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Pollution characteristics and speciation analysis of heavy metals in soils around a lead-zinc smelter area in
Shaanxi Province, China
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vironmental Sciences, Shaanxi University of Technology, Hanzhong 723001, China; 3. Biological Resources Comprehensive Development
Collaborative Innovation Center in Qin—Ba Mountain Area, Hanzhong 723001, China)

Abstract: In order to evaluate the effects of lead—zinc smelting on soil environmental quality, the characteristics and speciation of heavy
metals were analyzed in soils recovered from a lead—zinc smelter area. The degree of heavy metal pollution was evaluated using the Single
Pollution index (Pi) and the Nemero Synthesis Pollution index (PN). Our results showed that the concentrations (in mg - kg™) of Pb, Cd,
Cu, and Zn were 19.27, 135.32, 2.76 times, and 8.02 times higher,respectively, than their natural background values. The Pi values indicat-
ed that Cd reached heavy pollution levels (19.53), Zn and Pb reached slight pollution levels (1.78 and 1.09, respectively),and Cu was not
found at significant pollution levels(0.56). Additionally, the PN values indicated that soils within a 10 km radius from the lead—zinc smelt-
er were heavily polluted. In particular, the east side of the smelter was characterized by a higher degree of pollution than the west side. The

results of the speciation analysis showed that the proportion of Pb, Cd, Cu, and Zn species generally declined in the following order : residu-
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al fraction (34.45%~45.98%) >oxidizable fraction (27.45%~30.57%) >reducible fraction (17.63%~23.61%) >exchangeable fraction
(6.80%~14.41%). A correlative analysis showed that pH was negatively correlated with the exchangeable fraction proportion of Cd and Cu;

also, it was positively correlated with the residual fraction proportion of Zn. Soil organic matter content was negatively correlated with the

exchangeable fraction and the reducible fraction proportions of Cd, and positively correlated with the residual fraction proportion of Cd. In

conclusion, the soils around the lead-zinc smelting plant were mainly contaminated with Cd, in addition to other metals. Atmospheric depo-

sition from the smelting plant and dust from the mining field were the main sources of soil pollution. In order to prevent heavy metal pollu-

tion in the soils, the source of dust pollution in the smelting plant should be restrained and soil acidification should be prevented.

Keywords :lead-zinc smelter; soil pollution; heavy metals; pollution characteristics; speciation analysis
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Figure 1 Studied area and sampling sites
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Table 1 Grading standards for Single Pollution index and Nemerow composite pollution index in soil

45 AR5 YR B T YER A £ i Y B FEELE 221
Level Single pollution index Pollution degree Nemero composite pollution index Pollution degree
1 Pi<l i PN<0.7 L
2 1<P,<2 LEREE S 0.7<PN<I ek
3 2<P;<3 RREE 1<PN<2 LZNCH
4 P.>3 ERGEC 2<PN<3 ENEES
5 PN>3 EREE S
2 TEEAMER
Table 2 Physical and chemical properties of the soil
547 Indicators pH SOM/g kg™ EC/mS-cm” CEC/cmol -kg™ TKN/g- kg™ TP/g kg TK/g kg™
SEYI{H Mean 7.92 21.20 339.67 49.60 0.44 0.36 7.15
bR SD 0.20 2.65 19.49 6.17 0.08 0.06 0.64
f2/IMH Min 7.57 18.47 310.61 37.59 0.34 0.28 5.91
IRAH Max 8.15 27.23 367.27 55.93 0.55 0.44 7.83
L - S 8.05 25.23 181.90 28.79 0.56 0.63 5.47
R BHAGERIEESERE
Table 3 Analysis result of heavy metals concentration in soil of lead and zinc smelter area
B N ORI o e anmm e s DOCEIITRI COREGue ALK
Heavy metals m/i1 MaX/,. Mean/mg-ke' SD/mg-ke' CVI% BS  BK Soil backgrgund/ I level(pHi7.5)/ Over—standard
mg-kg' mg-kg mg-kg mg-kg rate/%
Ph(n=9) 30.60  993.69 412.28 261.79 63.50 0.66 -0.48 21.4 350 45.45
Cd(n=9) 0.80 33.79 12.72 7.43 58.46 1.10 1.73 0.094 0.6 100.00
Cu(n=9) 22.34 102.03 59.14 21.70 36.69 035 -0.52 21.4 100 4.53
Zn(n=9) 298.79 1640.04 556.73 318.86 57.27 221  5.65 69.4 300 95.52
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Table 4 Correlation between heavy metals in lead and

zinc smelter area

JGLZ Element Pb Cd Cu Zn
Pb 1
Cd 0.777" 1
Cu 0.898" 0.773" 1
Zn 0.938" 0.727" 0.790" 1

