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Abstract; To evaluate the pollution status and sources of heavy metals in the soil of a historical lead — zinc mine in
Chongqing , this study determines the contents of Pb,Zn,Cu,Cr,As,Hg,and Cd in the soil. The single — factor pollution
index method ,Nemero comprehensive pollution index method,geo —accumulation index method ,and potential ecologi-
cal risk index method are used to comprehensively assess the pollution degree. While the improved BCR method is ap-
plied to evaluate the leaching risk. Correlation analysis,principal component analysis,and positive matrix factorization

are employed to analyze the pollution sources and their contribution rates. The results show that the average contents of
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six heavy metal elements except Cr exceed the soil background value of Chongqing,with Pb,As,and Cd surpassing the
screening values for Class II land use specified in the Soil Environmental Quality Risk Control Standard for Construc-
tion Land,and significant spatial heterogeneity is observed. Pb,Zn,Hg,and Cd have a high proportion of bioavailable
fractions and exhibit high migration risk. In terms of ecological risk,the study area as a whole reaches an extremely
high ecological risk level ; Cd and Hg are mostly at extremely high risk ,Pb ranges from mild to extremely high risk ,Zn
and As range from mild to high risk ,and Cr and Cu are mainly at mild risk. Source analysis shows that the pollution
sources are ore mining ,natural sources,and ore smelting and processing,with contribution rates of 68.36% ,18.57% ,
and 13. 07% ,respectively. Therefore ,pollution control in such mining areas should focus on Cd,Hg,and Pb.

Keywords: lead — zinc mine area;soil pollution ;heavy metal pollution ;environmental assessment ;principal com-

ponent analysis

05 &5

[ VY g L DX T PR SR B R LA B TP AR (BAE TR (R IR R A HEAF R
TEAR) Ph Hg Cd | As ST G ) , 0 o XA 1R it | Rk ik i S5 i AR e A R, X A DX A 25 3R 5 5 1A
Tl R DR S PR A i S B X, AR S PR O R V5 Y B R KR, O X
SR T R, FLH S PN 55 P 2D IR T TS e XU K s B X PR B AR R
TS YA Bk 4 T 4 R TS Y A i B ER Y ST, D S g R A DX P PR T e ) R
TRDTT RAAEAAT.

SAEIA A2 T S SR PR TS T I MRS 4 th I st B9 X 1K) Pb  As  Cd 00 R
AT EEZ BTEA S XU As > Cd > Pb > Zn 5 KA TR A A5 RUSSRARZS s ol &5 AL 1 s i A X
ORI IR A6 T2 IR DT S5 B T OB IAFEAE A ), NS Dy I 1 R R = 2 x
R HRIET I T AU N (Y 3h 25 10, & BRRR PEPRSE (Rl 2 pH <3 1) 2ol Rt (2 20 0 4 J L , it 1
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Tab.1 Sample detection method and detection limits

E4EILER K 7 % BEEALES Kith PR/ (mg - kg™')
Pb (e I R A B IR T4 1R /R Bk AA900T Y )5 0. 006
cd AR (GB/T17141—1997) TR EEE T 0. 06
Hg CHBEFPTRRYISR i G B0 56 E‘Ji)ﬂﬂi b RAXAS KylinS18 %I 0. 002
As TR BT ) (HI680—2013) JR T 0.01
Cr 3.0
- CHIBERPTBY TCHLITZ 09I 2 K 8L i X SR Pe kYL L2
, X SR PO EHE) (HI780—2015) (PR A BRI SSTIGER) 2' 0

1.3 FMMirESHE
1.3.1 M
R R SRR T RTHRAE ", R SRR S By 0T ORI A5 2 15 T M i o (e
HATHIH, 2 0L E Z AR fE (GB 36600—2018 ) { 4= 48 FR 5% it i 4 1% F M+ 38 75 Y RUBS: 48 35 A o (3t
FEYV T SCIRTRR I e 8. 5 57 (80 077 B8 19 L 6 2.
2 LTEEEREE

Tab.2 Background values and screening values

i H Pb Zn Cu Cr As Hg Cd
R/ (mg - kg™") 44.70 423.20 60. 30 176. 40 170. 10 0.41 2.47
TEEfE/ (mg - kg™") 800. 00 — 18 000. 00 60. 00 38.00 65.00

1.3.2 i ik
(1) B[R 15 Y45 5k
RIS R R AR
C.
Pi= (1)

i

b P ARG IS R0t N B DR 5 B 2 € i Ts Y AE 8RR it PP A SR, me/kg 5 S, AU
TGRS I L ST F(E, me/kg.
(2) WHEE £33 15 Y e Bk

