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Heavy Metals Polluted Soil Environment Assessment and Engineering
Remediation Practice in Closed Smelter in Shaanxi Province

Li Ronghua Feng Jing Li Xiaolong Zhang Zengqiang Shen Feng Li Nian
(College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To remediate the heavy metals polluted soil around a closed smelter in Shaanxi Province, 15
soil profile samples were collected in the site and analyzed for heavy metals content, including Pb, Cd,
Hg, As, Cu, Cr, Zn and Ni. The pollution situation was assessed by using the ecological hazard risk
assessment method, and the contaminated soil was finally remediated by in-situ replacement engineering
methods. The results showed that within top 0 ~20 cm soil layer, Zn contents ranged from 89. 80 mg/kg
to 724. 03 mg/kg, Cu contents varied from 28. 89 mg/kg to 1 271. 81 mg/kg, Hg contents changed from
0. 04 mg/kg to 4. 48 mg/kg,and the Pb contents were around 48. 69 ~ 12 021. 15 mg/kg. Cd contents in
the top soil layer of 0 ~ 120 cm were above the secondary standard value of soil environment quality,
while Pb, Cd, Hg, Cu and Zn contents in soil within 0 ~120 ¢m were higher than those of the Lou soil
background values. The results of potential ecological risk implicated that the potential ecological risk
factor for Cd ranged from 26.0 to 21 118. 6, and its slight, moderate, strong, very strong and extremely
strong ecological hazards frequencies were 4.3% , 15.2% , 19.6% , 15.2% and 37% , respectively.
The potential ecological risk factor of Pb ranged from 0.1 to 120.2, and its slight, moderate and strong

ecological hazards frequencies were 93.5% , 4.3% and 2.2% , respectively. The potential ecological
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risk factor of Hg ranged from 0.1 to 83.4, and its slight, moderate and strong ecological hazards
frequencies were 59.3% , 39.4% and 1.3% , respectively. Elements As, Ni, Zn and Cu, all had slight

ecological hazards. The soil heavy metals pollution in the study area was mainly contributed by Cd, Pb

and Hg. The in-situ replacement method was proved to be an efficient method for the smelter polluted soil

remediation and it could achieve satisfactory performance.

Key words: Soil Heavy metal
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226

Kok HLOB ¥ R

2015 4

A RE R TR ) K AR HE RO B A T 4R A K
B RATE YT TR A R R R K O O 4 i
HHESBEA L, HESE AW R, & 81
Mo Li 20 F Stefanowicz %5 43 il 75 4 B Fl i 2%
SCEVEEA IR TS e BUIR B Y L g L R Cd
Zn Ji Pb %5 4 R i 5 B 5 T Y U5 A0 B s e
T 2 TR FEE f 484 0 1 AR AU

B B ASHESE X 8 P 1 Pb Cd  Hg, Cu
Zn £ REYY R B RS e VR (R I M R 3 A
71X 1] J 31 7 7 33 0 EL 7 TS Y PR Ak A R RO B
F e 5, V5 e A 4 X JoR S AE A Ni R As R
e
2.2 TEESESEBEESKRITEN

P T b P T 4 T L S A 3k e 2
SF A A B 3 R A S TR G T ¢ T 4 R 35 e L Y
WHEASAEEEXRTYE, BNMEERBEARES

J& T R B A W B M e AR BORT G R T R A SR, XF
AR LSS RE(E) fZFE 4R
(¥ e A S RS B (R T 20 " N T I
B A DX R 2 5 P, A B VG O b - SR AR
g BB B e, WHIF ST X 48 Cd \Pb  As \Hg Ni Hl Zn
WTEA B AT . 3R 1 W51, Cd MV e A4
A REGE ly 26.0 ~21 118. 6, 5 h 45 88
S AR SRR B0 AR S S R A il 4.3%
15.2% 19.6% 15.2% H137. 0% ; Pb (1) 7% 15 £ 25 K
W REGE D 0.1 ~ 120. 2, R4k, o S5 R0 0k 1Y 2F
BICEMRE 53R 93.5% 4.3% F1 2. 2% ; Hg WY1
TEAE S AU RECTEE Ry 0.1 ~ 83,4 B2 fall | 45 F 4%
SR P A A G T AR5 ) 59. 3% \39.4% F 1.3%
As Ni Zn #l Cu ¥ HA R SR, P Al A
Ry A S X I 4 R 4 @ Vs Y £ %2 Cd (Hg il Pb
IR G5

*1 BEESFERRBRIENER
Tab.1 Ecological risk factor and assessment standards

WIS E o SRS/ %

AZME! RIS cd As Pb Hg Ni Cu
E! <40 iz 4.3 100 93.5 59.3 100 100
40§Ei<80 &5 15.2 0 4.3 39.4 0 0
80<E' <160 L 19.6 0 2.2 1.3 0 0
160<E; <320 AR 5% 15.2 0 0 0 0 0
E'=320 W 37.0 0 0 0 0 0

