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Source Identification and Spatial Distribution of Heavy Metals in Smls in Typlcal

Areas Around the Lower Yellow River [ & ' ,-*"f
YU Yuan-he', LU Jian-shu'**, WANG Ya- meng o ! .
(1. College of Geogrq.phy and Environment) Shdndong Norm'dl Umverslty, Ji'nan 250014 "Chlna; 2.'Staté Key Laboratory of Estudrlne
and Coastal Reqearch East China Normal UanPrSlty, har}_gh‘al 200062, China) 4/ Fa - i ,.w"

Abstract: A total of 234 surface soil samples (Oﬂzo “em?)- weée collected at the nodes/ of a2 x 2 km grld from Gaoqing COunty (a typl(,al'
area sirrounding the’ Lower Yellow River), and analyzed for elght heavy metals (A8, q& Cr, Cu, |Hg, Ni, Pb, and Zn)". This study
investigated the|sourceof the heavy metals [in this area hased on a correlation analysisi"BCA, and ANOVA using multivariate statistical
analyqls In addluon, =the spatial variation|and distribation ‘characteristics of the heayy metals were determined by geostatistics based on
GIS/¥The .results prOVIded the: following conclusions. @ The meén ~goncentrations of As, Cd, Cr, Cu,"Hg, Ni, Pb, and Zn exceeded
the ba(’kground values (BV) of the Lower Yellow River, esper"lally for As, Cu, and Hg (1.23, 1.20 and 1.29 times the BV,
rebpectlvely) indicating that there was enrichment of the heavy metals in soils at different degrees. @ The results from the multivariate
analysis/suggested that all eight heavy metals could be classified by two principal components (PCs). The levels of As, Cd, Cr, Cu,
Ni, Pb, and Zn were dominated by human activities and the parent soil material (PC1). However, Hg originated mainly from textile
printing, petrochemical engineering, and plastic processing (PC2). 3 The differences in heavy metal contents between different land
use types and parent soil materials were obvious. The eight elements were highest in land related to urban construction. In addition to
Hg, the remaining seven heavy metals were highest in soils in the lacustrine deposit. @ The spatial distributions of the heavy metals in
the soil were different. The high value areas of As, Cd, Cr, Cu, Ni, Pb, and Zn were mainly concentrated in the central urban and
southeastern areas, while the high value areas for Hg were concentrated in the southwestern and northeastern areas. This showed that
industrial emissions and agricultural production activities caused the degree of heavy metal pollution in the soils while traffic emissions
aggravated the levels.

Key words :soil heavy metals; multivariate analysis; geostatistics; pollution source; spatial distribution

Bt DO AT AL A Tl e e, K& A E BIH, T AR PURRR ELME AR, v AE g
LB A L8, SRR AL rRC IR AR 8, B RCh IX B A5 o i AN ) 224
=, iﬁ%ﬁ JRISYLAEE Mo S IR AR R B
ERPOT. L RILHEMRER, AChEmEs @ ———————— ‘

Tiﬁwﬁﬁ BORBHE LI LHESRE  BRmA WA AT 1601555, 41701600) ; U
R AT DL AR g FRAR R, i HL AT HAAPHEREG I (ZR2016DQIL ) 5 101 H1 i f 2 [ 5

W S0 A TP 3k 42 39 H (SKLEC-KF201710)

PAIIRA KRR Y E4E, 2 geil o KR AL fBERE: Toos(1993 ~), 5, BUERRE, E2 0Py 1
SIS PR, E-mail ; yuyuanhe@ stu. sdnu. edu. cn

é'/ﬁ\\ @%%)\\ ﬁﬂk*;ﬁm%@?éﬁ%}\%@% 5%5 # JBIE1EH, E-mail :lvjianshu@ 126. com



2866 AN 5%

B 39 %

ST SR R E IR R R
M EENR. R SR A A RS R EE R TN
T BRBUR R BT kU, IR AR E
oy FOR A A ML M e, b R e
i, BV R R S R T B L BT R
AL R B B S SRR
Wik e, NI sl 3 v e < Jim ) o AR
SR, AR RS TR, Tk =R LUk
AL IR, L 2 F ARk N T G o
TR . DR, of R v T G 04 SR YR A T
SRR LI, ZIugit o (H S Hr . o
i) EFER T E G R E AR SRR A AL
Jrik. AR, BMARERZ 0T ITRE ) TIZ
iz FH B e DO AR 2B b TR G Ok TR Y R
B0 GRS S R ORI T RS SR (R T
FASS T2 (B 000 5 A0 5 P 20 B 5 T LA 3%
PR AT AR L+ 18 i o 4 i 114 45 ] 25 4
FIAR ST | O BEXT + e T G 2 (] 7 A BEAT WAL %
k. WL, 2T S G AT RS &
A Bl TR L T G AR U b S A G A WA

AR, A R+ YT 4 R R T K

%%m%@@%ﬁﬁk§%¢TIﬁﬁﬁgﬁﬁ
Hibg, Xﬁﬁ(ﬂf{ﬁ?f&@i%gi\}g R e Hﬁ?ﬁ%

= Wl A R TR R LT R

B P8R B 2k B, O g
AT - e 8 5 el fe 5L K2 Tl i o e
HA TR UM B (B, 5 75 50 T O R,

T TR B AR R IR, LR = A
WY T IF % X, Al R4, Tl 11265 42,
LR | A T R A4 . % T Ik,
A S LA B TR R X 5 7 LR ], R R
ST 234 A EHERE A, IEN T 4 R T K AT
WK, AR T4 R BER L e 4
JE AR, I FH 201 2 7 2% 437 (ANOVA) X A8 [l
MR PR | R 1A T 2
AT BRI, LABS 5 1 SRR\ 5 PR 22 0 T8 4 22
SEVERGI ;32 LGS DT BT T 8 R A Jm 2
LA FAE , AR IRIE X ST 4 1 FRBE IR
Wl | TR R i

