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Identifying the Origins and Spatlalr Distributions of Heavy Metals in the Solls of
the Jiangsu Coast - i -~ S 4
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Abstract ;, A total of 239 samples of surface hoﬂs wer(‘I collected along the Xlangs'hm to' Rudong coast, in Jiangsu Provincé| "and
dndly ed fot|Cd, CrjiCu, Hg, Ni, Pb, and Zn. A muhlVdI‘ldFC analysis was applied to ldentlfy the sources of heavy metals, and
ordinary k';iging was used to"map the spatial distributions of _;he"};e__awy metal concentration. The mean contents of Cd, Cu, Hg, Pb, and
Zn in' the s‘urface‘“ soils of the Jiangsu Coastal Zone were higher"tﬁ';ln the background values of the Jiangsu Coastal Plain, which indicated
that there'were obvious accumulations of these heavy metals in surface soils; while the mean contents of Cr and Ni were lower than the
backgrotind values. The contents of Cd, Cr, Cu, Pb, Ni, and Zn in soils that originated from marine deposition were significantly
lower than those from alluvium and lagoon facies deposition, including the Yangtze River Delta deposition. Urban areas exhibited higher
Cd, Cu, Hg, Pb, and Zn contents than other land covers. Cr and Ni were controlled by the parent material and seemed to originate
from a natural source. Cd, Cu, Pb, and Zn were associated with the combination of parent material and anthropogenic inputs. Hg was
dominated by atmospheric deposition related to various human activities. The high values of Cd, Cu, Pb, and Zn were distributed in
the northern, western, and southern parts of the study area, and Hg exhibited high values around the urban areas in the western and
southern parts.

Key words :heavy metals; source; spatial distribution; soil; Jiangsu coast
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Table 2 Result of ANOVA for heavy metal contents by parent material and land usage/mg-kg~
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Table 3 Correlation analysis for the heavy metals in soils from the coastal area

Cd Cr Cu Hg Ni Pb Zn

Cd 1

Cr 0. 403 ** 1

Cu 0.475™ 0. 466 ** 1

Hg 0.229 0.258 ** 0.299 ** 1

Ni 0.556 ** 0.831 ™ 0. 467 ** 0. 061 1

Pb 0.215™ 0.256 0.331™ 0.528 ** 0. 194 1

Zn 0.400 ™ 0.353 ™ 0.387 " 0.437 " 0.286 ™" 0.436 ™" 1
Al, 04 0. 454 ™ 0.927 ™ 0. 499 ** 0.179 ** 0.810 ™" 0.305* 0.304 **
Fe, 0, 0.538 ™ 0.944 ™ 0.417*" 0.137" 0.873 " 0.318 ™" 0.313 ™

1) * /R 0.05 KF LB, » « 2R 0.01 KPR

PC2 (25.1%) F RS B MR ar, SR R4 PC1 AT PC2
b A e ] e IR

5 AP TR B AE SE R EPLA S5 8. PCL

FTPC2 BT A RRIRIE A, Hopk 5 2 500351 0. 888
10,552, 5% 225777 (RSS) &/, LIRS i 4

#. PCL fASFRE/N, 11000 m, i, PED {5 i
B, N257000m. PCL RYH 4 /%G ﬁ[c % G,
+C) 10 0. 1201, BI85 5 45 g 205y
i%iiﬁlii‘lﬁim XM, 1M PC2 E’Jﬂ% fEi/3%

= HHEN 0.500, %@ﬁéﬁﬁ%ﬂ*a%uﬁﬁmr 2 i)

%ﬁﬂkﬁ@%é%m o

= -
-

PC1 (61.1%)

E- zﬁﬁﬁiﬁiﬁﬁiﬁiﬁﬁﬁ WV i ﬁfi ﬁ#%ﬂ;iﬁiﬁﬁiﬁkﬁﬂr

y Rig. 4 Factor@..matrlx of heavy metals in (’qa%tal soils g Table 4% Factors matrix of heavy metals in coastal soils 5

componeﬂt 1 PCY ) Eﬁﬁ%iﬁkijﬂ 61 1% (% 4) s EgETE 4 ) 3 Pe2

Cd, Cr, Cu' 26, Pb M Zn 7E PCI ARG 7 E‘ 0o o

514 0. 656 . 0. 897 . 0.911 . 0. 958 . 0. 846 F10. 747. u 0,011 0. 305

I}Jjﬁﬁ:}’ 2 ( principal component 2, PC2) f¥) 7 22 5Tk Hg 0.144 0.950

%% 25.1% , He 1E PC2 L?ﬁiﬁfdﬁﬁﬁ(o 950) , Eb g:z -ng

Cd. Cu, Pb %n Zn fE PC2 EAPAEEAT, BN, 0.747 0.537

0.488.0.305., 0.431 1 0.537. MW —FMIL RN HHEHE 4.276 1.760
EECES R e s Rl CE - & 15 S 76 = N 611 25.1
FH 7 22 TR % 61.1 86.2

