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Assessment of Sources, Spatial Distribution and Ecological Risk of Heavy Metals

in Soils in a Typical Industry-based City of Shandong Province, Eastern China
DAI Bin', LU Jian-shu'”* | ZHAN Jin-cheng’, ZHANG Zu-lu’ ,LIU Yang** , ZHOU Ru-jia'

(1. The Key Laboratory of Coast and Island Development, Minisiry of Education, Nanjing University, Nanjing 210023, China;
2. Shandong Institute of Geological Survey, Ji'nan 250013, China; 3. College of Population, Resource and Environment, Shandong
Normal University, Ji'nan 250014, China; 4. State Key Laboratory of Pollution Control and Resource Reuse, School of the
Environment, Nanjing University, Nanjing 210023, China; 5. Geological Survey of Canada ( Atlantic ), Bedford Institute of
Oceanography, Dartmouth B2Y 4A2, Canada)

Abstract; A total of 106 samples were collected from surface soils in Gangcheng District, Laiwu city (a Typical industry-based city of
Shandong Province, Eastern China) , and the contents of 9 heavy metals including As, Cd, Co, Cr, Cu, Hg, Ni, Pb and Zn were
determined. Multivariate analysis and geostatistics were applied to examine the sources and spatial distributions of heavy metals in
soils; and the assessment on ecological risk of heavy metals was carried out using Hakanson’s method. The average concentrations of 9
heavy metals were higher than the background values of Shandong Province; in particular, the mean contents of Cd, Hg, Pb and Zn
were 2.42, 4.69, 1. 74 and 1. 54 times of their respective background values, which indicated there were obvious accumulations of
these heavy metals in surface soils. The results from multivariate analysis suggested that all the 9 heavy metals could be classified as 3
Principal Components (PCs). Cd, Pb and Zn, having high loads in PCl, were dominated by industrial, agricultural and traffic
sources. PC2 including Co, Cr and Ni came from natural sources, and were controlled by parent materials. As and Hg with high loads
in PC3, were originated from coal combustion and smelting. Cu had some loads on different PCs, and was affected by both natural and
human sources. Assessment on ecological risk indicated that the study area suffered from a critical level between high and moderate
risks. Hg was at the high ecological risk level, and Cd was at the moderate ecological risk level, while other metals had low ecological
risk level.

Key words :soil heavy metals; potential ecological risk; multivariate analysis; ordinary kriging; typical industry-based city
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Fig. 1 Location of the study area with sampling sites
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9.5, 0.17, 14.5, 77.7. 30.6. 0.075, 35.3,
42.8 f194. 1 mg-kg™'; BR Co WH EHREIr NS
Mz, HihE LR o R P ESABL EE
TR bRUE (R R R A Y B R Rbs
. WFFEIX 9 FhoT R M-V Y (B 58 ok 1l AR 1
T 5UE; FeuiHL, Cd. Hg, Pb Fl Zn 1-F 14 & 55
S 0.17,0.075,42.8 f194. 1 mg-kg ™', 73l )&
TRl 2.42.4.69 . 1.74 , 1.54 5,31 4 Fhoo &
ERZEEPHFAENENEE TH RN
( coefficient of variation, CV) 7] DL AL EHE 19 25 L
FRRE T DL AR [l B A0 i B 5 Wilding ™) 6
S REY R AR (CV >0.36) , AR
(0.16 <CV <0.36) FLEEAE 5 (CV <0.16). Co,
Cu 1 Ni 19748 5 2 505051k 21. 83% . 30.29% Fll
32.02% )& TH&7E 5, As, Cd, Cr, Hg, Pb Al
Zn W AR S Cd Ml He 728 5 R 50Kk T Hifth oo
X5 BN X B IR BT S5 SR, BB
Cd F1 Hg FE7E I T A A 52 mm 7= A ) e S Ml M
IR K /NHEF AR Y R, Hg > Zn > Cd > Pb > As > Cr

2 HFR5ITE
>Cu>Ni > Co, H Hg, Cd., Pb F1 Zn F i JE %%
2.1 HEREGRESENMIEEGT F L IX 4 RO ER A] RE 32 NI Sl i AR R
a1 ATLLAE I, BT X £ As. Cd, Co.  HOIEMREES.
£1 FAKHNESBHEREGETER mg-kg
Table 1 Descriptive statistics of heavy metals in soils of the study area/mg-kg ™'
- ) X . " ITp ) S F -t/
H o m Elene| SR HE FrifEzE i B WA J3E AR5 B % 15 R 2T ﬁ?’?ﬁmj
As 2.6 ~69.1 9.5 9.1 6. 69 6.83 60. 49 70.2 8.9 30
Cd 0.08 ~1.88 0.17 0.15 0.17 9.29 92.11 101.7 0.07 0.3
Co 4.5~24.0 14.5 14.5 3.17 -0.11 1.14 21.8 12.6 —
Cr 14.6 ~244. 1 71.7 74.6 30. 47 2.22 9.58 39.2 64.3 200
Cu 8.1~75.7 30.6 29.5 9.27 1.61 5.87 30.3 22.3 100
Hg 0. 008 ~4.579 0.075 0.027 0.44 10. 25 105.29 589.4 0.016 0.5
Ni 6.8 ~87.9 35.3 35.3 11.31 1.44 5.99 32.0 24.4 50
Pb 22.8 ~391.0 42.8 33.4 39.72 6.92 57.45 92.9 24.5 300
Zn 49.5~994.6 94.1 83.9 90. 69 9.51 94.97 96. 4 60.9 250

