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Assessment of potential ecological risk for soil heavy metals in Sanjiang Source Region: A case study of Yushu
County, Qinghai Province

HE Lin-hua, GAO Xiao—hong"

(The Key Laboratory for Qinghai—Tibet Plateau Environment and Resources of Education Ministry, School of Life Sciences and Geography,
Qinghai Province Key Laboratory of Physical Geography and Environment Process,Qinghai Normal University, Xining 810008, China)
Abstract : The Sanjiang Source Region is the sources of Yangtze River, Yellow River and Lancang River, and Yushu County, Qinghai, is a
typical area of this region. An investigation was conducted to evaluate potential ecological risks of heavy metals in soils in Yushu County. A
total of 121 soil samples were collected. Geo—accumulation index and potential ecological risk index were used to evaluate the ecological
risk of heavy metal pollution. Results indicated that content of heavy metals in soils was higher than the background values of soil heavy met—
als in Qinghai Province in 1990, with As, Cd and Hg showing significant enrichments and Cd and As exceeding the national standards of soil
environmental quality. This indicated that the enrichments of some soil heavy metals in Sanjiang Source Region since the 1990"s. Source

analysis showed that soil As, Pb, Zn and Cd in Yushu county were derived from soil forming factors; while Hg, Cu, and Cr mainly came from
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human activities. Manganese was influenced by climate factors. Soil Cd and Hg showed the greatest potential ecological risk, especially Hg.

These risks were mainly distributed in the towns or areas along the national highway 214, which was closely related to human activities. Of

all watersheds, Jiangqu River watershed had very high ecological risk of soil heavy metals, while the others were medium risk. Overall, heavy

metals in Yushu county soils had changed greatly, and the protection of the ecological environment in Yushu County should be strengthened,

with special attention paid to control over Hg sources in the densely populated areas.

Keywords: soil heavy metal; geo—accumulation index; potential ecological risk assessment; Yushu County; Sanjiang Source Region
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Figure 1 Location of studied area and sampling sites
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Table 1 Comparison of £ and R standards of Hakanson and this paper for different ecological risk levels of heavy metals

? .$7’?%%%%m@ﬁf§ R[A H: ZS IS5 Ecological risk level
Hakanson  HFC This paper Risk degree of single pollutant || Hakanson  AHFE This paper
<40 <40 TR RS Low risk <150 <110 BRBHORU: Tow risk
40~80 40~80 FRZE XU Medium risk 150~300 110~220 HREE RS Medium risk
80~160 80~160 BRI High risk 300~600 220~440 B KUE High risk
160~320 160~320 B3R Very high risk =600 =440 3 R%: Very high risk
=320 =320 B XU Extremely high risk
x2 EMETRESREASERITHE
Table 2 Statistics of heavy metal concentrations at depth 0~20 c¢m soil in Yushu County
- . R - fehEp e
WA T Mean/ R EREK R RQS, PSR FRE
Heavy metal mg-kg™ SD/mg-kg™! CV/% Backgmund;zaluc/ mg-kg Mean/Background value Percentage of samples exceeding
mg-kg background value/%

As 20.946 5.592 26.7 13.200 15.000 1.587 94

Hg 0.046 0.024 51.8 0.019 0.150 2.408 97

Cu 24.179 4.755 19.7 21.900 35.000 1.104 71

Pb 26.927 5.509 20.5 20.100 35.000 1.340 93

Zn 85.103 19.103 224 76.100 100.000 1.118 66

Cr 72.838 14.449 19.8 66.300 90.000 1.099 70

Mn 735.063 132.216 18.0 572.000 — 1.285 93

Cd 0.243 0.060 26.4 0.133 0.200 1.830 100
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The difference of heavy metal contents in different letters in the map
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Figure 2 Difference of heavy metal content in different watersheds( mean+SE )

R 3 REMNESERZMA T ESH
Table 3 ANOVA for effects of watershed on soil heavy metals

HeE i Watershed
Heavy metals Fetest P
As 7.976%% 0.000
Hg 0.654 0.625
Cu 9.048% 0.000
Pb 25.433%% 0.000
Zn 13.150%%* 0.000
Cr 2911% 0.025
Mn 0.838 0.504
Cd 19.766% 0.000

2 Oh P<0.05;5%%  P<0.01, R,

Note : *indicates P<0.05; **indicates P<0.01. The same below.