2 WA E AR IER  Cd . Cu P I ZnTE2 4
RS BETIESESESIHNSHNEREHIE

Table 5 Variograms fitting the principal components of heavy metals in coastal soils

A AT Heg{d HAMHE Hegfd /R GH F R AR RV Ir TLrE R
- : - (Cy) (Cy+C) [Cy/(Cy+C)] (R)/m (RSS) (R*)
PC1 Spherical 4. 800 40. 120 0. 120 11 000 0. 001 0. 888
PC2 Spherical 2.700 5. 400 0. 500 25700 0. 003 0.552

SRS AR (A 0] LA EOW 2R A FEor s DB S A e Ve AU R BT AY 8 T AR B
SrEEAR. 5 A A B R E. PCL m(E RYRMERIRAY AR R, X i Y S R 7 22
X EE AT AL TR AT s BRI DO AT RIS R AR — 2, NI PCT ARG 3 G R T RE 2
VI R A =AM VCR B R B R s, IRME BURCE R AR ®. PC2 Y X E B A AR L
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Fig. 5 Kriged interpolation of principal components of heavy metals in coastal soils
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Fig. 6 Spatial distribution of heavy metals in the soils of the Jiangsu coast



2862 2N 5%

B 39 %

I AR vp AR . IR AR TR R = A N B
5, AR R #E Cd . Cu, Pb Fl Zn AYFEA
S3ARE SR, Cd, Cu, Pb Al Zn FEBFFE X P AY =5 (.
X R ECE W5 DX G Y I 2 4R X Sl A — 3%, AT e
P F AN S Rs2 . BFE IX ) PE 38 322 A A R
W, KA MG, SCRAEE, FEA G204
F T A5 Tk y5 Y A il HECHs i T P Y
\E/TESEX. KA, Cd, Cu, Pb Hl Zn 72
1 A XA AT BES B X AER A K ) Tolk Ak
LIEEEPS

Hg (i t& i 5 PC2 — 3 [ 5(b) ., K6
(d) ], o DX 8 32 2243 A AR AF 58 X1 PG 35 Fl R
TR B A AR X, YA T IR B 1 5R B T
TR

BRI A3 A S SR il Cr A NL 9 43 A A
J%’ Z BRI E S  [E s, He 257

FIG . I AR A A 4 A R S R R
ﬁ%ﬁ*ﬁﬁ%%%zt*ﬁz. N B3 B e (L X
R M R A X 3, ok T A A
e, 4 s A W) 40 A (B 6 FT LA, K

Hﬁuﬂéiﬁﬁ{ﬁﬁmﬁkﬂﬁiéﬁE’Jﬂ‘mﬂ?&ﬁﬂﬁlﬁ%_;

MXET\EE@/\W@E RGBS I TA M_Mt
Je iR, 1HE%EQ‘TFEW&H’JKMEZJJH’J

0, Cdy Hg{Pb. anﬁéﬁﬂuﬁiﬁ,ﬁ?’%&ﬁfﬁ
Efge r“%lfa%r
—~4t

| ". ] / ‘,;di —..__.‘
4 =B

ot

(1)+3E Cd. Cr, Cu, Hg, Ni, Pb il Zn [
58 %4 0.14, 64.23, 24.15, 0.026. 29.16,
22.24 F177.94 mg-kg ™", BIARMT EF —Gbr
{H. Cr Al Ni AP ME STV IR i 7 i+ 1Y
F{H, Cd., Cu, Hg, Pb Fl Zn B9 V218 & TILIRE

TP S T SR, UAWIESE X L b G m A R
LR Nas LT

()WY & H 3R Cd, Cr, Cu, Ni,
Pb Fl Zn &1 B F (K TR sh R | IR IAR DO
M=HMTIBRYHEER. Cd, Cu, Hg. Pb fl Zn FEHK
PR TR HH b 1 X B i e T A b 2, I i
T0.05 KBRS, BERATERRAE XSk, BAEM
Tl K A % T 3 4 T 1) B I AR

(3)Cr F1 Ni N ASRKRIEITCER, 2385
B4l Cd. Cu. Pb il Zn 52 B A A BF B A A 2505
ALl b AR F 2 HE Tl 2ciEHE

5 Lo S B

A Bl He JE AWRIE, =2 2R R
TR FE .

(4)Cr FINi fy A aAmfel, A rmdem, &
123 (= R P £ <357 Wl € O | 1= ORI R R U L S 7/ I
ARDCRR PRI R R B = f B 7 A L. Cd,
Cu, Pb Fll Zn )75 [8] 73 A A% oy KAk — 2, wfE X 3=
BEOMATTERTFE X AILER | F AU EE. Hg B mi{E X
ol T2 O A LA 5 XA VU SR e S Sl A X
SE Lk
[ 1] Alloway B J. Heavy metals in soils[{ M]. London; Chapman and

Hall, 1995.

