55055 1 hOE R Vol.50, No.1
2023 4F2 A GEOLOGY IN CHINA Feb., 2023

doi: 10.12029/g¢20200916001
INE 2, TR, PNGEHH sk 2530, B AR . 2023, (L IX/INRTI™ 4 X 4 398 o 45 5 Yo 2B 28 RURS A Safe SR 7). vb I BB, 50(1): 36-51.

Sun Houyun, Wei Xiaofeng, Sun Xiaoming, Zhang Huiqiong, Yin Zhiqiang. 2023. An overview of evaluation criteria and model for heavy metal
pollution ecological risk in small—scale drainage catchment of mountainous area[J]. Geology in China, 50(1): 36— 51(in Chinese with English

abstract).

WX /hais EX T IRE BT RESKBE TN
HEE5EE

AEE " BRAT AR, KA RER

(1.PERBRRFLFT)RFREFIEFE, LT 100083;2. 7 F &= RAFRIEA RFAEA S, AT 100012;3. F B 3 5t
FR3F Wz, A6 100081)

RE (AR B0 R X/ NEUE E 48 KRR 5 X LG E 68 15 PP I 50— S SR i C AN Re W 2™
LA SR EE WA i B P AR S IR BE IR S5 T RESE M PN N XM A2 IR 3 H 5 B S 20K ; DUHbER RGURHE RIS 5
TR X4 X 4 s Yo R A PR HAA T2 S (AR 738 1AS SCIIAR T LI/ N A BT PR L1 X -3 4
VY EEE XA X A G T e A S KU P A B i SRR 5 VA A T T R G (ARG R I X
B IX G A 5 e 5 A S XU PPN (8 SCBEAE TR A PPN SR TC AR 43, PP R —— bk A 2 B ) SR FPAR
AT T o [ 4518 1A SORRIE 1 4 X B 4 J ¥ Y VM BEUE Y — 28 e T 1 - BRIRE I PR v vs bR fb 2 B2k
AN 18I T AR T Y 5 A RS KU PR AR A [ 432 0 5 e AR A A5 AR A0 A e e ol B HCE P | PR
T A — MR AR B TN AR A RO SRR AR, (R PPAN T 1 5 R R T It dal it R OC B A A R AR
FESETR A/ N £ 1X 1 198 1 4 Jm BEZ R A PO B R B ik ny R T, DU A O AR sh PR T H 4 PR sk
Al BELR AR, 1 - S AR i G S A ICARRAIE , 38R 13 4 B T R s R IR AT R AL AL, bl SRS
PePUE A SIS B AR S HE S s bR RO S 4
KB ORNREGESETG Y SO SRR AR TSRS TN PR M BT A TR
B () X R IX R R A A U A B OCEAE TR A AN BT R 43, PEAN R fE—— bRk Al 2 i
LAY RE FVE R T 5 (2) R T3 X I 4 i A A UK AN B 1 e S R
BRI
FESES X142  XEREE:A  XEHRS:1000-3657(2023)01-0036-16

An overview of evaluation criteria and model for heavy metal pollution
ecological risk in small—scale drainage catchment of mountainous area

SUN Houyun"’, WEI Xiaofeng’, SUN Xiaoming"’, ZHANG Huiqiong’, YIN Zhigiang’

(1. School of Water Resources and Environment, China University of Geosciences(Beijing), Beijing 100083, China, 2. Beijing
Institute of Geology for Mineral Resources Co., Ltd., Beijing 100012, China, 3. China Institute of Geo—Environment Monitoring,

W B H#:2020-09-16; BB B H# : 2020-11-09
EEWE . o E T A R0 H AR AT A 25 SR TG IX 254 1B AT (DD20160229—01,DD20190822) % il
EEBIT - INE S, T, 1990484 AR W5 [l A= 25K SCHBIST ; E-mail : shyun2016@126.com.,

http://geochina.cgs.gov.cn H1[E 1T, 2023, 50(1)



