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Abstract: The total amounts of heavy metals and their different chemical forms in soil can directly reflect their toxicity,
mobility and bioavailability. In this study, five heavy metal elements, Cu, Zn, Pb, Cd and As, in an abandoned lead-
zinc mining area of Chongqing were extracted by the BCR continuous extraction method and their chemical extraction char-
acteristics were determined. The results showed that the soil in the study area had been contaminated by heavy metals.
The chemical compositions of heavy metal elements in soils from the study area are significant different, arsenic and copper
are mainly in the residual state with low activation degrees, lead is mainly in the residual state and the reducible state,
cadmium and zinc are found in all four chemical forms, and cadmium in soil shows a relatively higher activity. The char-
acteristics of different heavy metals in different chemical compositions are quite different. Therefore, it is necessary to pro-
pose a specific treatment method according to characteristics of different heavy metals and their chemical species.
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(Huang et al. , 2007 ; Sharma et al. , 2007) , F&E4#}
PER BSR4 )2, Ferh AR L P AL EI PR
1 5 DX 3 A A R YRR X, i TSR EOR I
J5 RS B 38 KT G vh B I R S A, S BUOR
HBEIT R IEAR XML R ARG, JE 105 i X
K AR R (B IR AR, 20035 ZEHRAE,
2008; ZEMLAE, 2008; i EFIEA,2009) , I e 28 i
B iE B AR A8 FE ( Moreno-Jiménez et al. , 2009;
A, 2012, 20135 45 /N4 5%, 2014; Briki et al. ,
2015) . AU JT AT EF O 1 Ml IXC A 34 855 1) A )] 2
FIHATHN B IR B 2R 2%

X AR DX S AN [ 4 R T R & i Ak
PR RGO, A B T e X L S
J& TC 2 2H URHAIE B2 HoT5 Je KO (45 3 & 5, 2008 ;
Yin et al. , 2010; Kelebemang et al. , 2017; Dinake
et al. , 2018) , " X 1 4 Jm M2 R Ts e iR
JERRE A AR br (B2l TARESESE S
7R T B BR 58 RN, O R S e K v T R
FHA A 50 (Cuong and Obbard, 2006; 2=k &
2012; #iAEMSE, 2005; AROEHE, 2017), KWL,
S TR B AT X S G JE T R R R AT
RIS YR A S a f E PR T A AR B e T S O
IRFEAEE A RAE L DR X CR T IX | Bk ik X K iR
PRI Y - M 4 O 25 o0 A RR AR R AT OF 5T, U
A IX 4 JE OT R I IR OF 5T AR IR A HLE
EIRMSH A,

1 B 5% KB

W K s T HEK T A B RE S (dt5
29.75°~29.86°, 4 4 108.22° ~ 108.33°) , FE H. 4
63 km( & 1), 136 km*, A 0.45 7 A, Hi
PR AR B AR R 1L X, R e i R A, 4 2
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R, KZR2EOMR L, BEST TEE, FE
WA B VSR AR, B Ik
200 J7 t, 47 AR BRSOk BB ol < AT 0 4
R S R P o = M A2 £ s o 45 5,
FE R A 1 X R T8 T4 F b 5 55 R LD MRS o
R DAL 1 A B A5 A G AR 0K S, X PN 43350 K i
FABRIREL A A B R E . KNI Sk
P AR AL VAR, d s AR 1528. 80 m, B IR
R 950 m, A XS & 2% 578. 80 m, & Tk 1l P iR Y
FNHIE . 7E e TR A DXCETEE Tl e X3 A 2 B v K
Bk FeK W F & il /K K 3 8 0N B B 7K Al
FEAK W 24T WESE XSRS A TR 2R X AR OF
PIEE 16.5 C AR FEK 4 1285 mm,

2 HEARELE AN

WFEAT B X AN ) D B X -3 /%9 Pb (Zn |
Cu As Ml Cd 5554 8 RAL IR 28 0 1 g IX -
4 R OC R TR AL B VE AT I S MO B X
[ A5 7= T RE DX Y 3 8 A i iz, R AR 14 A LIERE S
PEAT AT, o R R IR AR T 3 A L e W
20 ¢m 50 ¢m 100 cm - JERE &L SR XA 4 J= A X
P, o 2 AR AR SRR 20 em AT 50 em {7
T b SRR A, 1A SRAE AR AE ] 20 em B IEAE A
B SEAT 3 IR 0T,

e AR T R OR A% B A ] S = SR A1
B WRA AR AR 5 AT I 2 TR A R B 100
¢ TIHHHR P ik ar 1 100 H R B0, A BH48E 17
#wH.
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(0.11 mol/L) , % (22+£5)°C FE ¥ 16 h, £ 3000
g B0 R B0 20 min, B b TR I R A2 e 75 R 4
J& Pb.Zn As Cu Fil Cd % &

