFREIX.
+ 4 )8 JC & Y Pearson AH oMM gh (£ 7)
Wn: JLER Ni fl Cr Z [ LL K e E Pb Ml Zn Z [H]
B W5 AH M (0.8<|r<1); JEZE Pb 5 Cd Z ],
PAKIEE Cr'5 Cuz [a] 8l T 3 AH P (0.6
[<0.8); JLE Ni 5§ Cu. As Z [ H M KX R,
JLER Cr5 As ZMH], JTE Cd 5 Zn Z AL 245
X F (0.4<[<0.6); (HIF—HRAUZE, TR Cu &

m PE{H Average value @ KK 7% Risk screening value M 5{H Local background value

TEe 1 hHETY pH oy 6.45, DRI A% 1 2 J8 76 2% KB i 5 (e 158 Y 5.5 < pH<6.5 o I )

Note: 1. Since the average pH of the soil is 6.45, the risk screening value of each heavy metal should

200
150
an
=
on
g
1
ﬁ 100
[
<
L
50
0
Zn Cr Pb
2. Hg JE R A B i s B 5 5 2 I R o
be the value corresponding to 5.5<pH <6.5;

2. The data of Hg was obtained after removing the single point with the high value.

wn &}

4 B & i/ (mg/kg)

0.5
0 Hg Cd
Ni Cu As

Pl 3PS IX P G i LU AR ]

Fig.3 Bar chart of soil heavy metal content in the study area

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(5)


http://geochina.cgs.gov.cn

1492 3l s Jit 2024 4
F 7 TEEREILER Pearson HHXES T
Table 7 Pearson correlation analysis of soil heavy metals
JESES

As Cd Cr Cu Hg Ni Pb Zn pH
As 1
Cd —0.014 1
Cr 0.428* 0.003 1
Cu 0.043 0.341%* 0.629%* 1
Hg —0.028 0.101 —0.012 0.288 1
Ni 0.458%* 0.030 0.944%%* 0.524%** —0.034 1
Pb —-0.099 0.629%* —0.263 —0.121 0.023 —0.187 1
Zn —-0.079 —-0.079 —0.043 0.150 0.319 0.037 0.815%* 1
pH —0.184 0.265 0.170 0.365* 0.012 0.135 0.079 0.120 1

W HORTE0.0L U (RURD , AHSRIERZE; *ATE0.05 403 (W) , MRMR.

ME— 15 pH HAG MR I E, (HALE 554 e .
HARTCER Z I AP EA I B

B/ i Rl 23 M V2 [ R B S w1 Rl R 9 =1 V-
BRI, 3T Pearson AH I T AN EE SR, 12 FH 3L
Gy T, AT I K OT 22 e b B8, XA oR X+
b B 4 8 T R AT TR o BT, 45 R WL 8.
Hirp, KMO #5608 0 0.548, 235 Hh 0.000, 2B
PSS AT BT o SRBOL R RRIEE K F
1 F 85y, BIET 4 A2y, HoApr s R stk A
i b PR 5 RFRTTRR R 84.373% . PRI FE A%
a3 1~4 FEFT TS, JEA BT LA FR e 5 s 1
BaES

FEW 1 FEE TR A Ni A Cr, HRH
As fil Cu, M1 Ni. Cr. As Fl Cu X 4 o Z7EWF
¢ X 3 & A Y E A N T S, BAR S
RECEBAK, BIIGIAN F RS 1 32013 3 A 52 )
BN, R FSRTR, EEORVE R R

F A 2 FEZITE A Pb, Cd Ml Zn, H:
1, JGE Pb Ml Cd 1T & G W8 1 75 5 (A, 7T RE
EANHREIE. TR EENST ST Y

RS TEEESERLRENS O

Table 8 Principal component analysis of soil heavy metals

izt FR1 T2 FH3 F R4
As 0.634 0.024 -0.557 -0.106
cd 0.102 0.807 0.268 0.028
Cr 0.953 -0.101 0.133 0.023
Cu 0.615 0.081 0.528 0.396
Hg -0.013 0.104 -0.026 0.965
Ni 0.945 -0.02 0.050 -0.026
Pb -0.200 0.935 -0.050 -0.091
Zn 0.008 0.892 0.010 0.259
pH 0.122 0.135 0.843 -0.079
FFIEE 2.647 2.368 1.394 1.184
EH/% 29.411 55.725 71.219 84.373