2.2 FRSHr

AR ITCR Z R T B T 4ok
JERHERT . R 2 iTUE N, B4R LK Cd-
Pb. Cd-Zn F1 Pb-Zn W5 W 2 [8) A ¢ & £ 5 0l A
0. 881, 0.978 10. 906, Hidit 1 0. 01 /KF- 1yt
EVERES ; — MR, Cd, Pb Fil Zn Z[A] ) = AH G
R T NG Co-Cr, Co-Ni, Cr-Ni
Z BB AHSE R B3] 0,621, 0. 662, 0.925, i
11T 0.01 KRR, 5B Co., Cr A1 Ni JCZE M
Z A BRI A58, Fe, 0, , MgO 1 CaO J2& i + i 72

TRk KA TE B 2= 4l H AR IT
F LR A B A M Co, Cr, Ni
5 Fe,0, (R 4 0.805, 0.414 . 0.445) . MgO (R
0.745.0.752,0.741) } CaO (R 4 0.609 ., 0.302,
0.260) MFH R R, IFiE T 0. 01 KPRy A 5, X
Ui Co, Cr F1 Ni 2 HARRUE. As I Hg BIAHC &R
Bk 0. 880, 3@t 17 0. 01 K FEHIR I, 5B As
Hg ATREZ BN ARG SR, Cu 5 Fe,0,, MgO .,
CaO MM E R BN 0. 646, 0.396 ., 0.367,Cu 5 As
[AH S R E0CH 0. 407 , LR Cu 1T BEJE TR A R
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Table 2 Correlation coefficient of heavy metals in soils
As Cd Co Cr Cu Hg Ni Pb Zn
As 1
Cd 0. 182 1
Co 0.246 " 0.183 1
Cr 0.022 0. 020 0.621™ 1
Cu 0.407 ™ 0.244 " 0.621 ™ 0.364 1
Hg 0. 880 ™" 0. 052 0.077 0.023 0. 148 1
Ni 0. 089 0.028 0. 662 ™ 0.925* 0.346 ™" 0.037 1
Pb 0. 181 0. 881" 0. 102 0. 009 0.291™ 0.019 -0.001 1
Zn 0. 159 0.978 ** 0. 163 0. 045 0.255 ™ 0. 056 0. 045 0. 906 ** 1
Fe, 05 0.268 ™ 0.193 " 0. 805 ™ 0.414 " 0. 646 ™" 0.097 0.445 ™ 0.207 " 0.211°
MgO 0.273 ™ 0.076 0.745 ™ 0.752* 0.396 ™" 0.252™ 0.741 ™ -0.018 0. 084
Ca0 0.224 = 0. 205 * 0. 609 ** 0.302 " 0.367 ™ 0.14 0.260 ™ 0. 031 0. 139

1) = o FRMRREAL 0. 01 A LB, » FoRMKERETE 0. 05 K L R#H

2.3 EES

T & JE FEORIE T RS ARG ),
e 3 B M RT LA R B 4 R T R TS ek
PR 2R3 Ry AT I EE S RT3 A F A
ZIT BT 85. 3% , FEA AT LA FE 0 T 5 19
15 8.

F 43 1 (principle component 1, PC1) f)J7 22
TR N 37.5% ,Cd . Pb I Zn 89K T84 43 51 ik
)7 0.972,0.953 F10.978 (3 3) , X LI Z 9 F
P o T4 A R S (£ 1), Cd,
Ph I Zn B RAEE Z A E] T IR S L1 5
{E926.9, 16.0 F1 16.3 5, KX LR FEZ
NG SRy, R4 Cd, Pb Fl Zn 7£ A — F A%
A3 AHATRESZ BRI AR X
4348 T B A AN Ak A P St B R 1 - =R
R R Cd, Pb Ml Zn X 3 FhoT E 19 E oK
PRI Cd W R BT A R R 2 T A AR TR
Hp AT At T A B s PR R A AR i
MBFREICERE ™ REE P Cd F 584 0.98
mg-kg ™! BEAETR Cd (P25 0.6 mg-kg ™.
Lv 22501 Chen 4613 FIBFoY & B, £33 Cd, Cu
MZn EHSOHBNETEE —CBREMMECER,
FHRRAE S 4 25 it F 2 Cd . Cu A1 Zn SR, Cu
N Zn HoAE & & AR IR, F SR B 16 H e A
PRFEA R ABEAINAY Cu FIl Zn FEASRE 52 415 3]
FIH,95% L) E i Cu F Zn FEZSAEHE AR N A
it FH B0 2 48 45 A MLAE AT LA B d 8 i 43 v Cu
T Zn MRS PR BT IE K IS AT S 1 2%
fiirh Cu A1 Zn 19 E 5535050 90 679 mg-kg ™' Al
1570 mg-kg ™" AFREIAE ) Cu M Zn & B IE 0

