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Distribution of Urban Soil Heavy Metal and Pollution Evaluation in Different

Functional Zones of Yinchuan City
WANG You-qi, BAI Yi-ru", WANG Jian-yu
(College of Resources and Environment, Ningxia University, Yinchuan 750021, China)

Abstract: Surface soil samples (0-20 cm) from eight different functional areas in Yinchuan city were collected. There were 10
samples respectively in each functional area. The urban soil heavy metals (Zn, Cd, Pb, Mn, Cu and Cr) pollution characteristics and
sources in eight different functional areas were evaluated by mathematical statistics and geostatistical analysis method. Meanwhile, the
spatial distributions of heavy metals based on the geography information system ( GIS) were plotted. The average values of total Zn,
Cd, Pb, Mn, Cu and Cr were 74. 87, 0.15, 29.02, 553.55, 40.37 and 80. 79 mg-kg ™", respectively. The results showed that the
average value of soil heavy metals was higher than the soil background value of Ningxia, which indicated accumulation of the heavy
metals in urban soil. The single factor pollution index of soil heavy metals was in the sequence of Cu >Pb >Zn > Cr > Cd > Mn. The
average values of total Zn, Cd, Pb and Cr were higher in north east, south west and central city, while the average values of Mn and
Cu were higher in north east and central city. There was moderate pollution in road and industrial area of Yinchuan, while the other
functional areas showed slight pollution according to Nemoro synthesis index. The pollution degree of different functional areas was as
follows: road > industrial area > business district > medical treatment area > residential area > public park > development zone > science
and education area. The results indicated that the soil heavy metal pollution condition in Yinchuan City has been affected by human
activities with the development of economy.

Key words: Yinchuan City; heavy metal; urban soil; spatial distribution; pollution evaluation
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Fig. 1 Location of sampling points
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RHAFEILEIE. UL Cd Al Cu 5523838 . I ik
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Table 1 Descriptive statistics of soil heavy metals
% /1 i S5 g 2 o AL L e [19] ¢ — g ki pEl21]

ik fif ka_] , ff”fff /j;?(ﬁ il 22 /mffii L ORREE M g A ; i’f] @%/;f:’; "

Zn 43.03 117.72  74.87 17.79 74. 69 0.24 0. 002 -0.98  IEX 58.8 300

Cd 0. 06 0.35 0.15 0. 06 0.29 0.40 1. 069 1.73 IEZ 0.11 1.00

Pb 17. 04 67.96 29.02 9.72 50.92 0.33 1. 307 2.12 EA 20. 6 350

Mn  289.19 742.92  553.55 91.56  453.73 0.17 -0. 821 0.70 ER 524 —

Cu 16. 56 99.46  40.37 16.24 82.90 0.40 1.303 2,49  IEXR 22.1 100

Cr 52.78 108. 89 80. 79 13. 82 56. 11 0.17 0. 006 -1.07 IEZ 60. 6 250

2.2 W)NTHIAFEDEE X e 48 S i FrAE
M2 T LUE AR 8 NIIREX i 4
BEEAAENENESR. TIWX Zn, Cu fl Cr &
e AEEXMESF X Cd &Rk, BN Ph &
s, RO IX Mn frEfs. X8 MR AR
AT 2200, S5 R R AR F I RE XY Zn,
Cd.Pb, Mn, Cu Ml Cr FHERFZ R (P <0.05).
Horfr Zn A1 Cu 76 Tl X, Rk X FTE B 5 H e 1)
REXAFTEREZ (P <0.05). Zn Fl Cu 7EA[F
A8 DX oA ELA AR, 156 B — 38 47 76 B S8 AR A7 K

2, BVEATRTE e AR AR — 2, X 5 25 R 4R
SyHTRE ST Zn A Cu FEAS [ T B X 40 A7 1 Ol — 3.
Ph 7E T ATl X 5 i 3 T3k H e X (P
<0.05) , X Ut BRI B A Tolk & Ph B9 =2k
P EEXMEST X Cd T X AR
X (P<0.05). ~RFIFFHHIX Mn & & 52 K TR
PIX (P <0.05). Cr#E AL IX 35 T HEIFEX
(P<0.05). SMKLF &R, Tl XFFEDIE X4 Fh
4R F R, T8 e R R X 4
%, HHERATE .
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Table 2 Mean values of soil heavy metals in different functional zones/mg-kg ™'

