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Source Analysis, Spatial Distribution and Pollution Assessment of Heavy Metals

in Sewage Irrigation Area Farmland Soils of Longkou City

LI Chun-fang, WANG Fei, CAO Wen-tao, PAN Jian, LU Jian-shu”, WU Quan-yuan *
(College of Geography and Environment, Shandong Normal University, Ji'nan 250014, China)

Abstract: Farmland soils in sewage irrigation area at Longkou City were collected, soil pH together with the heavy metal content were
tested. Taking 70 soil points as the study object, this paper investigated the source of heavy metals in this area based on the correlation
analysis and PCA of multivariate statistical analysis theory. We studied the spatial variation and distribution characteristics about heavy
metals using both the theory of geostatistics and GIS spatial interpolation method. At last, the heavy metal pollution was evaluated in
the way of Nemerow Index and improved fuzzy evaluation method. It turned out that, 9 kinds of heavy metal elements in the soil of
research area had a certain degree of enrichment, among them the average of Cd was 3. 06 times as high as the background value, and
its enrichment was most severe. The result of Nemerow Index showed that, the values of comprehensive pollution index of Cu, Cd and
Pb respectively were 7. 06, 6. 10 and 5. 54, and they all belonged to high levels of pollution. According to the results of correlation
analysis and principal component analysis, Cu, Zn together with Pb, Cd were mainly affected by human factors, sewage irrigation was
their common pollution factor, the pollution sources for the first two heavy metals included excessive use of chemical fertilizers and
pesticides in agricultural production and the accumulation of long time, whereas pollution from northern coal mining and coal gangue
piled up as well as plating, machinery manufacturing and other industrial pollution were the pollution sources of the latter two elements.
Other elements ( Co, Cr, Mn, Ni and As) were mainly influenced by natural factors such as parent material. Comprehensive evaluation
results showed that, among the 70 points, 13 points had moderate pollution,23 points belonged to light pollution, 28 points were at
alert level, 6 points were in the safe range. From the perspective of spatial distribution,high value areas of heavy metal contents were
mainly concentrated in towns of Zhuyouguan and Xufu. This showed that, sewage irrigation caused a certain degree of heavy metal
pollution to local soil.

Key words :sewage irrigation areas; pollution source; fuzzy comprehensive evaluation; geostatistics; multivariate statistical analysis;
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Table 1  Classification standard of soil heavy metal pollution/mg-kg ="

T g I Rymge ISR EHighg
(1) (1) (1) (V) (V)
Co 8.23 10. 48 18 25 40
Cr 74. 88 99. 54 150 350 500
Cu 28.37 40. 63 120 280 400
Mn 563 820 980 1150 1300
Ni 25.82 36. 50 50 75 90
Pb 23.35 36.09 150 350 500
Zn 83.68 116.75 240 560 800
As 6.71 8.92 13 30 45
Cd 0.1204  0.2523 0.6 1.4 2
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Table 2 Biological toxicity index of heavy metals
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Table 3 Characteristics of soil heavy metal content

— NIt} /ME H i HE — HEAE AR R fiEl s K-S 65

LR /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! b2 /mg-kg ! /% /% PH
Co 19.7 5.7 11.5 11.8 2.6 11.0 22.2 65.7 0.191
Cr 108. 1 31.6 61.5 61.4 14.9 56.2 24.3 64.3 0. 825
Cu 193. 4 14.6 22.7 29.7 24.6 19.6 82.6 68.6 0. 000
Mn 888. 8 229.3 447.3 461.7 110.5 552.0 23.9 11.4 0. 602
Ni 74.6 12.3 28.2 29.4 8.8 23.5 29.9 85.7 0.036
Pb 195.7 11.4 30.4 36. 1 23.5 25.4 65.0 98.6 0. 000
Zn 187.7 29.4 58.4 62.7 24.2 56. 1 38.5 62.9 0. 006
As 20. 48 4.55 7.72 8.04 2.29 6.30 28.5 87.1 0. 395
Cd 0. 87 0. 14 0.33 0.33 0.11 0. 108 33.3 100.0 0. 818
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F 5L

HMOFELSETRNL SRR KE/NR. Cu
(82.6%) > Pb (65.0%) > Zn (38.5%) > Cd
(33.3%) > Ni (29.9%) > As (28.5%) > Cr
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Table 4  Correlation analysis of heavy metal content