HEF) N 892 mg-kg ' HI3 200 mg-kg . HEHIREE
PR R A HE R 13 Ph A B R R
W5 XA Z AR AR b 7™ Az () Ry IR T 7
B REM Ph 5 Bl BEARSEDT I 58 2 B A AR o
[ Pb S EETIA N 139. 4 mg-kg ™' RAE R #A
PR 4 (HAP SR — a2 H Al B R I i 0k 3 , of J] e
DX 3 ) B T s . DU 2 R R AT
FRE R R R 2000 4F B 404 AR 5 4
P, (HIR G R AT e Ph BB R A A7
T A Zn RIRERIGRERMA, K4
AR S A S AR Ly N R R
Cd, Pb 1 Zn B 43 7E [F— FE B4, 76 7 R (Local
scale) 28| ABIG SRR, Cai %1 AUBFST 3
W] Cd, Pb Al Zn 755 — F LA R AT, AR
JIoCER. WL, PClARE T Tl HEsL . A&k M3 is

F LG 2(PC2) i RE T 7 2519 27. 8% ,Co | Cr
FINi 7€ PC2 WY AT 5, 23 30 0. 846, 0.919 Al
0.926(%#£3). Co. Cr Fl Ni A28 53 Z B8R, H
ERE VT Fe,0,, MgO 1 CaO 255 B B Ay
IEMIDESER, TN R Co, Cr M Ni i HARRIR 1.
BARIFFEIX Co, Cr A Ni fFH & B IR E
THES (R 1), %R 32 RIS X A KA TR
PRt A A i T SE A R AR TG T N
INARAE TR &S s B2 [ R,
LR A8 A R AT gt it AR B B 9 3819 Co | Crr
FINi & EHEETEEKFE —BREEL, Cr Fl Ni
JETRE T R R E RSN ESE Y Cai
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Table 3 Factors matrix of heavy metals in soils in the study area

HeE PC1 PC2 PC3
As 0.125 0.116 0. 966
cd 0.972 0.057 0. 055
Co 0. 121 0. 846 0. 144
Cr -0.045 0.919 -0.074
Cu 0.277 0.592 0.332
Hg -0.027 0.003 0.947
Ni -0.048 0.926 -0.034
Pb 0.953 0.030 0. 048
Zn 0.978 0. 068 0. 043
J7 2 BUHR/ % 37.5 27.8 20.0
By 2 5UkR % 37.5 65.3 85.3

ESMEHA S T RHPY . K-S K FW Cr, Co Ml
Ni 754 %800 A, vl B A7 58 BUARAR A  ; XF
As. Cd. Cu, Hg. Pb 1 Zn $EA7 X B AL 5 45 &
IEASIAR SRE HEAT AR St R B A A (. A8 53 bR
RIS F R SRR R, milr BRI LR SR
YT FEBRARR W RL(C,) . A (C,
+C) |, R (range) . YoE REL(R?) A5k (RSS)
L OREFHEMESEM A (C/C, +C) 18FES
By s (8] FAHSCHE T LR 3 SR F S B R 4
Hl; 45 Cp/ (Cy +C) <0. 25, F WA 2 14 25 [a) 28 5 DA
SEpgtEAR Sk AR HA R B S AR DG
0.25<C,/(C, + C) <0.75 I, 25ty rpr S o Jig 23
[BJAH5&; T Cy/(Cy + C) =0.75 B, LIFEALAS B hy
F AR A S AR 55 e RBU(RY) £
FNEEARRY ARG

P S S PR AR SR UL B i 45 51 (3R 4) W,
As, Cd, Co, Cr Fll Cu P75 5 pR A AT 15 &
BRUAL He 1 Ph £ G BRORAAL 10 Ni Fl Zn 755
A AR A U R A 175 720 ~53 300 m
Z[E. BE Cd, Zn Z40, i TR M R KT
0.562, M RSSIIH /Iy, 15 BT B 50 AU 1) 18 HOHE A 4

R4 I1EESEAENTRANEBELERREXSH

Table 4 Models and the relevant parameters for semivariograms fitting of heavy metals in soils

g Ay el HAH W E/ G H B/ m PE R B2
As Exponential 0. 090 0.257 0. 350 18 375 0. 964 0. 000 4
Cd Exponential 0. 121 0.243 0. 498 51100 0.321 0. 003
Co Exponential 0. 033 0.172 0.192 51100 0. 865 0. 0002
Cr Exponential 0. 097 0. 409 0.237 44210 0. 960 0.001 5
Cu Exponential 0. 069 0. 138 0. 500 53 300 0. 562 0. 001
Hg Spherical 0. 326 0. 682 0.479 18 375 0. 749 0.467
Ni Gaussian 0. 085 0.438 0. 194 43150 0. 948 1. 78E-04
Pb Spherical 0. 061 0.179 0. 341 5720 0. 632 0.0233
Zn Gaussian 0. 098 0. 198 0. 495 51100 0.433 5. 66E-03
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Fig. 2