7E R FR B b i ACET i B E Y 40 mL R R
B (0.5 mol/L) , T ik T #23% 16 h, 7E 3000
g B0 1R L 20 min, B O AT IR R 25 A S
W4 R S RJE GRS R B Y T 2 1E A 10
mL H,0,(30%) , =i FiHAL 1 h, H L P& 10
min T35 5% — W HEE R E IR KB B ilAE 1 h,
B 10 min T2h48 5 — 0 AR 2L B fAR BN T 3
mL RG> 3~4 WA 10 mL i3 S 4L A (30%) , 75
TR A B AR SLTH AL 208 T (R ZZE T) R 2mA
50 mL ZBREVE (1. 000 mol/L) , % i (22+0.5) °C
TR 16 h,7E 3000 g & 0> J7 F &0 20 min, B E
HWM T H AL B E 4 JE Pb . Zn As Cu F1 Cd 7%
i A KR AR 0 SR B WA E IR AR N T,
BLO0.1~0.2 g ffi HER IR —1F R - A R - = IR IR &
PRV %, I 5 5% W A8 ) 42 )8 Pb . Zn As Cu il Cd
i, Vb4 R R A W E AR A A, Ik
TIEELSEN LR, A ELSEITE (Pb . Zn, Cu,
Cd 1 As) 7 52k HHUERE & 48 & OIS (Y ( VARI-
AN ICP-OES 720ES) i € ,

% 95 25 7 DT R BB X T A i B 5 A AR AE

iR S NI IR E B N Pl o SN O R g s T
TR XML, HHE 2R, 2%
Wb TR, ANEDIREX L E Ph frE ol 511
~41 252.5 mg/kg, F1 Pb ¥ (9306. 6 mg/kg)
(SRR it A FH M A 4905 Gl RV A 2 b 1 (3K
1)) (GB15618-2018) ( LA T filf A& - 1 25 855 i 4t b
T ) XU i 16 & 103. 4 A, f OB AR A% Bl 458
f5 s As &b 32.2~2793.9 mg/kg, F3 As ¥ ¥
(984.76 mg/kg) Lt 4 48 P15 it 5t A o XU G 26 (EL
24, 6 1% e K AREECH 69. 8;Cu A 19. 8~
793.6,F-H Cu HJF (264. 13 mg/kg) 42 1 33 3R 55 F
it AU 0 BEAEL Y 5. 28 %, B KEARAE R 15.9;Cd
TN 0~311.3 mg/kg,Cd ¥ JE (100. 58 mg/kg) N
- IR 5T o R 0 B (B Y 335. 3 i, B K AR A
BN 1037 ; 3K Zn & &R 235.6~19 142.2 mg/kg,
X Zn WREE (9717.9 mg/kg) b A 35 34 85 o o KUES:
i e AR = 48. 6 £, B KBRS B 95.7, Al UL, oF
FIX LS FESJEITE Pb Zn Cu As Fl Cd &
T ORAR R T G A A U e RS O R A
LA MR A S M AR X R A L (R
2) ,ARWFSE X AR Pb Zn Cu F1 Cd & F B 54 55
ULHFE X EIEE Z B E 4 8 Ei5 e, Ik, %20
SR ESUR IO 1 4 485 it 77 1 4 V5 Y R B 4k £ i KD