IIHEX FEE B Zn Cd Pb Mn Cu Cr

FRX 10 63.15+7.71d 0.15+0.04 abc 24.72+£3.92 ¢ 573.56 +71.55 ab 30.14 £3.00 b 64.41 £5.60 d
EEX 10 82.57+8.49b 0.18+0.07 a 29.87 £3.27 b 536.37 +64.72 abe  31.307.96 b 68.13 £11.57 cd
NG| 10 53.68+4.25e¢ 0.16+0.03 ab 21.15+1.38 ¢ 520.05 £63.94 be 30.24 +9.72 b 72.93 +4.69 ¢
IR 10 89.68 £6.12a 0.17 £0.10 ab 44.06 +4.47 a 538.75 +139.38 abc  48.69 +30.16 a  90.33 +4.89 b
Tl X 10 90.19+7.39 a  0.120.04 be 30.22+4.97 b 603.98 £42.70 a 50.33+12.42a  90.13+4.37 b
BHAIX 10 52.61£6.60 e 0.10+0.04 ¢ 20.52 £0.93 ¢ 492.01 £106.63 ¢ 34.13 £5.88 b 71.04 £3.91 ¢
Tk X 10 96.24 +10.00 a 0.17 £0.07 ab 39.88+11.30 a  590.07 £117.08 ab  51.06 +14.29 a  99.87 +4.27 a
BEIFIX 10 70.81+9.77 ¢ 0.1820.05 a 21.72 £3.80 ¢ 573.63 +51.35 ab 47.05+10.84 a 89.50+8.65b
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Table 3 Percentages of sites at different pollution levels
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EIIREX RIS Y s Zn F Mn 7ERFE ORI
ARG G B RE X R N RIS T Cr
TEFTAT D RE DR L2 BT R FE TS 2 Cd 7R X G
oo, HERE X BB R A S Y. @l Py Al
R BT T A Tl D B B Y5 e e D REIX

s 7N

B o e g IEBNRES . KRR IS R KR
Zn 2.50  76.25 1.25 0 B> T > ElEX > EF X >EEX > A6 >
;‘;‘ ?g 32 ZZ ; 1;- jg f zg FFEIX > BHAIX. Ry 7 4 AT B0 AR 1 3+
& Mo 2875 7135 0 N SR 2 5 e s 6] 23 A R AE, B AreGIS 10,1 22
Cu 6.25  60.00  27.50 6.25 il Py P25 TAMAELIR]. AR 2 PTLLEE Y FEARAL AN TG
G ox 87 0 O R LA R, [ T Do L
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Table 4  Pollution indexes of heavy metals in different functional zones
NIPN Pi
e Zn cd Ph Mn Cu Cr Pe
HEX 1.07 1.41 1.20 1.09 1.37 1.06 1.37
fEEX 1.40 1.62 1.45 1.02 1.42 1.12 1. 64
NI 0.91 1.45 1.03 0.99 1.37 1.20 1.41
% 1.53 1.53 2. 14 1.03 2.20 1.49 2.33
Rk X 1.53 1.06 1.47 1.15 2.28 1.49 1.96
Bl#Ix 0. 89 0.93 1.00 0.94 1.54 1.17 1.34
Tk 1.64 1.54 1.94 1.13 2.31 1.65 2.21
BEY7IX. 1.21 1.64 1.06 1.10 2.13 1.48 1.89
EHE 1.27 1. 40 1.41 1. 06 1.83 1.33 1.77
2.4 BR)ITHE 48 Ju R A5 A S A FRAE
R (3) AR T L 4 8 2 2 R
BUA , R LA a2 e /INRIER 8 R AR R
i e LA KA S AR IiE K E
TR AL A BEA AT DL i A | SRR A Fi 4
BRI A (RS). EE/ HEHEEBRRR
A S A OCRR . Cu MR/ G EA T 0.25
~0. 75, HA A 25 A DG | 52 BB HLANZ5H R &=
ESZm, ] Cu ZER T 434 & 452 B iR
AN ZRE s, HE s fiEER TR
[ 1.05-1.51 @ 1.71-1.90 . 2.14-2.52 N ‘
3 152-170 W 1.91-2.13 W 253-3.47 SH/BEGEE/NT 0.25, Ui B H EHA 55 51 1) 25 [|]
2 QHHRESBESTHMERTAS T FHOCAE , 28 0] 43 A E B2 G5 R 52 . AR AR I
Fig. 2 Spatial distribution of the composite pollution index e & 4R eS| A AL B, RBINTHN 6
for soil heavy metals in Yinchuan ;qu Eé‘z\)ﬁ EI’\JE’E I‘Eﬂ E *H%EE%%A %E%%U , /E\:Qi%;fi
x5 BESESEB¥FERBERRSHY
Table 5 Semivariogram model and parameters of soil heavy metals
JCHE AR g R Yot/ B AMH A/ m i R AL B2
Zn 2914 27.40 329. 50 0.08 1550 0.76 175
cd =i 0. 0009 0. 0040 0.23 641 0.88 3.88x10°¢
Pb 55 10. 80 97. 60 0.11 5340 0.75 11.71
Mn 3 970 8350 0.12 1 440 0. 67 19. 61
Cu Y 103.70 292. 60 0.35 4670 0. 65 126
Cr ERIE 10. 60 194.70 0.05 1690 0.71 8.16