Spatial distributions of heavy metal contents in soils



2 4 WOMEAE s LR A ST Tl 3Ty - M e S oA R | 2 8] 3 A S v A A S KB A 513

2.6 HEEREELESKE I

Z: M N AH OC B 5 09 T 78 A2 28 KU 43 S b
Y0200 O T 4 S BALIUR £ B TR A A A AU R A T
S INER 5 . B 3 IS X0 AE A A KUK T
a2 K 4 REE AR KBTS 5 i K. As,
Cd, Co, Cr, Cu, Hg, Ni, Pb il Zn AYTALE A S
R 7 (9 25 43 9 R 1070, 73.25, 5.76, 2.42 .
6.86. 187.69, 7.23, 8.73 £ 1. 55, M = 2R AK K
A Hg >Cd > As >Pb > Ni > Cu > Co > Cr >Zn; Hg #
A AT AR A RS KAF, Cd Ak T i A A 25 XURS: 7K
- HARE 4R T R AL TR SR K. B
RXGEWMELETNETEE R B HE A
304. 19,4+ F 67. 49 ~ 11 666. 442 [8] (& 4 ) , i BT
G DA b b e 45 5 T A 28 KUK 1 i SR F- (R
5); Ho AU 2 AFE AL TR R A S KU A
SV RUBY 1.9% 5 5 DFESAE T AR IR KF

14 000

T

12 000

3
v

Ef

200 |

100 !

e T e T
As Cd Co Cr Cu Hg Ni Pb Zn RI

3 ESREEESARER

Fig. 3  Results of potential ecological risk of heavy metals

H S 4. 7% 5 63% BIRE (68 A) Ab T a4 25
KBS IKF 5 28. 4% BYFE 5 (31 A ) FFAERR UL B K
B (RI<150). ME 4 FTLIEH FE X B4 B LE A
A 25 DA 48 B v 1 XS A T ZE ISR X R 9 2

K5 EERBEETRESR

Table 5 Grading standards of potential ecological risk of heavy metals in soils
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B 170.52~242.29
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N 2 433.59~11 666.44
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Fig. 4 Spatial distribution of potential ecological risk

index of heavy metals in soils

[ [RPHR: ) DU & s ek, 5 2295 Yot R & 48 | 43
APRFAEARTE]. ZERFE X AL Bl — B S e X
B, EER B TR RE AT He BUBUK MR, &
HIKE T 4.579 mg-kg ™', M1 R AEHIT 300 £5, vl W
I NAELE He TOZ p TS G2, N 5 | 4.

3 it

(1) 521X 9 Fh+ i &R P EY IR
B I S, B AR K AR (Co T AT
Fofl) AA7E T —ERENE S EHER.

(2) PFREIX s & @ SRR T 432 3 25 Cd
Pb Ml Zn EE2Z TR J 5830 % NSRS, Co
Cr Fl Ni FZORIE T BET, As Fil Hg SRR TNk
VMR A R BR RS, T Cu 32 A AR5 A R 2 3L ]
il

(3) As, Cd, Hg., Cu, Pb I Zn By &8 R {H X
35 Tl Al 37 B A — 3, 1T Co, Cr AN (925
1] 434 55 Tk Al 59 43 A TG K.

(4) WFFE XA T b v 3 R 2 XU I
FIKN-. Heg AbF i A KU K-, 51 R Y Al 5



514

woooH

2% 36 #&

FERTGROTER ;. Cd Ab T SR 8 KU K-, HiAtL T
E PR = G o N i O S P 1 9 & 8 | i A
3 DX XU 2 5 ) X3, 10775 | 1.

(1]

(2]

[3]

[4]

[6]

(7]

[10]

[11]

[14]

[15]

[16]

[17]

g, SRR, RV, AF. H BT TR 4 R R VR R BT K
FREEMB T[], MU=, 2012, 67(7) : 971-984.
Alloway B J. Heavy metals in soils[ M].
Hall, 1995.

Kabata-Pendias A, Pendias H. Trace elements in soils and plants

[M]. (3rd ed. ). London; CSC Press, 2001.

London:; Chapman and

Lv ]S, LiuY, Zhang Z L, et al. Factorial kriging and stepwise
regression approach to identify environmental factors influencing
spatial multi-scale variability of heavy metals in soils[ J]. Journal
of Hazardous Materials, 2013, 261 387-397.

Rodriguez Martin J A, Ramos-Miras J J, Boluda R, et al. Spatial
relations of heavy metals in arable and greenhouse soils of a
Mediterranean environment region ( Spain) [ J]. Geoderma,
2013, 200-201; 180-188.

Lv] S, Liu Y, Zhang Z L, et al. Multivariate geostatistical
analyses of heavy metals in soils: Spatial multi-scale variations in
Waulian, Eastern China[ J]. Ecotoxicology and Environmental
Safety, 2014, 107 . 140-147.

Chen T B, Zheng Y M, Lei M, et al. Assessment of heavy metal
pollution in surface soils of urban parks in Beijing, China[J].
Chemosphere, 2005, 60(4) . 542-551.

Phive=s, AR, W, . A RERRX LEE S
FZRUFM[I]. FFERI, 2010, 31(6) : 1608-1616.
XIFR, Baat, WY, A5 VO 3 T G T e SO
AATSNEATH )], R, 2012, 33(1) : 260-265.
R, WL, B, S KB L YEE S E T PR S H
BTEASXRATAN (1], MR, 2005, 25(1) : 108-112.
Wiz, Bt whivedl, 5. BWO el LI e =
A8 SRR R s PN [ D] BRIERLE, 2012, 33(2) : 599-
605.

T, mEH, BRAE, R LB AR S e S
JEATHTIEAR[T]. FEERE, 2012, 34(9) ; 3572-3577.
Facchinelli A, Saechi E, Mallen L. Multivariate statistical and
GIS-based approach to identify heavy metal sources in soils[ J].
Environmental Pollution, 2001, 114(3) . 313-324.