Co Cr Cu Mn Ni Pb Zn As Cd
Co 1
Cr 0.830 ™ 1
Cu -0.115 -0.111 1
Mn 0.910 ™ 0.778 ** -0.068 1
Ni 0. 628 ** 0.769 ** -0.051 0.589 ** 1
Pb 0.227" 0. 266 * -0.032 0. 192 0. 148 1
Zn 0. 058 0.215" 0.634 0. 145 0.493 ™" 0.039 1
As 0.577* 0.558 ** 0.285*" 0.610 ™ 0.427* 0.364 " 0.335™ 1
Cd 0.204 " 0.395 " 0. 138 0.269 * 0.219" 0.648 ** 0.259 " 0.310™ 1

1) # = FIRAE 0. 01 AKF_EBFAK, « FIRTE0. 05 KF b RFAK
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Table 5 Principal component analysis of heavy metal contents

WiH F—Fs BITERS BT ERS

Co 0. 866 -0.347 -0. 146

Cr 0. 906 -0.211 -0.072

Cu 0. 069 0.878 -0.206

Mn 0. 866 -0.261 -0.151

Ni 0.786 -0.022 -0.293

Pb 0. 430 0.123 0. 809

Zn 0. 388 0.779 -0.307

As 0.752 0.215 -0. 001

Cd 0.504 0.312 0.671

T3 25 TTHR 3. 810 1.789 1. 646
piy & 42.3 19.9 18.3
FRTTER R % 42.3 62.2 80. 5

2.3 HEJRA RIS AR

AR SCAR Y M GE T BRAE B AR S pR AL AN e
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HEAT AR S5 pR LA 0 v B 4 47 (1 A i P2 2R 4
PEEL A TR, 25 SPSS #4431, Co, Cr, Mn,
As Fl Cd FFEIEA AR, 0] BT A8 5 pR 40
AN BAEETTE, T 4 Rhoc R 2t xR e
Je PR A AR, AR5 X9 /N H SR AR
— 3, ICAE ArcGIS HRk$f 4 ) e EA 725 (AL (B

SyHT. AR S SRECHE B A ZE | Fe B, BRIk A
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4 8RR S 28 ) AR 2 DL AR o 321
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MAE S35 0.2717, 0.2768, 0.4969 . 0.2933
0.263 6,/ T0.25 ~0.75 Z ], ¥ B 3% L6 5 43 /@
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Table 6  Variation function model of soil heavy metal content

Begefi HEAMH P R DAE K
Co Eig 0. 025 0. 069 0.2933 18 110 0.0247 0.795
Ni 0 0. 001 0.03 0.0330 4892 0. 000 4 0.780
As BAL 0. 462 2.994 0.1543 8670 0.0136 0.728
Mn =1 0. 0063 0. 045 0.1400 5095 0.0028 0.597
Cr = 0.033 0. 046 0.2717 5719 0. 002 0.569
Cu BRIE 0. 023 0.128 0.276 8 10 492 0.011 0.912
Pb EiR 0. 085 0.436 0.1850 6900 0. 042 0.517
cd 0 0.013 0.1032 0.496 9 7 494 0. 002 0.779
Zn BRIE 0.012 0. 044 0.263 6 6160 0.003 0.576




1024 2N 5%

3 38 &

Ay,
=

2.3.2  RHEE GRS A E v R A
ARG L3872 57 pR BSOS RO A5 R IS8, AR S0k
FHAE 38 5 R4 5 vk R AT 28 1AL 4 (6 B0, 7 ArcGIS

10. 2 I FERBFIE X 9 R 4 8 19 23 (8] /0 A
FRIE, A 2.
ME2 R LLE W, 9Fh E 4 J&  Cd FlPb ) %5

(a) Co

El E)

4102

ﬂ:g-‘suv . e ]

azax [ :
e - e ﬁ :
=7uain AL SRS sl
w1 P e .
e e o
Mo 2 o, o R O 1
_":.-'9""-'"“" ,I? ’?‘g\,“m Y
o .IL‘_‘J;‘-_ mﬂm AL > |

AL R e

n (g) Ni

N

1]