WIEAEASGEERBUHE 26.0 ~21118.6 3.4~9.0 0.1~120.2 0.1~83.4 0.2~0.3 0.1~15.9

EEBGH SR E N LG RER B
W R VS FNFP 2 6 BT By PR BT A R 55 3 BR 4 A
FA R DI, RO X R T AR R
ATEIX TS Y b AT BRI R R R B IX
BESBIG R CdE Y £, k2 Pb g 4.
FEAES BRI T AT R AR R L
# Cu ,Pb . Zn Mn Co Ni Cri5 Y&, 45 K &M
FUA Pb HA RIS e FHT S X 7 I 5
BYERRT 0 3 4 ) TS U T A AR A XU PR AN
KW ZHPET X 23] Pb Zn 1y H 5 Y,
WX A Ph W TE A S E RBCKT 320, 0
W s ARG, Cu [ Cr (WA A A 6 R BN T
40, HEREMATEHF . AR T Cd MEELASE

FRBOKT 320, AR ARG E,Pb A
SRIAESfEFE, As Hg Ni fll Cu B RBMMAR
faE o AMFFING T 8 A T2 DO 4 B ik
oA E, FFRR SR ZWX N EE R4, B
Hig e 2 L1 Cd Hg fl Pb IR M B G155 N
£,

%05 Y b - HE TR 4 8 0 25 A VR AR A B XU R
BWFE2, NE2ATDED, HEESHBEES
TR 45 B3 g 38.9 ~21 129.2 , ¥ {f )y 1 684.2,
RO A e R AR 5 1 A A XU 8 A 3 4 0k
39.2% 16.7% 17.9% Fl 26.2% . 4 + 4% £ fh
B4R T5 e i, H AR A B AE H B ok T X % Xk
ZE ARG R E AR

®2 BEESREEBRTNESR

Tab.2 Potential ecological risk index and assessment standards

e A S KU HE B R, R, <150 150 <R, <300 300<R, <600 R, =600
Wi 253 A / % 39.2 16.7 17.9 26.2
5 YL B i g AR 3%
T TE A S XU 48 G F 38.9~21129.2

TR AE AR A XU 6 B 1684.2




£ 10 3]

PoRAR L PRV PR M IR G RN 5 LRER 227

2.3 SRGHNEERYE

MR + 818 5 0 Bk AR 5T X 3875 e R PR
WAEE H AR, R A 2 48— 5 0 B fb % 4 8] 35
B T g £ G K205 Y R A 45 I
(120 ~ 160 cm) F% B, I 725 K F 15% ~20% T
Zi5 Y+ 18 5 T 4 )8 B 1L R (CaO — Na,S %) 4% ff
—E L BIR A E Ak 2 JH , H B HY 557—2010 i ik
AT BB R Cd A P g o B & LE 43 B R
1.73 3. 11 pg/L 38 BUK T Heg 193 2Rk s (KT
ACES A R 0. 01 pe/L) o H Uk Al W, 42 B b i
Cd Hg 1 Pb Jfi & HL 7 iE T GB 5084—2005( 4¢ H i
TR 7K 5 o ) B A2 Y FREL 0. 01,0. 001 .,0. 2 mg/L, it
B 75 e 4 39 1 e e Ak Ab B LA KA A ROR, &2
Fa e A 175 Yo 39 0T DL As iy 2 B S ik AT A0 i 4
B FE TS Y RS T A X 8 ] R R 1
FF A B R AR R - SJEAE g o 300 1] R 4 [ S
B AT E SR & R E 45 R 2R Cd . Pb,
Zn . Cu,Ni Hg, As [ F ¥ it & b 2 54 0.122
16.8.76.3.27.2 .40.3 0. 08 .10. 7 mg/kg, iX $6 1 4>
J& & AR T GB 15618—1995 w1 1) — 2% Jii 4 b 1fE
FBRAE . R BZAE B R i B A RAF B 2808 .

3 i

(1) BF5E X 3k A+ 4 Jg AE 0 ~ 120 em { [l

ZEAF R M5 Y, Cd S 25 59, k& Pb
Ml Hg, 13 Pb Cd Hg Cu Ml Zn & 53 2B i
15 YL 5 I S HERE 37 R A= 7 X)) 1o S 0 38 32 U
HAETS BEIRALA 1) B LR 145