Bortivka L, Vacek O, Jehlicka J. Principal component analysis
as a tool to indicate the origin of potentially toxic elements in soils
[J]. Geoderma, 2005, 128(3-4) . 289-300.

LvJ S, Liu Y, Zhang Z L, et al. ldentifying the origins and
spatial distributions of heavy metals in soils of Ju country
(Eastern China) using multivariate and geostatistical approach
[J]. Journal of Soils and Sediments, doi; 10.1007/s11368-
014-0937-x.

Zhang C S, Fay D, McGrath D, et al. Statistical analyses of
geochemical variables in soils of Ireland[ J]. Geoderma, 2008,
146 (1-2) . 378-390.

Goovaerts P. Geostatistics for natural resources evaluation[ M ].

New York: Oxford University Press, 1997.

[21]

[22]

[23]

[25]

[26]

[27]

[30]

[31]

[32]

[35]

[36]

Wackernagel H. Multivariate geostatistics| M]. Berlin: Springer
Verlag, 2003.

Alary C, Demougeot-Renard H. Factorial kriging analysis as a
tool for explaining the complex spatial distribution of metals in
sediments[ J]. Environmental Science and Technology, 2010,
44(2): 593-599.

Nanos N, Rodriguez Martin J] A. Multiscale analysis of heavy
metal contents in soils: spatial variability in the Duero river basin
(Spain) [J]. Geoderma, 2012, 189-190. 554-562.

KR, T, BRI, SF. VOISt LA R 4w T Y
YIR IR B 25 [ A AR R[], BRBERL4, 2014, 35(4) .
1516-1522.

EHH, A, EET. SIEE KRR R AR M 1 4
IRz oA Bam e it . LURNT SR IX A HI[T]. HEEH
2, 2014, 35(7) : 2714-2720.

Lu A X, Wang J H, Qin X Y, et al. Multivariate and
geostatistical analyses of the spatial distribution and origin of
heavy metals in the agricultural soils in Shunyi, Beijing, China
[J]. Science of the Total Environment, 2012, 425 66-74.
EE, BRAR, HZE RO 0T A TR 2R 4 R B
AR PE . LB NI [T]. SRR, 2012, 34
(10) : 4017-4023.

e, wmik, i, & =R XMOR A BT V& A U
YISO 5 m R R AT [J]. BREERI A, 2014, 35
(1) 179-185.

Hakanson L. An ecological risk index for aquatic pollution
control. A sedimentological approach [ J]. Water Research,
1980, 14(8) : 975-1001.

EZIHE Y )R, P EEE TR RE[M]. dta.
BiRk#h AL, 1990.

GB 15618-1995. +-MEFRI Fitt bR S].

Wilding L P.

6 7R

Spatial ~ variability; its documentation,
accommodation and implication to soil surveys[ A]. In; Nielsen
D R, Bouma J ( Eds.). Soil spatial variability [ M ].
Wageningen: PUDOC publishers. 1985. 166-194.

SRArHME, BEE, KT, 4F. REWAH DIEMEXE SR
B AR [J]. MBI, 2008, 63(9) : 994-1003.
Chen T, Liu X M, Zhu M Z, et al. Identification of trace
element sources and associated risk assessment in vegetable soils
of the urban-rural transitional area of Hangzhou, China [ J].
Environmental Pollution, 2008, 151(1) : 67-78.

S lndh, WIETT, REALHY. FeE SR BEIC TR ey 5 ik ST
ABIRBR AT (1], LR, 1992, 29(2) : 150-
157.

RONE, R, WaE, 4 TP AR AR IR s g
REFEGT[J]. BREASAR, 2008, 19(12) ; 2751-2756.
TN, BB, BEY, % BRI AR E- -5
SR AR [T]. AR IR 24, 2010, 29
(5):942-947.

EIRKR, XUARAL. S8 IR R SR A A A X PR 1 7
[J]. KBAZ, 2003, 23(3) : 68-70.

Chen T B, Wong ] W C, Zhou H'Y, et al. Assessment of trace



2 4

WM A AR A S T T - T S R U

23 [ A S A A A MBS A 515

[37]

[38]

[39]

[40]

[41]

[42]

metal distribution and contamination in surface soils of Hong
Kong[ J]. Environmental Pollution, 1997, 96(1) : 61-68.
Rhmese, B4, BRBHAAe, &, BRGER ) HE 4 (o ks o
IRETTRIN S W MM [T]. FHEMA, 1995, 14(6) .
489-493.

Chen X D, Lu X W, Yang G. Sources identification of heavy
metals in urban topsoil from inside the Xi’an Second Ringroad,
NW China using multivariate statistical methods [ J ]. Catena,
2012, 98. 73-78.

Cai LM, XuZ C, Ren M Z, et al. Source identification of eight
in agricultural soils of Huizhou,
China [ J ].
Environmental Safety, 2012, 78, 2-8.
FEXRE, W, XK, F. IRE TP ICR &SRR
RSER[T]. ERREFA (ARBIAM) , 1992, 28(4)
475-485.

hazardous heavy metals

Guangdong  Province, Ecotoxicology — and

Sun C Y, LiuJ S, Wang Y, et al. Multivariate and geostatistical
analyses of the spatial distribution and sources of heavy metals in
agricultural soil in Dehui, Northeast China[ J]. Chemosphere,
2013, 92(5) ; 517-523.