;agm@@t'-ﬁf'ig@?ffﬁ'éf;aém’é;m_)_-gigf - N&

i
ke

WA B i
" w

K5 St . e L S AR
3 ..f'._mm-; PO . T = SR
P D L RTECI
J o i , || oy R
| _’_a_% F-_]f'ﬁ‘i:_m | ] J _-._1"' -‘;, Flzﬁf*ﬂ‘ S

o

2 9 MESEMNZESHHFE

Fig. 2 Spatial distribution characteristics of 9 kinds of heavy metals

() 53 A 4 Sy B AR — B, Fe e (L L1 BLAE o Al 1
A SARARAEASICAL , AN AR Sl 35 4 1 75 e
AR . Bl IR T AN W 1) AT 12 X A8 2R
AR KA Tl bl X ek FLEE | S8 HE O T
WIS Y FECT Ph Al Cd FEBLAE R Y L I 48 i X
A FE IR FT ) T2 BER VR T Uk B R K T R
e G K AR PR 5 AR K BB TR) AR B A T
+-3erh Ph A Cd B ETEE. AN, TSR B HT
Pb B Rl DX 4R AT RESE BT ol HEB S AR
RIZ 2, Al H 3 Cd i AE R b B A9 30 A1
Al A e S Y Y AR MIX Cu 1Y
W R He s | i L e EE — B i s , &
SCHLE SRAE TR A B, TR KT IR 28 2 i R O
BH W R 2 R b M A b, B4R Cu BRE A
13X S 5L E] v A 24 1 B A R K B0 £l FH A, Bk TS K
AT HERCE A B AR K W T 3 Ca
HIFR . Zn 340 By DX Lo ase B S, 48 v 0 A 7 iE

FEDCH AR AL ER RNV g 5, AR AL 2832 e R IX.
FERAT AR 2R | HERT A7 S PR MK B TS Y,
TR K AT ) T5 K BEBEXT Zn B9 SR 77 A —
SEM 5 P P b X RO A 7 AR IS A 28 9 R T K
AT TG K RE T2, A 0 S R MERR A Zn 7EiX 2
MR 4R, Cr NI (9 o (L IX 3 B8 00 A 7 7 Sk 4L
LA Je e B I al , He B b X 5 R AR, X
PR o R 5 — T BT B . S —
MR e 3 M E G JEITER (Co, As
Mn ) 1975 [A] A7 JR5 2L, i 1 IXCAT 2 JE vl A £ A L AT
T HOUAE BB AR RARTE 30% AR, Horh Mn JCER I9FE
AREAT ST FHE, ORI EITZ A KN
BFZMAAR N ZEILER b DAY B A 2 T2 X 1 5t
ISR Y5 PRt B SE IX 5 7K T 4 4
Cr, Ni, Co. As fll Mn &M I A L.
2.4 EEEGRIN T

FFH PR 775 G RO AN M 2 48 O R



3

I e DTG KB XA B H B ok | 25 1) oA S35 B4

1025

TP 4 JE Y5 YRR et A 5 B D
VMBI ER G TS R B FRBOA T A - a0
27 PR, WAL, Cu W75 Y8 Bk, A2
FBGARN T 7.06, B Cd, Pb OCRJE T HIG YL
B PR LANTS ey f FE ST IX N B 42 )& Cu, Cd il

Pb Y75 AR BE fe i 5 HAKO Zn | Ni Rl As 3% 3 i
4B BT YR BTE 0. 524 ~3. 175 JEHIN , B N HE %
FEEE 2 ~3 2], B Trivis Y s fJs & Co, Cr
A Mn, HEREE T SHEE R 15 85080, 15 B
HEPFERIITE 1 ~2 206, B TR 5 L.

R7T TEESEITEEN

Table 7 Assessment of soil heavy metals pollution

% _ SRARNELSLES oty s VR TR
/M KM SEEIE /mg-kg
Co 0.52 1.79 1.07 1.47 Ri5 YL 11.0
Cr 0.56 1.92 1.10 1.56 5y 56.20
Cu 0.74 9.87 1.52 7.06 Ei5 Y 19. 60
Mn 0.42 1.61 0.84 1.28 Gy 552.0
Ni 0.52 3.18 1.25 2.41 G g 23.5
Pb 0.45 7.70 1.42 5.54 5 25.4
Zn 0.53 3.35 1.12 2.49 LR 56.1
As 0.72 3.25 1.28 2.47 G gy 6.3
cd 1.26 8.06 3.05 6.10 GIREE L 0.108
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Fig. 3 Fuzzy comprehensive evaluation results



1026 ®oom B ¥ 38 %
region, NW Iran; a study based on multivariate data analysis

LY
3 g:é':-l‘b [J]. Journal of Hazardous Materials, 2009, 172(1) : 374-384.

(1) 157K HEWE DX A FH 438 B Mn JT & AP H AR
8 ol 453 Ja 5 e X (EL AT B O 2 T PR R A
Cd, Pb EEARGWIE, HE 6 focRBA —ERE
1) AR 20 i AR IR TS Y R B

(2) RSP HEAJE Pb. Cd, Cu Fl Zn MR 2
AR ZEBE A, Pb Al Cd FER { Tk 2k =5t
PP 5 G Cu F1 Zn WU 4 28 F0 AT A it 8
i T K BE N T X 4 MOCEMBLZR,; HEeoo
R RN ZZ - BEBTAE H AR R SRR

QDR & g 1173 o I O o P S R 7 e | 39
YL e X s R R R 45 A0S
YR 3HT , 15 /K HE WG K T 3 2L b X H 4 R T
JLRRR .