55504 5 130 PINE 2055 - I/ 4 X - 9 4 8 15 G A A KU A Sk S5 Y 37

Beijing 100081, China)

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

[Objective]Small— scale drainage catchment in mining areas usually have natural high geological background values of heavy
metals, therefore, the traditional unified reference value or standard value for heavy metal pollution assessment can no longer meet
the requirements of ecological environment service function impact assessment, land restoration management, and soil restoration
requirements in the process of mine ecological environment supervision. It is of great significance to carry out investigation and
evaluation of heavy metal pollution in the mining area of shallow mountain areas under the guidance of scientific theory of earth
system. [Methods]The crux of soil heavy metal pollution and ecological risk assessment in mountainous areas lies in the division of
survey and evaluation units—the division of survey and evaluation scales, the determination of assessment criteria—the establishment
of geochemical baselines, and the establishment of assessment mathematical models.The investigation and evaluation unit dividing
method, as well as three methods for determining assessment criteria for heavy metal pollution including environmental quality
standard, geochemical baseline and ecological effect method were reviewed in this article. [Results] The classification, applicability
and development status of heavy metal pollution and ecological risk assessment models, application of new techniques and methods
for geochemistry baseline survey and evaluation of soil heavy metal were summarized for evaluation of heavy metal pollution in the
mining area. [Conclusions] All these reviews were aiming to provide reference baseline, quantitative ruler and method support for
determine the baseline geochemical characteristics of heavy metals in the disturbed environment, tracing back the background
characteristics of heavy metals, revealing the sources of pollution and the mechanism of migration and transformation of heavy

metal, and methods for early warning of ecological environment pollution and ecological environment restoration support.

Key words: small—scale drainage catchment; heavy metal pollution; evaluation criteria and model; ecological risk; environmental
geological survey engineering

Highlights: (1) The key to the ecological risk assessment of soil heavy metals in mountainous mining areas lies in the division of
investigation and evaluation units, the establishment of geochemical baselines and the establishment of assessment mathematical
models. (2) The evaluation criteria determination methods and evaluation models of soil heavy metal ecological risk assessment in
mountainous mining catchments were systematically summarized.
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PATIG YL ER BT Y S . W B AR B
J7 A R R B 75 G 0 fr 45 207k (The
Pollution Load Index) . N #§ ¥ i5 4t 8 % &
(Nemerow Pollution Index) . H#ii £ 2 358 % #: (Index
of Geoaccumulation) . & % A F ¥ (Enrichment
Factor, EF 48 %% ) . W& 7E /£ & 16 F 48 £ 1% (The
Potential Ecological Risk Index, RI) %% , i UL+ £ T
Pkt A AKX L 1,

TE L XN sl 42 X 1 18 5 4w 75 e AR X
B PEH b, ATz — e Al o) 1 4 s Y S AR TS e
AROCHEAT VP, A Sy HAAR AL 3z FH 3 B 170 K&
fiho TN R LR AN A R s
AT BG4 B 7R S R O AR
8 B RO AR B B L b —
FREEHISS T EERLEA PN AUE, fGEH T 5 —
PR 75 YL DX PP A HG 2 PR I 1 0 T
ZRA T AL o 5 Yy 0 far i B0k 58 UL S e B
T 4 )R TR N EE A s YL ) s kR B DL A R 4 )R
FEWT ] 25 [0)_ AR e e, N2 Vs et gk ne
Ry A THD b VTR FE 4 R Y AR TS e RR T (A
55,2007 B HAREE,2021) , {H A 25 4= 498 v &5 b

R1ERBEIEMEHEAR

Table 1 Calculation formula of several commonly used index methods

Pz AR BRI
. LG PR T RS OOy 5 Ry I (S, AR
7S, A
R Py DB 5 e T 4B P LIS A
B g M IR 1
SR N 2 P F I YA RO 5 P B LI
' B0
c Lo BRSO 0 FTE S B,
BRI L= logl G5 g ) oS85 n R TE O B s kR I A 2 S
‘ e R (025 ST AL R — MU o
E T ng%?%ﬂ> 155 Cuhy % W62 16 IR BE (075 Bt
of Bt seterns 5 HIEE AT SR O
R LA W A6 B H8G T 2R 103
VT A e BRSO m=2na=2ﬂcﬂn VRN 2250 Sl T4 8 £ (75 0 2K € s