4 0.507.,0.493, ik | B 2 2 7K F- (P<0.001) , Sy 5 AH
Kt Cu 5 Cr AR AH G, AHOC R %X 0.537, 3l A i
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2%, M As 5 Cu.As 5 Cr.Cu 5 Cd Z a1 AR A
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JE AT RRIBGE T 3 AT, RRTTIRAR A
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Figure 3 Factor loadings of soil heavy metals in Yushu County
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PC1 | As Pb.Zn il Cd A7 4 5 B2 far , MRGHEE S
R LR ZEOCFE R FE S RNER I, Hib
PC1 Rl 75 7258 — F 4r I Hg .Cu AT Cr 2K far
A, HAELA B B AE S, X RIS SR A i Y
BURFRINZIOTE RN 5 NG A E, Bk PC2
FN KT 76 PC3 | Mn HA 5w B 37, Bik 2
SEPBESE RN Mn (95 5 5 U SR A A D) R IR
Z, I PC3 S AT
24 TESERETEREBEESKEEN

i BBHREOEM (3% 5) 7R, As .Cu .Pb Zn Crfll

Mn 76 FA B R I0T5 Y sl iR s gy, WA I E B 9%
SR LL FARRE RIS Yy Cd A 3.77%4b T 5 4%  He
A 83.01% M52 15 Y sl Joi5 e , 13.2% A M H 15
Y 3.77% K E TG e , 3k e Y 5 L B EL I ATk
57 ah ek, % 6 SoRE BB & AN He A1 Cd
)BT Y ) 115 35 AU e K, Hg R PE R 2 3 B SR PR
DX Ay A XU, 7 At A SR 380 3k 2 A5t 1 5 5 Cd BRAE
AN iR LG 0 S NS R (7 B S R .
il 4 v, Cd i AR 2 a3 32 B A 7 Tl i s
INIRZE S B A S e T BIFSR X N 91.5% 11
FE &R Hg J0 3 455 T s i 15 5 | (N 2.8% M1
f&3, 73 5.7% ARG F SR G E R & 4 7T
DU AR 58 A5 35 AR 8 A T R S X 0 AT 7 1 1 214

x4 EMERETIESECRHBEXXRER

Table 4 Correlation matrix of heavy metals in 0~20 ¢m soil in Yushu county

r As Hg Cu Pb Zn Cr Mn Cd
As 1.000
Hg 0.124 1.000
Cu -0.087 0.260% 1.000
Pb 0.507%* 0.224 0.260%* 1.000
Zn 0.350%+ 0.3347 0.250% 0.710%* 1.000
Cr 0.111 0.200% 0.537%+ 0.443% 0.613% 1.000
Mn 0.3993% 0.213% 0.290% 0.413% 0.6007 0.491 % 1.000
Cd 0.493% 0.315%* 0.095 0.6217% 0.6827 0.265% 0.486%* 1.000
x5 EMETIESSEMRRIBEEN
Table 5 I, of soil heavy metals in Yushu county
VS YLRLEE Pollution level FEre i
As Hg Cu Pb Zn Cr Mn Cd
Jei5 Y, Pollution—Free 45.28 15.09 93.40 79.25 94.34 95.28 82.08 23.58
B85 Slight pollution 53.77 67.92 6.60 20.75 5.66 4.72 17.92 72.64
i Hp EET5 % Moderate pollution 0.94 13.21 0.00 0.00 0.00 0.00 0.00 3.77
Y5 4% Medium pollution 0.00 3.77 0.00 0.00 0.00 0.00 0.00 0.00

®o6 ERMETEESEBEESRKE(E)MREIEL(RDIEM (EHEARERE)