714 2N 5%

B 37 %

FEI7E 641 ~5 340 m, FH 2535 10 £, YL W52 0 6 F &
&I WA A AR AN A 2 o) RO RAE L. RN AE T
Wi RS R Z BTG SRR ZUEZ W, Ry B R
A DO RE X AAFTE , Xt 4 398 5 4 Ja i A 7 SR
AN BAFEARKZE, I BOAS [F] 146 5 4 Jm 7R 4R
JITT X AEAEAN )23 [ 25 Aa 1

FESYHT I 4 R 25 6] 45 4 SRR A 1 S A -, A
ArcGIS 10. 1 £z HI8R )17 6 Fh e 4 )& 25 Ml 43 . M
&3 a[ LB, Zn, Cd. Pb 1 Cr A ALY 23 18] 43 A
FHE 4 FhOCEE AR R 5 ) b e R A
FETT X s B AR LS. Mn Fil Cu (1943
AL, 2 MO R AEADL T ) b i i X p
ER oA . 6 FhOCERAEAR I Iy ) bt /N

N
Zn/mg-kg™! A

[ 43.04-61.48
1 61.49-68.50
I 68.51-74.65
B 74.66-80.51
I 50.52-86.65
W 36.66-117.7

Pb/mg-kg™!
= 17.13-25.50
B3 25.51-29.29

Bl 29.30~-33.67
Bl 33.68-38.65
I 38.66-48.62
Il 48.63~67.75

Cwmg-kg“
[ 16.64-34.45
34.46~40.27
B 40.28-47.72
B 47.73-56.46
B 56.47-7135
B 71.36-99.19

0 5 10
1

TR, Gl S A R BT DX P R
7 A7 R A T B ), A A 7 e e v
MR B ZE | 3 — X 4 8 0 R A W] A 2%
BAR. BN AR T 1] S 8 ol bl X, B LAAE
Tl g i A B mT R BB A. fET X
HRS BRI kB 0 R R L L AR
ik, Bl G shic L. T4 m J5 1ol J& T
PLPRIX SRR 0 X, NI 95 B8 K T 37 Bl
BRI E A, SR L 6 FhE g
JEICERAEAR) T 52 B0 W] A4 BB O3 A A JX A
Y BT 58 T RE P T 52 20 Tl HE . Skl 5 |
RADURERNAE SR R0, (5 R SR
FESTT A 2%

(b)

Cd/mg-kg™!

3 0.06-0.12
0.13~0.14
I 0.15-0.16
B 0.17-0.19
B 0.20-0.24
B 0.25-0.35

Mn/mg-kg™'

[3290-451
E3452-496
B 497544
B 545581
B 582631
B 632-743

Cr/mg-kg™!

£ 53.13~71.93

B 71.94-76.52

Bl 76.53~81.98

Il ?1.99-87.01

I R7.02-94.23

. 94.24-108.90

15 km
1]

3 RITRIEEEEZTESH
Fig. 3 Spatial distribution of soil heavy metals in Yinchuan

3 g

PL7 T G R AT S AR i P,
AL HVER | T8 B Tk X 2 b B s e B Difg
X BRI R FEBET5 e, AR DT+ 5 4 s ok
P8, Tk AR | W) SR R be i A rh R i <A
BRI S A8 A KA, il TR TR A+