P G R BI TIT AA 23 BETSRENSREEEATRIEES RAERE
P - Pivg + Pﬁm 5 Tab.3 Classification criteria for single — factor pollution
N 2 (2) index and Nemero comprehensive pollution index
APy RSN WD R T RAGTG s WIFISR WIBPSGATS S
P MR O TV SO R s T R RN, kiR
AFAGH P, REL G T g 1 %2 PsSLO o R=07
¥ RSN — e pe o [ somzk 1.0<P,<2.0 0.7<Py<I1.0
. 52 PRl B bR A WL 3. L0 < ik
s EEY 2.0<P,<3.0 1.0<Py<2.0
(3) s RBUR KL [14]

HiETEge 3.0<P,<5.0 2.0<P,<3.0
E e 5<P, 3.0<P,

= =2 =24
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mg/kg; 15 Y RERE ST RAREWIFR 4 Frs.
F4 WRRIEHSEEESR
Tab.4 Pollution degree classification of geo — accumulation index
Db 1., <0 0<I[, <1 I</,<2 2<I,<3 3l <4 4=l <5 5<li,, SRR UESR IR

ge0 geo S~ “=Tgeo

TR il Rprsie RENSR PSR feETR EETSR TEIR k[ 14]

(4) WAEAE S faFfa 8% (HRI) ®5 HRI WiTNSE RS BRIHIRE
HRI 1 Hakanson'™ &~ 4 5% T A E Tab.5 Evaluation index and grading standard
SR ICR Z B AR, AR, A A )k 22 of HRI evaluation method
Sl PR AR JE R AE  EAT AT L AR T v RI S S dbife
B 0, 3 T T 4 9 985 1 2 2 1 AT | R
(1 SR AN S BRI RELT £ <40 R <150 I
T 40<E' <80 150 <RI <300 i
c}zsg (4) 80<E' <160 300 <RI <600 Ch CHER[14]
o X c (5) 160<E, <320 600<RI<1200 Ui
S 320<E' 1 200<RI W
RI=YE. (6)

i=1
Xrp: G R E LB RSEGC RS BIES, WIEE LSBT SE (WK 2)E HIEE LR
FEAESAEFRREGT, A E AR EEm R REGRI W E SR MG WEESGEIRE S B0 5H
S BB A VG Y R B R B0 140 (Hg ) >30(Cd) >10(As) >5(Cu) =5(Pb) >2(Cr) >1(Zn).
1.3.3 E€BEMEFRESRI

SR HEkEE BCR VAR d 6 i I RAAIE A %07 i ik R R BURIIE FE LA PR32 1 1) 5 08 5 2
B, AR T TR B3 5 YL, 55 RRPEIUES (A RS AT LA Rk S 0 4y B B 48T T
SR BIRENE S ; R, SOk IS 00 280 BRI S PR R B A o ) B AR, O LS S R 4 SR AR
AT RE S R R Vs A7, SR YRR DT R SR ik 1 R 4 A O AT SR AT s . R AT

TG, TR 55 R B2 A Y AR, MERRFREC 1000 g A S ECA 100 mL B0 4 Y, WS 40 mL
0. 11 mol/L BEFERYAWR , 7E 25°C =R 451FF LA 180 r/min 3 RHE7% 16 h, /5 LA 4 000 1/min B> 20 min;
P LI W % 2 ORI, T 4 °C W R A7, B AR Y M 20 mL 246 K 3 Bk (JR % 15 min J5 DU
4 000 r/min Z.0> 20 min) . B IZIEVEIERVE 2 K.

W AT AT IR SRS PRI, IS BRI (R AR A 40 mL 0.5 mol/L f#) NH,OH - HCl {5 , &4
¥ (180 1/min, 16 h) FIEg.0> (4 000 r/min,20 min) Z5FFEFTHRAE , 1 IEWRVR EORAE , B AR LA 2l 7K 3 1 2
K CIE VR [A ) -

BifiJe , 64T AT AL AR, R AR P A 10 mL 30% () H,0,, i ¥&% 1 h(4F 15 min F-3hR %5
—K), 485 C/KIF 1 h.95 CIAEIE TG, EE A 10 mL (1) H,0, JfLIARE & 1 0GR E s
A 50 mL 1 mol/L f#) NH,OAc %3, 275 180 r/min #E3% 16 h,4 000 r/min Z5.0» 20 min, [ 751 HALLE,
BRA LIRS E 2 IR (W5 AR -