Table 6 Potential ecological risk coefficients(E} ) and risk indices(RI) of soil heavy metals in Yushu county(mean +SE)

bk Watershed ARSI E RBLE, B RR AR
As Hg Cu Pb Zn Cr Mn Cd RI Risk level
BT 15.3+£3.6  98.5+50.2  6.0x1.1 6.6+0.9 1.1£0.2 2.2+0.4 1.3x0.2 51.5+7.6  182.5£49.6 1 Medium
70 18.0+£3.6  98.2+55.5  4.9+0.8 6.6x1.1 1.1x0.2 2.0+0.4 1.3£0.3  55.2+12.2 187.3z61.5 1 Medium
LB 13.1+£3.6  77.7+28.8  4.9+0.6 5.8+0.8 1.1+0.2 2.2+0.3 1.3+0.2 47.1£6.5 153.2+34.4  H Medium
TH 13319 106.7+64  6.2+1.2 6.3+0.8 1.1+0.2 2.3+0.5 1.2£0.2  53.5+13.2  190.6+71.1 H Medium
JQ 19.6+6.8  93.7+25.8  5.3x0.9 9.9+1.2 1.6+0.4 2.5+0.4 1.4£03  87.2+21.3 221.2+35.5 7 High
EMFE Yushu County 15.9+4.2  96.3+49.9  5.5z1.1 6.7£1.4 1.1+0.3 2.2+0.4 1.3£0.2  54.9+14.5 183.9+55.1 ' Medium

BT YR 2Q - T IR I8 ; LB « 25 M g ek s TH < 38 R 10 SRAE XIS JQ - YRR i 45

Note:BT: Batang river watershed; ZQ: Ziqu river watershed; LB: Yiqu river watershed; TH: sampling area of Tongtian river; JQ: Jiangqu river watershed.



T b, 26 = TIRIX 4 4 I 1) SRR B2 A5 KU P —— AR T 2L o 1077

B

Cd  wps 4
L]

’ A R “Qw'%’q;
A Hg  wipis -4
o NG ¥
Wb . ° N

[ 5l
R L ) :
® g e @ AR AT i f ,
@ o L] @ e P8 ._’TTE'Z? s
0 DS g [ = DS g P DS L

AT g “éw;,w; A
A RI Y el A
4,5 s
- 7 %
G 4z T Hem

4 Cd Hg LR RI =857
Figure 4 Spatial distributions of Cd, Hg, and R/

A B ND SRR BRIREE | &5 A N 475 £ 55
Be, 5 FRUREOEN A RN — 20 dtal WK
XS Hg BT AR o LR TR G F 1
PO 2, BV R R T 5m KU X RASh, HoAdy i
SRIIAL T AR

3 e

AT PRI AL GE 22 35 R ] i ] R ) A 25 B
it xSRI RS R R B HE S R, 2 A AR AR
SR GURAUR ARSI PSS 1 X =T
DX A= AR5 DA AR BE e 55 DX 32, i v T AR EE A9
45.76%, 7341 25.57% N B JE SR g5 X, i 48 X
SRAR T A E T 52 2 AR AR B =2 Y B
F AT S TR AR AR X ™ T B
b = ITIRIX RIS, (B 2 5% 11N | Bl FAR K
Jo E AT, N R N, 2235 | 5 i R R R
B, DR AR Bt = YA 2 R 5 ) DX, T
PR =PRI X

TWE T G R T R I X
PPl Rl BT AR X, A OCR He
TR S 5 fo oy H, HA A fE G 214 W BN
2R AR . P38 SRS VPR X A B A 22 L
I He S RAE OISR Y], ERE 11E He
SRS TR T =R AR RA R, £
SE ST ST R W] B ST A R R ST
AT RE I He A, R R st
R OLIT L K — LR 5 L 7 i, X LR 5 W)
HRIK) He A 38, DT S S5O B ] 1 3608 52 He 1Y
T, PRI, NHREEIX Hg & s, KUK