1 #Me5EFZE

1.1 W XA
o ST R, IR TS AL, He
FHARARA T 117°337 ~ 118°04'E . 37°04’ ~37°19'N

ZIE, RVETEL 47 km, FEILK L 26 km, 0 A
830 km*, SEPKJECIR. WFSE X B S PR, Hh
A PEAb ) AR R R, PR 12 m; HbAb ARG IR
hRAIX (T Gttt ) . Br PR BA X (T Sty ) (7
B, A RISDURR A — &R 4. BE LB A= 5 S
REMFHE, YA RS L. Bt
PG e Ay | R A A, 20 s
RIS WA FMR R, TH5E X R 7 i
R Rl RS, AR 13.4°C, R K &
598. 1 mm, %ﬁ/ﬁﬁ{i, ﬁﬂﬁi?%ﬁ‘ﬁﬁﬂ, o IX
WrREEE, WA E, ERE A, KA
WM 3 AN, JE AR A Tl

N

>z

37°20°

+
+
4 +
+ + + o+ o+ o+ + +
IR SR S I *
T I R I I I *
37710 B S +
A I I +
R S I T S S S 1 + Y
B i *
o T S -
A
o

a0 |+ FERL 0 5 10km

117°40"
1 HARERRESRME

Fig. 1 Location of the study area with sampling sites

1.2 FESLCRAES DA

SRR R IAS A AL S5 A 3S R TR
FE. S NTEHIFSEIX AR R R
Femt b, FIFA ArcGIS 10. 2 BAFHEHR 2 km x2 km
FRIU IS HEA TR AE S 15, 3k 234 ASRAE RS 7
KAE SR R 2 SR, EECRAE 0 ~20 em
HRZ T, FRIRAE, BATEMALE, MR
REBERT 1 keg; HIERES 20T 200 A RN il
g, 20 H (0. 84 mm) J& Je b & Bk 24 ) 4000 25 ik
P, BRI 2R/ T 100 H (0. 25 mm) £
M. BIERERZHA)S, X As, Cd, Cr, Cu, Hg,
Ni, Pb 1 Zn W& AT T, b As| Hg 19
P ok PERSEE JF 28 Y66 F (PF-7) I 5,
Cd 115 5 2R A 85 - J5 1 W 0oy 6 6 B I (Z-
2000, HITACHI) %, Cr. Cu. Ni, Pb 1 Zn HJ &
it AT RIBOETE L (Agilent 200AA) T5E. 43

117°50°



6 TIORAE BT e st DX S T < R DR AT K s [ o3 A 2867

BT R S PR gl 438 5 ik 0 At B A
F 2 B R R — 0 SR EY) BT (GBW R4 ) i
ATRTES, FFRIAE i 0T d e A A T 7™ A 1) Bl AL 2
S H SRR, KGR A i gk
1.3 FdRAb3 s ot

A GRS - e T 4w % 1 A g AT
il SIS i E, pRifE2E | 28 S AR B, AR Al
SR EGT AT, I TN R X 2 0] 4w
2T . BRI R T A
M2 TG 7 X 8 4 R R IR AT AT, SRS R
BRI R )T 220112 (ANOVA ) SFAS[a] 4 b ) FH 28 584
R BB 2 () 4 e B i 22 e AT A DLk
it W I H B SPSS 19. 0 B fb b4y, 78 S sR A4
G RN v AR A (53 R GS +9.0 Fil AreGIS
10. 2 GE AR AT

2 HFR5ITE

2.1 FAJEITCE MRS T
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mg-kg ™. BFFEIX 13 pH (HAYTE N 7. 68 ~8.61,
SERRE. AHOCWFTE R, TERRMESE T, DIEE S
JBAZ G R TR B I RS, L A
JE R ARSI 8, U AE R 5T (X Tl Ak A
Wi R R E ST, R RSN E &R T
LRS00

AE S RBON AR S LE, AT ERAR
Gi— RS HR HEAT HL A Wilding!™' K5 725 57 28 %k v
FURAR R 43 Ry v BEAE 57 (CV > 0.36) , T 4578 57
(0. 16 <CV <0. 36) AR5 (CV <0. 16)3K 3 4>
S BT K AR As, Cd, Cu ALHE R 2
BOIIH 21. 1% 20. 9% . 17.0% A1 33. 1% , & T
HRARSSE S Gr NI Ph I Zn 3R IR s
B Hg W75 RO T M E %, % 5 H s
PHE 5 LA RAR L, LT He 7 A4 250
B SZ S TS W 1 M85 ET KU
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. v = | F1 BESLBESEMEMSITER)
,H = & Table 1  Desetiptive sil;iisti(:;;gﬁ-ﬁé-;vy metals in soils from Gaoging County
wam 4 TR R e e g OPREC SOMRERTRI MR
y /mg-kg /mg-kg /mg-kg /% /mg-kg /mg-kg

As 8.20 ~22.60 12. 68 12.30 2.67 0.83 0.69 21.1 10.3 40
Cd 0.09 ~0.31 0.16 0.16 0.03 0. 68 1.27 20.9 0. 141 0.3
Cr 31.80 ~96.70 70. 38 70. 30 6.62 -0.40 5.64 9.4 64.5 150
Cu 17.10 ~38.90 25.87 25. 60 4.40 0. 56 0.04 17.0 21.8 50
Hg 0.01 ~0.12 0.04 0.04 0.01 2.58  12.19 33.1 0.031 0.3
Ni 22.30 ~45.80 31.58 31.50 4.07 0.41 -0.01 12.9 27.6 40
Pb 17.70 ~32. 60 23.08 22.80 2.82 0.57 0.28 12.2 21.4 250
7n 50.70 ~102.70 73.51 73.00 9.70 0.32 -0.13 13.2 63.8 200
pH 7.68 ~8. 61 8. 18 8.05 0.17 0.072  0.215 2.0 — —