[2] Siegel F R. Environmental geochemistry of potentially toxic

metals[ M]. Berlin, Heidelberg: Springer, 2002.

(3] By, skalhl, XUk, %6 H 7 b e s 4 Jm ok IR A 2

BRI [ 1], HEE2EH, 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 Geugraphica Sinica, 2012 67('7.)-: 971-

984. - 7 N
[4] Salomons W, bllgham W M. Biogeodynamics of pollutdnts in

soils and sediments: 'risk assessment of deldyed and non =linear

responbes[ M. New York: Springer-Verlag, L9'95 ,H |
[5] K, X, PRk 708 e P Wﬁm%&wﬁ%ﬁﬁﬁa
FFAELT]. Q%Yﬁ?/ﬁ%?ﬁ 2017, 32(4) : 654x663.

Song B llu C Chen"T B Contents and pollution dlqtﬁbullon

Lharactenstlcs of arselic i soils and sediments in Cuan’gXl I

Zhuang’ autonomous regmn [1].

2017 32(#) : 654-668
6] Lv]s, Liu Y, Zhang Z L, et al. Factorial kriging and stl';}:wise

-
Journal of Natural RPsource'f

—

regression appr:;ach to identify. environmental factors influencing
spatial multi-scale variability nf heavy metals in soils[ J]. Journal
of Hazardous Materials, 2013, 261 ; 387-397.

[7] Lv]S, LiuY, Zhang Z L, et al. Multivariate geostatistical
analyses of heavy metals in soils: spatial multi-scale variations in
Waulian, Eastern China[ ] ].
Safety, 2014, 107 . 140-147.

[ 8] Kabata-Pendias A, Pendias H. Trace elements in soils and plants
[M]. London: CSC Press, 2001.

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

[10] Rodriguez Martin J A, Ramos-Miras J J, Boluda R, et al. Spatial

Ecotoxicology and Environmental

relations of heavy metals in arable and greenhouse soils of a

Mediterranean environment region ( Spain) [ J]. Geoderma,
2013, 200-201: 180-188.

[11] Cai LM, XuZ C, Ren M Z, et al. Source identification of eight
hazardous heavy metals in agricultural soils of Huizhou,
Guangdong  Province, China [ J ].
Environmental Safety, 2012, 78, 2-8.

[12] LvJS, Liu Y, Zhang Z L, et al. ldentifying the origins and

spatial distributions of heavy metals in soils of Ju country

Ecotoxicology — and

(Eastern China) using multivariate and geostatistical approach
[J]. Journal of Soils and Sediments, 2015, 15(1) : 163-178.
[13] 5B, RRZE. TR b X W Ve R B ma iy 2r Br [ 1]



6

SFEL0)

S 2 VLRI b S R DA AT S =S

(] 2863

[14]

[15]

[17]

[18]

r197

2003 4
4
1207 ) Ef. {Ija,;é(’éci”ﬂﬁﬁ—?&}ﬁlﬁﬁr%ﬁ[m Jmﬁ@ﬁﬁwj
o | 2(512
TG, ABRRIC. LI XTI SR8 T 45 2 B 5

[21]

[24]

1, 20037 -

MR 224 ( A SRR |, 2005, 41(3) : 286-296.

Guo W, Zhu D K. Reclamation and its impact on marine
China[ J]. Journal of Nanjing
University ( Natural Sciences) , 2005, 41(3) : 286-296.

TR, FE/ME o R I S P R A PR R 5
EBFFELT]. HHRLS, 2011, 31(2) : 129-135.

Wang Y, Ji X M. Environmental characteristics and changes of

environment in Shenzhen area,

coastal ocean as land-ocean transitional zone of China [ ] ].
Scientia Geographica Sinica, 2011, 31(2): 129-135.

Lau M. Integrated coastal zone management in the People’s
Republic of China-an assessment of structural impacts on
decision-making processes[ J]. Ocean & Coastal Management,
2005, 48(2) : 115-159.

Franco-Urfa A, Lopez-Mateo C, Roca E, et al. Source
identification of heavy metals in pastureland by multivariate
analysis in NW Spain [ J ].

2009, 165(1-3) ; 1008-1015.