(4)FETHREOL B, BT R WA —E R
75 5% , Cu Y5 Y48 8 R, 2 Cd #l Pb, EAT
#)E T EBES Y NI, As fl Zn J8 TS g HE
TCRIE TR Y. MR BOM 255 17 F) 45 3 A9 25
R WPFE X G JE 15 G BB oAb T 4295 e A AR
JEERR SR AR F B 45 S 175 G 18 o 8B i SR JBCHE
Jiti, BJg 1175 G i — 2D .
SE
(1] SERpT, Z20bky, Jnflat. FRETSHE TS K hH4JR & mAE
FARRASAE A [1]. RO FREER 2224, 2011, 30(11):
2271-2278.
Xin S Z, Li HF, Su D C. Concentration characteristics and
historical changes of heavy metals in irrigation sewage in China
[J]. Journal of Agro-environment Science, 2011, 30 (11):
2271-2278.
BaR, skt kR, XU, 48 H R - HEE 4 ok IR T I
FERELIEM )], HHRR, 2012, 67(7) : 971-984.
Lv ] S, Zhang Z L, Liu Y, et al. Sources identification and
hazardous risk delineation of heavy metals contamination in
Rizhao City[ J]. Acta Geographica Sinica, 2012, 67(7): 971-
984.
Salman S R, Abu Ruka’h Y H. Multivariate and principal

component statistical analysis of contamination in urban and

[3]

agricultural soils from north Jordan[J]. Environmental Geology,
1999, 38(3) : 265-270.

Inigo V, Andrades M, Alonso-Martirena J I, et al. Multivariate
statistical and GIS-based approach for the identification of Mn and
Ni concentrations and spatial variability in soils of a humid
Mediterranean environment: La Rioja, Spain[J]. Water, Air, &
Soil Pollution, 2011, 222(1) . 271-284.

Liu W X, Li X D, Shen Z G, et al. Multivariate statistical study
of heavy metal enrichment in sediments of the Pearl River Estuary
[J]. Environmental Pollution, 2003, 121(3) : 377-388.
Qishlagi A, Moore F, Forghani G.

pollution in soils under two landuse patterns in the Angouran

Characterization of metal

[6]

[11]

[12]

[14]

[15]

[16]

[19]

Zhang C B, Wu L H, Luo Y M, et al. Identifying sources of soil
inorganic pollutants on a regional scale using a multivariate
statistical role of pollutant

approach ; migration and soil

physicochemical properties[ J]. Environmental Pollution, 2008,
151(3) : 470-476.

Sajn R, Halami¢ J, Peh Z, et al. Assessment of the natural and
anthropogenic sources of chemical elements in alluvial soils from
the Drava River using multivariate statistical methods [ J .
Journal of Geochemical Exploration, 2011, 110(3) . 278-289.
Facchinelli A, Sacchi 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, Jehlitka 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.

WL, T, R WA AR S FH R ok R
BER[T]. HEERbE2EdR, 2008, 28(10) ; 1946-1954.

Zhang M K, Wang H, Zhang H M. Distinguishing different
sources of heavy metals in soils on the coastal plain of Eastern
Zhejiang Province[ J]. Acta Scientiae Circumstantiae, 2008, 28
(10) : 1946-1954.

BERE, SESE, NG, 5 T LR AR A
BT T m R IR ()], MR, 2008, 28(1): 45-
50.

Zhao Y F, Guo H L, Sun Z Y, et al. Principle component
analyses based on soil knowledge as a tool to indicate origin of
heavy metals in soils[ J]. Scientia Geographica Sinica, 2008, 28
(1) 45-50.

N, BRERAL, 20T, 4. RS OR RS AR
O3 SARVEHILI]. R, 2010, 31(3) : 768-774.
Xie X J, Kang J C, Li W J, et al. Analysis on heavy metal
concentrations in agricultural soils of Baoshan, Shanghai[ J].
Environmental Science, 2010, 31(3) : 768-774.

Diodato N, Ceccarelli M. Multivariate indicator Kriging approach
using a GIS to classify soil degradation for Mediterranean
agricultural lands[ J]. Ecological Indicators, 2004, 4(3) . 177-
187.
Wackermnagel H.
Heidelberg: Springer-Verlag, 2003.