A Jei NG H 5 AoFs il A0 A= 08 b7 3 1 43S b 3

WFFE I, VTR -3 FE 48 Pb Zn fil Cd
PPV S e g LAt e R, LR ) R - MR o A
— b, W . R i
G JERIET TR A | R GRS HEOR R 4%
FRMZIXIRN A 50 S8 AV B B e
AR N Tl A3 A, 3 S She Y H4T e D i A 1 A ok 4
J& SRR ATk B 5 R KA A T
AN AL BE 1 T8, SEAREHERR A SRR 2 LAY
HABRE ; 73 A8, R HrEL 428 Pb Zn Al Cd %
W RSN REA G, MR A e
T, XA T IR B S A A b X -
s i, ZEIZ X B Pb Zn il Cd R 0, 54
B s [AIETB%™ Fe \Pb Zn . Cu %5 2 & JR X REEH IR
SO TYL ARG . P e m] LT 7 4 s S T
RS2 Fh T T A B R B B, M 2 B0 1 4
FEARA R B o DR M 2 DX PN SRR 1 24 ik oA 5
(i

4 ZEig

(DEME As TTEM Cd TEM LY &S T
[ 5% - S PR I B — b, 1 3 HLAT R U ' SR PR
% HAth o % (Cu P Zn \Mn Cr Hg) (-2 5 1 11K
FHEE —FbrfE. 8 Foc R P& E L HiEa
1990 4E3 5 {H .

(2) BB 5 AN LI E £ )R As.
Pb.Zn Cr Fil Cd /)% i P BE 3 & T A B, X
SiZM XA T 24 E s B e, BT A SRR
PX T SR S AL, RIS R T



1078

KA IEFFF 1R ERRET R

AR

(3) EWHELEFES)E As . Pb.Zn f1 Cd T2 Y
MR R A XK, Hg Cu f1 Cr 32 NG S AR,
Mn SR 5 TSR 52 .

(4) B E4JRICE P Cd Fl Hg WfE FE ok, It
HUE Hg B H BRAR R XURS: FIR 5k XURS , 350 48 JXURS: 24 43
ATFEETE 214 WFR T R AE AR T L

(5)FE 4 86 FHEMEEEWTERBEM 45 R BoR,
AR BRI T XU A, o R R
S5 XU -

S

[ F % B £ 9. % BESUSEb LIEES SRS
A S KR BIVEPPAG[T]. FREERL22, 2007, 28(3 ) : 647-653.

WANG Jun, CHEN Zhen—lou, WANG Chu, et al. Heavy metal content
and ecological risk warning assessment of vegetable soils in Chongming
Island, Shanghai City[J]. Environmental Science, 2007, 28(3):647-653.

2] HBUE, 2% 21, PG, S5 Ut L8 4 FhER 4 5 18] 43 A1 /Y

RIEAFAE WL Al TARA 1, 2012, 28(23):208-215.
LI Shu-min, LI Hong, SUN Dan—feng, et al. Network analysis of agricul—
tural soil heavy metals’ spatial distributionin Beijing[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2012, 28(23):208-
215.

[3] Kandeler F, Kampichler C, Horak O. Influence of heavy metals on the
functional diversity of soil microbial communities|J]. Biology and Fertil—
ity of Soils, 1996, 23(3):299-306.

[4] BRIETE, BB A, T OI8E. T3eeh 4 IR rAi i 15 S Al 98 2R JE 1.
M85 Y% 5 534, 2009, 31(12) :42-47.

CHEN Ying-xu, CHEN Xin—cai, YU Ming—ge. Research progress of
heavy metals pollution chemistry in soil—plant system[J]. Environment
Pollution & Control, 2009, 31(12):42-47.

[S1MRBIBENS, VIRKEE, §1/ 0T, 45, VTP 52 SCH /N it 4 S v e IR

NI BEERLAE, 2014, 27(9) : 1051-1060.
LIN Na-na, XU Qiu—jin, HU Xiao—zhen, et al. Heavy metal pollution and
ecological risk assessment in Xiaojiang River basin in Chongyi County,
Jiangxi Province[J]. Research of Environmental Sciences, 2014, 27(9):
1051-1060.