SHEET, BT DT LA AR, NI AE AT
B A = s AR, B R LL Pb, Cd Fl Zn R EREH 4
JEi5 Y, Bt =MocE M E XA E A, 50
AAEH L IG B IX BT . P =48 2 R IR
FNRE, FER AT L0 RIEE NP =4 0%
R

FHLAr 3 EE L A pH (H, 1% F s
R EEICRE Cuo ZEVIRMF, 2 R 2 ic B %
IR W (BB . A=K 7K, W = VR ok R
I, BRI HE . B TR 2 W R, et
W /R Z WA Cu oGRS pH HEA ALY & H
X R Z —, S CutER S pH [HEA—EM
K. P, a5 3 B KR, EERA T
A & Sl 2T EAE o

TS 4 P EEICRIE He, h FHUSSES
FILTFATIRE FH AR =248, L 3 oy 4 o AR
U8, BRI HE it — 44347 o

g Lk, AT X 3, E2Ok HF k)
JRIICE & Ni, Cr il As, EE K H TG s
JLEJE Pb, Cd Ml Zn, JGFE Cu WRIE IR A TR (B
ok HF R, #orok A FARLTE ), TR
Hg MR SE AR
33 TEEEENITLERE

HIEE SRS YRR, B L E 4
J& S SEE S S5 0 e E T e . BEE
O A W N R LR A S 7 N B N 1
4 BT e XU SRR LA XU 075 e 1S, Al
B (GIENS A, nT LU+ 15245 B £
A, B AT A TS Y DL

- 4 JE HIT S Y KU P 45 R B, TR
FESH 0 4 A R KU A, A 1 1R
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i Hg JCER M & 1 (R 5% 554k, C=2.415 mg/kg)
Mt T XU TR e 1 (S=1.8 mg/kg), HA 2 HHFE S
CdIt & M & & (C 4 34 0.396 mg/kg Fil 0.326
mg/kg) I T RS T (E (S=0.3 mg/kg), HAAE
FIPE S5 S35 R TE RS o PRI, DA b o3 2845 B Y
FABRAE, WH9E XN Y R BRI, 5
A iE B A SC Y Cd TE R AEWFIE X AR A A k3 3
X BT AFAERR S Y, 75 1AL Heg TR Hiis 4L,
SMAKRERE T G XU AT 42

FH T 4% 51 4 R JT 2R %) XSS 7 6 (B X e v T 24
M5 B (8] 3), AT EAEAE A S H AT 4521,
ToEWER Bos MR X N EIEP E S B TR N E
BEAFOL. P, R BB E0L, DL M el
YERSZEHATIANY, AT LAVREMNX — A2 .

R Hh 3R AR F8 B0 1 4 PPN 45 R, Hg oo R
A1 AERE S A TS G (1,,=1.10), T AbFE (Hg oT
e (B ) AR TG G (1,,=5.57) s HARAE il 4
T (L,<1) o WFFEIX L3 Hg JTTR YA 52 A2E
T 20 00 52 e AH A K, 5 728 S R AR 1 45 R
—3.

3.4 TESESEMNREIEN

MAEE SR TE NS EIA R e R ER, 1T
B2 0T R I PR B N A — i 3 . W AE
AR FEH T I ES BT EXNESR
Gryfe s AU O A PT REME SRR RE o T A AR I XL
B PPH 32 28 F T 0P 32 4 iR o0 26 A A fi B i ol
AFIER ] BETE SRR R (1 B 525, 2021)

3.4.1 B A B RETRN

PN B g T O € 0 e N v T

BFKFE, XX 3% %, As. Cr. Cu. Ni, Pb, Zn X

6 FiEE 4 Jm o0 2 A A A XU 48 B i FAIK (B Y e
KN 15.79), & THRALRE M GH; Cd TTR AT
1Ak & A 2 AU A 2 A i A= S XU (B, B fe KA
4 101.54); Hg JCRAFLE 4 A AR L 3 Abik
A SRR AT 1 AR 5 AR S RS (Hg Je & S 5%
M, E=2841.18).