1) R AT KR

2.2 EAE SRS HALM X A

el B IR S Jm P 1y S A A X
TR (£ 2). R 2 ATLIEH, HF5EIX As 19°F
Yyt 2 T HAb M X, Sy HBRTAY 2.5 £%; Cd
-2 & AT H IR, i, Alicante . Ebro
Zagred | Galicia, Kavadarci I Ireland = At X
Cr AP35 BAUR T4 b, L HAb X AR, 5

Ebro B2 {H &3k 50. 11 mg-kg™'; Cu W FH & &S
EH O NEE YT, IEET ., Alicante FLHIEIT,
fI&F Piemonte , Zagred; Hg AYF-3{EHMH BAK TR &
B X, IEZ T A Ireland, 5 H BT, B &
Duero 1 Ebro W2 ; Ni fEHE&E S EH S
HHAMIT, BFEMCT Piemonte 1 Kavadarci; Pb [1)F
W E T HIRT AR BT NE R i
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Table 2 Mean heavy meltal contents of Gaoqing County compared with typical regions in the wm‘ld/mg°kg’1
X As cd Cr Cu Hg Ni Pb Zn SCHR
R 12. 68 0.16 70. 38 25. 87 0.04 31.58 23.08 73.51 PN
H R 5.04 0.2 54.09 17.57 0.04 23.52 27.78 63. 1 [1]
B H — 0.13 68.28 22.97 0.037 29.36 28.4 65. 81 [22]
HM T 10. 19 0.1 27. 61 16. 74 0.22 14. 89 44. 66 57.21 [13]
NEE — 0. 046 55.01 23.94 0.07 29.37 27.37 65.12 [23]
i ST 7.85 0.136 — 22.4 0.073 — 20. 4 69. 8 [24]
EET 6.16 0.15 57.77 21.22 0.08 25.04 18.8 69. 96 [4]
Bl — 0.3 77.2 33.9 0.2 38.5 35.7 98.1 [25]
Duero — 0.159 20. 53 11.01 0. 0421 — 15. 08 42.42 [26]
Alicante — 0.34 26.5 22.5 — 20.9 22.8 52.8 [5]
Ebro — 0.42 20.27 17.33 0.0356 20.5 17.54 57.53 [27]
Piemonte — — 46. 157 58.309 — 83.163 16. 101 62. 683 [28]
Zagred — 0.4 54.6 56.1 — 35.2 23.2 77.9 [29]
Galicia — 0.31 54. 1 20.5 — 23.5 11.7 98.7 . o "'f3o]_
Kavadarci 8.5 0.32 50 30 — 74 I 21 56 30
Ireland 10.2 0.326 42.6 ~16.2 0. 086 17.5 & | 24.8 62.6 [32]
1) — R 3R T A M B & . xﬁ.;“'
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Table 3 Correlation matrix for the heavy metals in soils from Gaoging County
As Cd Cr Hg Ni Pb Zn

As 1

Cd 0.709 = 1

Cr 0.635* 0.513 ™ 1

Cu 0.885 ™ 0.685™ 0.641™ 1

Hg -0. 006 0.018 -0.025 0.011 1

Ni 0. 805 ** 0.611 ™ 0.871 ™ 0.825™ 0. 044 1

Pb 0.799 ** 0.641™ 0.557 ™ 0.835™ 0. 062 0.744 ™ 1

Zn 0.875 ™ 0.719 ™ 0. 665 ™ 0.915™ 0.078 0.736 ™ 0.820 ™ 1

Fe, 0, 0.930 ™ 0.726 ™ 0.727 0.937 * -0.025 0.861 ™ 0. 856 ™ 0.934

MgO 0.853 0.729 * 0.631* 0.850 ™ -0.018 0.842* 0.763 ™ 0.890 **
Ca0 0.819 ™ 0. 658 ™" 0.582 ™ 0.780 " -0.115 0.700 ** 0. 660 ** 0.744 ™"

1) = F/RP<0.05, = = F/nRP<0.01

2.3.2  EWSTHr

FERI TR SRR IR A RO,

R4 EHIEERECT 2 N ESRS, BRTTEE R
81.3% , BiHIX 2 A~ F s IR 70T DAFEAR s e 8 Ffp
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Table 4  Factor matrix of heavy metals in soils from Gaoqing County

iy PCl1 PC2
As 0.925 -0.044
cd 0.763 -0.020
Cr 0.711 -0.107
Cu 0.942 -0.020
Hg 0.030 0.994
Ni 0.924 0. 040
Pb 0.876 0. 047
Zn 0.976 0.057
T E BT % 71.2 10.1
Rt 2= TkR/ % 71.2 81.3
R E B

B—F RS (PCL) B ZTTHR N 71.2% ,
As. Cd, Cr, Cu, Ni, Pb Fl Zn &YX F #5435 R
0.925, 0.763, 0.711, 0.942, 0.924 . 0.876 #i
0.976 ; AR, XLEILE G Fe,0,, MO il
CaO ZIRIMHHSC BB R, — Mk, Cr A1 Ni &
T [ 1 - AU P Y D (R T AT
AT FE ML s BP0 R 1 KA O ek
JEEXT Cr A1 Ni 2 B2 5 TAR IR 4 25 LB A Bl