Alary C, Demougeot-Renard H. Factorial kriging analysis as a

Multivariate  geostatistics [ M ]. Berlin

tool for explaining the complex spatial distribution of metals in
sediments[ J]. Environmental Science & 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.

K, BTN, BGIR, A5 VHIIRIX b R T 4y ) i Y
Yook I S 25 M AT R AE [ ). BRBERE, 2014, 35(4) .
1516-1522.

Zhang H Z, Tang Y L, Lu J, et al.
distribution of typical heavy metal pollutants in soils in Xihu
Environmental Science, 2014, 35(4) . 1516-

Sources and spatial

scenic area[ J ].
1522.

EEF, A2, EET. 51RO E R A H L 4
IR A3 K AG G i An . LVRNTTI SR B[ J]. REER}



3

FEHF

T E T 5 7K R XA R R R | A 8] oA S35 BeaAn

1027

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

22014, 35(7) : 2714-2720.
Wang Y Q, Bai Y R, Wang J Y. Distribution of Soil heavy metal
and pollution evaluation on the different sampling scales in
farmland on Yellow river irrigation area of Ningxia: a case study
in Xingqing county of Yinchuan city[ J]. Environmental Science,
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.
SEd, K=, FIOH, 55 BEXF e 4 Jm 5 R M B
WA R e MR (1], SsE AR, 2007, 38 (1)
101-105.

Dou L, Zhou Y Z, Wang X R, et al.

application of a fuzzy mathematical model for assessment of heavy

Improvement and
metal pollution in soil [ J]. Chinese Journal of Soil Science,
2007, 38(1): 101-105.

AT, Dediot, Wik, 45, IR R IX 5 ek b
EMEE ST FEMOTR B EFMEVIE ()], HBkikas, 2011,
40(6): 577-587.

Dai J R, Pang X G, Yu C, et al. Geochemical baselines and
background values and element enrichment characteristics in soils
in eastern Shandong Province[ J]. Geochimica, 2011, 40(6) .
577-587.

AREEER. 1 FH T B2 22 PP RO e 0 T 4 ) T R AR
PILAT. WL 2009 TG w5 gL Wil . MBS WA S i 2 R
PR CELC]. T PRS2, 2009.
Goovaerts P. Geostatistics for natural resources evaluation[ M ].
New York: Oxford University Press, 1997.

Alloway B J. Heavy metals in soils (2nd ed. ) [ M].
Chapman and Hall, 1995.

Lv ]S, LiuY, Zhang Z L, et al. Distinguishing anthropogenic

London:

and natural sources of trace elements in soils undergoing recent
10-year rapid urbanization: a case of Donggang, Eastern China
[J]. Environmental Science and Pollution Research, 2015, 22
(14) : 10539-10550.

Cai LM, XuZ C, Ren M Z, et al. Source identification of eight
of Huizhou,

Ecotoxicology — and

in agricultural soils
China [ J .
Environmental Safety, 2012, 78, 2-8.
T4, ABRER. EUETAMEE SR Pb, Zn 1 Cu BLEMLA KX
SYIPM[J]. HERBESY, 2007, 26(4) : 809-820.

Yu W J, Zou X Q. The accumulation law and pollution

hazardous heavy metals

Guangdong  Province,

[29]

[30]

[31]

[33]

[34]

[35]

estimation of heavy metals of Pb, Cu and Zn from Wanggang tidal
flat[ J]. Geographical Research, 2007, 26(4) ; 809-820.
W, BB, BFEL, 5. ESIRE AR R -2 -5
S A AR AERE ST [T]. R EERL 2 24, 2010, 29
(5):942-947.

Jiang P, Jin SY, Hao X Z, et al. Distribution characteristics of
heavy metals in feeds, pig manures, soils and vegetables[]].
Journal of Agro-environment Science, 2010, 29 (5). 942-
947.

KIRH, R, Bk, & BIShmxT ARI R 5 g
KBSEPER[T]. REFHAEZS2:4], 2008, 19(12) ; 2751-2756.
Zhu'Y J, Zheng Y M, He J Z, et al. Risk assessment of pig
manure Cu-contamination of black soil in Northeast China[ J].
Chinese Journal of Applied Ecology, 2008, 19 (12). 2751-
2756.

EIRK R, XIARAE. S0 R R R A B 8 A 7 X PR IR A 15
[J]. H&HEL, 2002, 23(3) : 68-70.

