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Abstract: This paper is the result of environmental geological survey engineering.
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[Objective] The continuous accumulation of heavy metals in soil has potential harm to groundwater, but there is no quantitative
method to evaluate the harm of heavy metals in soil to groundwater in previous studies. [Methods] Based on the theory of
groundwater circulation and solid—liquid equilibrium, a simple and easy—to——use flux model of soil heavy metals into groundwater
is constructed in this paper. On the basis of evaluating groundwater environmental capacity, an innovative method for evaluating the
harm of soil heavy metals to groundwater is proposed. [Results] The application was carried out in Hunchun Basin as an example,
and the results showed that the fluxes of soil heavy metals into groundwater in the study area were Zn, Cu, As, Pb, Cd, Ni, and Hg in
descending order, and that the heavy metals of the groundwater in most of the areas could not reach the limit of the environmental
capacity within 10 years, and the damage level in most towns and villages to groundwater was moderate or below. [Conclusions]
Through this evaluation method, the flux of heavy metals in soil into groundwater can be calculated simply and quickly, the residual
capacity of heavy metals in groundwater can be determined, and the harm of heavy metals in soil to groundwater can be evaluated,
which provides support for relevant departments to carry out environmental protection of soil and groundwater, and provides

reference for relevant scholars to carry out similar research.

Key words: soil heavy metals; environmental capacity; groundwater; hazard degree; migration flux; environmental geological
survey engineering; Hunchun basin; Jilin Province

Highlights: (1) A simple and easy quantitative flux evaluation model of soil heavy metals into groundwater is proposed,which
provides the basis for the hazard evaluation of soil heavy metals to groundwater; (2) Combined with the assessment of groundwater
environmental capacity, the hazard assessment method of soil heavy metals on groundwater was constructed and applied in the field,
which provided an effective reference for the hazard assessment of regional soil heavy metals.
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Fig.1 Distribution map of soil samples and water samples in Hunchun Basin
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Table 1 List of prediction models in the solid—water

®2 TEBEEENMTKEERETNIRAE

Table 2 Harm degree of soil heavy metals in the

partition coefficients of each element groundwater
TLE K TR SCHR AR THEL M TKEHEE (D) fa R
As LgK =0.41lg(total)+0.721g(AlFeox) Groenenberg et al., > 508k <0 W™
—0.40 2012 1~50 haay
Hg 5H: ngdi0.0ZIIg(Slit)+2.70 EREE 2018 0.2~1 Lp R
KH: 1gK=1.131g(S)+3.17 0.1~0.2 (2353
Cu LgK,=0.21pH +0.511g(SOM)+1.75 Sauve et al., 2000 0.04~0.1 e
0~0.04 G

Pb LgK ,=0.37pH +0.441g(total)+1.19
Zn  LgK=0.60pH +0.211g(total)—1.34
Ni  LgK;=1.02pH +0.80lg(SOM)—4.16
Cd LgK=0.48pH+0.821g(SOM)—0.65 Sauve et al., 2000
H: SOMNANIRE R, %: totalHTGHR AT ®, mgkg:
AlFeox NERIREMM, % (BB 138 o SlichtIEF k&
&, %; SHITIEEEEE, gke.

Sauve et al., 2000
Sauve et al., 2000
Sauve et al., 2000

YE S ENE S T KT ES RSN T
(BTS2 e 8 4 JaR % i R K 19 FE 5 B (D),
N ILE(T):
Dg = Qg/Qd ( 7 )

T E4JEXT T K A5 YL 8 T 22 A8 A G 3,
AT LA [R) ek 0] B £ 58 SR PR 18 B RE B, 4300l
DAASK 25 4 10 4F, 5 4R F 1 AFRR RIS A & DL
WA i 50 A5 R VA fa 35 AR BE 1Y S IR, D, BARDE
WhRiE L 2,

4 ZERY5HS

41 BEEZMTIESEREHNMTKES

VR F b 39 7 4 S B A [ /K R A T E R 4
R [ HL R 7K 3T #% (Moon et al., 20005 3 1 4< 45
2018), # A (5) T . BRK R IR T 2 b

r Kk F X AERE 0 LATE R /K 38 o &, ik
BRSNS, e e, 55 Z 45K | IX
5—8 ARk AB i, HEEE/KE P B 55Y
i RUBS DA B2 AR A, 58 0.1,

2o A, WY X 4 A TR A K
S IE OIS 3 DX P H T 7K 0 EE 4 Jm R E
/MK K Zn, Cu, As, Pb, Cd. Ni, Hg.