RERH 5 72 A 0 5 6 R St ) | AT

BURHR R Fiack T, B He DUSNIO ST 2T
¥y ey Bl A+ HETH ket R A N
S WL RO, AR Y 2 A
GIRRPHT, 4 He T H 5 Cr Al N 43— 4,

il i B ez 2 2 ook sl 2

2 X I e T 4 0 B OE b K el
Cr. Mr}-\" Ni. Zn\.As A Cu M H SR TEH F; Nanos
LS S PUHEF (RS KB, +3E Co, Cr, Mn, Ni
MV &R EMERRP & &, XEEE
FESEME R SRS v & B o T AR &
A2 PRt RaEh + SO A ) e S T O S T A
M- 5Ergps5s A, Cr, Cu, Mn, Ni 55 Zn =237
F BRI B R 45 1 ZE 05 0 e O i
IKHEIE X B BFFT W, Co, Cr, Mn, Ni fl As £%
ZR B QAR R B, Ht, WA
As, Cd, Cr, Cu, Ni, Pb, Zn W& EZE| AT =
A

As, Cd, Cr, Cu, Ni, Pb  Zn A9 F-3(H = T8
R R, RORMES N REM 2,19,
2.20,1.50, 1.78 . 1.66, 1.52 fl 1.61 f% (% 1),
PR L U 27 1) A 2RI6 Sh R IR AR 2 98 AIESE T
X — L XA e DR X BT R, Cd
As. Pb, Ni fil Cr EEZI5KHER . T A4 =il

HERT IS 3 Franco-Uria 2570 F1 ] 35 i3 0 M it
PUBEA PUALI S 1Y 1 4 R B AT TIFY, R
Cd, Cu, Pb Fl Zn EERBEF AKG SN, Lv %2 %
BRI &AM, Cd, Cu, Pb Hl Zn Z 5| HRF
SO T AR | A& E HE RS TG sh AL R s s X 8
SIS AE R R K X 9L R W], Zn, Cu,
Cr, Pb, Hg 1 As FZZ R MREEE N N TE S
AU

R TR, SigREMame T 2mE
ELORg 7=l 25 SUHE I 1 K R0 il Ak T HE Y
“SRVHPEA KRB As, Cu, Cd, PhEHESERE.
ISR B 18 A HE O IR SR & Ce AT N,
AL A KA DTREIEA L3, B Tk HE O 2ok
U5, mH Rl kIR, AR TE, HIA
TRAHERL . R G B B B2 S8 Ph | Zn
SERITEMEEFH. RYE Chen 4 %ﬂ Ty EE
FOBFSE, EHE P bR BRI B A A R
T FZ . BIF g8 A A mﬁ%%ﬁﬁtﬂ'ﬁs%
J7, BB A B T P S T
SRR 240 | B R LR A SR
HE; BLIRT T 2000 F JF R T 4 HTAS IO S i
R % B MRS -4 P B b )

WL KB, ARl % B
KR T E—. BIIIK K ) R R LA VILLA, 6
fh, IOk, IR, RE | WTRBS RN IRR
W, RRK B A2 | AOIE (BERRER AL | AR
ENEFA AL EL) , Sad K utEpg &, Bl
B As, Cd, Cu Fl Zn W R4 BAh, X E
Bl &3k, Cu il Zn #AE N & & BB IR, B
Cu 1 Zn TESN YR NI AN 2 4, 95% LA BB Cu
N Zn ARSI Lu BRI
FEALHUI X A A Cu, Zn 00K FERET
FREFAR 25 it FH . PRl 1t FH 30 4 20 25 HILIE ]
FE AR Ca M Zn SRR FTF L5 R, AT
ANJ PC1 Hf) As, Cd. Cr, Cu, Ni, Pb Fl Zn Z %
AR S MG Sy L [Esem, FHorh A283 3 3
FFE T | A HERCR LB A 25 Bt .

B RS (PC2) R T T 219 10. 1% , Hg
TE PC2 {Y R T304 i3k 0. 994, H. Hg HJ-FH{H i
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ST R KNSR He 31 2 BRHERE
T 60% ~80% ; Ly 21 Xt g WU A BF 58 v &
B, Hg AT REAIR T 3E4E | v 4 AT R ad 7 rhr
AR ; B AR X3 TENT AT TP R, Ak
TR IR 2 He 9 2RI,

He AT REA ZRCNIR, 4ol A =%t He & &Y
M /N T HE T R I R BRI, 45 4UIR
A TR SRR E B EE T, R
SE He A RIEINE WA NI 5. R, B9
X AT ERELTEL | ARl TR0 DA SR 45 AR 2 R Y
Al xR a4 He FLE A E . Hg
EFERA T ARNERITER, W —FhEfE
WEETG Yl , — 2 ESA R Re e R P AR
FIWEZ A, RS R TRIIEMEREA £
g, FTIACH PC2 W He E SR IE T4
21 A AL TR 15 A5 Tl 3 5. :
2.4 RIFI A TS 5 R B R 1 T 4
%5 :

- T B £ 2 Bk @&ﬂmﬁ

GE Y- ﬂlﬁll’%iZE?/T S T % 7 g

(ANOVA) R ALl 42 ﬂﬁ%wgruiﬁ
IR T i e (e 5. T LR
i, PRt -L A e

@iﬁ;%ﬁ% As, G, Cr, Cu, Hg, Ni. Bb Al Zd P-4y )
agfw%ﬂ%ﬂﬁﬁ%LWmﬂ %ﬂﬁgﬁﬂf“

% 18, 45/, 0.2, 77.62. 34.47 . 0.065. 38.84 . 28.33
F190.63 mg-kg ™", RS TF HA 1 MR 56
%ﬁ%@&m%%@@%%%ﬁ%%&ﬁ&%;%
A, AR R AR b %) 5 4 S T 2 e th R A B

CIN *%@m F B T A A A AR
Ry FEE SR ST uiﬂﬁﬁwﬁ%mi
ﬂTHﬁFmA*&mm%m T
— B S T M > AR R > B

