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Fig. 1 Map of the sampling sites in the study area
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Table 1  Analytical methods for content and speciation of heavy
metals in soil
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Mn.Zn .Cr Ni (ICP - OES) Teap 6300
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hh (ICP - MS)
As JRFU et (AFS) XGY -1011A
CuPb.Zn Cr,  HUBHES %6 TRBTEE
WA CdNi Mo (1CP - MS) NEX 10006
As JRTU Ot (AFS) XGY -1011A

20min 435, B BEE S0mL £, 77 LKA B R
Bt o Jr B L 3530, MK E A 2 10mL, #5236 1 J7
EMEMRITR

(7) BRI AR A0 PREE, 315 sk i
FIERE(d) o FRECO. 2g FHIRI KR, itk
PR TR H AR G R SmL AR SmlL, # KA
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R IX ST < A2 5+ R R /% Pb (173.06% ) >
Cr(100.8%) > Mn (97. 77%) > Cd (85%) > Zn
(61.6%) > Cu (40. 51%) > Ni (34. 7%) > As
(27.9%) o Mt Pb Cr \Mn Cd \Zn P42 5 RAEK,
ZNEIE S W 5 Cu  Ni As F)728 53 R B4
/N A SR, 52 NRTG ShB& A B3
3.2 WFEXANRIDDREDS o & AR
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Table 2 Statistical parameters of soil heavy metal contents in soils of the study area

i H Cr Mn Ni 7n Cu Cd Ph As
5 KA (mg/kg) 616. 40 6535.00 75.58 347.60 78.07 0.96 499.50 14.22
5 /IME (mg/kg) 39.44 487.70 7.92 45.31 15.61 0.07 12.77 1.88
SEHE (mg/kg) 103. 63 888.40 28.33 115.84 26.04 0.20 39.05 6.38
FrifE2E (mg/kg) 104. 46 868. 63 9.83 71.36 10.55 0.17 67.58 1.78
AF S ZH(% ) 100. 80 97.77 34.70 61.60 40.51 85.00 173.06 27.90
M 51y 5 LA 2.52 1.56 1.52 1.97 1.80 4.00 2.33 0.79
TS 0 [X 7Y 5 41.16 570.61 18. 64 58.78 14.47 0.05 16.75 8.05

B MBI SR 5] 1 E B

3 DR XA REX - R & gV AIE

Table 3 Statistical characteristics of soil heavy metal contents in different functional areas of the study area

TIREIX. e Cr Mn Ni Zn Cu Cd Pb As pH
AfE (mg/kg)  177.30 1405. 00 39.03 200.20 78.07 0.32 50.34 8.09 8.90

5/ IME (mg/kg) 57.43 487.70 20.61 58.97 16.42 0.10 16.29 4.80 7.76

g CPHE(me/ke) 93.44 752.46 28.47 109.95 30. 14 0.20 31.42 5.96 8.36
FRifEZ (mg/kg) 37.72 268.29 6.54 41.95 15.96 0.08 11.57 0.77 0.38

A 2R %) 40.37 35.66 22.97 38.15 52.95 40.00 36.82 12.92 0.05
SEHE ST SEE 2,27 1.32 1.53 1.87 2.08 3.92 1.88 0.74 0.96
Al (mg/kg)  616.40 6535.00 46.52 347.60 42.10 0.96 499.50 14.22 9.82

5 /IME (mg/kg) 39.44 540.30 7.92 58.20 16.31 0.08 12.77 3.14 7.21

SEHIE (mg/kg)  140.01 1204. 69 29.79 157.45 27.04 0.29 60. 04 6.94 8.46
kb bR (mg/kg)  151.39 1234.60 8.69 88.34 7.34 0.23 102.11 2.39 0.5
AR RH(% ) 108.13 102.48 29.17 56.11 27.14 79.31 170. 07 34.44 0.06
EHE ST EE I 3.40 2.11 1.60 2.68 1.87 5.83 3.58 0.86 0.97
fAfE (mg/kg) 192,60 736.30 75.58 122.40 48.77 0.19 36.26 6.74 8.75

5/ IME (mg/kg) 53.25 504. 40 19.54 48.18 17.06 0.07 15.27 1.88 7.97

SEHIE (mg/kg) 77.16 594.20 29.22 80. 88 25.16 0.11 20.22 5.55 8.40

R FRifE2 (mg/kg) 39.03 89.15 15.36 24.24 9.01 0.03 5.79 1.22 0.29
AR ZR(% ) 50.58 15.00 52.57 29.97 35.81 27.27 28. 64 21.98 0.03