Hm  AEPRBE RS W R HS AR YT 95 °C 25T, ZFIBGHIANHE L 100 H FRICO. 1 g 5% A TR
B OIMARFREL A 4:1:1:1 (%) HNO,: HF: H, 0,: HCLRF] (435124 4 mL 1 mL 1 mL .1 mL) , S TiGR H (HR 2
180 °C, 14 20 min) BRI FS 2 IR , 180 °C HIR 231, F 2% 1 HNO, 7E 75 % 50 mL. i SR AN
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T 0.45 pm K RUEBLTIEIT , R FF TCP - MS(Agilent 7900) W7 Pb Zn Cu Cr As Hg .Cd {351
1.4 MELB5SHTE

FFH Excel 2022 SEAACRII AL 8 1 TBM SPSS Statistics 20 JFRSEHAMHT LA , B tufTRA S it
HECHEAIT LB AR AT T IR S RS 4307 R 75 2o 38 FTMER 0 : KMO R B B3R KMO 0. 5 , Bartlett
R IER B4 P <0.05) {5 EPA PMF 5.0 52 BHR 172 BT % Bigemap Pro 5 Origin 2025 244]

2 FR5E
2.1 EERSERITHI

N 6 Pim Xk RS E DX 4 s 5 e PR (S F R A S (WK 2)  BF5E X35 Cd P \Zn |
Hg B2 AR, & 820 ik B S (A AY 368.20,71. 66 .58. 47.53. 93 i, Horp Cd f5 SEREBEJL R, ot b 1
oo s s Cu F1 As WRBUOAFREE R AR, S B0 BT R (EHAY 4. 36 3. 92 %4 Cr S8R TH =08, A1 5HER
0. 22 15 AR B R SR IS, AT WU I X I - e 5 B SRAS IR XA eh IR R M i e (L ( W3 2) ,
As Pb Cd 1 Hg ) S MASEAR A7 90. 00% \82. 50% \72. 50% Fl 17. 5% . 45 & FIE 2 MR B EET X AT
YURFHEXT H " AR X IR S 40T X — 0B As P A B e (0 I HEARAE , 1 22 S AE T A9 X I8k
Cd S ESH i, H As Pb Cd [R5 SR LU AR , 5 200 B T IX =Rt R,

ARSE AR bR Cr PR A HORDCR AL 5 R B AL TR KK el Cd i7e S R 40
it 1009% , J& F3 AR S AEmE -, S WIBR S IX 40 T 4 I A e (10 B HHORR FEE R V5 e s (M) S SR PR, [ —
SEFESE Ll S M ARG sh 48, 40408 i A5 A 0 3 3l n] e i sk o X S ) 35
kNI E S S

x6 IEHERTESEIENRITHESHIMER

Tab. 6 Analysis results of statistical characteristic parameters of heavy metal content in soil samples

I H Pbh /n Cu Cr As Hg Cd
i KAE/ (mg - kg") 7 000. 00 60 000. 00 730. 00 71.20 1 600. 00 85.00 4 900. 00
%/J\{E/(mg . kg“) 300. 00 900. 00 81. 00 8. 65 40. 00 5.72 18.90
SEE/ (mg - kg™')  3203.25 24 743.75 262. 80 39. 10 667. 30 22.11 909. 46
A A A B R R & R B R
LA 7 R — & — = o =
ﬁ‘(&{)ﬁ,ﬁ/(mg . kg") 2 277.43 21 163. 39 193. 42 12. 85 540. 09 19. 25 1 440. 52
A 28 CV/ % 71.10 85.53 73. 60 32.86 80. 94 87.05 158. 39
A 0.41 0.58 1.18 -0.03 0.62 1.58 1.96
I i -1.36 -1.27 0.33 0.16 -1.19 1.93 2.49
2.2 HREHTRESRISRFN OIL TR
2.2.1 BEFSRIEHGEMNES S S RIEHEE T e

V(EEET5HY)

BT EITM 100+

MR 3 WX RbRifE, P, VP AS R ANEl 2 fis , & 5
SIBICEN P, SEXEF/NEF H: Cd > Pb > Zn > Hg > o 10p
Cu > As > Cr. BAAKE,Cr b T 2259, Cu 1 As Y=
TSN BTG e 7 A, Cd \Pb Zn \Hg JL-F- 4884k T

HETGYUIRE. Py K/NF 2 Cd > Hg > Pb >7n > Cu > ol

As > Cr, 23 | iZ0 XN nss Cd \Pb Hg AIGEE, SHEE

SRGEH A BT R (IR As Ph Cd (93650 584 — i

B IR bR A S B A B o S A LL o BEF MMM G R

As T PR PIREA B 0 2 DN T AR 24 = 5L P, i %= Fig. 2 Single — factor pollution index of soil