FERSA BRI T, ASRIRE B A ) T4
WAAEZESR. As, Cd, Cr, Cu, Ni, Pb Fll Zn SFH#5 &
Sl R R R AR B R B Y, 4y
WK 14,18, 0.17., 75.67. 29. 14, 33.62. 26.53 Fi
79.99 mg-kg ", I P RE ), ULRH X L
JCEAZ MU el s SR . IR AN BT AR
Yk & R e A He SF34 & 20433230, ol
ErE2ES, U He AR Z AL R R AR, A%
HREF R A AR E 2(b) ] SR A B IR A8 [\ 5
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A AR Bl o v (L DX S 5 WA AR o 3 AW 5, e
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oA Ko],mogorov Smlrﬂov( K-S) Tﬁ%%%ﬁﬁﬁ
Emﬁﬁﬁ%%ﬁmﬁﬁiﬂnKSﬁy%%Gf
Cu., Ni, Pb' FhzZn 7% E%ﬁﬁ Tﬁﬁﬁﬁﬁﬁ
%ﬁﬁgﬁm mﬂngﬁﬁﬁﬁW%Fw%ﬁm
A, SRJE AT S R A R 5 PR AR
BB A AR R BRI
B, FESBAE RS HE(C,) . HEMH(C, +
C) . ZEFE (Range) . PLE REL(R®) FIZk 22 (RSS) 4.
P HERMEGHEMILEL C/(C, + C) 1IESH
(o2 18] [ AH S, AT LA e [ 8% RN TR 251 1

o) A
T B

I i
L sy  ESIUIVUEE  ESriulian

[ WEHy i

7 (b)
A
0 10 km
A B A
E [ Sl B

B2 SEEIuA ARG GRAER

Fig. 2 Land use types and parent material in Gaoqing County
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®5 THAAMBREIERMFTESRER /mg-kg™'
Table 5 Result of ANOVA for the heavy metal contents by parent soil material and land usage/mg-kg ™"

WiH B3] S8 As cd Cr Cu Hg Ni Pb Zn
Jeo— JiFE 16.1~20.9 0.15~0.31 47.6~85.5 29.8~38.9 0.03~0.07 34.6~42.3 26.1~31.5 80.8~99.7
(n=11) FIME 18.45° 0.2° 77. 62 34.47° 0. 065° 38.84° 28.33* 90. 63°
Frifi 22 0.45 0.01 3.26 0.92 0.003 0.63 0.58 1.59
[ — JifE 9.4~15.7 0.11~0.2 61.2~77.2 20~32.8 0.02~0.1 26.1~42.5 18.3~29.1 59.4~89.2
B (ne3s)  IMH 12490 0.15" 69. 62" 25.67" 0.043" 32.23" 23.15" 74.11"
FrifiE 22 0.29 0. 004 0. 65 0.55 0.001 0.62 0.42 1.2
JiE 8.2~22.6 0.09~0.25 31.8~96.7 17.7~38.2 0.01 ~0.12 22.3~45.8 17.7~32.6 50.7 ~102.7
(ffflgs) FYE 12.37° 0. 15" 70. 1° 25.4° 0. 038" 31.58 23.08" 72. 4%
bt 22 0.18 0. 002 0.47 0.3 0. 001 0.27 0.18 0. 68
- JifEl  8.2~16.4 0.09~0.2 53.4~71.6 17.1~32.3 0.01 ~0.07 22.3~37.5 17.7~26.3 50.7 ~81.7
(;\;213) FEME 11,310 0. 144° 66. 29° 23.13" 0. 038" 29.31% 21.34" 67.71°
brifE 22 0.29 0. 004 0.55 0.47 0. 002 0.56 0.33 1.14

JEE 9.4~22.6 0.11~0.25 67.8~96.7 21.7~38.2 0.02~0.06 25.9~45.8 20.1~28.7 62.6~102.7
YA 14.18° 0. 170* 75. 67* 29. 14° 0. 036° 33.62° 26. 53¢ 79.99°
bR 0.42 0. 005 0.88 0.57 0.001 0. 63 0.36 1.39

bt Y
BRZEs (n=41)

W 8.2~20.9 0.09~0.31 31.8~85.8 17.7~38.9 0.01~0.12 25~42.5 17.9~32.6 53_k<99.7
FHE 12,66 0.157" 70.11" 25.76" 0. 038" 31.67° 23. 18 " g9 4fF
b2 0.22 0. 003 0. 54 0.35 0. 001 0.32 0.23 0.7

1) RVNG F R 0,05 A 1257 8 ) g I 7

1 4 "‘.-""

JH. #5 C/(Cy+C) <0.25, KMERMERES  To, BAKABAEENER. As, cd, @l e,
LA b 5ok g e FLAT S AL AR ek e Ni L P A Zn 0 B B A ML Co/ (€, COALY )
0.25< 6,/ (CA+€)/<0.75 I, B AL AERTE 9 0.564.,0,528. 0. 520°0. 674, 0.692, 0. 37251
“STANE G  5UC,/ (€, + ) Z0.95 Iy BSeds 0,545, A0 0,25 £0.75 2 [, AT 475 g

LR RUIEAS
(n=150)

P TEY SPE SEEERPETE: PP £ S N e (2 Il ER Y R NEP
CRES e TUEDEE T S IR < 7PN -2 I N PL = P S S TR AL

2 SRR B A 2 ST A FE 6 L e M SR W 5 M 38 G /3L 72
Cu /Pb Al 7n 25 5t MECRIE BRI RF 240 [Co/(Co+ O TRT 0.75, BU Hg SR LB T
B, CAA Cr P ArBRRBIAY | As, Mg FING PR LTS HeSRBEIL P 38 71 1 2 )28 5 . 23 Y
R, A AUE A T2857 ~51100 mz 3k, AR ASEAR , BE G E A 5 A A9 7 A 4
], B REONTE0.420 DLE, HERETIrdsin A