Journal of Hazardous Materials,

WM, B, BB, AE. DR A SR bR b
JEAE 23 1] 43 A B AE A S WU PR [T]. R AL

2015, 36(2) : 507-515.
Dai B, LiJ S, Zhan J C,

distribution and ecological risk of heavy metals in soils in a

et al. Assessment of sources, spatial
typical industry-based city of Shandong Province, Eastetn- China
[J]. Environmental Science, 2015, 36(2) : 507-515! ‘__,a-

Lu A X, Wang J H, Qin X Y,

geostatistical analyses of the spatial distﬁ.bution aﬂ.d‘_ origin of

et al. Multivariate and

heavy metals in rhe a.griculturdl soils in éhu“nyi

‘f]] Science of the [Total Environment, 2012 425 66-74. o

e . O ahmz@ﬁ’ﬂ%m
Wang Y./ Radlatlve sandy ridge field on contm’en[al shelf of the
“ Yellow Sea[ M] B(:‘ljlﬂg China Env1r0nmfzntd1 Suené!: Press

(9. KITHBRE I 53R, 2007, 16(6) ; 775-780.

Yu W J, Zou X Q. Research on environmental early-warning
mode of coastal newly development area in Jiangsu Province[ J].
Resources and Environment in the Yangtze Basin, 2007, 16(6) :
775-780.

GB 15618-1995, +EFRSE R R bRifE[ S].

GB 15618-1995, Environmental quality standard for soils[ S].
BUAM, XU, Vi, 4. LA T C R R E R (e
[J]. HEH, 2011, 38(5): 1363-1378.

Liao Q L, Liu C, Xu Y, Geochemical baseline values of
elements in soil of Jiangsu province [ J].
2011, 38(5) : 1363-1378.

BUS AR, XU, 4, S5 VLR 3 akie
247, 2011, 35(3) : 225-235.

Liao Q L, Liu C, Jin Y, et al. On geochemical regionalization of
Journal of Geology, 2011, 35(3) . 225-

et al.

Geology in China,

SrX[I]. M

soils in Jiangsu[ J].

235.
EoeE, W, Bk, & ILRE HEh T E AR SRR
BIXRR[T]. b KRR (BARFBFM) , 1992, 28(4) .
475-485.

Wang G Y, Pan M, Liu X D, et al. On the relationship between

Beijing, Ghina i

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

the concentrations of elements in soil and the types of soil-forming
China [ J]. Acta
1992, 28(4) .

parent material in Shandong Province,
Scientiarum Naturalium Universitatis Pekinensis,
475-485.

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.

Sajn R, Halamié 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.
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].

2013, 92(5) : 517-523.
Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and

Chemosphere,,

GIS-based approach to identify heavy metal sources in soils[ J].
Environmental Pollution, 2001, 114(3): 313-324.
Rodriguez J A, Nanos N, Grau J M, et al. ‘Mulltiscalé.-émalzs‘is of
heavy metal- contents in Spanish agricultural pp';ﬁlllb[ J].
Chemosphere, 2008 70(6) : 1085-1096. - . >

Li J L, He M Han W, et al. Analysis and asses@melr‘-l}-on theavy
metal scu&ces‘ in the coastal soils developed froim dll]afrml deposits
Journal jof Hazardi’;:ls
Matcrlzﬂs 2009, 164&2 3) 976-981. r i

7
DaVIes B E Heavy metal con)ﬁmlnaled soils in an old mdustnal“

using m.ultlvarlatg: Staftistical methods[ J].

area of Wdles yrea!h Brltdln source 1denhflcat10n. througjh i
itdtl%tmdl fatd interpretation [ J ]. Water, Air, and Soil
997, 94(1-2) . 85-98. '

Bmmells G, Lapina L, Nikedemus O

Pollullon, -
Use of ‘the O

, et al.

horizon“of forest soils in monitoring metal deposition in Latvia
[J]. Water, Air, and Soil Pollution, 2002, 135(1-4) . 291-
309.

Micé C, Recatala L, Peris M, et al. Assessing heavy metal
sources in agricultural soils of an European Mediterranean area by
multivariate analysis [ J ]. 2006, 65 (5): 863-

872.
Chen T B, Wong J W C, Zhou HY, et al. Assessment of trace

Chemosphere,,

metal distribution and contamination in surface soils of Hong
Kong[ J]. Environmental Pollution, 1997, 96(1) ; 61-68.
Lee CS I, Li X D, Shi W Z,

urban, suburban, and country park soils of Hong Kong: a study

et al. Metal contamination in

based on GIS and multivariate statistics[ J ]. Science of the Total

Environment, 2006, 356(1-3) ; 45-61.

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

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.

l‘ﬂi 3““‘, UL, BRI A, S5 R T HE A BORORL Hh
TCRMGAT S B AT, FREAEE, 1995, 14(6)

489-493.