B PR EGHAE Y B R 2012 AR T X R4
05,87 J3 v, Horp Tl A (B ) 42 0.97 T3 v, Tk
AR HE R 2.69 i t, Tk & E ALY HER R
2.21 J7 2 B LAE i R A A 4 A R 4 R R R
2. TRV Tl A 7 v K R R 1 HE B, AR AN
Zort ARG b A FE A 25 AR RS BT b, bk Tolk
DX W RE A S, T3 T e 3 7 A 4k FE S Sk



2 4 EAEAE . FT GIS BRI A R DI REIX + e G Jm 15 Y P4 L2 o A 5 ik 715

N R T LA BT DX AR A Tl el X, A )
S MTER 3T A5 Y fE A BAR N PE &R i T 17 )
AAAETE Tl kR R BOZ XRS5 Y vk
B, PR Tl SRR e At B T AR R AR )| 1
4 I 1) TR YA

BN T S B B A 1) R Vs Y ol T
Y EZEE APLEh R R, VA S R B A S
JEAER A BRI K% Cu, Zn, Pb Al Cd 5519
BERAE L AR SR 2014 4F [ R4
k& & B AR TN, 2014 45K T4 Fl R
RERA R 51.23 T, b EAERIGK 15.5% , F
NKERA R 4.70 J7 4, b B4 K # K
19. 4% 770, ZEAH AR AT S D 1 0 5 SO X 4
e AN 1| ol il N2 =11 8 B R X S S U
BUEA A R SR N, #4A R oK ST A 3
TE TN, Bl e VR 2 RS . P A
HEJE Pb F A, BAR HArRR E Il T AR S
Ph , {ESZSE AT FH & P 3530, T B8 5 BUE
43 % B0 K i Ph e R Y.

IR BT XER S BMMRENA
RRKFR RN FMEBIRKIE S S H (11 AW
~4 JA) , BT HR 534 R L 2 SR BRI, i 5 Je
& 2R TR He, Ph, Cd, Zn, As™ 35X
SO T R AEME AR B TR 5 AR R S v i
UL 25 1 3. SERRAETT A3 b S BUAR )1 T 2R 12 30
KA AT Yk B 0 TR R, X TRyl
X, BT X MM g2 XA N 1 4 X e+ M 4% T 4
J& SRR, RIRETRERS. AWE YL
K= SRS YT . X — BRI AR | K
AR R SRR, AR TR IX | A
XA b+ 3 e 4 Ja & AL, b R XA TP A
X A4 KUK 2 ], 280 S HbSRAFE RIS 2 2 R, el IX 4
v DIE B A shig A B 2555 = T
fR B A Bl DX, LAl )R] N 2R Bl X%
B w3 A L 2 AR U 32 o (A e s L e S A o]
FEIT R XA BRI @i PL E AT LAE
BRI T A 5 B0 439805 Y W AN 736 5 4300 =
154y EFERE Tolk AL 3 AE T X5 [l B PSS
AR TR 3L AL RIS 54, 4 FH A T AR U
FUBBEYE ; s xTHLah 42 B A5 g my WA, RO
JUIHECR ;s B X SR A S5 . WU AITEBR B T
b, 2EHE | BRI I NS B TR st R i X 1
EALRCE

4 i

()AR)ITT Zn, Cd, Pb, Mn, Cu #1 Cr f°F
{E5 5 R 74.87, 0.15, 29.02, 553.55, 40.37 F1
80.79 mg-kg ', ¥y T E LY So(H, R AT E
K BRUE (Mn B B FZARER T L) HRTT IX
FAE—Ef S E R RERAL.

(2) 3t P, AT AR T A ) 3465 s V5 Ye e i
MK H :Cu>Pb>Cd >Cr>7Zn >Mn. 555565010
FIRTEIE Y, Zn Cd, Pb #1 Cr fEZRE, PH R AT IX
HhER R, Mn Al Cu 7E AR L7 1) B mEEGE H
H X PR AR, R A (8]0 A 5 Tl S 28 iE
At R AT B R A G

(3) 383 Py TR B T TE B A B P R
HEREX RIS G. ARITRE X5 gt
BERU 3B > Tl IX > @k X > BRYFIX > {1
X > 20bd > JF R IX > BHAUX.

SE

[1] ChenTB, WongJW C, Zhou HY, et al. Assessment of trace
metal distribution and contamination in surface soils of Hong
Kong[ J]. Environmental Pollution, 1997, 96(1) ; 61-68.

[2] Wi, 854, 22300, % JMNTARDIGEX - 5EHE S
JETS YRR RAEAN [T]. BRI S EEA K, 2010, 27(8):
700-703.