HAEpris et 5 Cd \Pb Hg AH HuisH2. heavy metal elements in the study area
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2.2.2 i ZFRIBHGEEMN

MR 4 W Fhrite 1, P A RN 3 IR, & B4 BT E W 1, FEER/NITF A : Cd > Pb > Hg >
Zn > Cu > As > Cr, AORF , Cr AbF 15 YRS, Cu 1 As IJCT5 Y B v i35 YL 445 43 A7, Cd \Hg \Pb \Zn ¥
FEAE GO, Hob Cd Bl ™, 5 P, PP A SR 3A— 34, J5 2R B 5 61 Cd \Pb Hg.
2.2.3 BEESRBEREETMN

AR 5 B9 Bebrifl , HRL PR 5 FANE 4 TR, S BB ICR I E, SE3 KNI A - Cd > Hg >
Pb >Zn > As > Cu > Cr,RI “F-H{H > 1 200, 32 BANFST X S A F AR i A S XU 2 . HARCKF , Cr 23 4b
TR A SR DL, Cu KA T4 5 A2 KBS A7 78 v S AR 5 XU, Zn AT 38 A 2 XU 3] 58 2
BRI A, As FEIRFRRE RN P 254 5 KUK, 17 Cd \Pb Hg BIAFTER s A S KUK, 5 1, PR 45 SR 3
A —3 fEJE S G R N S OGE Cd Pb Hag.

B 25% ~ 75% B 25% ~ 75%

LT 15 QR 10000L L L3grvmics
s HfE
1000 i

™ ] B S e
10 3 é
SR

o T

I geo

P.b in éu ér A.s H.g C(.i Pb  Zn éu Cr A;s I—fg éd
feEITER HEaBILR
B3 HIRRETEHFREESETRM B4 HRARBLIEFEESETEREE
ERBYITMER EEREIEETEMER
Fig. 3 Geo — accumulation index of soil Fig.4 Potential ecological risk assessment
heavy metals in the study area index of soil heavy metals in the study area
2.3 EEREMERESIN 100 -ﬁ%ﬁiﬁ
HeilE BCR R BRI S NS =t
RIS B JRZS al S S AR S TS, Ay ERDHIES
SHGFN RS s pis,cd o S
SHRRARICS 35, 5 L 60% , A=l R R MERR. T 40
548 ;s Hg [P Zn FEESSIRIRIGE | AR AT AT 48 20
WS FORTERNGR AT B A DL 5) & 0
IS Cu TR A 7 i L, S oo S
ﬁMF€é§€%%£ﬁ¢%?ﬁ;Cr\As R?éﬂ;ﬁ;‘z@ H5 +RESERERA L
S MFREER. T Pb Hg.Cd HA =) Fig.5 The proportion of soil heavy metal speciation

TRV HAP T AT o5 FEBOR, PR A XU
Tl Cr As FEORFRIEZS SIS YU AR, (EASE R0 2, SRR BRI R 4Rt BB X L3
Pb 1 Zn DISIE S 7  HENDE R AT XS8R g S 3t B B A X, 35 RIS, 7 R A BR AL -5 Fak
RAACEIIIY I T JRRRIE MRS, Jefd Pb Zn ) Ayl RIS AL
2.4 FRERG I EHESERIFEFENR
2.4.1 FREFLFEPEEREBEXESN

TR IHTAERMNZE T Fr7n , Pb 15 Zn As TR SR OCIK A4 B R) UEAR , B AR 1 SRR
ERRAFAETTR IR IR TTHR; Cu 5 Hg (Cd @ EEARSE (B Pb Rl Zn 55 5CHK, 4278 HoR B UCEAT A M
A Cr 5 Cu,Cd Hg T B EHERBARAR. X RO 5 al w1 HE R (P - Zn - As) B A1KR
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Tab.7 Correlation analysis of total heavy metals in soil in the study area
F4EEILE Pb 7Zn Cu Cr As Hg Cd
Pb 1
Zn 0.983"" 1
Cu 0. 295 0.299 1
Cr 0. 109 0. 025 -0.469 " 1
As 0.976 " 0.976 " 0.331° 0. 144 1
Hg 0.243 0.248 0.961 " -0.540"" 0.264 1
Cd 0.010 0.039 0.924 " -0.608 " 0. 037 0.912"" 1