8 i HE 43 J& O R MY Z5 5 T A AU A ) s
A 1R R B0 T s A A A (Hg TTER SE
B AL, RI=2899.66) 5 HARAE i K o 2 l—rh 45 XU,
Horpr, v &5 XU AR AL ECH 300, KU £k A T
Hg L R Al Cd It &, H 4y 30 144 F¢ &L 33 B il
RS

Zi I, WFoR X 3 B 4 R T R R A IR AE
A SRS 2 IR, He JC R B DTk e i, Cd TR T
R RS B, A TR A B AFELE R .
3.4.2 A R

XIHFE X 4 3 4 JE O R A R TR
M FILE RS0 H $ A = G LR 9, #um H
A REOLILEE 10,

MR X, [/ —FE 4R TR, it AR
AR H AR, T2 BUERA ST Z
IE B AR, AL #E R BN ADD,, >
ADD,y.,>ADD,, o TE[R—#& AZET, WAFILE
MEEELSECRESIEABA I RAN
Zn>Cr>Pb>Cu>Ni>As>Hg>Cd, i H A & R
A Cr>Ni>As>Cd. [, Joig ik & L, H+
e 4 Jm W BUE AR BUR ) FEERR AR A H
- J N

XI5 X A 48 v 1 4 B e R AR O
JLEE) 77 AR g KU A TIE A . o, EEUE R

xR ARXIEESETREBERENE

Table 9 Non-carcinogenic daily intake of soil heavy metals in the study area

— % ADD iing ADD iinh ADD iderm ADD

LA N LI TN L TN Lk N L
As 7.64x107° 5.46x107° 8.15x107"° 1.51x107° 1.08x1077 5.89x1077 7.75%x10°° 5.52x107°
Cd 1.65%1077 1.18x10°° 1.76x107" 3.25x107" 2.32x107" 1.27x107" 1.67x1077 1.19x10°¢
Cr 6.51x107° 4.65x10™* 6.94x107° 1.28x10°% 9.16x1077 5.01x10° 6.60x107° 4.70x107*
Cu 3.05x107° 2.18x107 3.2x107° 6.00x107° 4.29%x1077 2.35x107° 3.09x107° 2.20x107
Hg 1.70x1077 1.22x10°¢ 1.82x107" 3.36x107" 2.40x107° 1.31x10°% 1.73x1077 1.23x10°¢
Ni 2.56x107° 1.83x107 2.73x107° 5.05x107° 3.61x1077 1.97x10°° 2.60%x107° 1.85x107
Pb 5.21x107° 3.72x10°* 5.56x107° 1.03x10°% 7.34x1077 4.01x10°° 5.29x107° 3.76x10°*
7n 1.07x10™ 7.63x107* 1.14x107% 2.11x107% 1.50x10°° 8.23x10°° 1.08x107 7.72x107*

ADD 2.88x107* 2.06x1073 3.07x107° 5.68x10°° 4.06x10°° 2.22x107° 2.92x107* 2.08x107
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Table 10 Carcinogenic daily intake of soil heavy metals in the study area
. ADD,,, ADD,,, ADD,,,, ADD
) 22N JLE B JLE A JLE B JLFE
As 2.65x107° 4.55x107 2.83x107" 1.25x107"° 3.74x10°* 4.91x107 2.69x107 4.60x107
Cd 5.73x10°* 9.83x10°* 6.11x1072 2.71x1072 8.07x107"° 1.06x107° 5.81x107* 9.93x10°®
Cr 2.26%x107° 3.87x107° 2.41x107° 1.07x107° 3.18x1077 4.18x1077 2.29x107° 3.92x107°
Ni 8.89x10°° 1.53x10°° 9.48x1071° 4.21x107'° 1.25x1077 1.64x1077 9.02x10°¢ 1.54x107°
ADD 3.42x107° 5.86x107° 3.65x107° 1.62x107° 4.81x107 6.32x1077 3.47x107° 5.93x107°
BN TR IR 11, BURXBSIFA I 12, A A T 4 T A R A R U 1 R,

ST X 43 4 Jm O R AR SURE R XS R E SR C R XL E AR S0E XS B S T
PIPFM A R F, M —FE AR ICR, B A FESE A R X 5 E 48 TR 1 HQ TTmkR, 1k
NIBRR M AEBO@R R, SHARMERN -8,  ARJLEHERIN Cr>As>Pb>Ni>Cu>Hg>Zn>Cd,
JENALE RN HQ,, > HQ e >HQye HI T Hit, Cry As F1 Pb =FHIT R 1) HQ ST 5 1L