(3] Z=—5%, D, R, 55 JFE L G Jm s g
A S XU T A [T]. REEFRE2E, 2015, 36 (3): 1037-
1044.

(4] A, G, FR, % FEWii R eeX H3EE 485
HeRBLS BRI (1], K E 05, 2010, 24(2)
210-213, 217.

[5] 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.

(6] Ht, BER, MEm, % ARG NE T T LTS
JRRIE, S 18 o AT B W AE AR S XU PR [(J]. BRI AR,
2015, 36(2) : 507-515.

(7] THEE, WIME, MO, 55 R DA X LA 1R
MR B AR HLI]. FRBERL2E24R, 2013, 33(7) .
1996-2003.

[8] CuiZ A, Qiao S Y, Bao Z Y, et al. Contamination and
distribution of heavy metals in urban and suburban soils in
Zhangzhou City, Fujian, China [ J].
Sciences, 2011, 64(6) : 1607-1615.

[9] Wilding L P. Spatial variability: Its documentation,

Environmental Earth

accommodation and implication to soil surveys[ A]. In: Nielsen
D R, Bouma J ( Eds.). Soil Spatial Variability [ M ].
Wageningen; PUDOC Publishers, 1985. 166-194.

[10] 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



716 7 R S 37 %
regions of Shenyang, China[J]. Journal of Hazardous Materials, Bl AL, 1990.
2010, 174(1-3) ; 455-462. [20]  Fodedr, skAHRG, XU, 8. B T bR 4 Jm R IR AR AT S
[11] Xia X H, Chen X, Liu R M, et al. Heavy metals in urban soils BT RS TR [1]. HEE2EHR, 2012, 67(7) . 971-984.
with various types of land use in Beijing, China[ J]. Journal of [21 GB 15618-1995, i%}%iﬁ)ﬁﬁﬁ?/ﬁ[ﬁ] .
Hazardous Materials, 2011, 186(2-3) ; 2043-2050. [22] SBFR, Z70, WA, 5. BTN R DD ARIR X - vk
[12] Manta D' S, Angelone M, Bellanca A, et al. Heavy metals in H4 & Cu, Zn, Pb Ml Cd AYT5 YLHFAE] T ]. IT‘E%&**?, 2003,
urban soils; a case study from the city of Palermo (Sicily) , lTtaly 24(3) . 105-111.
[J]. Science of the Total Environment, 2002, 300(1-3) : 229- (23]  E¥Fr, okik, MM, % ST RIX + 55 4 8 o0 0 RRAE
243. FIGYPE (], 4, 2010, 42(6) : 928-934.
[13] Mg, SAdE, Ras. b iiARTIRE X g 4 Jm 5 g [24] FTHRIBEARXGEH R, TEEIMFEIM]. d. PES
W], WA SHAR, 2010, 33(12F) ; 83-86. T AL, 2013.
[14] Al Obaidy A H M J, Al Mashhadi A A M. Heavy metal [25] %G, B, &Pk, . I B A SR SRR IE 2
contaminations in urban soil within Baghdad City, Traq [ J]. )], FHEER, 2011, (9):5-7.
Journal of Environmental Protection, 2013, 4(1); 72-82. [26] Fakayode S O, Olu-Owolabi B I. Heavy metal contamination of
[15] =M, #hCE, &8, . MRS RE T A FII AR X + 3 & roadside topsoil in Osagbo, Nigeria; its relationship to traffic
SIRTGYEAE LV [ T]. FRBERL, 2013, 34(4) . 1561- density and proximity to highways[ J]. Environmental Geology,
1567. 2003, 44(2) : 150-157.
[16] BEFNWI, KT, BT, 5. TR AW L Tl E X % [27] FTRNEBREXSH R, BEGHR TR A, 775 0
JRLIEE RIS R SRR L) ], R, 2013, 34 B ATAIX 2014 4R R & PFFAE 2 R R GEiTHAH [ EB/OL].
(5): 1887-1894. hitp://www. nxtj. gov. cn/nxtjjxbww/tjgh/2014ntjgh/201504/
(17] E47F, A—u, TET. 5I8HE KRR R E R H e E 4 20150413_53633. html, 2015-04-13.
J& S o3 A B s Ye v . DARITT 24 R IX B[ )], B R (28] anl, skeébk, i, 45, FRE R BREE A TS Ye s ma (K]
2%, 2014, 35(7) ; 2714-2720. FHr[T]. MR AR, 1995, 15(2) ; 135-141.
(18] W3¢, HRE, X, 5. 7 551 6 XK B IR H [29] #°F, W, 2%, % KET HEE SR 5 R RE I

[19]

5[J]. NI, 2004, 26(7) : 31-32.