42 BEEZMM T KESENERE

5T DX M T 7K DASE DU R AL K R 3, EK)E
FE VAR L 1] DY g A 0T I O ) S TR T I, I
TEHLIX 4~7 m, FUFHBIX 10~12 m. 78X bl
S IX 42230 Ll B IX, K 2 AR, FURC A2, kD FR
SEI SRR, KRN, 78 0.01~0.07; HHFRIT 21X
Ry bt FURD kAr  7K 2, ORI, 257K BE AR, 7
0.10~0.24.,

R KA A R LR 4

R3I ARREBFLELTEESEHENMTKESE (kg/a)
Table 3 Fluxes (kg/a) of soil heavy metals into groundwater
in villages and towns in the study area

4 As Hg Cu Pb Zn Ni Cd

L X N e A 11496 1.07 13627 18.84 137588 235 5.17
RGBT, S AL 8 /Ul ) ZAE R, 2R ZXT% 9802 078 13336 18.07 144023 229 634
FHREHLZHE T XK ESB . FRKABR SZUFEIEX 5929 061 7356 11.16 736.82 132 2.5
FORT 28 K JEE AR X4 3 7K S T 2% 2 A0 K it i 7 ”;;I{I@%; 103.66 1.16 11423 1920 140570 231 3.15
N s . . i 5828 036 76.79 1022 69580 135 2.84
BB A PR B £k AR FH T8 1O 1T LRI 8 TR s A T JOLH 17996 1.52 24091 3213 2178.65 3.94 7.37
B IR TR KRR 1 WIAITZ 6878 041 10235 1427 101168 1.83 4.08
BN R AR ) it 682.94 591 877.49 123.89 8844.75 1540 31.09
R4 FRXMTAKEESESE (mg/L)
Table 4 Content (mg/L) of heavy metals in groundwater in study area

i Cu Pb Zn As Hg cd Ni

/M 0.00060 0.00040 0.0036 0.0014 0.0000000 0.000000 0.0006

SN 0.00910 0.01880 0.4658 0.0094 0.0000357 0.000771 0.0458

RSN 0.00483 0.00244 0.0239 0.0026 0.0000230 0.000084 0.0109

[ ARITZ 1.00 0.01 1.00 0.01 0.001 0.005 0.02

VE: ¢ (HURKFREARME)  (GB 14848-2017) IR BhriE.

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(4)


http://geochina.cgs.gov.cn

1248 il

b Jit 2024 4

MRIEERIZ IR | K AL N KR 4w
i, R IR0 TR XM T K h 4% 43 R PR
B XS BN KES BN AR M T
geit, AR IR 5. MU K HE SR P 2 5 OB
B i R R B AH— B B/, RER, B AL P
AN, RO . AR H 4 R PR AR AN — 2K, Cu. Zn

MR AT, HAK ) Ni, As., Pb #il Cd, Hg f/)h
43 BEEZHTESESEXMTKNEEE
FIBAR(7) LA AreGIS WM& 7 R T
WFFEIX 8 1 4 Jad X b R K G, 4% B4R Y
1 FEE M X (K] 2) 5% BFSE X JEfE 3 B
BER SRR AR, AR MR AL

RS MRARBELEMWTAKESEHERE (kg)

Table 5 Environmental capacity (kg) of heavy metals in groundwater of the study area