® 11 FRXIEESRETREBEREIEL

Table 11 Non-carcinogenic risk index of soil heavy metals in the study area

. e HQ; HQjimn HQyqe HQ

JLHR HiHE - et " - " E—— " =

LN JL3E A JLE LN JL3E LN JLEE
A SEIE 2.55x107? 1.82x107" 5.43%x10°° 1.00x107* 3.07x107* 1.68x1073 2.58x107? 1.84x107!
s e KA 5.17x1072 3.69x10" 1.10x10°* 2.04x107* 6.24x107* 3.41x107 5.24x1072 3.73x10™"
od -S4l 1.65x107* 1.18x10°° 1.76x10°° 3.25x10° 9.29x10°° 5.08x107* 2.60x107* 1.69x10°°
iSO 6.69x107* 4.78x107 7.13x107° 1.32x10°° 3.76x107* 2.06x107 1.05x107 6.85x107°
c SFME 2.17x1072 1.55x10™" 2.72x107* 5.03x10™* 1.22x1072 6.68x1072 3.42x1072 2.22x107!
r SO} 5.36x1072 3.83x10™ 6.73x10™ 1.24x107 3.02x1072 1.65%10™" 8.45x1072 5.50x10™"
c SFME 7.62x107* 5.44x107 — — 1.07x107° 5.87x107° 7.73x107* 5.50x107
v I CON: 1.75x107 1.25x1072 — — 2.47%10°° 1.35x107* 1.78x107 1.26x107?
° SEYE 5.68x107 4.06x107 6.06x10°* 1.12x1077 1.14x107 6.25x107 6.83x107* 4.69x107
J SO 1.36x1072 9.71x1072 1.45x10°° 2.68x10°° 2.73x10°° 1.50x10°72 1.63x10°2 1.12x107!
Ni SEEMH 1.28x107° 9.15x107° 1.19x10™ 2.19x10™ 4.51x10™ 2.47x107 1.85x107 1.18x107
! SO 4.04x10°° 2.89x10°2 3.75x107* 6.93x107* 1.42x10°3 7.79%x10°3 5.84x10°° 3.74x1072
- e 1.49x107 1.06x107"! 1.59x107° 2.93x107° 1.38x107° 7.57x107 1.63x107 1.14x107"!
SON 4.14x10? 2.96x107" 4.42x10°° 8.16x10°° 3.85x107 2.11x1072 4.53x1072 3.17x10™
, e 3.56x107 2.54x107° — — 5.01x107° 2.74x107° 3.61x10™ 2.57x107
n SONE 8.83x107* 6.31x107° — — 1.24x10°° 6.80x10°° 8.96x107* 6.38x107°
. SEIE 6.52x1072 4.66x107" 4.48x10™* 8.29x107* 1.46x107 7.97x1072 8.02x1072 5.46x107!
Q e KA 1.02x10™" 7.29x10™" 1.07x10°° 1.98x10°° 3.27x1072 1.79%x10™" 1.23x10™" 8.39x107"

F 12 HRARTESESELEZHENEISE
Table 12 Carcinogenic risk index of soil heavy metals in the study area
. CR, CR, CR,,, CR

7_[:%\% ?fﬁilﬁ . iing . iinh : iderm .

BN JLE A JLE A JLE A JLE
A S-S 1H 3.98x10°° 6.83x10°° 1.22x107"2 5.40x107" 5.60x10°* 7.36x10°* 4.04x10°° 6.90x10°°
s [ ONE 8.08x107°° 1.39x107° 2.47x1072 1.10x107"2 1.14x1077 1.49%x1077 8.19x10° 1.40x10°°
od SFME 3.50x1077 5.99x1077 3.73x107" 1.65x107" 5.08x107° 6.67x107° 3.55%x1077 6.06x107"
SO 1.42x10°° 2.43x107° 1.51x107'° 6.69x107" 2.06x107 2.70x10° 1.44x107° 2.45%107°
c S — _ 1.01x1077 4.49x10° _ _ 1.01x1077 4.49x10°
B SN — _ 250x107  1.11x10°7 _ _ 250x107  1.11x107
N T HA1E — — 7.97x107"° 3.53x107"° — — 7.97x107"° 3.53x107"°
! ISPN] — — 2.51x107° 1.12x10° — — 2.51x10°° 1.12x107°
R SERME 4.33%x10°° 7.43x10°¢ 1.02x1077 4.52x107% 6.10x1078 8.01x107® 4.49x10°° 7.55x10°°
K8 8.29x10°° 1.42x10°° 2.53x1077 1.12x1077 1.17x1077 1.53x1077 8.54x10°° 1.44x10°°