®6 ITEESESETRRAYRESIT

Table 6  Variation function model of soil heavy metal content

N - PN, A YT TRER | RERR | RETS
A o (Cy) (Cy+0) [Co/(Gy +0)] /m (R) (RSS)
As Gaussian 0. 034 0.078 0. 564 7326 0. 867 0.0149
Cd Spherical 0. 054 0.114 0.528 51 100 0. 891 0.0147
Cr Spherical 0. 030 0.632 0.520 51 100 0.925 0.0297
Cu Exponential 0. 688 2. 109 0. 674 18 780 0.877 0.0124
Hg Gaussian 0. 002 0.016 0. 860 2 857 0.420 0.03278
Ni Gaussian 0.117 0.610 0. 692 3810 0.714 0.007 17
Pb Exponential 0. 365 0. 853 0.572 20 100 0. 898 0.012
Zn Exponential 0. 468 1.036 0. 545 24 750 0. 875 0.022 6
2.5.2 HGJE SR AR IE SO A WFFEIX 8 v el 42 Ja 19 25 (8] 73 A FRAE (&1 3) . BT 3

A S FH 3 v LA e AT A 1) 4 (R ATLIE S, As. Cd, Cr, Cu. Ni, Pb. Zn MBS {E X3
ghh FRAE R RB RS R, I ArcGIS 10.2 158 A TEE R R MAR . 454 xR H AR+
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(a) As & fit/mg kg™
[19.00-10.74

[ 10.74~-11.85 M 14.06-15.37
[ 11.85-12.96 HEM 1537-17.55

B 12.96-14.06

(d) Cugy fit/mg-kg™'
[119.33~21.88 M 25.62-27.55
[ 21.88-23.75 M 27.55-29.76
[ 23.75-25.62 [ 29.76-33.79

() Pbg fit/mgke™!

[11897-2067 [N 23.33~24.54

(b) Cd & fit/mg kg™’

[ 0.118-0.133 [ 0.157-0.168
[0 0.133-0.146 [ 0.168-0.180
[ 0.146-0.157 | 0.180-0.205

(e) Hg % fit/mg kg™

[ 10.027-0.034 B 0.040-0.043
[ 0.034-0.037 [ 0.043-0.047
[ 0.037-0.040 M 0.047-0.063

(¢) Cr fit/mgkg™!

[ 63.00-66.37 [ 71.39-73.84
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2 o]
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R
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- —_ 5 | I N|ir I-r v . ‘ L ol ‘J i +F
J Py = - . HE3 tEESRERTANE [ © i
i I L ! a
% I -

I Ilf-_fd
i

YR s A
R T 1 2) | L TE R T 5 15
SR 1 P A AR T A X S AR — B PR
R T R X 7 LB EE M, 2SR
FTAL Tl B4 TR IX, T Hesie ik
REBEOK | R B Rk 7 A PR S0l e
SR AR TS, T A R R S R S R R
X, A IR IR RE R R . 7
WATTUR R 3 0 Hrh | e T 2 P4 i 1
B T4 P RIKE . S UBIRIGEIX As
Cd, Cr, Cu, Ni, Pb, Zn FEZ NG AR L1
AL ) 5 00, 3K 5 T 190 7 S RBCA BT 45 SR A
—3

Hg (475 111X 3 25 4345 F B 51X 76 7 30 A1 45 It
. PG S O 0 B DA G g S S L R
B EIPRHIN T A S IX BRI T 2R A
ARSI, T HE B 75 K 2% X /N
B GY HAH F K AR EIE Y. R

"y

Y

i 1
Fi;g““.”3 é}_ﬁtiaﬂ é}tpﬂ{.u ion-of heavy metals in soils

(ELIX 55 R ) T XA ) 5, R i FE L 7
TIZIX. — I A TG 5K . Tl 5 K R 73 HE
AKFW, 3 —T5 w4t AL TSR 9 He o m]
S R RRICRFEEA W], B2 Hg S8R 2.
XU Hg 82 ARG SEm, S5ijC2iosit
OIS R AR — 2L

3 g

(HEHEASFIHER4SE SRR TEHE
FObREE, (HHS R o T WY R, Ho As,
Cu, Hg WP & &0 5 04 AT REM 1.23,
1.20 A1 1.29 £%, ULBIBFSE X+ 38 4 J@ A7 72 AN TR
RN B LA,

(2) HIEE S B R IE AT 4 A IS As, Cd, Cr,
Cu, Ni, Pb, Zn Z B &+ 8T 5 ARG B G
iy, e A AR 32 AL T AR T B A8 HE
Hg FZORIE T YRR | 25 2UM4E T4 Tl HEL.



6 FIOUHRAE . BN ALY X

SR S T R SR R AT S S

(8] Af 2873

(3) AN [ ) T2 R R ol A B o v 9 B 485 i
SEZSME. As, Cd, Cr, Cu, Hg, Ni, Pb fl Zn
TEMCTE BT - 24 2 i 35 T A 25 B
T Hg KIAh, Mo 7 MR & Bk & 14
W2 i A

(4) L3 G Jm 2 W] 3 A 45 5. As, Cd, Cr,
Cu, Ni, Pb Zn 5 ft e {8 X E 25 1E ol kX
ARFETR, T Hg (Y (A X 4345 T 74 e 35 A AR L.

GG YR A, Tl S HERCR A 3 3h
ﬁﬂE’JTéiﬂziﬁ%E’]E GRS
B2k
(1] S, sk, XV, 4. H BT L5 8 4w ke I AR BT X

FEEREIEAT[J]. MR, 2012, 67(7) : 971-984.

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

hazardous risk delineation of heavy metals contamination in

Rizhao city[ J]. Acta Geographica Sinica, 2012, 67 (7): 971-

984.