ITBUX As Hg Cu Pb Zn Ni Cd
B 692.77 92.58 94223.22 545.13 92380.17 706.93 466.76
= & 782.23 100.41 102353.49 702.37 100951.68 1460.23 503.68
ZFEEX 126.96 16.74 17014.08 131.77 15952.48 38.10 84.17
¥z 230.02 29.93 30468.46 238.12 29753.14 316.12 150.41
it % 173.52 21.76 22230.00 190.63 22081.60 267.84 109.89
P 745.06 101.97 103863.29 809.86 102593.92 1082.58 513.06
ik % 282.79 36.57 37362.07 342.22 37177.10 334.56 184.90

= SER

[ i Villages and towns boundary

WIS
Study area

s VL RIVET

T T fE s

Average hazard degree of heavy metals

Jef& ¥ No hazard

0.04~0.10 EIR Alert
l:l 0.10~0.20 K2 Lighte

D 0.20~1.00
- 1.00~10.75
D

" Moderate

JTE Severity

0o 15 3 6 km
| I T T N [N T T I |

™ 5 Extremely serious
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Fig.2 Map of hazard degree of soil heavy metals in the groundwater of the study area
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KRG, 39% M IXIAE 25 4E N A Sk B IR B 25
FRAEL, 41% Y DX 10 4F N A 23R B A BT 25 1 B,
16% X Ik 5—10 4F NS BIBRIE, J3A 4% ) X
1E S AF 2RI RE
4.4 ig

WF5% X 18T 4 Ji X b F /K S FFE I WL 6,
AT LVE AT ATEX Ni e E SRR, HNi it
AHE T 7K f  1.32 kg/(akm?), 5 HAh s X AH
FL TGS AR, (HR K X M KRB 25 s JAR /N, 35
X Ry B, S B0 F R B, 0 B O X K B
RO 3| EaH, ARz 5 YL, fE
FHEGOAW T ERAIER . HALE S BPBR =K
TS HN AP EEfEE, FEIEHR T As e R,
As A ML 7K B 38 1 FE 58.28~179.96 kg/(a-km’),
1M As FHL T KR4S T AE 1.27~241.73 kg/km’, 15
0 A R AR AE T BE LA b, DI > b b oK
BB, AR U ES A 9 BRTH E 4R
AT o

5 & it

AL A v 4 T [ VAT 4 B R T KA
IRPRIR A LA, M 1 I R A T K i
HIPOEAY, JREE T K G R IR B A VAN
Tk, M T A K T K IR A VM
2, TEFER AT 1 N, A S5e T

(1) LIRS FEAKFNHERE S hy + e d 4 Ja it A
T KR B AR, 455 4 A TR -3 Y [ T A A
Y, KT - R A R i KR K A8 PR
2, e R AT T, 4R R AR X 4
e 4 Jm E AR Ko i AR/ MKIKCH Zn, Cu,
As. Pb, Cd, Ni, Hg,

xo6 HRRITEESGEIM T AKNEERE—RK
Table 6 List of the harm degree of soil heavy metals in the
groundwater of the study area

S FER

TR — el o He N b Zn Bk
WaHE  HE L & & xr O OBm L HE
=XF2 ®E L L & G xr kS RBE
ZUEEX HE & & W WTE LR Tk T E
ll¥z ®E I I &M L LW TE
it % FEOE KL & I OBR Ok HE
wE O HE X ¥ . Bw £ HE
RN A i A r OBw L HE

() T H R K E SRR = IEN I, IF
TEFER AT VA, 25 R R, A T
KHE 48 Cu. Zn A A K, HIK N NiL As,
Pb 1 Cd, Hg /) HHt Pb Al Ni &85 Hb X A2
R UE.

(3) 75 49T 42 Ja 37E AR /K G R HE R KR
BRI TR R SR I, R T - A R X
KBS FE BV 7k, 45 SRR B AR A
R HLIX EE 4 B AE 10 4F P Ik A B PR 25 PR
1B, AT X A BR 4 55 A A X AL T4 ™ B 3151, FE
e B R LUE o il i i 07 VA RS A 4
498 EE 4w X HE R K A fE E R, R R R K
FIFREE PR PRI S 4
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