http://geochina.cgs.gov.cn F1E M1 T, 2024, 51(5)


http://geochina.cgs.gov.cn

518 50 s

FXRTIRST : AR B e o 30 3 o 4 S 5 R iR | SRR BT B AU 1495

e, MAFULEE S 5R 95.11% F11 95.19%, J&77=
BB R E RN R IrE 34 F L3R5
() B0 (R RS 18 B35 /IN T 1, BB AERF5E X 1
+ 3, B4 R U R AR AR R A A AR
S50 (R AR .

MBIFSE X 4 458 5 4 I J0 25 110 SO0 (e B RURS: 1)
PEMEE R E , AN LN R —Fh i 42 J8 e R AE
AN TR £ A R AR T B B KU R FE R BN CR,, >
CR ger>CR i, A R 22 AR AR, 385 B 1 2500 XU
MR . N CRITHRFR A, BUARFLE YR IH
As>Cd>Cr>Ni, 1, JTEE As ) CR TTBRZ 1Y & Lk
T, WFIILEE S35 K 89.84% Fi1 91.38%. TEJF
A 34 1 e b, B0 (g R XU 48 B R
i 107, BEIATERFSE X ) e, 48 0 E AT
M B 7= A B . () B0 R R AU

4

4.1 Hg TERIKIBED
TEHT SCHY AT iF 58, Hg JC R B 2 W AR

HRYETTAAIAEST (B A, 2022), FEA A XX
SRR, Hg % & B ISR, 51
b IC 2R A SR VRS AN [, 3 R Rk AT A HE
AR AU . BR, 78 £ R A Y 45 SR
Hg tJEAE RIS ICER, A Hl [ AR, SR, K
AT RA A I ) T A A I 5T, T M LA B
MRAE S E, R, He J0 R MR IR R Y A KR
Uik

GEARAEN) 4 oKL RE S, Hoh, 01 5
BE AR A L6 3 X P ) KA, 02~04 5
SRR FUK R . ARE Ot SRk FR IS e ) (GB
3838—2002) Al { 4 FH 1% /K J5 b 4 ) ( GB5084 —
2021), 4 PR 0 B R £k 7 1 4 R 2 s ofE FRAE,

Hg JU R 4l i I 28K BRAA, VIS, V2RK,

04 A% Aty PR K ARHERR (B (3R 13)

M T RESEIX N E SR 0 Y 0 R S
W, T MR, DA SRk id fe i, 227
A KR B BRI ER , AN P 3 S TR 22 ) 120 A T i
AKPEH S EERL PR R BRR £ & R, 07 X R Y
M ZFRIK N 52 2 T\ S . I Hg JUER
G R UR Z —, BT RAHER X 5 11

& 13 KULEHRBIRERER
Table 13 Quality of Hydrochemical Samples

M5 MR T E/(mg/L) K& E/(mg/L)

01 1022 0.000995

02 641 0.000395

03 363 0.000365

04 894 0.002295

FrifE PRAE 250 —

MK BR A — 0.0001
VIZEKIRAE CREBEZKPBRAED — 0.001
V K BRAE — 0.001

()b F K H ) He JE Y 20k A T ki sl .
HRF 0 5 17 PRI o A 45 1 R (A7 B 4%,
2015), &0 iR BT 5 Y™ 5 A K AR, &
TG Y E BN, D, S2 8 B
M, Hg JOE & 0 i i ML Rk AR, AT RE S ot IX
P 48 A — 2 52