Li Y, Wang Y B, Gou X, et al. Risk assessment of heavy metals
in soils and vegetables around non-ferrous metals mining and
smelting sites, Baiyin, China [ J]. Journal of Environmental
Sciences, 2006, 18(6) ; 1124-1134.

WA, B, o, . NSRS X IR SR
PRRAE B PPN [T]. BRI FRLAE, 2011, 32 (10): 3099-
3105.

[44]

[45]

[46]

[47]

(48]

[50]

[51]

FEELA, SRBTIS, BREA, 55, FREMAE )0 Y RS HE K
HAYLLARSLT). BRI, 2004, 49(19) : 2014-2019.
v, W, SRME, AF. T ERRIBORHEROE B 25
SE[I]. BREERRSE, 2005, 26(2) : 34-39.

Liu R H, Wang Q C, Lu X G, et al. Distribution and speciation
of mercury in the peat bog of Xiaoxing’an Mountain, Northeastern
China[J]. Environmental Pollution, 2003, 124(1) : 39-46.
Franco-Urfa A, Lopez-Mateo C, Roca E, e al. Source
identification of heavy metals in pastureland by multivariate
analysis in NW Spain [ J].
2009, 165(1-3) ; 1008-1015.

Micé C, Recatala L, Peris A, et al.

Journal of Hazardous Materials,

Assessing heavy metal
sources in agricultural soils of an European Mediterranean area by
multivariate analysis [ J]. Chemosphere, 2006, 65 (5): 863-
872.

Rodriguez Martin J A, Arias M L, Corbi ] M G. Heavy metals
contents in agricultural topsoils in the Ebro basin ( Spain).
Application of the multivariate geoestatistical methods to study
spatial variations[ J]. Environmental Pollution, 2006, 144(3) .
1001-1012.

Shomar B H. Trace elements in major solid-pesticides used in the
Gaza Strip[ J]. Chemosphere, 2006, 65(5) ; 898-905.

Lv ]S, Zhang Z L, Li S, et al. Assessing spatial distribution,
sources, and potential ecological risk of heavy metals in surface
sediments of the Nansi Lake, Eastern China [ J]. Journal of
Radioanalytical and Nuclear Chemistry, 2014, 299 (3) . 1671-
1681.



HUANJING KEXUE Vol.36  No.2

Environmental Science ( monthly) Feb. 15, 2015

CONTENTS

Size Distribution Characteristics of Particulate Mercury on Haze and Non-haze Days ++xeeeeeereeesesseneisinininnne. ZHU Qiong-yu, CHENG Jin-ping, WEI Yu-qing, et al. ( 373 )
Impact of Atmospheric Pollutants Transport Pathways on Aerosol Optical Properties at Shangdianzi Background Station PU Wei-wei, SHI Xue-feng, MA Zhi-giang, et al. ( 379 )
Chemical Characteristics of 3-year Atmospheric Precipitation in Summer, Taiyuan GUO Xiao-fang, CUI Yang, WANG Kai-yang, et al. ( 388 )
Pollution Characteristics of Organic and Elemental Carbon in PM, s in Taiyuan LIU Shan, PENG Lin, WEN Yan-ping, et al. ( 396 )

Levels and Distribution of Organochlorine Pesticides and Dioxin-Like Polychlorinated Biphenyls in Atmospheric Particulates in Xining and Tianjun, Qinghai Province, China «+:eeeeseeeseseee

LI Qiu-xu, HE Chang, MA Zhao-hui, et al. ( 402 )
Particulate Matter Adsorption Capacity of 10 Evergreen Species in Beijing WANG Bing, ZHANG Wei-kang, NIU Xiang, et al. ( 408 )
Carbon Sources Metabolic Characteristics of Airborne Microbial Communities in Constructed Wetlands —«++seereeeersresrremismnnmmninnni, SONG Zhi-wen, WANG Lin, XU Ai-ling, et al. ( 415)
Spatial Distribution Characteristics of the Physical and Chemical Properties of Water in the Kunes River After the Supply of Snowmelt During Spring ««+««+++s+sessesserseeesenienennsniniinsnne