Lu X H, Zeng H C, Ouyang Z H,

enrichment of trace elements in particles released from coal

combustion[ J]. Environmental Chemistry, 1995, 14(6) ; 489-

et al. The distribution and



2864 woos B 39 %
493. Zhu'Y J, Zheng Y M, He J Z, et al. Risk assessment of pig
[39] Nanos N, Rodriguez Martin J A. Multiscale analysis of heavy manure Cu-contamination of black soil in Northeast China[J].
metal contents in soils; spatial variability in the Duero river basin Chinese Journal of Applied Ecology, 2008, 19 (12). 2751-
(Spain) [J]. Geoderma, 2012, 189-190; 554-562. 2756.
[40] Chen X D, Lu X W, Yang G. Sources identification of heavy [50] =M, &Bby, MERL, % B4R R R0 55
metals in urban topsoil from inside the Xi’an Second Ringroad, SR o A R AE BT 9T [J]. ﬂlkﬂftﬂr'm'iﬂi 2010, 29
NW China using multivariate statistical methods[ J]. CATENA, (5):942-947.
2012, 98. 73-78. Jiang P, Jin SY, Hao X Z, et al. Distribution characteristics of
[41] Smolders E, Degryse F. Fate and effect of zinc from tire debris in heavy metals in feeds, pig manures, soils and vegetables[ J].
soil[ J]. Environmental Science & Technology, 2002, 36 (17) . Journal of Agro-Environment Science, 2010, 29(5) ; 942-947.
3706-3710. [51] Nicholson F A, Smith S R, Alloway B J, et al. An inventory of
[42] VIHAGEIR. MHgGiFEL2010) [ M]. b, HES heavy metals inputs to agricultural soils in England and Wales
H AL, 2010. [J]. Science of the Total Environment, 2003, 311(1-3) . 205-
Bureau of Statistics of Jiangsu Province. Jiangsu statistical 219.
yearbook (2010)[M]. Beijing- China Statistics Press, 2010. [52] =“EARuT, 2468, il RENSH#E S /K P ESE SR E
(43]  BadW, SRR, SARE, 55 25T RS A1 GIS BT T T L SARRASAL A (1], ROV IREERE 2440, 2011, 30(11)
%lJ%HEM&i?&;:M}m[ J1. MbEEE, 2012, 32(8): 2271-2278.
929-935. XinS Z, Li HF, Su D C. Concentration characteristics and
Lv] S, Wu QY, Zhang Z L, et al. Land use change and historical changes of heavy metals in irrigation sewage in China
ecological security assessment in Jining City based on RS and GIS [J]. Journal of Agro-Environment Science, 2011, 30.(11):
[J]. Scientia Geographica Sinica, 2012, 32(8) : 929-935. 2271-2278. . e .,~“"'.-h -
[44] Sabiha-Javied, Mehmood T, Chaudhry M M, et al. Heavy metal [53] FH5e38, I, 1P 0%, 4. (I%ﬁf@fk TH&M%B‘ %5 (]
pollution from phosphate rock used for the production ef fertilizer 1 )51 . Hi‘tﬂ['] }Huﬁﬁ%%IEXT%[ I]. %iﬁﬂ'%éﬁi , 2011,
in Pakistan[ J]. Microchemical Journal, 2009, 91(1 )“;‘.“94:—99 31(5): 1,105 1114 \ Y —
[45] %ﬁﬂﬁp I IEJG, AEFLAA. ﬁm@%w@%%*%ﬁ@ﬁ%&ﬁﬁ Yin R Y“ S(ln X, Xu W W, et al gpatlal pa,tjgm of rapld
SRS ) E’JH—“ﬁT[ J1. iﬁgifﬁ,wull992, 29;.(2); 150— chem1(a,l mduslrlnahzdllon enyironmental response, and” mqg"ro-
157. # . manag_ement %tfalegles" in (‘oaital areas of Jlang@u [J ‘_} Acta
~Tu R K, Shl L Y ang L M. Cadmlum contents —gf r.oc'k Smentme Ctrcux_nstanllae 2011‘ 31(5): 1105-1114. r
: phosphates” dnd phosphdte fertilizers of Chin®: d.n “}Ff efg'ietb on [54] Davis H T Aelion'C M MeDermott S, et al. ldentifying natural b
* ecological en-vlrom!x-lem [J]. Acta Pedologlca Slmca 1992 3-9 and dnthn:px)gemc bour@s of metals in urban and I'Lll"dl soils ubmg
(2): 150157, | ! B 4 GIS- l)ased |data, “, and  spatial 1nterpolat!0n [__J ]
[46} Chen T, Liu X M Zhu M Z, et all I(}entlﬁ( allon"Jof trace Environmental ll_i'ollunon, 2009, 157(8-9) ; 2378-2385* i
| 7 eler'rllf-nt source%‘and associated risk assessment!in vegf-table %ml% [55] Liu RH, Wang Q C, Lu X G4 et al. Distribution and speciation
. ‘i of the urbagl-rura] ttapsitional area of Han&zhou Ghina - T]‘_ﬂf of mercury in the peat bog of Xiaoxing’an Mountain, northeastern
] Envl,tonmental Pollullon 2008, 151(1) ;: 67-78. ;e China[ J]. Environmental Pollution, 2003, 124(1) ; 39-46.
[47] Rq'berls P, Abel M, Rosen L, et al. Practice parameters for [56] A, vhCHE, BRI, P EABSRHES &A1), b E
si‘gmoid diverticulitis [ J]. Dis Colon Rectum, 1995, 38(2): WEERLA 1999, 19(4) : 318-321.
125-132. Wang Q C, Shen W G, Ma Z W. The estimation of mercury
(48] FERKR, XUfmAE. 81t E SRR G & & AL 7= X PR 1075 e emission from coal combustion in China [ J ]. China
[J]. REHEL, 2002, 23(3) : 68-70. Environmental Science, 1999, 19(4) ; 318-321.
Yan Q L, Liu F Z. Reduction environmental pollution of animal [57] FG3&EHh, M PH, S, 25 rp ERAE R HE O B i) 20
production by adjustment of nutrition[ J]. Ecology of Domestic SE[T]. BEERRAE, 2005, 26(2) ; 34-39.
Animal, 2002, 23(3) : 68-70. Jiang ] K, Hao J M, Wu Y, et al. Development of mercury
[49] KIFFE, fBﬁlﬁ y 75:'?6].’5 L5 REA R N AR G A A T Y emission inventory from coal combustion in China [ J ].