Yan Q L, Liu F Z. Reduction environmental pollution of animal
production by adjustment of nutrition [ J .
Animal, 2002, 23(3) : 68-70.
Panagopoulos T, Jesus J, Antunes M D C, et al. Analysis of

Ecology of Domestic

spatial interpolation for optimising management of a salinized field
cultivated with lettuce [ J ]. European Journal of Agronomy,
2006, 24(1): 1-10.

Yasrebi J, Saffari M, Fathi H, et al. Evaluation and comparison
of Ordinary Kriging and Inverse Distance Weighting methods for
prediction of spatial variability of some soil chemical parameters
[J]. Research Journal of Biological Sciences, 2009, 4(1) : 93-
102.

B, EARE, UL, 5. HHEERES Cd. Cu, Pb HY4Y
ARSAE B R BT[], HBRL2, 2010, 30(2) : 254-
260.

Zhong X L, Zhou S L, LI J T, et al. Soil available Cd, Cu, Pb
distribution characteristic and its influencing factors[ J]. Scientia
Geographica Sinica, 2010, 30(2) : 254-260.

F2J R, e, BB, SR T5REAR H s KO
42 15 G 1y N —— LA T B T A5 HE DA B[], s
WF5E, 2010, 29(4) : 617-628.

DuX L, Ma J H, Lv C H, et al.

responses to soil heavy metal pollution in sewage irrigated

Soil animals and their

farmland: a case study of the sewage irrigated area of Huafei
River, Kaifeng City[ J]. Geographical Research, 2010, 29(4) .
617-628.



HUANJING KEXUE Vol.38  No.3

Environmental Science ( monthly) Mar. 15, 2017

CONTENTS

Reactivity-hased Anthropogenic VOCs Emission Inventory in China —+xesvereereeresemerenmsneneninne LIANG Xiao-ming, ZHANG Jia-ni, CHEN Xiao-fang, et al. ( 845 )
Characteristics of Reactive VOCs Species During High Haze-Pollution Events in Suburban Area of Shanghai in Winter -«+essesresserveresennenens GAO Shuang, ZHANG Kun,GAO Song,et al. ( 855 )
Assessment of PM, s Pollution Mitigation due to Emission Reduction from Main Emission Sources in the Bejing-Tianjin-Hebei Region «+++++-+++- WU Wen-jing, CHANG Xing, XING Jia, et al. ( 867 )
Concentration Characteristics and Sources of Trace Metals in PM, 5 During Wintertime in Befjing «+eresreererereresesnessinnssnsscnneeen QIAO Bao-wen,LIU Zi-rui, HU Bo, et al. ( 876 )
Online Source Analysis of Particulate Matter (PM, 5) in a Heavy Pollution Process of Shijiazhuang City During Heating Period in 2015 - »+ LU Na, LI Zhi-guo, ZHOU Jing-bo, et al. ( 884 )

Analysis of Chemical Composition and Pollution Source of the Fine Particulate Matter by the SPAMS in the Four Seasons in Nanning