FPEPRE IR, PR TR RE[M]. e I

e S WM (1],
112.

Hi BBl 2 2005, 25 (1) 108-



HUANJING KEXUE Vol.37  No.2

Environmental Science ( monthly) Feb. 15, 2016

CONTENTS

FEOK'S COMIEIIE +++++++++e+esesssesesesssssessssssssesssesessessse s s s eh st s bt s 44 s b4 4R 4484 4R 440 R4 40844 R b bR R bR bbb bbb bbb bbb bbbt (403)
WANG Tie-yu,ZHOU Yun-giao, LI Qi-feng, et al. ( 404 )
WU Jian-sheng, XIE Wu-dan, LI Jia-cheng ( 413 )
HUANG Bao-rong, CUI Shu-hong, LI Ying-ming ( 420 )
)

)

)

)

Risk Assessment and Risk Management of Chemicals in China

Application of Land-use Regression Models in Spatial-temporal Differentiation of Air Pollution

Ecological Footprint Evolution Characteristics and Its Influencing Factors in China from 2000 to 2010

TIAN Peng-shan, CAO Jun-ji, HAN Yong-ming, et al. ( 427
LIU Hui-lin, SONG Hong-jun, CHEN Zhi-ming, et al. ( 434

Pollution Characteristics and Sources of Carbonaceous Aerosol in PM, 5 During Winter in Guanzhong Area
Chemical Composition of the Single Particle Aerosol in Winter in Nanning Using SPAMS

Correlation Analysis Between Characteristics of VOCs and Ozone Formation Potential in Summer in Nanjing Urban District  ++++++++ YANG Xiao-xiao, TANG Li-li, ZHANG Yun-jiang, et al. ( 443
Seasonal Dynamics of Airborne Pollens and lis Relationship with Meteorological Factors in Beijing Urban Area  ««+sesseseesseseneeees MENG Ling, WANG Xiao-ke, OUYANG Zhi-yun, et al. ( 452
Mercury Distribution Characteristics and Atmospheric Mercury Emission Factors of Typical Waste Incineration Plants in Chongging ««+«+«+esessesesesesssssnnsniiiie

......................................................................................................................................................... DUAN Zhen-ya, SU Hai-tao, WANG Feng-yang, et al. ( 459 )
Characteristics of Atmospheric Dry and Wet Deposition of Trace Metals in the Hinterland of the Three Gorges Reservoir, China -w+++++- ZHANG Liu-yl, LIU Yuan, QIAO Bao-qing, et al. ( 466 )
++ XIE Yu-long, ZHANG Xin-ping, YAO Tian-ci, et al. ( 475 )

Mercury Transport from Glacier to Runoff in Typical Inland Glacial Area in the Tibetan Plateau SUN Xue-jun, WANG Kang, GUO Jun-ming, et al. ( 482 )
)
)
)

Monitoring and Analysis of Stable Isotopes of the Near Surface Water Vapor in Changsha

Characteristics and Risk Assessment of Heavy Metals in Core Sediments from Lakes of Tibet = «+exseereeresesiemeneneninenenininininen GUO Bi-xi, LIU Yong-qin, ZHANG Fan, et al. ( 490
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Surface Sediments of Inflow Rivers to Northeastern Lake Tanganyika -+ YU Cheng, CHEN Shuang, ZHANG Lu ( 499
Over One Hundred Year Sediment Record of Polyeyclic Aromatic Hydrocarbons in the Lake Bosten, Xinjiang «e-vereeeeeerereesesennene SHEN Bei-bei, WU Jing-lu, ZHAO Zhong-hua, et al. ( 507
Distribution Characteristics of Polycyclic Aromatic Hydrocarbons in Different Environmental Media from Qingbang Island, Zhoushan, China -

............................................................................................................................................................ ZHENG Huang, XING Xin-li, GU Yan-sheng, et al. ( 513 )
++ LI Qiang-kun,SONG Chang-ji, HU Ya-wei, et al. ( 520 )
*+ WANG Jing-ping, LI Zhao-fu,LIU Hong-yu, et al. ( 527 )