[ 2] Qishlagi A, Moore F, Forghani G. Characterization of metal

pollution in soils under two landuse patterns in the Angouran

Sources identification and

region, NW Iran; a study based on multivariate data”analysis
[J]. Journal of Hazardous Materials, 2009, 172(1) . “3}41384.
[3] Martin ] A R, Ramos-Miras J J, Bnluda R, et al

relations of heavy metals in arable and| greenhouse soils of a

Spatial

Mediterranean eJiVlronmenl region ( Spaln) J1. (;eodt;!‘mau
#2013, 200- 201 180-188. / .-'_‘.;«*'
[44 Yang P GY Mao R Z, Shao H B, et al. An lnveq tlon on the

udlslnbuuonrof elghl hazardous heavy” metal’g m the slrburba-n
farmland |of Chme_li]] Journal of Haaatdou“s___ Malena]s 2009
“167(1-3) : 1246-1251. v I vJ f

5 ]..a Mlc@ C, Recata‘la L, Peris M, et al.| Assessing heavy metal/

¥ sodtcd & agn(ulturdl soils of an European Medllerrdnéidn area b _,./!

! multlvanate analy%l% [J]. Chemosphere, 2006 65 (59 863-
872.

[6] Sl‘m CY, 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.

[7] 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.

[ 8] ZRaiHfy, DB, JKE, % REMKTLIEMGERESE
S RAHES T (D], HBBRZEAR, 2008, 63(9) : 994-1003.

Cai LM, MaJ, Zhou Y Z, et al. Heavy metal concentrations of

Chemosphere ,

agricultural soils and vegetables from Dongguan, Guangdong

province, China[J]. Acta Geographica Sinica, 2008, 63(9) :
994-1003.

(9] RAZA, BEH, &/, % B MamRKhES R
SRR B A BB WE A [J]. BRIERLA, 2017, 38(3):
993-1001.
Yu C C, Zhao W T, Gao X F, et al. Distribution characteristics
and health risk assessment of heavy metals in surface water
around electroplating factories [ J ]. Environmental Science,
2017, 38(3): 993-1001.

[10] skiB®, I, RhESe, 5. V915X LAl 6 4 g i g

[13]

[14]

[15]

[17]

[18]

[19]

[20]

PIR AR B2 [0 oy AR AR [ ], FRBERL A, 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

Sources and spatial

scenic area[ ] ]. Environmental Science, 2014, 35(4) . 1516-
1522.
SRR, TR, DIV G r R AR R[], Hh BT

5%, 2008, 27(5) : 1191-1202.

Guo H C, Zhou F, Dao X. State-of-art on geostatistical

methodology[ J]. Geographical Research, 2008, 27(5): 1191-

1202.

%‘?Ui% SR, 2, A RIT =AU L 6
e rly 23 )8 SR E——LILR A R A T]. i

}ﬁ, 2007, 44(1) ; 33-40.

Zhong X L, Zhou S L, Li J T, et al. Spatial variability of soil

heavy meals contamination in the Yangtze River Delta-a case

study of Taicang city in Jiangsu province[ J]. Acta Pedologica

Sinica, 2007, 44(1) : 33-40.

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

hazardous heavy metals in agricultural soils of Huizhou,

China [ J ].

Environmental Safety} 2012, 78: 2-8. | 70/

Lv]s, Zhang ZL, Li S| et al. Assessing sp'afial /distribution ,

Guangdong  province, .E(.:.mtuxi'c'alogy - and

sources, and potentlal ecological risk of heavy metals ~surface
sedlments 0f~‘ ‘the Nansi Lake, eastern China [ ]1,." Journal of
Radloar\alytlcal apﬂ “Nuclear Ghemistry, 2014, 29_9(3_) lﬁﬁﬁ—
1681. 4 \ vt
Chen X. f) LugX W, Yamtr G Sources identification ¢f heavy
metals i in/ urhan top%ml}'from inside the Xi’an Second ngrnad, s
NW Chfnaf%lng multivariate ‘statistical methods [ JJ CATENA
2012, 98:°73-78.

S L B ) T 4. /J\ﬁfﬁizlkigiélﬁﬂzj*lm
GMEHEERTRART[J]. SRBERI:, 2008, 29(12) : 349-
3502.

Cai LM, MaJ, Zhou Y Z, et al. Multivariate geostatistics and
GIS-based approach to study the spatial distribution and sources
of heavy metals in agricultural soil in the Pearl River Delta,
China[ J]. Environmental Science, 2008, 29(12) ; 3496-3502.

R, X%, BRI, )P AU R S T e oA

FHIE[T]. HARTEUEEA, 2017, 32(4) : 654-668.
Song B, Liu C, Chen T B. Contents and pollution distribution

characteristics of arsenic in soils and sediments in Guangxi
Zhuang autonomous region [ J ]. Journal of Natural Resources,
2017, 32(4) : 654-668.

Wt , BE, AR, A IR IR T T I 4
JEAUR | 23 ) o3 A B A AR S R PP (1], SRR
2015, 36(2) : 507-515.

Dai B, Lii J S, Zhan J C, et al. Assessment of sources, spatial
distribution and ecological risk of heavy metals in soils in a
typical industry-based city of Shandong province, eastern China
[J]. Environmental Science, 2015, 36(2) . 507-515.

GB 15618-1995, T HEFFEE T RARIEL S].

GB 15618-1995, Environmental quality standard for soils[ S].
ST, AR, RUKE, 4B BRTL =N X Rl +
B aS MIEE R K A RRAE [T ], R FRBERL 7 2 4, 2009,
28(1): 60-65.

Cai LM, Huang L C, Zhou Y Z, et al. The Spatial structure and



2874

E20

5

39 &

[21]

[22]

[23]

[24]

[25]

[28}
i

[29]7

[30]

[31]

[32]

[33]

distribution of Cr contents in agricultural soils in a typical area of
the Pearl River Delta, China[J]. Journal of Agro-Environment
Science, 2009, 28(1) : 60-65.