LIU Hui-lin, CHEN Zhi-ming, MAO Jing-ying, et al. ( 894
CHI Jian-wei, LI Chuan-jin, SUN Jun-ying, et al. ( 903
Characteristics of Spatial Distribution of Bacterial Aerosols Produced by Fountain ZHANG Chong-miao, YUAN Lin, XU Peng-cheng, et al. ( 911
Removal of Volatile Sulfur Odor by the Biotrickling Filter - s YE Jie-xu, MIAO Xiao-ping, ZHUGE Lei, et al. ( 918
Magnetic Characteristics and Environmental Pollution Analysis of Street Dust in Different Functional Zones of Xi’an City FANG Ni,ZHANG Jun-hui, WANG Jin,et al. ( 924
Pollution Characteristics and Nitrification and Denitrification Potential of Superficial Sediments from Streams in an Urban-Rural Fringe ~-+++++- QIN Ru-bin, LI Ru-zhong, GAO Su-di, et al. ( 936
Nitrification and Denitrification Rates in a Small Tributary, Nanhe River, of Three Gorge Dam Reservoir During Water Collection and Release Events «+:+ereseeerseeesssicnnsiiiisiinninen
........................................................................................................................................................................ WANG Jing, LIU Hong-jie, LEI Yu, et al. < 946 )
Tempo-spatial Variations and Influential Factors of Carbon Dioxide Emissions from the Geheyan Reservoir over the Qingjiang River Basin, China -+ :
............................................................................................................................................................... ZHAO Deng-zhong, TAN De-bao, LI Chong, et al. ( 954 )
Seasonal Pollution Characteristics and Source Identification of Polycyclic Aromatic Hydrocarbons and Organochlorine Pesticides in Surface Water of Baiyangdian Lake +-«+cesvesvereeesesnensees
............................................................................................................................................................ WANG Yi-zhen, ZHANG Jun, ZHOU Xu-shen, et al. ( 964 )
Distributions, Sources and Pollution Assessment of Hg in Sediment of Douhe Reservoir in Tangshan City — «+«eoveeeeeeesesneneeaenees WU Ting-ting, WVANG Ming-meng, CHEN Xu-feng, et al. ( 979 )
Release Characteristics of Mercury from Submersed Typical Herbaceous Plants in the Water-Level Fluctuation Zone of the Three Gorges Reservoir Area :
............................................................................................................................................................... DENG Han, ZHANG Xiang, ZHANG Cheng, etal. (987
Distribution Characteristics and Health Risk Assessment of Heavy Metals in Surface Water Around Electroplating Factories +«+++++++ YU Cong-cong, ZHAO Wei-tuo, GAO Xiao-feng, et al. ( 993
Speciation and Ecological Risk of Heavy Metals in Surface Sediments from Jiulong River «+e-sseeeresreremmsienmeninnsinnesnscenne LIN Cheng-qi, HU Gong-ren, YU Rui-lian, et al. (1002
YU Rui-lian, HU Gong-ren, et al. (1010
Source Analysis, Spatial Distribution and Pollution Assessment of Heavy Metals in Sewage Irrigation Area Farmland Soils of Longkou City +:eseeseereereseserenemiemeneneinininsininennnn
.................................................................................................................................................................. LI Chun-fang, WANG Fei, CAO Wen-tao, et al. ( 1018)
Efficiency and Mechanism of Purifying High Iron-Manganese from Ground Water in the Cold Villages and Towns Based on The Coupling of Rice Husk and Iron-Manganese Oxidizing Bacteria
.................................................................................................................................................................. SUN Nan, CHEN Yan-li, ZHANG Ying, et al. (
Peroxidation of High Algae-laden Water by Ozone: Algae Organic Matter Transformation and Disinfection By-products Formation ~ ++++-esseseereeseeees ZHANG Sai, HU Xue-bin, GU Li, et al. (1038
Effects of Pretreatment on Hydraulic Trreversible Membrane Fouling During Ultrafiltration Short Process: A Pilot Study YANG Hai-yan, XING Jia-jian, WANG Can, et al. (
Fenton-like Catalytic Removal of Organic Pollutants in Water by Framework Cu in Cu-Al,05
Oxidation Destruction of Cu( CN) % T by Persulfate «+eeeerersersersenesenene WANG Yun-fei, LI Yi-bing, WANG Yan-bin, et al. (1061
++ QUAN Xiang-chun, QUAN Yan-ping, XIAO Zhu-tian ( 1067

Physico-chemical Characteristics of Individual Aerosol Particles in Marine Atmosphere on South Hemisphere

Fractionation and Contamination Assessment of Metal Elements in the Surface Sediments of Yundang Lagoon in Xiamen «++:+eseveeereeeveeeees YANG Qiu-li

)

XU Dan, ZHANG Li-ki, LIU Liden ( 1054

)
)
)
)
)
Enhanced Removal of Herbicide 2,4-dichlorophenoxyacetic Acid and Simultaneous Power Generation in Microbial Fuel Cells -+ )
Adsorption Characteristics of Copper in Water by the Porous Biomorph-Genetic Composite of HAP/C with Eucalyptus Wood Template «+-++-+++++- LI Chao,ZHU Zong-giang,CAO Shuang, et al. (1074)
Biological Toxicity Evaluation of Domestic Wastewater Based on A%/0 Treatment Processes Using a Battery of Bioassays -+ ZHANG Qiu-ya, MA Xiao-yan, WANG Xiao-chang, et al. (1084 )
Effect of Wastewater Nitrogen Concentrations on Nitrogen Removal Ability of Myriophyllum aquaticum —«+-++++sereseesreresenenneneeens MA Yong -fei, YANG Xiao-zhen, ZHAO Xiao-hu, et al. (1093)
Recovery Performance of ANAMMOX Process after Inhibition Resulting from Seawater e QI Pan-ging, YU De-shuang, LI Jin, et al. (1102)
Impact of Starvation Conditions on Biological Community Structure in Sulfur Autotrophic Denitrification Reactor + LI Fang-fang,SHI Chun-hong, LI Hai-bo et al. (1109)
)
)
)
)
)
)
)
)
)
)