Transformation of Non-point Source Soluble Nitrogen in Simulated Drainage Ditch

Influence of Landscape Heterogeneity on Total Nitrogen Concentration in Zhongtian River Watershed

Nitrogen Release from Sediment Under Dry and Rainy Season Alternation and Its Contribution to N Export from Xiangxi Watershed in Jiangxi Provinge «+etereeseressersesssennssiisennnen
- HAN Ning, HAO Zhuo, XU Ya-juan, et al. ( 534 )
Spatial and Temporal Distributions of Nitrogen and Phosphate in the Chaohu Lake XI Shan-shan, ZHOU Chun-cai, LIU Gui-jian, et al. ( 542 )
Phosphorus Fractions and Release Risk in Surface Sediments of an Agricultural Headwater Stream System in Hefei Suburban, China ~ +++++++ PEI Ting-ting, LI Ru-zhong, GAO Su-di, et al. ( 543 )
Surface Property and Sorption Characteristics of Phosphorus onto Surface Sediments in Sanggou Bay «+:++eereeseeeserereneninieneininienens ZHU Jia-mei, CAO Xiao-yan, LIU Su-mei, et al. ( 558 )
Particle Size Distribution and Pollutant Speciation Analyses of Stormwater Runoff in the Ancient Town of Suzhou LI Huai, WU Wei, TIAN Yong-jing, et al. ( 565 )
(573)

Abundance of Toxic and Non-toxic Microcystis sp. in Lake Hongze and Its Correlation with Environmental Factors LI Da-ming, ZHANG Tong-qing, TANG Sheng-kai, et al.
Effect of Charge-Transfer Complex on Ultraviolet-Visible ( UV-Vis) Absorption Property of Chromophoric Dissolved Organic Matter (CDOM) in Waters of Typical Water-Level Fluctuation

Zones of the Three Gorges Reservoir Areas JIANG Tao, LIANG Jian, ZHANG Mu-xue, et al. ( )

WANG Hui, SUN Bo, GUAN Xiao-hong ( 588 )

ZHOU Hong-yi, NIE Ya-zhong, CHEN Yong, et al. ( 595 )

(1602)

(609)

Influence of pH on Kinetics of Anilines Oxidation by Permanganate
Effects of EDTA on the Reductive Dechlorination of 2,4-D by Pd/Fe

Preparation of NiAl-MMO Films Electrode and Its Capacitive Deionization Property » WANG Ting, ZHU Chun-shan, HU Cheng-zhi ( 602
Competitive Microbial Oxidation and Reduction of Arsenic ~++«+sesserreseeesenneneens +=+ YANG Ting-ting,BAI Yao-hui, LIANG Jin-song, et al. ( 609
Community Characteristics of ANAMMOX Bacteria in Subsurface Flow Constructed Wetland( SSFCW) for Processing of Aquaculture Waster Water —««-«essereeresseserensenemenennsnininennnnens

............................................................................................................................................................ ZENG Xian-lei, LIU Xing-guo, WU Zong-fan, et al. ( 615 )
Analysis of Pathogenic Bacteria in Reclaimed Water and Impact of UV Disinfection on the Removal of Pathogenic Bacteria «+«+-«+eseessererseseserensinienicnennnnne JING Ming, WANG Lei ( 622 )
Analysis of the Microbial Community Structure in Continuous Flow Reactor Enhanced by Heterotrophic Nitrification and Aerobic Denitrification Bacterium Burkholderia sp. YX02 -+

........................................................................................................................................................................ SHAO Jilun, CAO Gang, LI Zi-hui, et al. ( 630)
Comparative Metagenomics of BIOLAK and A%0 Activated Sludge Based on Next-generation Sequencing Technology +++++++++++eeeseeseeseiseisinnniniinennns TIAN Mei, LIU Han-hu, SHEN Xin ( 638 )
Identification and Nitrogen Removal Characteristics of a Heterotrophic Nitrification-Aerobic Denitrification Strain Isolated from Marine Environment ««+s«ssessesessessersensesemienennsnininennnnens