[6] 55 kA5 K SKIEH, 55 R SRR X RIDFTE R AR I]. T
[ Al e 55 X R, 2015, 36(1):107-114.

JIA Lin, YANG Fei, ZHANG Sheng—tian. Analysis on soil environmen—
tal function zoning study progress|J]. Chinese Journal of Agricultural Re—
sources and Regional Planning, 2015,36(1):107-114.

[7] Sun Y B, Zhou Q X, Xie X K, et al. Spatial, sources and risk assessment
of heavy metal contamination of urban soils in typical regions of Shenyang,
China[J]. Journal of Hazardous Materials, 2010, 174(1-3) :455-462.

[8] kA, 8 T, ke, A5 LRt K I FR X e T FE4A 0 H +
e IR WA JESRAE TS RPN Al PR3k, 2014,
33(12):2321-2328.

ZHANG Ai—xing, NI Yi-ning, JI Hong-bing, et al. Spatial distribution,

fractionation and pollution assessment of heavy metals in Wanzhuang
gold mining field in upstream part of water conservation area of Beijing,
China[J]. Journal of A gro—Environment Science, 2014, 33(12).:2321-
2328.

[9] Salah E, Turki A, Noori S. Heavy metals concentration in urban soils of
Fallujah City, Iraq[J]. Journal of Environment and Earth Science, 2013,
3(11):100-113.

[10] FR IS, 5 XU, AR Pk - 398 o 4 V5 YU ARRAE A D5 R RURG:

MR, +HEmE )7, 2015, 46(3): 762-768.

XU Ming-lu, FANG Feng—man, LIN Yue-sheng. Advances in source,
pollution characteristics and ecological assessment of heavy metals in
wetland soils[J]. Chinese Journal of Soil Science, 2015, 46(3):762-768.

(113 ¥k, BRwIR, 55, 55 R IX L e 4 Jm W A 51

AN RUSHTA[I]. HBFEARF, 2011, 31(1): 117-122.
TANG Jie, CHEN Chu-yu, LI Hai—yi, et al. Assessment on potential e—
cological hazard and human health risk of heavy metals in urban soils
of Daqing City[J]. Scientia Geographica Sinica, 2011, 31(1):117—
122.

L2] 8, P30, XUMToR, 55, KBTI X 32 1 e v 43 e i ke it

SEATLIL. SRTITERE S 0T AR 45, 2009, 22(5):29-33.
YANG Zhong—ping, LU Wen—xi, LIU Xin-rong, et al. Sources identifi—
cation of heavy metals in urban soil of Changchun based on principal
component analysis|J]. Urban Environment & Urban Ecology, 2009, 22
(5):29-33.

(131 9, D%, XU &0, 55 TS AR I e o 4w 5 s S e
PR IO T]. AL FREERL 22740, 2012, 31(11):2152-2159.
CHEN Tao, CHANG Qing-rui, LIU Jing, et al. Pollution and potential en—
vironment risk assessment of soil heavy metals in sewage irrigation arealJ].
Journal of A gro~Environment Science,2012,31(11):2152-2159.

[14] X0, =i, I\B5%, 55, LML X A S R G SRR /i I
FCAEIPAGLI. FREEREF 2441, 2005, 25(9) : 1280-1286.

LIU Min-chao, LI Di—qiang, WEN Yan-mao, et al. The spatial analysis
of soil retention function in Sanjiangyuan region and its value evalua—
tion[J]. Acta Scientiae Circumstantiae, 2005, 25(9):1280-1286.

[15] R, SR, bR A, 4. =TT AR g B R o 25 bt

FEI) R, 2010, 8(2):132-138.
WEN Zhao—fei, ZHANG Shu-qing, CHEN Chun, et al. Classification of
remote sensing image for lake and marshin the area of three river
sources based on decision tree using MODIS data[J]. Wetland Science,
2010, 8(2):132-138.

