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Speciation distribution characteristics of heavy metals in soil of multi-metal mining pastoral area and pollution
assessment

LUO Lang', LIU Ming—xue'?, DONG Fa—qin?, XIANG Sha', ZHANG Ge-ge', ZONG Mei-rong?, YANG Gang', ZHANG Qian', ZHANG Wei®
(1.School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2.Key Laboratory of
Waste Solid Treatment and Resource Recycle of Ministry of Education, Mianyang 621010, China )

Abstract ;: Mining and tailings may bring impacts on surrounding environment, one of which is heavy metal pollution. The analysis of heavy
metal speciation and distribution can provide scientific basis for control, management and remediation of soil pollutants. The total and ex —
tractable contents of heavy metals(Cr, Cu, Ni, Pb, Sr, Zn) in soil samples collected around a multi—metal mining area were measured and
the degree of heavy metal pollution was evaluated with pollution load index (PLI ), Nemerow index method and risk assessment code (RAC)
in this research. The results showed that the total contents of most measured heavy metals were higher than the background values of soil.
The PLI results indicated that the soil around the mining area was in the middle pollution level and the degree order of heavy metal pollution
was Zn>Cu>Ni>Cr>Pb>Sr. Furthermore, the occurrence state of measured heavy metals showed that the main chemical speciation was resid—
ual fraction in these soil samples. The exchangeable fraction (4.99%~42.11% ) and carbonate fraction(4.05%~41.10% ) of Sr were
the highest, while the organic fractions for Cu and Ni were obviously higher than that of other elements. The RAC results indicated that Sr
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was in high ecological risk; Cu, Ni, Pb and Zn were in a substantially low risk, while Cr showed no risk. Cluster analysis(CA ) showed

that the non-residual fractions for measured heavy metals in soil samples could be revealed as two clusters :Ni , Pb, Cu and Cr, Sr and Zn.

Sr and Zn in the measured heavy metals were the most risk elements to environmental pollution. The above results suggested that this region

has been contaminated to varied extents, and there exists further pollution risk. So, the management and supervision of multi-metal mining

and tailing in this region should be strengthened.

Keywords: soil; heavy metal; speciation; pollution load index (PLI); nemerow index method; risk assessment coding method (RAC); cluster

analysis (CA )
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Figure 1 Schematic map of the studied area and sampling point
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Table 2 The distribution of heavy metal concentration in the soil samples of studied areas
REEA TR ek pH fi
Cr Cu Ni Pb Sr Zn
ynt14-02 55.79 24.66 29.62 34.46 117.19 85.14 6.89
ynt14-07 93.27 211.55 50.44 29.33 141.26 312.00 6.98
ynt14-09 53.44 7751 41.96 32.01 160.64 157.99 6.73
ynt14-10 4771 35.55 25.81 31.45 110.74 91.63 7.06
ynt14-15 59.62 30.65 28.94 26.11 131.02 103.00 7.02
ynt14-16 33.58 12.64 14.48 27.29 165.14 46.37 7.02
ynt14-18 45.03 33.65 39.26 30.23 140.80 187.82 9.98
mtl4-1-1 55.81 29.22 30.45 23.51 106.41 130.70 6.97
mtl4-1-2 49.30 28.86 18.57 26.95 116.90 126.72 6.90
mt14-1-3 56.82 28.24 24.49 30.95 113.89 133.68 6.93
mt14-2-2 215.54 345.24 297.04 56.49 161.01 2 689.39 6.77
mtl4-3-1 48.83 30.18 25.60 21.51 133.64 107.10 7.07
mt14-3-2 211.74 422.12 75.83 42.86 262.90 430.53 7.25
mt14-3-3 66.23 66.51 34.85 39.19 137.54 284.85 7.08
mt14-5-2 97.87 20.25 22.19 4591 118.42 88.38 6.95
o N ] 215.54 422.12 297.04 56.49 262.9 2 689.39 7.25
e/ M 33.58 12.64 14.48 21.51 106.41 46.37 6.73
By 79.37 93.12 50.63 33.22 141.17 331.69 6.97
b 57.05 128.28 69.8 9.35 38.64 660.38 0.12
S THOTRT R 61 226 26.9 26 167 724 —
i XX REE 55.79 24.66 29.62 34.46 117.19 85.14 —
ZREbME 250 100 60 350 — 300 —

T, B TR A K& Cr NiSr.Zn, Hr Ni fl
Zn BE T 100 mg- kg™, 1d W32 X 8 1= 3 Ni A
Zn ABXTEE R, I HE 2 0] 2 2 IE AR OC & , R
A REE BRI YRR, R 3 WA N, X
T pr A R AR TR S pH 2R/
PSR R, RN X I8 48 % 2 3 455 pH 5%

R3 EeRVARRETIEEEEQES pH EMEXRK
Table 3 Correlation coefficients of heavy metals and pH in

a multi-metal mining area soil

55 Cr Cu Ni Pb Sr Zn pH
Cr 1

Cu  0.938%* 1

Ni  0.777%*% 0.698%%* 1

Pb  0.797** 0.628* (.734%** 1

Sr 0.680** 0.788** 0.304 0.375 1

Zn  0.744%*% (0.654%*% (0.995%* 0.728** 0.249 1

pH -0.196 -0.141 -0.431 -0.413 0.062 -0419 1

TE:** 7E 0.01 /KOO )_E 83547 O 5 * 78 0.05 7K OBl 2
E2 P

W%/ Cr 5 HAM LRI TR Z (A AA7E 2 9 IEAR G
KFR,Cu HHABTT R WAL BEFMIEF R, UL
FRITERA A SR A TS GOk IR 2 B T AR E Y
N g5,
2.3 EWASH