(2) BRI I+ e T 5 e 2802 Cd \Hg I
Pb S G5, TIEEESE Cd M. h
85 AR 9 R 5 AR S e TR 0 i O 4. 3%
15.2% \19. 6% 15.2% #11 37. 0% ; Pb ) 5 . o 5%
I 588 19 A 25 18 % R 00 3l D9 93.5% (4.3% Fl
2.2% ;Hg (9500 . b 25 MBS 1Y) A 25 16 35 0005 70 1)
59.3% 39.4% M 1.3% ;As Ni,Zn fll Cu ¥ B FH
RO A A AU o e B i Y R A A 2 XU 8 B
FEl M 38.9 ~21 129. 2, #J{H N 1 684. 2, 525k . 45,
B A AR 8RO A2 S e H R A O 39.2% |
16.7% 17.9% 1 26.2% , & F5 X 1% X 3 % & 4 )&
15 Qe AT A P

(3) K A B AZ 48— 5 o [ Ak — % & el Bk, &t
DR XA T TS R LI TR R B 5 L
T4 A R PR TR bR o, IR AT R4
A SR ACR % TR 52 B R A 2 25 110 3 858 A0 i A

& % x Wt

1 QuCS8, Sun K, Wang S R, et al. Monte Carlo simulation-based health risk assessment of heavy metal soil pollution: a case study
in the Qixia Mining area, China [ J]. Human and Ecological Risk Assessment: An International Journal, 2012, 18 (4).733 -

750.

2 Teng Y, WuJ, Lu S,et al. Soil and soil environmental quality monitoring in China; a review [ J]. Environment International,

2014, 69:177 - 199.

3 Zhang H, Luo Y, Makino T, et al. The heavy metal partition in size-fractions of the fine particles in agricultural soils contaminated
by waste water and smelter dust [ J]. Journal of Hazardous Materials, 2013, 248 —249. 303 - 312.

4 ZhaoFJ, MaY B, Zhu Y G, et al. Soil contamination in China: current status and mitigation strategies [ J]. Environmental

Science & Technology, 2014, 49(2) ;750 —759.

5 EFE, AR, SRIEOR A BT SR I L SORAEY SR TG R ROBERUR [T ], E BRI, 2014,34(9) ¢ 2313 -

2320

Wang Shuang, Li Ronghua, Zhang Zengqiang, et al. Assessment of the heavy metal pollution and potential ecological hazardous in

agricultural soils and crops of Tongguan, Shaanxi Province [ J]. China Environmental Science,2014,34(9):2313 -2320. (in

Chinese)

6 IRACT, FIHERS, BRTT, SR NRISR T XRH LIEE GBI YT [T]. Rk, 2007,38(4) :732 - 736.
Xu Youning, Ke Hailing, Zhao Aning, et al. Assessment of heavy metals contamination of farmland soils in some gold mining area
of Xiao Qinling [ J]. Chinese Journal of Soil Science, 2007 ,38(4) :732 —736. (in Chinese)

TORATIRILAE, BTG PRI XK I E GBS R EAESEE TN T]. HEE R, 2008,27(8)

1272 - 1278.

Xu Youning, Zhang Jianghua, Zhao Aning, et al. Evaluation of the potential ecological risk of heavy metals in farmland soils in a
certain gold mining area, Xiaoqinling, China [ J]. Geological Bulletin of China, 2008,27(8): 1272 —1278. (in Chinese)

8 Nachtegaal M, Marcus M A, Sonke J E, et al. Effects of in situ remediation on the speciation and bioavailability of zinc in a
smelter contaminated soil [ J]. Geochimica et Cosmochimica Acta, 2005, 69(19) ; 4649 —4664.

9 Bolan N, Kunhikrishnan A, Thangarajan R, et al. Remediation of heavy metal (loid) s contaminated soils—to mobilize or to
immobilize? [ J]. Journal of Hazardous Materials, 2014, 266 141 - 166.

10 Thertf. BRPEREMSFERY EL BAEYWESBISEMRID]. % P LR R, 2007.



228

& BLOW o R 2015 4F

11

13

15

16

17

18
19

20

21

22

23

24

25

26

27

Ma Hongyan. Study on the heavy metal pollution of tailing reclamational crops in Fengxian, Shannxi [ D]. Xi’ an: Xi’ an
University of Science and Techonology, 2007. (in Chinese)

LiZY, MaZ W, Yuan Z W, et al. A review of soil heavy metal pollution from mines in China: pollution and health risk
assessment[ J ]. Science of the Total Environment, 2014 ,468 — 469 843 - 853.

AR RHETE, TKRRBESE. W R AT R B S e UIRAF ST LT ] LR R, 2003,34(4) :326 - 329.

Liu Cuihua, Yi Yanli, Zhang Dageng, et al. Cadmium pollution of soil in the surrounding area of Huludao Zinc Plant[ J]. Chinese
Journal of Soil Science, 2003 ,34(4) :326 —329. (in Chinese)

FERME, SRGESE W H R A SRR RIS R R E R W AR, A, 2004,13(2) 1156 - 157,160.
Wu Shuangtao, Wu Xiaofu, Hu Yueli, et al. Studies on soil pollution around Pb-Zn smelting factory and heavy metals
hyperaccumulators [ J]. Ecology and Environment, 2004 ,13(2) :156 - 157,160. (in Chinese)

AW, AR, RS BVRRETIXOROE O MY CRE AR R A TS e R XU AN [T]. FRBERL %, 2008,29(8) 2327 -
2330.