[16] BLERHE, BRA, D), 45 WiEs LI X R A S R G RR

PEMI]. SRR, 2011, 9(3):209-217.
JIA Hui-cong, CAO Chun—xiang, MA Guang-ren, et al. Assessment of
wetland ecosystem health in the source region of Yangtze, Yellow and
Yalu Tsangpo Rivers of Qinghai Province|J]. Wetland Science, 2011, 9
(3):209-217.

[17] Fe/Nee . =V X A M s A8 1 e 22 3% 45 A A8 T Bl A SR AR U
FEIDI. P42 BEPY I, 2007.

XU Xiao-ling. Research on ecological vulnerability change and inter—
action development model of economy and ecology in Sanjiangyuan Re—

gion[D]. Xi'an:Shaanxi University Normal, 2007.



TARAE , 4 - = TUR X 4 4 S 1 BB U B e A S KU P ——

DA AR M B ) 1079

[18]1F  #h, FRLEL FVPK, 45, = VLD X AR SIS TN )] A28
244, 2015, 34(7) : 1968-1975.
WEI Jing, GUO Ya—min, SUN Lin, et al. Evaluation of ecological envi—
ronment vulnerability for Sanjiangyuan area[J]. Chinese Journal of Ecol—
ogy, 2015, 34(7):1968-1975.

191 FE PR MR I Bty o ] TR T AR M. Jbat: PR R
HipEL, 1990.
China Environmental Monitoring Station. Chinese soil element back—
ground value[M]. Beijing: China Environmental Science Press, 1990.

[20] E K IRBE AP 5. E R AR R, GB 15618—1995 L3RBT i
SEPRIES]. b s o EARUE R A, 1995.
State Bureau of Environmental Protection, State Bureau of Technical Su—
pervision. GB 15618—1995 Environmental quality standard for soils[S].
Beijing: China Standards Press, 1995.

RO FEEGIHR, FRGH R TR A SN FiE 54 % 2013
M. Jent: hE S, 2013.
Qinghai Provincial Bureau of statistics, Qinghai Investigation Corps of
the National Bureau of statistics. Qinghai statistical yearbook 2013[M].
Beijing: China Statistics Press, 2013.

[22] P ERFE BT STALI L 7 B 0. MR ZS 8] 505 2 [EB/OLY. http ./
www. gscloud. en.
Computer Network Information Center, Chinese Academy of Sciences.
Geospatial Data Cloud[EB/OLY. http : //www. gscloud. cn.

(23] 3 s 2. FHEHLTIM). 7757 B8 AR HRE 2004,
ZHANG Zhong—xiao. Qinghai geography[M]. Xining: Qinghai People’s
Publishing House, 2004.

[24] FALI1, LT, FRIENE. VLIRS IR N 7L
29(11):49-54.
WANG Jiang—shan, LI Hai—hong, XU Zheng—xu. On ecological envi—

J]. K4, 2003,

ronment monitoring of Sanjiangyuan area|J]. Meteorological Monthly,
2003,29(11):49-54.

[25] EZRIFERI 7. HI/T 166—2004 + EFRE W AR HE(S). b
5L PR PRI R, 2004,
State Environmental Protection Administration. HJ/T 166—2004 The
technical specification for soil environmental monitoring|S]. Beijing:
China Environmental Press, 2004.

[26] Muller G. Index of geo—accumulation in sediments of the Rhine River{]].
Geojournal, 1969, 2(3):108-118.

27 TR SIMEL A 2, A5 SRR A b 9 V5 R AE K
AAS BT, FREERLE AL, 2010,23(12) £ 1523-1527.
YU Yun-jiang, HU Lin—kai, YANG Yan, et al. Pollution characteris—
tics and ecological risk assessment of heavy metals in farmland soils of
atypical basin[J]. Research of Environmental Sciences, 2010, 23(12):
1523-1527.

(28] Z W, MRARSE, AR VAL, 45 RNV R BT il 1 e o 4 J 7
FEAEBEFELT]. T KBTI S R8T, 2015, 29(8) - 120-125.
QIN Lei, XIE Dong—hao, ZHU Wei-hong, et al. The characteristics of
riparian heavy metal pollution in Tumen River[J]. Journal of Arid Land
Resources and Environment, 2015, 29(8):120-125.