EHE G 1.87 1.04 1.57 1.38 1.74 2.13 1.21 0.69 0.96

3 KA (mg/kg) 67.73 564.20 27.87 89.56 19.91 0.19 30.97 8.02 9.14

5/ ME (mg/kg) 53.72 508. 80 21.16 45.31 15.61 0.07 15.42 5.86 8.28

W EHE(mg/kg) 59.78 533.50 23.07 63.50 18.51 0.12 21.30 6.69 8.67
g bRifEZE (mg/kg) 4.83 23.14 1.62 8.88 1.60 0.04 3.43 0.80 0.24
A ZR( %) 8.08 4.34 7.02 13.98 8.64 33.33 16.10 11.96 0.03
RS TREIE 1.45 0.93 1.24 1.08 1.28 2.49 1.27 0.83 1.00
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TR TT LR PR Cd I EIA T SeE 2 f5 0 b AR E
SRV EGE T8 S8, Z N I sh &g mAs
AR . Tl DX FIGH i 1 78 S R A ek, R T
X Ph(170.07% ) .Cr(108.13% ) Mn(102.48% )
1 Cd(79.31% ), F= B 58 ZU A Tk 3 3 Ak T 28 8
15 b A B B, 45 A 2E R K .
3.3 WX LR SR AR

T 3EE S E TR SRHETT s s LR SR

# 4 ANIDhRENX 15 S moC BB AT BAIE

I PELL S A WA R, e 4 s 15 et oS () — T
EEHPOT R4 R ARIIREX 52 1+ 1 E
BB ML A -2 S R AR, T LR — D) BE X 1Y
AFFTCRMA R REX AR R TR R —
2e5 k. HAJ® Cr Mn Ni Cu Zn Pb As JLEIE
SIS . mE 2 af L, Cr Ni Cu 1 As
BRI b7 H K TF 70% , MRS , AN 5 Bl il
MRIAC , A 285 XU S5 5 R Tl X AR, Min Zn T Ph
BRI S IR T 50% 5 % IfEIX. Cd YSRIE S L
FUTE 30% Zidy o (HAHEE A, Cd 1B 1SS 2s
BRI ER S & 258 Z MM sl 1 40% |, i A58 2 A
BT SRS I R HL 5 e A AR 35 ek 4
BAAE pH BRI R 5 & AT AL 3 Wl
T35 5 WA P, 3 368 3 £ P B M) A2 e

Table 4  Speciation of soil heavy metal elements in different functional areas

E%E DK KA BTcmE  WIRBRGAES  BHRSAS  YEEADTS  BAIEAES REDS
JTE (x107%) (x107%) (x107%) (x107%) (x107%) (x107%) (x107%)
TolkX 0.043 0.27 2.40 1.21 10.55 9.87 134.29
o T 0.040 0.41 0.83 0.58 3.15 5.01 73.58
JERX 0.086 0.44 0.54 0.72 1.89 2.13 50.0
I T 0.016 0.38 0.38 0.22 0.89 1.23 45.08
TokX 0.156 11.02 203. 04 57.77 257.30 36.95 708.23
i T 0.143 12.65 83.72 31.96 101.96 18.36 377.30
JERIX 0.118 8.34 65.53 28.19 83.18 10.53 335.33
S 0.128 7.90 45.70 29.75 32.09 8.48 310.34
Tk X 0.032 0.23 1.01 0.71 2.83 1.66 21.94
Ni T e 0.039 0.31 0.93 0.98 2.67 2.23 20.34
JEEX 0.029 0.25 0.73 0.97 1.60 1.31 16.01
I T Sk 0.023 0.29 0.61 0.82 1.28 1.18 15.82
Tl IX 0.055 0.10 0.78 0.68 3.90 3.30 18.87
u T 0.107 0.20 0.76 0.71 5.70 4.54 17.72
fERX 0.080 0.16 0.82 0.98 4.31 1.41 14. 60
I T Sk 0.064 0.08 0.66 0.43 1.46 0.76 12.27
Tk X 0.015 0.49 36.59 12.23 40.39 8.60 72.47
I T 0.027 0.43 15.68 8.26 18.40 8.41 56.10
JEEIX 0.026 0.52 21.27 10. 82 21.25 4.63 42.35
QS 0.020 0.24 3.40 3.50 6.82 2.91 35.03
Tk X 0.005 0.05 0.10 0.02 0.07 0.02 0.08
cd T 0.004 0.03 0.04 0.02 0.03 0.02 0.05
SR IX 0.004 0.01 0.03 0.02 0.02 0.01 0.04
I Ak, 0.003 0.01 0.02 0.02 0.01 0.00 0.03
TolkIX 0.027 2.56 26.76 2.49 21.13 1.05 18.80
- S 0.029 0.19 3.07 1.71 6.63 0.61 14.89
JERIX 0.028 0.22 2.89 1.67 6.52 0.58 13.73
I T 4k Hb, 0.028 0.06 1.00 1.33 2.77 0.29 11.60
TolkIX 0.024 0.07 0.09 0.45 0.53 0.02 5.31
s SH % 0.033 0.08 0.12 0.37 0.32 0.02 4.99
fERIX 0.033 0.06 0.12 0.37 0.25 0.01 4.33
I Sk, 0.052 0.08 0.11 0.30 0.37 0.01 5.52
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Fig.2 Speciation composition of heavy metals in soils of the study area
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Table 5 Risk level of heavy metals in soils of the study area