- LIU Xiang, GUO Ling-peng,ZHANG Fei-yun et al. ( 421

)
Composition Characteristics and Source Analysis of Major Tons in Four Small Lake-watersheds on the Tibetan Plateau, China —«+sesereeessessenseneeenees LI He, LI Jun, LIU Xiao-long, et al. ( 430 )
Seasonal Stratification and Eutrophication Characteristics of a Deep Reservoir, Longtan Reservoir in Subtropical Area of China +++++++++++-- ZHANG Lei, LI Qiu-hua, HUANG Guo-jia, et al. ( 438 )
Phosphorus Fractions, Sorption Characteristics and Its Release in the Sediments of Yangtze Estuary Reservoir, China «+sessessereeseseseneens JIN Xiao-dan, WU Hao, CHEN Zhi-ming, et al. ( 448 )
Spatial-Temporal Distributions of Dissolved Inorganic Carbon and Its Affecting Factors in the Yellow River Estuary - GUO Xing-sen, LU Ying-chun, SUN Zhi-gao, et al. ( 457 )
Distributions of Phosphorus Fractions in Suspended Sediments and Surface Sediments of Tiaoxi Mainstreams and Cause Analysis «++++++++* CHEN Hai-long, YUAN Xu-yin, WANG Huan,et al. ( 464 )
Characteristics of Nitrogen Pollution and the Potential Mineralization in Surface Sediments of Dianchi Lake —+:+seeoveoveesesesvsiene MENG Ya-yuan, WANG Sheng-rui, JIAO Li-xin, et al. ( 471 )
Influence of Transient Storage on Solute Transport and the Parameter Sensitivity Analysis in a Suburban Drainage Ditch «««+seeseeeerereenees LI Ru-zhong, QIAN Jing, DONG Yu-hong, et al. ( 481 )
Sources, Pollution Statue and Potential Ecological Risk of Heavy Metals in Surface Sediments of Aibi Lake, Northwest China »++-+-- ZHANG Zhao-yong, Jilili Abuduwaili, JTANG Feng-qing ( 490 )
Speciation Distribution and Risk Assessment of Heavy Metals in Sediments in Suburban Outfall of Industrial Oasis Region ~ ++++++++x+++- ZANG Fei, WANG Sheng-li, NAN Zhong-ren, et al. ( 497 )
Assessment of Sources, Spatial Distribution and Ecological Risk of Heavy Metals in Soils in a Typical Industry-based City of Shandong Province, Eastern China «+«eseeseesesrerrerseesenenneen
- DAI Bin, LU Jian-shu, ZHAN Jin-cheng, et al. ( 507 )
Removal of Triclosan with the Method of UV/ClO, and Its Degradation Products +++s+sesessesesssnesrsmesnniinnsiiniiniien LI Yu-ying,HE Wen-long, LI Qing-song et al. ( 516 )
Mechanism of Groundwater As( V') Removal with Ferric Flocculation and Direct Filtration «++++s+s+sssssssssssesisisimimisniiiiiii KANG Ying, DUAN Jin-ming, JING Chuan-yong ( 523 )
Preparation of Nano Zero-valent Iron/Sargassum horneri Based Activated Carbon for Removal of Cr( VI) from Aqueous Solution «++++++++++++- ZENG Gan-ning, WU Xiao, ZHENG Lin, et al. ( 530 )
Adsorption of Cr( VI) on Magnetic Graphene from Aqueous Solution +++++++s+sssesessserssssssinsiiiiiiiiiiiiiii LIU Wei, YANG Qi, LI Bo, et al. ( 537)
Adsorption of the Ti0,@ Yeast Composite Microspheres for Adsorbing Fluorescent Whitening Agent-VBL in Fixed Bed «+eoeovereeesreeseseenes WU Fei, ZHANG Kai-qiang, BAI Bo, et al. ( 545 )
Preparation and Ph? * Electrosorption Characteristics of MnO,/CFP Composite Electrode —+++exevsserseessemninssisiminisnisissins LIU Fang-yuan, HU Cheng-zhi, LI Yong-feng, et al. ( 552 )
Preparation of Weak Light Driven TiO, Multi Composite Photocatalysts via Adsorption Phase Synthesis +:++eseseeseseseerssssssinniiin WANG Ting, ZHU Yi-chen, SUN Zhi-xuan, et al. ( 559 )
Photoelectrocatalytic Degradation of Bisphenol A in Water by Fe Doped-Ti0, Nanotube Arrays Under Simulated Solar Light Irradiation ++* XIANG Guo-liang, YU Ze-bin, CHEN Ying, et al. ( 568 )
Oxidation of Cationic Red 3R in Water with H,0, Catalyzed by Mineral Loaded with Fe/Co ««+ereeeeereesesimsienenmmmineninn MA Nan, LIU Hua-bo,XIE Xin-yuan ( 576 )
Characteristics of Acid Red 3R Wastewater Treatment by Ozone Microbubbles «««+sssstssesresserenrenmseninsinininnnn e ZHANG Jing, DU Ya-wei, LIU Xiao-jing, et al. ( 584 )
Effects of Carbon Sources, Temperature and Electron Acceptors on Biological Phosphorus Removal »++«eeeeeeressersesremensinininsiiinin. HAN Yun, XU Song, DONG Tao, et al. ( 590 )
Startup,, Stable Operation and Process Failure of EBPR System Under the Low Temperature and Low Dissolved Oxygen Condition ~ +++=+sesseseeseeeseees MA Juan, LI Lu, YU Xiao-jun, et al. ( 597 )

Effects of Dissolved Oxygen in the Oxic Parts of A/O Reactor on Degradation of Organic Pollutants and Analysis of Microbial Community for Treating Petrochemical Waslewater =++-+++++xeeeee
............................................................................................................................................................ DING Peng—yuan, CHU Li-bing, ZHANG Nan, et ﬂ/l. < 604 )

Impacts of Alkaline Thermal Treatment on Characteristics of Sludge from Sewage Treatment Plant ««+:«+esseereeeserenenssiinienensininenne YANG Shi-dong, CHEN Xia, LIU Cao, et al.
Responses of Ecosystem Carbon Budget to Increasing Nitrogen Deposition in Differently Degraded Leymus chinensis Steppes in Inner Mongolia, China