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SUN Qing-hua, YU De-shuang, ZHANG Pei-yu, et al. ( 647 )
Removal of AOX and Chroma in Biologically Treated Effluent of Chemical Dyestuff Wastewater with Nanoscale Ni/Fe +oveveeeeereeseeseeenenees SHU Xiao-ming, XU Can-can, LIU Rui, et al. ( 655 )
Feasibility of 3BER-S Process for the Deep Denitrification in Synch with the Removal of PAEs from Reclaimed Water ««+:«+s+sseseeseeeereess XU Peng-cheng, HAO Rui-xia, ZHANG Ya, et al. ( 662 )
Influence of Reaction Time on Titanate Nanomaterials and Its Adsorption Capability for Lead in Aqueous Solutions «+++«+essessessereeneeses FAN Gong-duan, CHEN Li-ru, LIN Ru-jing, et al. ( 668 )
Sorption Characteristics of Phenanthrene and 1,1-Dichloroethene onto Reed Straw Biochar in Aquatic Solutions — ««++++sssseseesessesseneees WU Qing-wen, MENG Liang, ZHANG Zhi-hao, et al. ( 680 )
Adsorption Characteristics of Norfloxacin by Biochars Derived from Reed Straw and Municipal Sludge ~ «+r+veesereeresreseseseseeneees ZHANG Han-yu, WANG Zhao-wei, GAO Jun-hong, et al. ( 689 )
Effect of Seasonal Temperature Increasing on Nitrogen Mineralization in Soil of the Water Level Fluctuating Zone of Three Gorge Tributary During the Dry Period — +xeereseereresssisssicnenisnene

LIN Jun-jie, ZHANG Shuai, LIU Dan, et al. ( 697 )
-+ CHEN Shu-tao, SANG Lin, ZHANG Xu, et al. ( 703 )
WANG You-qi, BAI Yi-ru, WANG Jian-yu ( 710 )
)
)

Effects of Warming and Straw Application on Soil Respiration and Enzyme Activity in a Winter Wheat Cropland +-
Distribution of Urban Soil Heavy Metal and Pollution Evaluation in Different Functional Zones of Yinchuan City
Differential Effect and Mechanism of in sitw Immobilization of Cadmium Contamination in Soil Using Diatomite Produced from Different Areas -+ ZHU Jian, WANG Ping, LIN Yan, et al. ( 717
Characteristics of Adsorption Leaching and Influencing Factors of Dimethyl Phthalate in Purple Soil = +xeoveseeeeesessnseresenenenisinnenn: WANG Qiang, SONG Jiao-yan, ZENG Wei, et al. ( 726
Cd Runoff Load and Soil Profile Movement After Implementation of Some Typical Contaminated Agricultural Soil Remediation Strategies — ++++xereesseresesereresiemieneniininis

Concentrations and Component Profiles PAHs in Surface Soils and Wheat Grains from the Cornfields Close to the Steel Smelting Industry in Handan, Hebei Provinge +:eesesveseeseesesnennees

- WU Di, WANG Yi-long, LIU Wei-jian, et al. ( 740 )
*+ LUO Peng-cheng, LI Hang, WANG Shu-guang ( 750 )
, ZHANG Wen-juan, et al. ( 756 )

Effect of Arbuscular Mycorrhiza (AM) on Tolerance of Cattail to Cd Stress in Aquatic Environment

Acute Toxic Effects of Bromate on Aquatic Organisms —«+osssseseerssssssmenenmmminn s WANG Zhi-wei, LIU Dong-mei

Development of Self-assembled Dumbbell-like Fe;0, Micro/nanomaterial for Application in Thermocatalytic Degradation of Polybrominated Biphenyls -+
............................................................................................................................................................ HUANG Xin-chen, ZONG Gang, LIU Ye-xuan, et al. ( 765 )

Impact of Salinity on Leachate Treatment and N,0 Releases from Semi-aerobic Aged-refuse Bioreactor -++r+sevsreeeresreresvsscnnesinenens LI Wei-hua, SUN Ying-jie, LIU Zi-liang, et al. ( 775 )

Evaluating the Significance of Odor Gas Released During the Directly Drying Process of Sludge; Based on the Multi-index Integrated Assessment Method «+«+seseeseereeeeemenennenininennnens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" DING Wen-jie, CHEN Wen-he, DENG Ming-jia, et al. ( 782 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == =
AOKE KEE X s w0 RS ARE
v N N N -
PREFEIE BmAE 2 AR RS Rl Fokd w B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
01642 B 15H #37% H2 Vol.37 No.2 Feb. 15, 2016
e & TEPER Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, R 2 : 100085 ) KEXUE) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4> [E 44 M B HR, S5y Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
7N | —_————— = 2=
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