[29] Hakanson L. An ecological risk index for aquatic pollution control : A

sedimentological approach(J]. Water Research, 1980, 14(8):975-1001.

[BO158 P, WhbE, 2 7 5 KA e 4 e Vs YR e S OB e
AR TEA ] HFRRLE, 2005, 25(1):108-112.

GUO Ping, XIE Zhong-lei, LI Jun, et al. Specificity of heavy metal pol-

lution and the ecological hazard in urban soils of Changchun City[J].
Scientia Geographica Sinica, 2005, 25(1):108-112.

BUARAS, ARINZAE, FEe M, 55 B E AT B h B4 i #
PERBOTE]. AR HHOR, 2009, 31(2):112-115.

XU Zheng—qi, NI Shi—jun, TUO Xian—guo, et al. Calculation of heavy
metals’ toxicity coefficient in the evaluation of potential ecological risk
index[J]. Environmental Science & Technology, 2009,31(2):112-115.

[32] 2552, EhagtAe, XU, 45, s H 3 a4 e T e M A= 2
KU TEANT]. FREFRLE, 2015, 36(3) : 1037-1044.

LI Yi-meng, MA Jian-hua, LIU De—xin, et al. Assessment of heavy
metal pollution and potential ecological risks of urban soils in Kaifeng
City, China[J]. Environmental Science, 2015, 36(3):1037-1044.

[33] Manta D S, Angelone M, Bellanca A, et al. Heavy metals in urban soils:
A case study from the city of Palermo (sicily), Ttaly[J]. The Science of
the Total Environment, 2002, 300(1-3):229-243.

[34] &b FE, BAPEAL. R 24 X R] s A FH O 200F e 3R 4 IR B Y
ST, A SRR -], 2010, 25(11) 1 1834-1843.

MA Qun, ZHAO Geng-xing. Effects of different land use types on soil
nutrientsin intensive agricultural region[J]. Journal of Natural Resourc—
es,2010,25(11):1834-1843.

[35] ARG, B FH, BIAMT. Zocgit e 3T & ) T JL IR AT b i1

PN HiBR 5 FRES. 2011, 39(4) :536-542.
LIN Yan—-ping, ZHAO Yang, HU Gong-ren, et al. The application of
multivariate statistical analysis in the pollution source recognition and
analysis of heavy metals in soils[]]. Earth and Environment, 2011, 39
(4):536-542.

[36] Zhu J J, Cui B S, Yang Z F, et al. Spatial distribution and variability of
heavy metals contents in the top soil along roadside in the Longitudinal
Range—Gorge Region in Yunnan Province|]]. Acta Ecologica Sinica,
2006, 26(1): 146 — 153.

(371X PRUE, 5K 285, 3% SCAN. -3 o 4 v Qe W o it 5 i 22 L < 1

SRR SR T (1] FREERLSA S HOR, 2010, 33
(7):102-137.
ZHAO Qing-ling, ZHANG Nai-di, LU Wen-ru. Research review and
prospect on soil heavy metals pollution II : Research focus and analysis
based on three major disciplines|J]. Environmental Science & Technol—
0gy, 2010, 33(7):102-137.

[38] Bk, 590, 1l Py 95 2 ik S N R WFFE ] R 4,
2003, 34(4):337-339.

DUAN Yong—hui, ZHANG Nai-ming. Distribution and affecting factors
of manganese in soils of Shanxi[J]. Chinese Journal of Soil Science,
2003, 34(4):337-339.

(39175 ¥, 5K g R, 5 =V BRI 2 H - HOR &
SR ARFIEL]. A A A PR, 2014, 30(2):262-267.

FENG Ling, ZHANG Wei, XIU Guang-li, et al. Distribution of mercury
in soil of Yushu and Maduo in the three rivers source region[J]. Jour—
nal of Ecology and Rural Environment, 2014, 30(2):262-267.