T T AUSRAE 0. 05 A ORISR %) FAIGHE 2, " FUSTE 0. 01 ZK-F B 3) T A5G PR 3%

2.4.2 HRRELEFELEERS S

FEREAT A3 MRT , Ao IX ek )+ 38 4 IR 4
H{Z BT KMO FI Bartlett ERIE A5, 25 5 5 7 KMO
B4 0. 617, B E 1 <0. 001, 3 BZEE 43617 F
OIHTCY L TR BT 5 IR T 3 AN T, Bt
A7 TR 98. 382% A 5.

m3 8 frox, ERMA 1 (PCL) U7 2 5Tk E R
43.014% ,Pb Zn . As [ {2k &5 B 42 of, 43512 0. 989
0.992 F10. 979 , %45 F A ek 4 i o 45 SR — S (Pb -
In - As EAERR) X =K 0 R M ] M.
AHWFFEFE Pb Zn JEEVEED I B K, As DIEED)
FERAFAE e PC1 Al fEJEH A1 JFR 16 3.

F L 2(PC2) Y5 22 5Tk %A 41. 359% :Hg \Cd |
Cu ZRfr B e v, 435y 0. 945 0. 947 #1 0. 960, 754
FHOCHE TS5 R (Cu - Hg - Cd EH1AR) . A5 AR
YR A RN T i Cu He A1 Cd 354 ik
PC2 R RESEH A1 1R N T35 3.

®8 MRARIFESREEIHADHER

Tab.8 The results of principal component analysis

of soil heavy metals in the study area

FIr 3(PC3) 1977 22 5TRRA N 14. 009% AL Cr A5 1 (0. 916) , SAISEAE /T 45 R — 2 (Cr Al 57

PRZR) . AR SCIRARE Cr FBEAFAE T H R i PC3 W]

2.4.3 ARXB I ENESEEEMN

16 PCA (y5ERH |, 2R ] PMF X} 5 43 )@ Sk k47
FERAENT. MEHE R LY >S5 B & A PMF 434,
BAEHEFES PCA —3(3 1).

mE 6 i, B F 1 X Cr iy sk 823w 100% ,
5 PCA th PC3 T4, 2545 HoP W (B T Py 4
TCRT MG R L, Bon Cr N TCTs Y590, A
R A S AR A A, B R 1 R A

T2 %} Cd 5Tk T 100% , % Hg (58. 6% )
M1 Cu(46.5% ) HA FETTHL, 5 PCA iy PC2 &
A, A IR S R A T R R A TS Y, IR

5 e AR ¥R T LAY
PCl PC2 PC3
Pb 0.989 0. 087 0. 055
Zn 0.992 0. 081 -0.042
Cu 0.221 0. 960 -0.123
Cr 0. 093 -0.390 0.916
As 0.979 0.131 0.114
Hg 0.17 0. 945 -0.205
Cd -0.058 0. 947 -0.259
FRAEY 3.011 2. 895 0. 981
%/ % 43.014 41.359 14. 009
BRI %/%  43.014 84.373 98. 382
R A 5 UGG WS, e o7 i O E Ak
BRI 2.
fIE A2 E1 AT

TIHRR/%

100
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40

20

Pb

B 51
COHF2
B 173

Zn Cu Cr As Hg Cd
LIEAEPIES

E6 MRREBLIFENEESEEMSEE

Fig. 6 Source composition profile of heavy

metals in soil of the study area
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Bt BT IR DOR AR P e A4 L 2, Cu 2R TR M S B b R I E - s Hg . Cd 2R 4
R R A 74 38 AT BRI A A7 AL PR TR UBURLA )  BGIE BCR 7% 7R He 1 Cd fiy 44 mT A1
SET IR, R A T 2 P50 16 Hon 36 3.

PF3 325 Pb Zn \As B TTHK, 55 PCA H i PCL B4, = IR S a4 TR AR HEAF i i XA
IR T S [ IR TR, PRLORE PR 1 3 PR 7 41 R 2.

B 7 Fros W5 X < T St 4 R 3 (A1
3) B, BT A e ik 68.36% , 5% XA O P s g BT IX K
WP RS SR ERG; HXOEARBE (W T 1), stk &ty
18.57% , W T 2% DX 3 A B8 Jo 1) 6 v i ik, A\ D 305 3l 52 iy ] 22
W% 5 5T Rk B /N B 1R BN G B (5 2) , AR BTk EEAY PMF/7) %'g/“
13.07% ,{B% B 3% N 7 £ % Hg Cd #9375 3¢ 5Tk, H s BCR %
T4 R 7R X PR A e b DL AR Wy el MRS 8 32, ol il
RIS M R GRS A BT, R % JE 0 R e 5 R
ARG SEE AT REIZHE DTk o5 LE , B EE RS
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