.................................................................................................................................................................. QI Yll-Chll]l, PENG Qil’l, DONG YUH-ShB, et {ll. ( 625

)
Impacts of Elevated Ozone Concentration on N, O Emission from Arid Farmland —+xeereeeeeereserseescnenies WU Yang-zhou, HU Zheng-hua, LI Cen-zi, et al. ( 636 )
LIU Yi-fan, CHEN Shu-tao, HU Zheng-hua, et al. ( 644 )
)
)

Multi-Year Measurement of Soil Respiration Components in a Subtropical Secondary Forest

Spatial Variability of Soil Nitrogen and Related Affecting Factors at a County Scale in Hilly Area of Mid-Sichuan Basin +++ LUO You-lin, LI Qi-quan, WANG Chang-quan, et al. ( 652
Effects of Land Use Change on Soil Active Organic Carbon in Deep Soils in Hilly Loess Plateau Region of Northwest China ~ +++++++ ZHANG Shuai, XU Ming-xiang, ZHANG Ya-feng, et al. ( 661
Carbon Source Metabolic Diversity of Soil Microbial Community Under Different Climate Types in the Area Affected by Wenchuan Earthquake «eoeeeeerereremiemenenenmninieen

ZHANG Guang-shuai, LIN Yong-ming, MA Rui-feng, et al. ( 669

)
Optimization of Electrode Configuration in Soil Electrokinetic Remediation )
Distribution and Health Risk of HCHs and DDTs in a Contaminated Site with Excavation )
Transformation and Mobility of Arsenic in the Rhizosphere and Non-Rhizosphere Soils at Different Growth Stages of Rice «+++++seseesee2 YANG Wen-tao, WANG Ying-jie, ZHOU Hang, et al. ( 694 )
ZHU Man-dang, DU Jiang-xue, YUE Le, et al. ( 700 )

)

)

)

)

Extraction of Plant Root Apoplast Solution: A Case Study with Polycyclic Aromatic Hydrocarbons

XU Xiang-hua, LIU Cui-ying, LI Ping,et al. ( 706
Degradation Characteristics of Naphthalene with a Pseud: aeruginosa Strain Isolated from Soil Contaminated by Diesel = «++:+ssssessereens LIU Wen-chao, WU Bin-bin, LI Xiao-sen, et al. ( 712
Toxic Effects of CdSe/ZnS QDs to Zebrafish Embryos ««+esereereeresesienensieniniensninenen
Physiological Response of Neocaridina denticulate to the Toxicity of Cu? * and Chlorpyrifos

Mechanism of Manganese Binding to Leaf Cell Wall of Phytolacca americana L.

CHEN Mu-fei, HUANG Cheng-zhi, PU De-yong, et al. ( 719
-+ LI Dian-hao, ZHANG Wei, WANG Li-qing, et al. ( 727
Determination of Anilines in Environmental Water Samples by Simultaneous Derivatization and Ultrasound Assisted Emulsification Microextraction Combined with Gas Chromatography-Flame

TOnIZation DELECOrs  +++++ersrssssses s TIAN Li-xun,DAI Zhi-xi, WANG Guo-dong, et al. ( 736 )
Adsorption of Calcium lon from Aqueous Solution Using Na * -Conditioned Clinoptilolite for Hot-Water Softening —++«+++++sessseeereenens ZHANG Shuo, WANG Dong, CHEN Yuan-chao, et al. ( 744 )
Construction and Application of Economy-Pollution-Environment Three-Dimensional Evaluation Model for District =~ «+resesesereeresseenesnseneenenes FAN Xin-gang, MI Wen-bao, MA Zhen-ning ( 751 )




E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
wOE. (FREREEAT)
3 N iy -
TTENT EARIR FILZE Fggs WONWl W #R o hiEEE
=8 N 7. AN RS — =z,
AoKE XEER BlE BET & B RS ke
— =g N N N -
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO B s W N W W BRI
-
w i oR 3 ENVIRONMENTAL SCIENCE
( I(_gJ{?J‘N;JgI;:C;: ;(E)Q(ULTJIE) (Monthly Started in 1976)
201542 H15H %36k F24 Vol.36 No.2 Feb. 15, 2015
£ & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
* % WK [ i School of Environment, Tsinghua University
. BAREAE) G E RS i;l:o(:-ln o b ?:YE[?(TI(J 'le-gand f Envi tal Sci (HUANJING
. g ) e s . ite y e Editorial Board of Environmental Science >
JEHTTT 2871 FA (HFE X B It
18 5, R4 : 100085 ) KEXUE) _
LT .010-62941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail : hjlx @ ‘rcees. ac.en
hitp ://www. hikx. ac. cn http : //www. hjkx. ac. e¢n
H BR 44 3 " & i Published by Science Press
LBt 5 Mo AR AL i 16 i 16 Donghuangchenggen North Street,
Hﬂgﬁzgﬁﬁ/’é 100717 Beijing 100717, China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
* 1T 4% i » K i Distributed by Science Press
FE 35 .010-64017032 Tel.010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M & SEZHIRER Domestic All Local Post Offices in China
EsrB&EIT hEERERR S SA R Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
120. 00 J© ES&EITRS: M 205

BRSNS FET



	1.pdf
	封面.pdf
	中文目录.pdf

	2.pdf
	英文目录.pdf
	封底.pdf