PISEIUE ; C O ARE T ZLR IR PRI i
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S TR TEVER 220, AN RE S Ly Y fr 88 17 g ke
15 Y B RRIE (Fu 4R 54, 2010) . MR RAE 2
TR Miiller (1969) 1 H1 , BIA T % 185 A%
SR T S (AR 2% I RCE R BT, RENS AL i i
BT ST R A . B AENTIRGIAS
b IC 2 %5 Jeon R S TR EAL , N T IR A BT LA
SRR SCRAE TN Tad AXF C R, 761X
B A RPN T, S T R A FROE MRS
T S AE AN 2 RN (3K 75 2 55, 2006) , & EH T
FE B T/ N 3 48 X 55N X ek 3 Bl A o
&R T AN . VR AR G T B0k h i
Bl2#%¢ Hakanson (1980) #2 i , £ X AR E 4 JE LR
SIAREEM N, R, — R AR AR S S
TR H2F B R Ak T bR T X 2 S ), AR AR TR
FRUBE A [ 30 L o 4 Ja T 7 A 2 KU LA ] F e
FELEA WL 4 JR U AR S R A ) AR A L 3B
B TR IX S0 TR A A S A TP H A 5 {H
A7 R KRS Z R AF , RS PIE A
FETH JEHG A1 A B XU PPN 255K

R E A (2016) R R XA E 4 R TR
15PN, AR Bk m A, BRI G B0 IR
2, O BRR RO, B n RV A SRR 4
Bk, — AR EOEAE I XA XN R T 4
J& 15 YL P b HLA 3 k3 A (P 25 SR X RRAE
AR WIR A ATRCRAS ., 2280 B A BH 5k
T4 5 e R 25 RS PR AR 7 A3 A R 0L o
4.2 HERIEHE

BRI EO R TE O A FEASE G S Al - i i
HZICG TR BCA AR JE T 4R 15 Y -1
BT B IR TR 5 38 TS LA TR
Fb A AR v AR 0 AL LA R 4 R R e TR 2R K
PE R AL BRIAN A e . SRS BB AR R A 2 | £
BTG L PP b AT A ORI B R B R
2T A M &k Wos bk A
A TSRS | DX [A)HE 3 | SCRE ) AL T DU ASE A5 45 (3igf
HHE,2016).

RO B8 10k DA SR i B ke A - 805 YR v iy
RO PR, AT S IO R B 2 A 38 S e 15
YRR FERORI B SR T G AT A S A e
MERIAT = fA RO KB (Michael et al., 2008) AR
Ut ST AR (B 25,2007 ) | Ja R SR 75 (FL i