Eo . EHEA KR || Ee)E o WA KR
TR HH(%) %% || TE HH(%) %%
TR 171 {ERR TUR 2172 dRR
o B 153 IR - R 15.04 M
Wiligki 161 IR Wiligki  7.05 MR
BREK L9 AR ERK 21,63 G
Tk 16.81  HRUE: Tk 44.93 @A
\n M 1542 PR o HE o 3814 mARE
Wiligki 12.37 PR Wligkih 35.48  EMUR
JRRX 13.93 K BRKX  32.84  ERE
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N W 465 (TAK o 1212 PR
Wiligkit  4.61 IR Wik 6.37  {EHR
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. 3.9 IRME " T 3.93 R
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BRE 474 AR BRE 412 EAR

DX 1) oAy o A 2 XU, 25 9005 Zn A 3 T 4o b Ay A0 XU
AR Ay vh AR 25 XU S5 205 Ph FE I T Sttt Ay IR AR 28
XSS S 9%, HE 8 RN i R DXk AR S XU S ), 7E T
VX TS & A E) 40. 3% |, Sk i A 25 KU 45
G, — ek A L5 Ph 7E - 3E T 5 5 A P4
G AR A PAEYIR RN, TR IR
ME Cd oo R, HIEHIES S HE T XH
44.93% ,JE % Fy38. 14% , Y T 4 # ol 35. 48% |, J&
[RIXA32.84% iK% T = MBS 554, Cd TG R4
SR, A T N 1 S T G DA T U A SIS AR, 1
MG T R

4 g

3 e X6 YT 2 J R AR T T kX X
B ST e A s R PRy 8 R R B
B SHEATINGE , o087 T HIEH SR S ST 2AL
454 RAC KURE AN, SO 73805 AN R D BE IX - 3 114
TRAEIRBE RS o BFTE X )2 118 8 MR U BR
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i B 4 B RS, Cd 2 RHERE
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Speciation Characteristics and Ecological Risk Assessment of Heavy Metal

Elements in Soils of Typical Industrial City

BAI Yuming, LI Yongli, ZHOU Wenhui, HU Haoyuan, LU Zhen, BIAN Peng
(Hohhot Center of Natural Resources Comprehensive Survey, China Geological Survey, Huhhot 010010, China)

HIGHLIGHTS

(1)

(2)

(3)

The contents and speciation characteristics of heavy metals in soils of an urban area of the Hetao Plain were

investigated, and the ecological risk of heavy metals was evaluated.

The contents of heavy metals (except As) exceeded the background value of the Hetao Plain. The speciation

of heavy metals was mainly in residual fraction. The ion exchange fraction and carbonates bond fraction of Cd

and Mn, Zn, Pb in industrial zones were relatively high.

The risk assessment code indicated that Cd and Pb in the industrial area reached the high —risk level.
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ABSTRACT

BACKGROUND: The development of urban industrialization causes soil heavy metal pollution and other
environmental problems. Studies have shown that the damage caused by soil heavy metals to the ecological
environment is not only related to the total content, but also depends on the speciation of heavy metals.
OBJECTIVES: To investigate the content characteristics, speciation and risk status of heavy metals in soil of a
city in the Hetao Plain.

METHODS:: 52 soil samples were collected from different functional areas of the Hetao Plain, heavy metals were
analyzed by inductively coupled plasma — mass spectrometry (ICP — MS) , atomic fluorescence spectrometry ( AFS)
and other analytical methods to study the total content and speciation. The ecological risk of soil heavy metals was
evaluated using the RAC risk assessment method.

RESULTS: The results showed that the contents of heavy metal elements (except As) in surface soil were higher
than the background values in the Hetao Plain, the variation coefficients of Pb, Cr, Mn, Cd and Zn were large and
the spatial distribution was not uniform, which were significantly affected by human activities. The heavy metal
content in the industrial area exceeded the background value, especially Cd (5. 83 times of background value) and
Pb (3. 58 times of background value). Road heavy metal contents were also significantly higher than the
background value, Cd was nearly 4 times the background value. Except for Cd in industrial areas, other heavy
metals were mainly in residual fraction. The residual fractions of Cr, Ni, Cu and As were more than 70% . The
residual fraction of Cd in each functional region accounted for about 30% . RAC risk assessment results showed that
Cd and Pb in industrial areas reached the high —risk level.

CONCLUSIONS:; The research results provide scientific basis for identifying the potential environmental risks in

urban area soil and proposing effective prevention.

KEY WORDS: heavy metals in urban soil; speciation analysis; inductively coupled plasma — mass spectrometry ;

atomic fluorescence spectrometry; functional areas; RAC ecological risk assessment
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