T 0 RERTE 0.01 K b (U 25 AR

Note : ** means significant correlation at the 0.01 level (bilateral ).
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22 T EEEEFRETENMRZEEDH
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BFEXBTEY, BURE 4P ESEITE PV
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TR R T IEIREE TR AR ERY 1.86 7%, (HH A Wy ap bk
ANK T AR KRR T R IT R, i
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W AT AN 3h P 1) B RO A W AR R K

8 N RAEIX 4 HE 1 PN B AE 0.70~16.95 2 [i] ,
L CQFEX PN{HER K, }16.95, Bl , LUR KR Ah
O AR P M BEENIRER) BGE , PN {E B/, CD-20 FF
X PN fz/IN, 7 0.70. WA PN B 2246 F4 34 FT DU
R IX A 4 T 4 S s s (B o A SR BRI R
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(PN=4.92) F: X i) PN H Y K F 1) 74 2 km (PN=
8.76) .5 km(PN=5.12) #1 10 km (PN=3.95) ¥ [X., % W]
BT R FIRE P, SEHR A Ak
B VBB MK VTS RE DA TR A, AR PO, P 30 1 AR
SRR AR M A O T3 AR 3 U] R PR AL,
B HERCR IR A | 52 T8 AR 50 2 1] R 30
PB4, AR5 km AR TE DA A — D HTEER BT
Yy, KW Bas 5 250 7 e i A R T %R X ) -4
TSP R
23 TEEERERHEN B

K F BCR LG T #YBER ) i ] -3 v Ph
Cd . Cu Fl Zn 4 Fi HE 4 J& 0 28 1 T 28 380 245 (559 1R 42 HL
B) TR R (Fe/Mn BALZ5 G348 (Al A AL S CFF
ML B ifb P 45 6785 a8 & it Z5 S ink 6 oy
TN o AFNER 4 JE 45 T A TE S R Y 43 BC b ) S R
— BB R, ¥4 A 5k A5 T o HL B B K (34.45%~
45.98% ) , Hk o] E AL 2 (27.45%~30.57%) , FHK A
AR A (17.63%~23.61%) , fx J5 i Al 28 # 75
(6.80%~14.41%) .

Bt SR TR AT Yt h N E SR AR
B A= WA AT, PR T A 2 XU A0, 58 X - g v 4
4 @ I BRI A L A1) 3 L 30% , o Ph Y Ak i A
1135 45.98% . BRI A B R — s
EpHAEA &, WF 52 X - HE 0 pH FX{E R 7.92, )8 F
Bk g B R A R T A R PR AT S A )
R AT AR Iy — Ty 1 5 R A B A G W gE IX
Y B R Ph L Zn B CA A SR L & K
IR AL 22 R TR R B A 4, KR EE 4 SR Ju R AR
PUFE A9 A% RS AL

FEF B A2 09 RAC KU BF A 2] DL R B
TG e i A AT R E AT A 3RS BT o < 1%
R X FRAE TR L 19%0~10% AR KU | 119%~30% Hy
ZEIRUESE L 309%~50% A1 e IRUES: , >509% 10 A e JRURG: o ik
5% X -3 A Fh R 43 A AT A0S FL B R/ INIUT A Zn
(14.41%) >Cd (13.28% ) >Cu (9.26% ) >Pb (6.80% ) , Zn
FCd 1 LB I 10% , RS MR E0R |, 5 5 A= P R
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Table 5 Statistical analysis of contaminated index of heavy metals in lead and zinc smelter area