85,2012) SRR MY (2555 ,2014) 825 T
PEA S5 FL 0 m A3 B Al 40 R . K (B RSkl
TR AR BRER, 51 AE IE R B0 2 TS P R,
LR R R B I KNI T 15 Y PN 2
AR B (FRHEE,2017) o JE2 R Mk 2t
4B IR IZ RSB 0 o WA PR
ENE, GEHTESELZ A0, R A
XF TR AL (BRI S, 2012) o JE R HTRAE R 5E
P e, SR W I EICME B4 1 SR AR, o 4
REMNE SR -TEWEREY E S S SRR ES T
BB I ALEG TR | 78 51 4 J Af 2000 A e
SRS P R aE F (B 2% 5, 2014) o B2 45 1T L
B b R R AR G AR A R AR BRI S I 4%
B 2 AT 55 BRI 28 T 10 £ 326 PRIESC 00 22 111 5 b
BOHEATIS GV 35 T A B () 45 2 5 Fn ] &g
PE (221055, 2012) o W05 B ik i o 8 57 ) oo A
TR B R 20 B SR T Sl R I AR R DG B pR BT B 6
R RN 255 SR |, Fie SRR 5 R S B D U fy o2
TP 540 (N ERZE,2016) o A%S EEA I P g5
IR A B | 2 58 5 E IR 3N T 19 %5 B R L)
fliit, 76 138 G SR A5 B Az AR R Y 18 H
4 (Krishna et al., 2013 ; Okedeyiet al.,2014) . [X [f]
HEF B BAr 5 4 g V5 e iz i 20 0 L &
& I T i X AVBCR BB AN A L, B8 5 4 b R AE TS
Yurue FE R AR ARSI A5 B AT B (R A,
2017) o VA ARSI EC A AR IR A, 78 1L DX/ Sl 4
X 4 458 T 4 V5 e A 25 UG P A S s g FH o ml AR
P B = & AR RPN T SR A L
4.3 ZEREMBENESBERRITENFE
FEEBIRITEAN 2R A b R4 R R
B AR B DI AT VA, X 45 F 4 IR e R AR
P25 2HE S RE YA 8% D Y B
IG5 EARIEAT , X6 U 52 W 32 A 5 pE 4D
WA, AR 15 Y 5 A S KU PE 2 1 i T
+ b 4 JE 1 T SR BUS — A WA RS R XL
B PR A5 7 I, 0 VR O VA A T A A SR UGS
W EEEIEE ST KAV - TIRIA R E S RmAR
BOYHT IR KRS A FIEE R KU DA 45 . 4R
PEIES PE A 2 5 38 o A v R 28— 1 S Ak
B 37 A PR T P A A VR B R AE L A B TS
YLRRIE ,H AU A BCR 20U | 55 R 107
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PRI BB PRI (22 s B O A (X 5 R
85,2011) . HET, BN RS- BES T 07 2 2
Ry 5% E 1k H 4 s V5 Y PE A 5 i TCLP (Toxicity
Characteristic Leaching Procedure, TCLP) (Bilge and
Mehmet, 2002; Sun et al., 2006) . [ [ B 5 4 J@ 2
WA 1 1) B 43 R B 2 RS BE T LA KRR
WA SSCME 1Y 463 R A 80GS R 285 53 A 07 FH A R
B, H AT A= P8O R B vk 4 S I S o
2 AEAR S AR AR A HAEYE S o RS0 R T
LA S AT RS W R AR TS YR L RE A
RCHbL S e 3 4 S 5 G R DL R v A 1 T AR
JE (hii e LR 45 ,2014) o B AR IR S0k
R, FEA WK FKNRFR BT Tessier et al.
(1979) FRIGE S A BRIRERAS & 28 AR A L)
ZEEAS ANE G SRS ; Z 4O 4 ok
JE RIS BRIRER S G4 AL S B A LSS
B8 TCEANBE G BRI RS & S
FIRER WIS 207k . IR, H s AR YA
RPE BTN 33 4 R A e AR TS AR
YPGB B BT R AR A A SR TN ZH 2

S P e 22 0 R O R PR XU, O TR RS
152 f 7 B S (B A 52 55, 2013) o BRI XU
PR il 15 YT R Y SSR B TR A TS Y lim A
B PRI XU A8 B S L5 6 IR FIR A E 4
JE 5 YA XU , i Rapant et al.(2003) $2H , H AijE
WIZ T VR I 4 Jm T M ) B R B T R AR A
DRI 8 50k I T A o A o XU T LA A Ry XL
W SR, B BRIE A 5 b A B DR 2 ) o (s v 7
ey i 20y MR IA R Y BT (B Y ) 1T
SE VP, AT G i AN AR BB R R R
AR R S (AN e Jo SR 22 g2 AT ) Rl S0 X
W A2 A, Ak ) i 5 6 THE AN =2 18] Y 5C &% L OF:
RAET5 Gy | e r 2o AR S0 RS . B AT,
WU PEA 22 8 75 Qe dgg b RUBE , % AR
) H R K (HRIK) | R CRAEY)SE AT B AR
A B Ag e KRS AN, W AT 48— PEAN S HCRI AR 1Y
(HJ5%,2017) 0 BI04 85 X e fgt R XU 1T
Wit AT A KA — K=K R VTR - 44
VEW) A5 Z Fh IR A B AT 25 5 VP, O TSR X
I BN P S 4 AR (PR A5, 20155 R4S
2019).