B[ T]. LEAR, 2008, 19(12) ; 2751-2756.

Environmental Science, 2005, 26(2) : 34-39.



HUANJING KEXUE Vol.39  No.6

Environmental Science ( monthly) Jun 15, 2018

CONTENTS

Diurnal Variation of SOA Formation Potential from Ambient Air at an Urban Site in Beijing +++++++ LIU Jun, CHU Bi-wu, HE Hong (2505)
Characteristics of Key Size Spectrum of PM, 5 Affecting Winter Haze Pollution in Taiyuan - YANG Su-ying, YU Xin-yang, ZHAO Xiu-yong, et al. (2512)
Characteristics and Source Apportionment of Water-soluble lons in PM, 5 During Winter in Panjin «+eecreeeesssinn, ZHANG Lei, JI Ya-qin, WANG Shi-bao, et al. (2521)
Characteristics and Source Apportionment of Volatile Organic Compounds in the Rainy Season of Guangzhou City «++++++seseeseereeseseeres GU Ying-gang, YU Xiao-fang, YANG Wen-da, et al. (2528)
Emission Characteristics of Dehydrated Sugar and Acephenanthrylene in Particles from Tropical Forest Burning —+xeoveveeessessesesissenenennne JIN Cheng-miao, CUI Min, HAN Yong, et al. (2538)
Construction and Application of Vertical Diffusion Index for Analyzing Weather During Pollution Events in Tianjin - ++ CAl Zi-ying, HAN Su-qin, ZHANG Min, et al. (2548)
Comparison Between Atmospheric Wet-only and Bulk Nitrogen Depositions at Two Sites in Subtropical China -+ »+ ZHU Xiao, WANG Jie-fei, SHEN Jian-lin, et al. (2557)
Emission Reduction Benefits When Eliminating Yellow-label Vehicles in the Jing-jin-ji Region «eseeeeseervsesserenisimineneiinn. LU Ya-ling, ZHOU Jia, CHENG Xi, et al. (2566)
Health Assessment of the Stream Ecosystem in the North Canal River Basin, Beijing, China *+ -+ GU Xiao-yun, XU Zong-xue, LIU Lin-fei, et al. (2576)