& Jm i LIS R WS £5 5 T Y dR L
KAEX L Concentration/mg kg™ Single pollution index(P;) Nemero composite pollution index(PN)
Samplearea 1 Tpigp gk Al P RSH ERGE PSE kS%
Mean SD Range Mean Pollution degree Range Mean Pollution degree
CX-10 Pb 147.72 21.98 0.32~0.52 0.42 T 0.47~13.37 3.95 i
Cd 6.75 1.66 7.07~15.21 11.25 i
Cu 54.07 12.50 0.41~0.77 0.54 R
Zn 325.47 49.71 0.92~1.46 1.08 iRingL
CX-5 Pb 208.49 90.99 0.20~0.83 0.60 Tk 0.65~16.95 5.12 5y
Cd 8.28 2.24 7.92~19.60 13.79 GivEE
Cu 57.60 9.71 0.43~0.71 0.58 R
Zn 418.16 156.81 1.07~2.73 1.39 BRI
CX-2 Ph 521.31 162.31 0.94~2.50 1.49 By 0.74~30.20 8.76 GRS
Cd 15.45 2.99 18.67~34.07 25.75 HiGY
Cu 65.72 12.21 0.45~0.81 0.66 TN
Zn 522.61 119.60 1.08~2.33 1.74 5 Y
CQ Pb 826.78 242.20 1.23~3.27 2.36 s g 1.09~57.82 16.95 GiREE
cd 25.89 9.29 26.00~69.47 43.15 G
Cu 94.56 15.05 0.71~1.22 0.95 G
Zn 1124.78 709.95 1.26~7.69 3.75 iYL
CD-2 Pb 678.03 149.23 1.35~2.58 1.94 R 0.87~30.63 9.39 iYL
Cd 17.12 1.75 24.05~32.58 28.54 iYL
Cu 75.36 15.04 0.54~0.98 0.75 T
Zn 748.59 336.18 1.39~4.73 2.50 s e
CD-5 Pb 334.63 82.54 0.60~1.31 0.96 HIE 0.49~26.58 7.59 i
Cd 11.07 4.56 10.50~32.75 18.46 i
Cu 45.52 4.98 0.37~0.53 0.46 THiH
Zn 488.75 157.34 1.07~2.54 1.63 U
CD-10 Ph 296.21 34.84 0.70~0.97 0.85 T 0.37~17.02 4.92 Y
Cd 8.38 1.66 9.08~19.60 13.97 EiNEE
Cu 33.35 5.43 0.25~0.41 0.33 THiH
Zn 354.69 62.15 0.93~1.54 1.18 By
CD-20 Ph 30.60 2.49 0.08~0.10 0.09 G 0.09~1.44 0.70 A
Cd 0.80 0.13 1.10~1.53 1.34 LESEE N
Cu 22.34 5.94 0.18~0.29 0.22 T
Zn 298.79 27.74 0.89~1.06 1.00 Tk

F L HA SR SR
24 TEBESERSENEELETFZ EEXME
I & RIS A 52 5 YR O | Bk
i KGR EZ MR RN AW, FIHE SRS
T2 B e e B R T o 1 FBIEES T AT, BB RO BR
BIEA 5 R WG T A R B R G T B A s, m
i S AT 2543 A 15 - SR AR S5 2 ] il A SR
B 8 A RAEIX 43 Ph . Cd . Cu. Zn 4 FIE 5176
HRBIT 1 L - SRR T S B A T A e AT

ZERME TR . pHAES Cd. Cu 1Y AT 384 2 HL 3] 2
WE A OC, 5 Zn (058 A H B 2 8 E A G
SOM 5 Cd f AT A8 e 28 AT A J 245 b 491 522 i 5 4 A G
5 CAd MR A el 52 B35 B A 56, 5 Cu ] 38 e s
Fb A7) S A 5 3 SRR O, 5 Zn B ARIE AS L ) 5 B IE
XK. ARG E SR oSS LY S i fb 45
B Z B AR SCHE AN B S, AT R DN R 5T X 4 R
JoT R B AR e T B S iR 3] 52.69%~
54.05%, Fe 25 ik 3] 46.22%~47.08%"", + 3 i 4> )&
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AR RIS IR U A BB AY8 o
FE A

3 pH H1 SOM J2 52 Wi T 4 J I 25 0 A ) T 22

FREE R 1, pH A FEAIG , SOM Ui/ #2808 45 g 1 ]
A A FI AT I JE AR R, pH (B K, SOM 3 245
2 S HE LR T RS MRS SR e, bt
58 X 32 vh Ph. Cd F Zn B4 5 A7 8 A5 2R 2 1) 3k 3
45.5% .100.0% F195.5% , Cd F1 Zn ) 7] A2 0 25 H 9] 8
11 10%, P, 12 X35 4= 48 )7 3 Hh 1 4R 591 2540+ 388 pH
(BRI AR, s v R T 0 24 v 58 e 0 R A5 B 1
AL R E AL R HERL , e IR AL

B2 BV 4 1 S (EH W 19.27,135.32,2.76., 8.02
8 (R T T bR v ) bR vfE (pH>7.5) 1)
1.18.21.2.,0.59 . 1.86 15 , &i for #8453 53 1l S~ 45.5%
100.0% .4.5% .95.5%

(2) B[R 15 Y AR BRI N ARG 25515 e R
YRR R X 148 CA ik B E IS Yy, Ph Rl Zn ik B2 B
1Y, Cudiis e, 15 4e2s () 434 S B0 BH 2 1 s U5
A3 AR IR BRI )RR TS YN, FIR BT ARl
YR FEE TE.