TE NS SN 5im 2N, s DX [ 7 A< 3t
S5 R G YL BB SZ R B0 L DX/ AT X
& 5 AP FEAER RE I, Qe AR AR B A T M T
FhPRIEI /N At O B b B 52 S5 O BRI D S
BRI, T 0 5E75 e T N R AN A 22 2R
TR AR B AR 2 800% , LA i S e (L
(8 7€ 7 vk O SR EA S AU A BER it T RE S DE A
R AR PRGN B S5 B

5 WheHRER

5.1 FigitkXETFAEUNSESETEER
HBRICERHT S NS 23T I (9 B R PR R R
A 25 I B A8 7 %) P HE 2R A 7 22 (Mlinor
etal, 2019), F4& /@B 2AFT A b ER
ST R A R A A ER B (R A | R U A 2 AR
RS o AR R ) BRI A (A A
45 ,2019; B EE,2020) ; HER AT AT Bt — 1 AR
T AL S — Y B T A (R 254, 25 APl R X
Ly X /)N 3 R - 98 7 4 J IR B I ke HL A B R
DL ER R SR EBIE R T 00 10 X 4 TS Y A
TEM X8 7 5 4 JB T 3R A0 25 [R) 43 A RRAE 35 e SRR
FRRE 75 Yook R 45 IR B A AR LA, I il 2
F G0 N S R AL, PR A S KU TR, A AR f B
W 5ESARBERNTEAEEE L, 11X+
e 5 7 FURE T A RE L 0 L e T 4 A ) A% S 4k
AR (ZEIERR, 1996 FMNE = 45,2021 c¢) , 3 i i B
O OAEE  EHEE K RUTEY KSR UTRE AR
F 4 RAEY Z AN T 4R TR FERHE,
A LAPTIE B 4 B I5 Y IE W A T B AL,
A 22 SR A TR A 10 4 Vs e A R XU, o 3 i
K AN R PR A 0 B 4 I 2 6] A0 AR RRAE , BB T
ESAnEaR SNV & SIHEERT AN e S o
HE—K ==y 51 ) T 4 S A RS AL s R 2, v
I B 4 B T e A S KU DA B 1 B 3 o
BEE T AR TT 00 R R, M BR G EEAT JE A R R
Tt ) #1 K (Mapping) — ¥ 1] (Monitoring) — # &
(Modeling) {4 R HEAL ok @ 2 5 R AR 77 1k
o FH 3 A+ e 4 5 YL IR R T ESE H (Lin, 2010) 6
N a7 28 #TH AR 1 (BRAE I 45, 2019) , 7 T
FOREEROAR GBS SF ,2014) 2 IRBEA TG & 1Y
et R KBS PEAN (5 2245, 2018) (1B IR Z G i By
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A dE s o+ R 4w ARk AR T AL
BN ALV S e B 0 PR AR B R 1)
B JE S BN PR IE . WAL R A
F A )5 Ge i b B 42 8 JT R WAL R W E A
[] 73 TR AR IR, o A 1 DX 015 e W 1Y) R U e o ik
J¥; HRIC A Pb.Cd.Cu.Zn Hg [F{v & 45 HF
-3 4 Vs YL RIS (PN RS, 20175 5K A
,2022) . ZICHITHIRIRY P AR A A R TS Y
R Ve e 5T = O T WS P R S
(PMF) \UNMIX 581 S5 PEHERTR A BRIE & 0 A
BEAY  BEALAR AR A5 (FEMERE L 2021) o MR TN
FRAEDACAE AL Y 2 Je A (75 1 198 o 4 Ja ¥ L e
TP ARAF AR, ane S Iy vk et | (A5
SRARFE RIS, TR A TCP Bl R AR DL S
PR i 4 4 D S S (i 485 2 X5 2k
DIEHETE BT AL, FHF=X XRE) 7] LB X S A B
AIREHE T i, B ER Py sk R A 1 4 ok o
FEA, SR TCH 3l o 2 BE SRR 4317, T AR X
AN IR A TR T AR &R BTNl — b
gt — - bR FH S AU Y B 4 S Vs e T PR B R
HFEA SEILEE T GIS FEZ 4 SifiE STy
1 4 R AR AU B AR E s (INE =
45,2021a,2022) . FEH (R BB R R, KB AT
AL AR TR FE T 4 8 15 9% XU P74 T A BT
R S 7 N I w7 81 D i e b B 1 A R N 4
G5 X5 ARNEYI ST TS 5 FOWS Ry i b B
FAFT AT I3 SR 28 MR AL 27 L (2 3T
2018) , X435 e H 4 J V5 e i E 24 K &=, A 5
XTI T 4R V5 YL R XU PEA
52 ETFH LWHRERKFEEMT LEFEIHELR