HRAE T BIRIFSE S48, 2017), FEK J13
o b X R K AR, He J0 &R &) TR IR W
HEERAFTEH A, KRR A i, 4
FEIX K AL FE i T A He D02 & s A, IS TR
W Hg TG W & 1N Y 5 5 . Hg JUE S 57
Qb Sy TR A AR AR Sk oK, ST G Ak BT B il
FH T ) BK R Y He A A B IR TR AR IR
BE, BAT AR T REEAN BTk, BRI = A T 2R
MU ESH

T 22 b4 b %) JRE R /KU 32 280k [ T AR IX 7]
TRAK I, (8 T K e v B 3 K A T R U i
ZHAT N, HE MK He TR & s, oA T
RE AT X ) = A5 . SR, He TCR A
TEFR)Z LB . BB A s ER SO
M AE2#F W58 (Zhao et al., 2021), 1 TR Mk HAL G
Y PE I, LA SAE 3 B IRIEVE F, He Je R 2B
HARBANRZ PP —E REEE, XrlRE
JEFRJE D He Ju B B i & £ A

25 b, HEESE X - 49 rf He o0 2 1ok U6 7T R
2 AL G Bh 7= A A B KA e Al 7
SiFER R D, Jes, BIENIT X SR AEAH N
ARG R it DA B - S 3 () it T8R4 7 43 BT D, LA
IGUE FRHER
4.2 X

Hg JGFE S H 525 AR 1 A S KBS 5 50 () 3k
F'T 2899.66, F71E 4wk KL AR A A5 AU, {H M4
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B TR A A /D R IH X e B 3 % ) IR 2 T
Dz, XS, v S E4ETE A S
(R A e (A%, 2022) . H AT, it & HiZab &
A= K AR VR T Rl 3R A Hg J03R A1 0 LA Bk
N B 163 T ANTE A8, ST X R (B o
e — 2 5 . — 7 T X% s 3 Hg SR IR
BTN, U L5 FeeREM A IS
) s 59— TR SR AL A K0 oK, T ok
o Hg JUER W& &, JEm o0 H X FoRE L 2n
A

Cd TCRBRIT Y1) 2 A RAE S T4 L 5
FERFERS ABAEARANEY, oM VER RIBR I, 22
PP b A A AR VR e, 2 8RR g X He T
RIS 7, X Cd ST R WAEE— 200158, LAPTAR
WFFE X ARG A1 19 407 A 7= 3% shout J i Al A= 7= 1)
AR

F9E X N 3 A 4 B T 2, AR X A A f
S B B N R, (HOR:, T As EERA
F AR, SR LA A5, H HISHA R
AARR, SR X A A fdt B XU Y D ik B A v, G
JEBUE K, X 5 8T RS 4518 — B0 (f S0,
2022; WA AE, 2022) . BIITE As 17 &0 Y
SR ST, $ERTHEA T AR AR ST A Bh T3 G by
MEA . b, EZORHFAHREMICE Cr flE
FOR A TGS TE Ph, i TH A AR A
B H I EE AR, 2 AR A d v i A B K
Ko MHELZ T, Zn JUEM H ISR RTE 8 FIE S8
TCE PR Z, (AR TR HERAC, X A=A i fg
FREXUR: FEAE /70N

5 45 i

(DB IX A AR BRI, 0T 3l
T g8 Y B R, A 1 kb Hg JTERE M 2 4k
Cd TR T XS (E, HAaR WL Ehr .

(2) Mk U5 74T, JTCER Niy Cr Al As EZKH
T+ ek R, JCZE Pb, Cd, Zn il Hg 2R H T8
i 8, Cu JoE F 2k A LRG3 .

GWEAEA SR IE &5 R B, BT X A 5]
SR DA AR s VR R A 8RR, Hg JT &R A BTk
FEfe s, Cd ik Z, HMT R IEA EAFERK . A
A B XU PP 45 SR R B, R X R P R

5 J8 7T 2R 0 AR 7 A B A B XU, 8 7T 4 323 F
ZM

(BFFERM, 20 H R L2 2 78S
SR, I LT RCRTS Y, (R R AR, KUK AT
o WY MBRATTCER Hg A1 Cd 7 5 1 M A A 42,
M A SR AR IMB B, sl 15 YT I it — 28
PR, B X AR A PR e A R ™ A B 22 A F)

ISA
-7 "rﬁJ o
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