G R HEX 3 Ph . Cd . Cu Zn 4 Fh 4 )R
M TEZAS TR S IG5 3, v] 58 e 2 e il 41, (1

3 Zn 1 Cd (4 7] A2 46 25 LE A5 35 31 14.419% #1113.28% , H.
- A PSR SRS . pH BRI 3 HILBTR S e 4 )8
(DHEBHATR X L HEH Pb.Cd,Cu Zn ST IESY RS0 R IR B A T

=6 RHRAGEXIEEERHESA=ERILA
Table 6 Contents and speciation proportion of heavy metals in lead and zinc smelter area
LB & CIBZY/Z0 AL BRIEDS
Exchangeable fraction Reducible fraction Oxidizable fraction Residual fraction
HE)E - - - -
Heavy metals %4 Contents/ Hj. M 5 & Contents/ H:.M. 1 Contents/ Hj. M 5 & Contents/ H:.M.
mg-kg SpBCIa.tlon mg kg Spec@lon mg-kg! SpBCIa.tlon mg-kg” Spec@lon
proportion/% proportion/% proportion/% proportion/%
Ph 22.80+19.39 6.80 67.61+62.42 17.63 108.37+83.36 29.60 161.29+1.61 45.98
Cd 1.51+0.85 13.28 2.15+1.61 18.88 3.16+1.72 27.74 4.57+2.62 40.10
Cu 5.29+2.54 9.26 10.64+5.14 19.39 16.73+6.57 30.57 22.15+8.13 40.77
Zn 61.47+25.90 14.41 99.54+38.73 23.61 119.39+59.97 27.45 144.50+50.95 34.54
F7 TEESERSHSELEFHEXES T
Table 7 Correlation between speciation proportion of heavy metals and soil physicochemical factors
T4 J& Heavy metals JEAS Speciation pH SOM EC CEC TKN TP TK
cd A 22445 Exchangeable fraction -0.747° -0.796 0.717" -0.475 -0.660 -0.232 -0.308
A3 J5 4% Reducible fraction 0.421 -0.755" 0.709" -0217  -0.369 0.358 0.206
Al Ak Oxidizable fraction 0.345 -0.641 -0.324 -0.139 -0.152 0.390 0.318
5E 25 Residual fraction 0.578 0.819° -0.686 0.318 0.466 -0.217 -0.090
Pb T 28 45 Exchangeable fraction -0.264 0.565 0.531 -0.065 0.392 0.079 -0.319
Al 52 Reducible fraction 0.112 0.197 0.443 -0.415 -0.122 -0.737° -0.674
Al A4k 7 Oxidizable fraction 0.213 -0.149 -0.308 0.112 -0.206 -0.490 -0.114
5% 15 25 Residual fraction -0.089 -0.247 -0.946" 0.232 0.047 0.695 0.602
Cu A 224 75 Exchangeable fraction  —0.725" -0.858" 0.082 -0.564  -0.657 -0.507 -0.312
A8 J7 4% Reducible fraction 0.191 0.095 -0.518 -0420  -0.071 -0.113 -0.577
A4 AEZS Oxidizable fraction 0.146 -0.239 0.203 0.407 -0.132 0.062 0.333
5% 1#1 25 Residual fraction -0.621 0.427 0.422 0.589 0.457 0.358 0.644
Zn A A2 4 45 Exchangeable fraction -0.606 -0.368 0.102 -0.376 -0.315 0.033 -0.334
A i J7 45 Reducible fraction -0.049 0.214 0.405 0.201 0.398 0.587 0.301
Al 4 {3 Oxidizable fraction 0.360 -0.597 -0.262 -0.449 -0.340 -0.465 -0.278
T 5 Residual fraction 0.731" 0.832" 0.012 0.638 0.311 0.188 0.306

TE 2 EEF R OO 2 0.05 A DGR3 5 . 7EEAH BE GO 247 0.01 WP AHSCHE B2

Note: *. Correlation is significant at confidence (double test) 0.05; and **. Correlation is significant at confidence (double test) 0.01.
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