[40] T M, ARIEE, sKIT, 5. 2 oRAIRIH L LRI R R 1



1080

KA IEFFF 1R ERRET R

ARAER[]. BT 2015, 35(5):43-47.
WANG Li-hui, ZOU Zheng—yu, ZHANG Xiang—yu, et al. Review of
sources of mercury in soil and remediation techniques for mercury con—

taminated soil[J]. Modern Chemical Industry, 2015, 35(5) :43-47.

B4 fFF KRR F S 2K Bl e X LIEE

EJR AR ORI SGYPEN ] AR R, 2013, 32(12)
2384-2394.

LI Qian, QIN Fei, JI Hong-bing, et al. Contents, sources and contami—

acteristics of the northern part of Sanjiang(Jinshajiang—Lancangjiang—
Nujiang ) region[]J]. Geophysical & Geochemical Exploration, 2007, 31
(2):99-105.

[43] S 17, SV JE, WA, 45, 7 i A DX e - e e Bl T

S 8B 11, 2015, 44(7) :96-100.

TANG Bo, KANG Ya-long, PAN Yang—hui, et al. Analysis of prospect—
ing potential in Zhongza—Zhongdian block, Yushu Region, Qinghai
Province[J]. Metal Mine, 2015, 44(7):96-100.

nation assessment of soil heavy metals in gold mine area of upstream [44] 25 R, B/, S, 45, 50 AR £ 4R R R
RHIE R UA R T]. BT 504K, 2011, 47(3):380-387.
LI Huan, XI Xiao—shuang, WU Cheng—ming, et al. Geology and metal—

part of Miyun Reservoir, Beijing, ChinalJ]. Journal of A gro—Environ—
ment Science,2013,32(12):2384-2394.

[42] #atvk, waises, R, —VTALBOHERL A AEDTIE ). PR S5 1k logenesis of the Zhaokalong iron—copper—polymetallic ore deposit in
£, 2007,31(2):99-105. Yushu, Qinghai Province[J]. Geology and Exploration, 2011,47(3):380-
XU Shang—fa, YUAN Zhi-liang, CHEN Jian—ping. Geochemical char— 387.

S U S S S )
2 Bif "‘*’
P, ALK ERIE T S "ﬁ I

FIeH 9

A4 N bR, R EEN G LS QB A B AT R i, WA SR
PeT5 IR A-B PIBEGEPETS UL (VR OKAR ) UF A T REM S T2 R A 1 T
2 SBROEVETG I VA T8 AL AR AL IR A LTS SR K BRI A= ) Ak T
& REAEY IR R R X R R B A LTS B BOK 8RR L, E— 2B T A= A B S0
PEA TR AT IR, N A3 i VR LA LB K P 4 Bk B 5 s R P MR A A AL K Ay
AL BRT5 vR R VR U RE T I K B AR B R S B RR R U A L T AL K AR B 5 A L Tl
K BRI AR B e [E A AR 5 K Ak B

#4345, 9787122254801
MIFA16

¥AE M:98.0C
¥ H #9:2016 4E 2 A

FBRERNERBELH—UhrRSE

FIAS ETEAR TG

(BRI )RR IR TGN A DI 02— o AN 530 A= Sl A A 182 i A TR A H 1
SCT, WEEE AT T BRI I T g IR0 B 208 S S AR TG B3R 2y 2605 R T AT AR
JR A TR RN B P FE R No ™ Y F T 15 IR AN IR SR 2 B o = SR RN 2

¥ 4545.9787122247827
MIFABS

KE #:29.8 JG
¥ H #9:2016 4E 2 A

T L2 5 B, I8 www.cip.com.cn Il 45 HELE £ 010-64518888 , 64518800 42 H.0» )
PR I 5 R S A2 Tl B R AR AR < http://hxgycebs.tmall.com
IR AL : (10001 DALI T A IX F AR 13 5 (b2 Tolk B pcrl W ORI R IR AR HL 1% : 010-64519525,