Pollution Characteristics and Source Identification of Polyeyclic Aromatic Hydrocarbons and Phthalic Acid Esters During ngh Water Level Periods in the Wuhan Section of the Yangtze Rlver
QRN ++eeeeesersesemsesems et st et e b bbb DONG Lei, TANG Xian-giang, LIN Li, et al. (2588)
Characteristics of Antibiotic Resistance Genes in Downstream Areas of the Aojiang River, Fujian Province -+ ZHANG Dan-dan, CUO Ya-ping, REN Hong-yun, et al. (2600)
Distribution Characteristics and Risk Assessment of Heavy Metals in the Sediments of the Estuary of the Tributaries in the Three Gorges Reservoir, SW China «+:esseseeseeesesessenesenenenn
............................................................................................................................................................ FANG Zhi-ging, CHEN Qiu-yu, YIN De-liang, et al. (2607)
Assessment of Physico-chemical Properties and Phosphorus Fraction Distribution Characteristics in Sediments after Impounding of the Three Gorges Reservoir to 175 m — +xeseesreseresesneneenen
............................................................................................................................................................... PAN Chan-juan, LI Rui, TANG Xian-giang, et al. (2615)
Source of Nitrate in Surface Water and Shallow Groundwater Around Baiyangdian Lake Area Based on Hydrochemical and Stable Isotopes +««+sesseseressererseemenenenieninenennsininnennnens
KONG Xiao-le, WANG Shi-qin, DING fei, et al. (2624)
Thermal Stratification and lis Impacts on Water Quality in Shahe Reservoir, Liyang, China - SUN Xiang, ZHU Guang-wei, DA Wen-yi, et al. (2632)
Spatial and Temporal Variation Characteristics of Drip Water Hydrogeochemistry in the Xueyu Cave of Chongqing and Iis Implications for Environmental Research + -
.................................................................................................................................................................. ZENG Ze,, JIANG Yong-jun, LU Xian-fu, et al. (2641)
Distinguishing the Compositions and Sources of the Chromophoric Dissolved Organic Matter in a Typical Karst River During the Dry Season: A Case Study in Bitan River, Jinfo Mountain
....................................................................................................................................... «++ LIU Yue, HE Qiu-fang, LIU Ning-kun, et al. (2651)
Environmental Significance of the Stable Isotopes in Precipitation at Different Altitudes in the Tuolai River Basin LI Yong-ge, LI Zong-xing, FENG Ql et al. (2661)
Spatial-Temporal Variations of CO, and CH, Flux Through a Water-air Interface Under the Effect of Primary Productivity in Wulixia Reservoir -+ RERER
..................................................................................................................................................................... PENG Wen-jie, LI Qiang, SONG Ang, et al. (2673)
Spatiotemporal Succession Characteristics of Algal Functional Groups and Its Impact Factors for a Typical Channel-Type Reservoir in a Southwest Mountainous Area —+-«+sessesseeeressesnensenees
ZHANG Yao-wen, LI Hong, LI Jia, et al. (2680)
Seasonal Succession of Phytoplankton Functional Groups and Their Driving Factors in the Siminghu Reservoir ««++++++-- ZHENG Cheng, LU Kai-hong, XU Zhen, et al. (2688 )
Effects of Nutrient Addition on the Growth and Competition of Bloom Forming Cyanobacterium Chrysosporum ovalisporum; An In-situ Experiment -
................................................................................................................................ WANG Meng-meng, ZHANG Wei, ZHANG Jun-yi, et al. (2698)
Purification Effect of Submerged Macrophyte System with Different Plants Combinations and C/N Ratios ~«+seseereeeeresresessenseemenennsnininsnsinincnsnenees LIU Miao, CHEN Kai-ning ( 2706 )
Characteristics of Nitrogen and Phosphorus Concentration Dynamics in Natural Ditches Under an Irigation-Drainage Unit in the Jianghan Plain «+eseeeesersssnssinnin.
HUA Ling-ling, ZHANG Fu-lin, ZHAI Li-mei, et al. (2715)
Distribution and Treatment of Antibiotics in Typical WWTPs in Small Towns in China - + CHAI Yu-feng, ZHANG Yu-xiu, CHEN Mei-xue, et al. (2724)
Effects and Mechanism of the Combination of Ozone-PAC as a Pretreatment for the Reduction of Membrane Fouling — «+seseereeresvsesereeneeees DONG Bing-zhi, GAO Hao-yang, HU Meng-liu ( 2732)
Start-up and Process Characteristics of Simultaneous ANAMMOX and Denitrification (SAD) in a Pilot-scale Anaerobic Sequencing Batch Reactor (ASBR) «++esreressessrssisnunssinnnisniniannns
............................................................................................................................................................... YU De-shuang, TANG Jia-jia, ZHANG Jun, et al. (2740)
ZENG Xue-yang, LUO Hua-yong, ZHANG Yao-kun, et al.
LONG Bei-sheng, LIU Xun-lei, LIU Hong-ho, et al.

2748
2756
2763

)
Shorteut Nitrification Rapid Start and Stability of Comn Starch Wastewater +-«+xesveveseees )
Nitrifying Bacteria Culture in Entrapment Immobilization B R LR LR YANG Hong, HU Yin-long )
Performance of the Removal of Nitrogen During Anaerobic Ammonia Oxidation Using Different Operational Strategies AN Fang-jiao, PENG Yong-zhen, DONG Zhi-long, et al. )
Transformation of Protein in Sludge During High Solids Anaerobic Digestion +-+ ZHAN Yu, SHI Wan-sheng, ZHAQ Ming-xing, et al. (2778)

)
)
)

~ e~~~

Changes in Heavy Metal Speciation and Release Behavior Before and After Sludge Composting Under a Phosphate-rich Atmosphere +-+++++xeseesees LI Yu, FANG Wen, QI Guang-xia, et al. (
Effect of Denitrification and Phosphorus Removal Microorganisms in Activated Sludge Bulking Caused by Filamentous Bacteria -+ GAO Chen-chen, YOU Jia, CHEN Yi, et al. (2794
Microbial Population Dynamics During Domestication and Cultivation of Biofilm to Remove and Enrich Phosphate *+ MENG Xuan, PAN Yang, ZHANG Hao, et al. (
Effects of Elevated Tetracycline Concentrations on Aerobic Composting of Human Feces: Composting Behavior and Microbial Community Succession - :
............................................................................................................................................................... SHI Hong-1
Effect of Long-term Organic Amendments on Nitric Oxide Emissions from the Summer Maize-Winter Wheat Cropping byslem in Guanzhong Plain
YUAN Meng-xuan, WANG Jin-feng, TAN Yue-hui, et al. (2819
QI Le, GAO Ming, ZHOU Peng, et al. (2827

WANG Xiao-chang, LI Qian, et al.