R LA
3 BRI AR IR B T R —
31 LEEERTESBASREN 3.2 FAESEEENLERS

WF5E X e pH {E AN T 42 @ & 40 Hr 45 51 L
F1, WF1 PR, LHEMNGN pHAEHR 5.75~7. 23
(BMER 6.47) , ZF WM. AFDIRE X LR 5 1

4R IR I B ST R ) B Bk T
AR A MEE SRS (BT 45, 20115 ZE{ERSE,
2016) . ASWAFFE R BCR ¥ $2 UM R 58 e 25 40 24

®1 FRIEHESFNpH.EEERERFHE
Table 1 List of soil pH, total contents of heavy metals and their average values in the mining area  (mg/kg)
14 S FE pH Pb As Cu Cd Zn
G ) 455 5.75~7.23 51.1~41252.5 32.2~2793.9 19.8~793.6 Nd~311.3 235.6~19 142.2
RSl 6. 47 9 306. 6 984. 76 264. 13 100. 58 9717.9
IR 7 S {H . 90 40 50 0.3 200
TE - g (R PR BT kA FH - 305 G KU A 5 A v (34T ) ) (GB 15618-2018) , pH B 7 1% A5 1 H 0 KU i 6 1
R2 AEAHHETRIESESEAEXH -8R
Table 2 Comparison of heavy metal contents in soils of different lead-zinc mining areas
. ELJE T/ (mg/kg) N
B X - 22 ik
Ph Zn Cu As Cd
1 WRE K L 593.62° 357.27" 49.04 " — 8.35" INELSE(2011)
2 WV A4 217 ~1499 223 ~1281 39.8~184 — 0.3~9.03 ¥ e 55 (2012)
3 & 89. 04~ 6875. 25 49.66~6763. 18 21.16~2153.95 — 2.19~21.56  F{HIS4E(2015)
4 BALkE I 350.25~1241.13  250.33~1768.25  150.25~1698.75 — 0.55~9.13 N 4F (2012)
5 A5 X 51.1~41252.5  235.6~19 142.2 19.8~793.6 32.2~2793.9 Nd~311.3
M 9306. 6 9717.9 264.13 984. 76 100. 58
e ) A M =T ROR TERAE N R AR R
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TAEGE M AR VE T 23S IR IR Eh 45 A S I B
LB S RS s , EREFMETES R
W, BA ARSI AT B st MR 3 . 93 4, Fe-Mn
AL NS 5 I8 vk kB A AL W) 45 R R O, AE
BIRFM TS B, AI-MESEUE SRS
T DUA AL 3 P R A AR Y 25 G B S
T R S e 103 A £ = o S Bl N5 0
it Fe-Mn ALY 45 5 5 A HL-BR AL W) 25 5 5w
B A W R W A WA R Bk i 2 TN R 0
A BRI 4 R O T R A 5 . AR
MR L3 T & Jm b B S A 45 R a0 &l 2 fr
RN OFFFH X 45 As LR A 0
di B IR 1Y 85% ~ 98% , /b i L] i 5 2 E 2 H ] 4R
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T As A XIS L R RRAR, @ 13 od EE
ISR RIS T (15% ~65%) , Foyk Sy v] b Ji 24
(2% ~33% ) , ¥ ke sE W] AL A (5% ~81% ) ik it
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JRAS A S S WA — 2 /A0, 59 MR AR BUS P L
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AR RS (22% ~51% ) 0 F 16 R X+ B 55 1R
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L T 50% , Hh AL R B BIR Ph RAR i A5 A0 R] ik
JEZA N Cd M Zn 19 4 B ARSI 50 A
M BCR $i i) 25 b 8 4 JB 2 SOk B A0 0T IX
g 4 R AT R BE 1 SR AR KN Cd  Zn  Pb,
Cu As, XX #1700 X LR BB E B —x
MO, A5 X 3 4 R JT R &1L
ﬁﬁ?&éﬁﬁ}iia@riﬂ?ﬁﬁﬂﬁ,ﬂqﬂ As Fl Cu DLBR SN
F, G AR B B Ph A - 3 P DL AR I 25 A ik
JRA N E; Cd Al Zn 75 L HEP AL IR S A
PRI 320 S8 R DX 0 5 e 1 3 A8 5 00 J0T AR 41 AN
IF) 5 45 J OC R 1AL 22 T SRR AL, 4 H0 B o 110 A
Tk o ARBUAS | e R 0 8 a7 18 2 Bl AR R (B
T R B AE ) T BE A AR Ok - M R G R Y g
BREFEAR LR (Inyang et al. , 2016; Wang et
al. , 2017, 2018a, 2018b, 2019),

4 Hib

(1) B0 X AZHBE 0 SR B8 1R W A 5w, 1 ¢
4 Jm A AR N A A B T X R O
{H,Pb.Zn, Cu, As Fl Cd 1) 35 KM bR AR5 505 3 R
458 .95.7.15.9.69. 8 Fl 1037, w5701 K HUA 5% 4 Jiti 1E
TS A 4R B Ak gl m gk — 25 ) JE 30 3R 5
¥R

(2) AN[E T RE X 43 7 4 R o= A B 2%

AHRIX T EE SR S TR XY X -
BT LI E S E S, A 2R Y
ISR Z NS St S A ) <k

(3) R X - E 4B WL F B &0t &
W AR 4 8 T R IE 8 0 i A2 72 W] i 2
S, 3T As B Cu DIBRE SN E,Pb 78 LI L
PR AS AT JE S 3, Cd Fl Zn DU Rk AL 22 8 25 34
Ao, B, R AR E & BT X FIESs
FRAE B2 B X PR i A 21 5 7
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