LU Gang, XU Le-zhong, SHEN Yao-liang, et al. (1116

Quick Start-up of Anaerobic Ammonium Oxidation Progess —««+s+=sseserssersereserenensnineis
A New Model for the Treatment of Low Ammonia Nitrogen Wastewater by CANON Process «+xe+sesseerrerssnssenenensinnnennssnnis e WANYAN De-qing, YUAN Yi, LI Xiang, et al. (1122
Effects of Side-stream Phosphorus Recovery on the Performance of EBPR System Under Low Dissolved Oxygen Condition = «+s«+seseeseeseeresesneseennes MA Juan,SONG Lu, YU Xiao-jun,et al. (1130

Identification and Influence of Quorum Sensing on Anaerobic Ammonium Oxidation Process CHEN Shu-han, LI An-jie, WANG Yue-xing, et al. (1137
Effects of Organic Loading Rate on Startup Performance of Anaerobic Digestion with Vinegar Residues ++++etvereeeseesenmsnmmenenennincnennenes DAI Xiao-hu, YU Chun-xiao, LI Ning,et al. (1144
BAI Run-ying, CHEN Zhan, ZHANG Wei-jun, et al. (1151
Treatment Effects of Earthworm Constructed Wetlands in Different Working Conditions -+ »=* DONG Meng-ke LI Huai-zheng, XU Yi-xiao ( 1159
Effect of PFOA on Oxidative Stress and Membrane Damage of Escherichia coli YANG Meng, LI Yi, YE Jin-shao, et al. (1167
Physicochemical Properties and Antibacterial Effect of Silver Nanoparticles: A Comparison of Environmental and Laboratorial Conditions ««+:«ssessssessessereeeeennens YI Jun, CHENG Jin-ping ( 1173
Pollution Characteristics of Chlorobenzenes in Organs of Fish from Typical Epidemic Areas of Schistosomiasis Prevalence — «++++++seereeeee LI Kun, ZHAO Gao-feng, ZHOU Huai-dong, et al. (1182
Effect of Nano Zeolite on Growth, Activity of Antioxidant Enzyme, and Chemical Fractions and Concentration of Cd in Chinese Cabbage ++++ereeseeeseserermimieneniiiniins

QIN Yu-li, XIONG Shi-juan, XU Wei-hong, et al. (1189)
ZHONG Song-xiong, YIN Guang-cai, HUANG Run-lin, et al. (1201)

Enhanced Electrokinetic Remediation of Heavy Metals Contaminated Soils by Stainless Steel Electrodes as well as the Phenomenon and Mechanism of Electrode Corrosion and Crystallization

Influencing Mechanism of Calcium Peroxide Pre-treatment on Dewatering Performance of Waste Activated Sludge -

Effect of Different Iron Minerals on Bioaccessibility of Soil Arsenic Using in vitro Methods

~~~~~~ *+ WEN Dong-dong, FU Rong-bing, ZHANG Wei, et al. (1209)
Influence of the Application of Non-Hazardous Sewage Sludge on the Evolution of Soil Carbon Pool and Carbon Pool Management Index +++++- LIU Xiao, HUANG Lin, GUO Kang-li, et al. (1218)
Input and Distribution of Photosynthesized Carbon in Soil-Rice System Affected by Water Management and Nitrogen Fertilization -+ WANG Ting-ting, ZHU Zhen-ke, ZHU Han-hua, et al. (1227)
Effects of Simulated Acid Rain on Soil Respiration and Heterotrophic Respiration in a Secondary Forest —«x+eereeeeseseerenennineniensincnen CHEN Shu-tao, SUN Lu, SANG Lin, et al. (1235)
Response of Soil Nitrifier and Denitrifier Community and Activity to Elevated Atmospheric CO, Concentration and Temperature «++«+:++++++- LIU Yuan, WANG Guang-li, LI Lian-qing, et al. (1245)
Effects of Lithology on the Abundance and Composition of Soil Nitrogen-fixing Bacteria and Arbuscular Mycorrhizal Fungal Communities in Karst Shrub Ecosystem + s
............................................................................................................................................................ LIANG Yue-ming, SU Yi-rong, HE Xun-yang, et al. (1253)
Characterization of Phosphorus Forms in Organic Composts and Their Effects on Leaf Phosphorus Content of Castanea mollissima in Chinese Chestnut Producing Area +:++esvesserseesesnenseens
..................................................................................................................................................................... SONG Ying, GUO Su-juan, ZHANG Li, et al. (1262)

Effects of Acidic Materials on the N Transformations During the Composting of Pig Manure and Wheat Straw «««+«+essereeseresenensensenineneneninineneninens JIANG Ji-shao, YAO Qian (1272)