FL o3 B g s Y B R 1 Rk
AT B v AR IR, DT B TA 45 15 Yok I Y — Ay
PPN 4 DU 2 AT LU A 2 A FE RGN
FrAE{E (Eigenvalue )i#id T 1.0, H 217 25 (Cumula-
tive variance) A% 91.53%, & ULHEALECHE 10 2554 A8
o Hrp S — F R4S NiZn Fl Ph, S5ARSCHE
M SRAAT NI 5 Zn A Pb 2 i S IE A SESE R 8
I HEIKT NiZn 1 Pb 52 3] 7 AR [R19 9) 8 U5 04 52 ) 5 27
TEMAMCIE Cr.Cu A S, HHHSECE M 45 AT
Sr 5 Cr Al Cu £ B F 1 IEACC R, FIHEMT Cr.Cu
1 Sr 32 FAHE A R R SRR
24 BEgRBIEHRAIREEZENBF EaREES T

M 5 AT LIS B XN L R i G
TR H(PLD ¥R 1.69, V5 YL &4 My a5 e, X Ik
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Table 4 Factor analysis for the heavy metals in the surface

sediments of study soil

IiH PC1 PC2
Cr 0.687 0.691
Cu 0.536 0.809
Ni 0.952 0.218
Pb 0.795 0.335
Sr 0.071 0.971
Zn 0.964 0.158
Eigenvalue 3.232 2.260
Total variance/% 53.866 37.664
Cumulative variance/% 53.866 91.530
i@ s ] o By P
L.or °Sr Cu
o
051 Ph
/n
}g 0
-0.5r
-1.0p . . .
-1.0 -0.5 0 0.5 1.0
Ay 1

2 tEEEEERS S INEATE

Figure 2 The principal component analysis loading plot of the

studied metal in the soil

R BB FAeTs e i, A ynt14-16 Al
ynt14-1-3 PARAE s kb T I0 75 94K, 1 ynt14-2-
2 Flynt14-3-2 W5 R B R Ts Y . FEREET
PERFE AT RBUN, TP ELSJR SRR . [
kPN B A PR RS R A X ek N PR VS e T o
bR, HARAL T s YR, TS Y XI5 4%
HEERIGYN AR BT S RARST . RS E 4RI
CF S J R T i e 8 5 (P) v LA Y, s e ity
A Zn>Cu>Ni>Cr>Sr>Pb, X[ PLIK 1.36, 4 5275
YRR, RUPEEAIR XIS 4525 6 MEEE TS
Yo WS A ST TR
25 TEEERESHH

I 3 AL H, Cr Cu Ni ,Pb St #il Zn 1 13
T RS R AR A, o Sron R (5 X IR X
) AT A A G R Se B Y FL 1 R 5 (4.99%~
42.11%) , FHXT AT R M &, Sr A LR E 5 i
B B SR Y T OSORT A T R AR A R R 2
BORFE S Sr BRIRE NI 4 MEESMGEES
AR B 50% , o TE ynt14-16 A5 Sr kiR
AR T HIAF] T 41.10%, FJy Sr 5 Ca Mg,
Ba S5on R [AJE A %, 3 7145 Ca i, irh
TEWRBRER T 9 B4 Ca FO0 B, Ph 5 H A JLFPOC
RN, HFRIE S 1 E 4 L EEARTE 90% , Ui B IX
Sy 3 P R LA/, AE WA A, XF
JE RS 5

x5 BEERERSEARMASRAMIERMNNES RE1E4

Table 5 Pollution load indices and Nemerow index method of heavy metal

bt _ P s e, DIPER
Cr Cu Ni Pb Sr Zn Bz
ynt14-07 1.67 8.58 1.70 0.85 121 3.66 2.12 rhiys g 1.36 6.26 i
ynt14-09 0.96 3.14 1.42 0.93 1.37 1.86 1.47 BRinYy 2.70 rh RS I
ynt14-10 0.86 1.44 0.87 0.91 0.94 1.08 1.00 525 Y 1.84 TRREVS YL
ynt14-15 1.07 1.24 0.98 0.76 1.12 121 1.05 525 Y 1.76 TR Y
ynt14-16 0.60 0.51 0.49 0.79 1.41 0.54 0.67 Jois g 1.83 BREE Y
ynt14-18 0.81 1.36 1.33 0.88 1.20 221 1.23 BRI 2.19 rp R G
mtld-1-1 1.00 1.18 1.03 0.68 0.91 1.54 1.02 25 Y 1.88 TR Y
mtl4-1-2 1.02 1.15 0.83 0.90 0.97 1.57 1.05 525 Y 1.89 TR Y
mtl4-1-3 0.88 1.17 0.63 0.78 1.00 1.49 0.95 Jei5 g 1.86 RS
mtl4-2-2  3.86 14.00 10.03 1.64 1.37 31.59 5.81 SRYE YL 22.39 Fii5 g
tl4-3-1 0.88 1.22 0.86 0.62 1.14 1.26 0.97 Jei5 Y 1.77 PRSI
mtl4-3-2  3.80 17.12 2.56 1.24 2.24 5.06 3.65 SIG YL 12.2 EinY
mt14-3-3 1.19 2.70 1.18 1.14 1.17 3.35 1.60 BinYy 2.82 rh s
mtl4-5-2 1.75 0.82 0.75 1.33 1.01 1.04 1.07 Bin g 1.97 RS
M 1.45 3.97 1.76 0.96 1.22 4.10 1.69 25
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Figure 3 Percentage of each heavy metal element removed in each step of the sequential extraction procedure applied for studied area
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Figure 4 The RAC status of Cr, Cu, Ni, Pb, Sr and Zn in the studied soil
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Figure 5 Cluster analysis of selected metals of non-residual

fractions in the soil samples
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