)
Effects of Mushroom Residue Application Rates on Net Greenhouse Gas Emissions in the Purple Paddy Soil -+ )
Estimation of Winter Wheat Photosynthesized Carbon Distribution and Allocation Belowground via 'C Pulse-labeling «++++++++essessessessesseene SUN Zhao-an, CHEN Qing, HAN Xiao, et al. (2837)
Effects of Vegetation Restoration on Soil Nitrogen Pathways in a Karst Region of Southwest China YANG Yi, OUYANG Yun-dong, CHEN Hao, et al. (2845)
)
)
)

Identifying the Origins and Spatial Distributions of Heavy Metals in the Soils of the Jiangsu Coast LU Jian-shu, HE Hua-chun (2853
Source Identification and Spatial Distribution of Heavy Metals in Soils in Typical Areas Around the Lower Yellow River ««+sessereereereeencnenees YU Yuan-he, LU Jian-shu, WANG Ya-meng (2865
Spatial Variation of Soil Heavy Metals in Lin'an City and Its Potential Risk Evaluation «+«+«teeeeeeereesresssenenennineninnnnne ZHENG Jing-zhi, WANG Chu-dong, WANG Shi-han, et al.

Principal Component Analysis and Ecological Risk Assessment of Heavy Metals in Farmland Soils around a Pb-Zn Mine in Southwestern China ««+s«sssssessesseserenssmmisnensnnineneennes

—~—~—

ZHOU Yan, CHEN Qiang, DENG Shao-po, et al. (2884 )
Spatial Variation of Heavy Metals in Soils and Its Ecological Risk Evaluation in a Typical Carya cathayensis Production Area  ++++++++ ZHANG Hong-ju, ZHAO Ke-li, YE Zheng-gian, et al. (2893)
Influence of Biochar Application on Growth and Antioxidative Responses of Macrophytes in Subsurface Flow Constructed Wetlands -+ HUANG Lei, CHEN Yu-cheng, ZHAO Ya-qi, et al. (2904)
Effect of Iron on the Release of Arsenic in Flooded Paddy Soils WANG Xin, ZHONG Song-xiong, CHEN Zhi-liang, et al. (2911)
Concentrations and Health Risk Assessments of Heavy Metal Contents in Soil and Rice of Mine Contaminated Areas ++= TIAN Mei-ling, ZHONG Xue-mei, ZHAGN Yun-xia, et al. (2919)
Effect of Calcium Silicate-biological Humus Fertilizer Composite on Uptake of Cd by Shallots from Contaminated Agricultural Soil +++* LIU De-ling, YIN Guang-cai, CHEN Zhi-liang, et al. (2927)
Accumulation Characteristics of Heavy Metals in Greenhouse Soil and Vegetables in Siping City, Jilin Provinge ««+eseereseeeeeesescneness LI Lian-fang, ZHU Chang-xiong, ZENG Xi-bai, et al. (2936)
Effect of Foliar Zinc Application on Bioaccessibility of Cadmium and Zine in Pakchoi «««-xeoveeererresenssmsenenenininiine WANG Lin, GU Peng-lei, LI Ran, et al. (2944)
Mercury Distribution of Benthonic Animals and Response to Mercury in Sediments in Caohai Wetland, Guizhou Province -+ XU Yi-yuan, ZENG Ling-xia, HE Tian-rong, et al. (2953 )
Discussion of Emissions and Health Risk of Polycyclic Aromatic Hydrocarbons (PAHs) from the Retreading Process of Waste Tires »+ FU Jian-ping, ZHAO Bo, LI Yu-qing, et al. (2963)
Spatiotemporal Dynamics of CO, Emissions in Chongqing: An Empirical Analysis at the County Level -+ +++ SUN Xiu-feng, SHI Kai-fang, WU Jian-ping (2971 )
Impact of Size on Environmental Behavior of Metal Oxide Nanoparticles —«+oveeeeessesrerssssemenensiniiiii YAN Yu-peng, TANG Ya-dong, WAN Biao, et al. (2982)
Fate and Toxicity of UV Filters in Marine Environments —+-«+«eseeeesresessesssnssneneninnnininsnnsnss s 7ZHU Xiao-shan, HUANG Jing-ying, LU Xiao-hui, et al. (2991)



	封面
	封面
	中文目录