Li Jing, Yu Tianming, Zhou Jie, et al. Assessment of health risk for mined soils based on critical thresholds for lead, zinc,
cadmium and copper [ J]. Environmental Sciences, 2008,29(8) :2327 —2330. (in Chinese)

ERE, ST, LA N RKERESEAE) N IR E SRR LT R FREER 2=, 2012,31(2) 1325 -
330.

Wang Lijun, Lu Xinwei, Jing Qi, et al. Heavy metals pollution in soil around the lead-zinc smelting plant in Changqing Town of
Baoji City, China [J]. Journal of Agro-Environment Science, 2012,31(2) :325 -330. (in Chinese)

Wang Y C, Qiao M, Liu Y X, et al. Health risk assessment of heavy metals in soils and vegetables from wastewater irrigated
area, Beijing — Tianjin city cluster, China[J]. Journal of Environmental Sciences, 2012,24(4) :690 - 698.

Hu H, Jin Q, Kavan P. A study of heavy metal pollution in China:current status, pollution-control policies and counter measures
[J]. Sustainability, 2014, 6(9) :5820 - 5838.

B+ B AL BT [ M. db g dr B A0l s AR AL, 2000.

Zhu H N, Yuan X Z, Zeng G M, et al. Ecological risk assessment of heavy metals in sediments of Xiawan Port based on modified
potential ecological risk index[ J]. Transaction of Nonferrous Metals Society of China, 2012,22(6) :1470 - 1477.

LiQS, Cai SS, Mo C, et al. Toxic effects of heavy metals and their accumulation in vegetables grown in a saline soil [ J].
Ecotoxicology and Environmental Safety, 2010,73(1) :84 - 88.

GB 15618—1995 + HEFRIE i bR [ S]. 1995.

o R ISt TR R E M. deat P ERE R, 1990:329 - 380.

Li P, Lin C, Cheng H, et al. Contamination and health risks of soil heavy metals around a lead/zinc smelter in southwestern
China [J]. Ecotoxicology and Environmental Safety, 2015, 113:391 -399.

Stefanowicz A M, Woch M W, Kapusta P. Inconspicuous waste heaps left by historical Zn — Pb mining are hot spots of soil
contamination [ J]. Geoderma, 2014, 235 -236.1 - 8.

FHZWE, BT, a0, 5. U R 2 1 9 8 4 05 Y 7E A S XUR PPN S AR A o0 B 4w AR T ] &
AL B R 244, 2008 ,27(6) 2158 —2165.

Yin Renzhan, Luo Yaping, Li Jincheng, et al. Evaluation of the potential ecological risk of heavy metal pollution in soil and
bioaccumulation characteristics of dominant plants insiding Pb-Zn mine [ J]. Journal of Agro-Environment Science, 2008 ,27(6) :
2158 —2165. (in Chinese)

Burges A, Epelde L, Garbisu C. Impact of repeated single-metal and multi-metal pollution events on soil quality [ J].
Chemosphere, 2015,120.8 - 15.

Mahar A, Wang P, Li R, et al. Immobilization of lead and cadmium in contaminated soil using amendments: a review [ J].

Pedosphere ,2015, 25(4) . 555 - 568.

(L#EE 284 1)

11

12

13
14

15

Watanabe J, Uehara K, Mogi Y. Adaptation of the osmotolerant yeast Zygosaccharomyces rouxii to an osmotic environment through
copy number amplification of FLO11D [J]. GENETICS, 2013,195(2) :393 —405.

Wei Y H, Wang C, Wang M, et al. Comparative analysis of salt-tolerant gene HOG1 in a Zygosaccharomyces rouxit mutant strain
and its parent strain [ J]. Journal of the Science of Food and Agriculture,2013, 93(11) :2765 -2770.

Tokuoka K. Sugar- and salt-tolerant yeasts [ J]. Journal of Applied Bacteriology, 1993, 74(2) :101 - 110.

Ok T, Hashinaga F. Identification of sugar-tolerant yeasts isolated from high-sugar fermented vegetable extracts [ J]. Journal of
General and Applied Microbiology, 1997, 43(1) :39 —-47.

Vermeulen A, Daelman J, Van Steenkiste J, et al. Screening of different stress factors and development of growth/no growth
models for Zygosaccharomyces rouxii in modified Sabouraud medium, mimicking intermediate moisture foods (IMF) [ J]. Food
Microbiology, 2012,32(2) :389 -396.