HTEREEEREREEN

T A SR SLE R L A A LS T AT
WHLIE I TR S R IG S HEH AEE N R E
WL E IR, DI CRIIEL T, A AAIRE
(Nature Baseline) T ARMESEL , i 14 1L FABEAS KA
A 2 (IR BT R Ak 2 AT B e 15 5 A
TG AR B A S I s VA A S S A

E AN LI &5 H 212 S5 PR 5 5 e P4
AT VR A | B, # 5 (Michigan's nonferrous metallic
mining regulations 1994), 7 B iF KA AL B M A
TR A TP FEA TS S DAL Y FR BT

VRS HRA 5 [FISAER L0 H A S A bRl e 1 L
4 @ AR R B B W I H (ELAW, 2010) o
{Environmental code of practice for metal mines
2009) BB 15T L AR i R S i A AR R BT
B BT AR E PR T ) B A LA i
191, Ry 2 TR %) - IS P ) R (At B 5 A S
ey T AT, TR 1T i T A i B 2
AR A, BIR R 224 L1 - S BR 58 o i 2P 4
Mo A& 24 T R A (5 £ {H ) (Environment
Canada,2009) . RIH. [¥ FrIT % % 7E 2003 4F %
i 7T A K W A WF 5% #5 Fd (Baseline Study
Guidelines) , JRA AW HLAE (AusAID, 2003; 52 £ 55
2021) JE I HAN FETH IS A G A e LU A= A
SRR A A SR I A AR, T L 538 H IR
G BRI RN SAS TEAILTH] A X 4 e
TCR MR A T 5, il AL B s iR
NHEAR BEE S 1R, S A AP M R R )
Bo FETH ILFREEA I A ) e o 4 s 15 Je i 3
VAR FELACE VPN, A SR TP TS Y
TV XURS A A A S BB S S 228 SRUME A E 1
B R AT A BBV A% | F AR BRI 5T
TABERMH B AT R e

6 %5 i

ARV TR S SO B 50 R, LA Bk
FR G S AR S A I /N 4R X - e
EIRITRVEAT, BIA 105 DX/ A £ A FLT
35307 1% 1e3d T AR IX L G T e AR X
5 DAY S v S R B A Y (1 DR e i A P, JE
BRI R G B A R A M BORAE SRR B /N
B A X R R SRR AT EOR BTk
AT, EEAFH LR 45

(DA B IX e 2w 5 G 5 AR S KU PP A9
KEEAE T PR 0PN RO AR S3 , PR bR v —
B A 7 RE LR Y JE T A B B A 57 /R
AT A S B L A AR R G, S LR 22 P = 2
HAFHSRZUHAT , AT AR 06 315 A AR A B
VERIPEA O FEA BT

(2) 18 DX 4 Ja 15 e PO Rk of vl 3 o B 455 J5
AR IE MR AL S SR L AR AN L 5,
IR IGIT A A MBS PP AR B T B — R B0k
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