Wilding L P.
accommodation, and implication to soil surveys[ A]. In
D R, Bouma J ( Eds.)
Wageningen: Pudoc Publishers,
Lv]JS, Liu Y, Zhang Z L,

spatial distributions of heavy metals in soils of Ju country

Spatial  variability; its  documentation,
: Nielsen
Soil Spatial Variability [ M ].
1985.166-194.

et al. Identifying the origins and
(Eastern China) using multivariate and geostatistical approach
[J1. 2015, 15 (1): 163-
178.

Zhao Y C, Wang Z G, Sun W X, et al. Spatial interrelations and

multi-scale sources of soil heavy metal variability in a typical

Journal of Soils and Sediments,

urban-rural transition area in Yangtze River Delta region of China
[J]. Geoderma, 2010, 156(3-4) : 216-227.
Lu A X, Wang J H, Qin X Y,

geostatistical analyses of the spatial distribution and origin of

et al. Multivariate and

heavy metals in the agricultural soils in Shunyi, Beijing, China
[J]. Science of the Total Environment, 2012, 425. 66-74.

Huang S S, Liao Q L, Hua M,
pollution and assessment of agricultural soil
district, Jiangsu Province, China[J]. Chemosphere,2007, 67
(11); 2148-2155. | ;-..- 4

Nanos N, Martin J A R. Multiscale analysis of heavy metal

et al. Survey of heavy metal

in  Yangzhong

spatial variability in thel Duero/ river basin

Gebdemla 2012, 189-190: 554-562,

contents in soils:

(Spain) [J].

.,-"Manln J ARy Ana@ M L, Corbi J M G. Heavy metal% con-rentp in

dgrlt,ultumi tupsolls in the Ebro basin (Spa"' n)l é,gfghca‘llqn of
the multlvandte geoestatistical methods fo stu‘dy 5pdtlal Vaﬁdtlgns
[Jl. hnvuronmental Pollution, 2006, 144(3) : IDOl 10127
chchmelh A, Sdu,hl E, Mallen L. Muhl\janate slatls'glcal and
GIS based apprcach to identify heavy metal sources in soxls[ J ]
Envuronmen].ul Pollution, 2001, 114(3) ; 313 32444 —-"‘t
Solhtt'o D, Romlc M, Castrignand A,

métal contamination in soils of the Zagreb region ( Northwest

CATENA, 2010,

et ul Assessing heavy
C‘roalia) using multivariate geostatistics [ J].
80(3): 182-194.
Franco-Uria A, Lopez-Mateo C, Roca E, et al. Source
identification of heavy metals in pastureland by multivariate
analysis in NW Spain [ J]. Journal of Hazardous Materials,
2009, 165(1-3) ; 1008-1015.

Stafilov T, Sajn R, Alijagi¢ J. Distribution of arsenic, antimony,
Republic

An

and thallium in soil in Kavadarci and its surroundings,
of Macedonia [ J ].
International Journal ,
Zhang C S.
pollutants and their spatial patterns in urban soils in Galway,
Ireland[ J]. Environmental Pollution, 2006, 142(3) : 501-511.
Lv ]S, LiuY, Zhang Z L, et al. Factorial Kriging and stepwise

Soil and Sediment Contamination:
2013, 22(1): 105-118.

Using multivariate analyses and GIS to identify

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.
EXE, W, XIBR, 55 IRAE RIEPoCER &R SRR

MR [T].
475-485.
Wang G Y, Pan M, Liu X D, et al. On the relationship between

R RAEER(ARPBIEM) , 1992, 28(4):

[35]

[36]

[38]

[40]

[41]

[42]

[43]

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 University Pekinensis,
475-485.

FAPRIRAED - SENH, PRS- B, TR LR -
KA, 45 @%%%ﬂ?ﬁbﬁﬁﬂl‘lﬂﬂi&i%%(Fﬂ’é&(’u*féli
BREATH )], MR, 2017, 72(9) : 1680-1694.

Eziz M, Mamut A, Mohammad A, et al. Assessment of heavy
metal pollution and its potential ecological risks of farmland soils

of oasis in Bosten Lake Basin[J]. Acta Geographica Sinica,

2017, 72(9) ;: 1680-1694.

ZRIGE, FAE, W0, & e 0K X Ak HE 4R
Kl 2SR B I5 Y P [ )], A BERk, 2017, 38(3) .
1018-1027.

et al.

Li C F, Wang F, Cao W T,

distribution and pollution assessment of heavy metals in sewage

Source analysis, spatial

irrigation area farmland soils of Longkou city[ J]. Environmental
Science, 2017, 38(3) : 1018—1027

XA, SRR, WAL, AF R RS X R G R T
#r P*l:ﬂ%ﬁ:%mn ﬂ ik, 2016, 37(1) : 270-279.
LiuS, Wu QY, Cao X J, et al. Pollution ‘}.sse.s.smﬁﬁt dnd B\Pgtldl

T

b y N . .
distributionscharacteristics of heavy metals in soils '_of“r‘ coal mining

area in Longkuu City [J]. Environmental Scié‘ncg",‘ 20716, 37
(1) : 270:279. 7 =
S, G, A, &?ﬁwﬁiﬁwiﬁi

”hfﬂkﬁﬁ“&ﬂ%ﬁé}ﬁ I BB, 2016, 37(;) 1938_
1945. 4 U P
Liu W Ya,nc JJ, Wang J, et"al Contamination a%%essment and
sources analyqls of! smj’ heavy metals in opengast_mine- of east i
Junggar’B in in Xlnjlang? . Environmental gmeﬁl(‘e 20|16 3’-7
(5)¢ 193 -1945.

A, S B, . s
23 [6) PR 23 A7 5 20 05 U R Al [ 7).
(8):3144-3150.

Wang F, Wu Q Y, Li J S,
environmental risk of heavy metals in typical gold mining area of
Environmental Science, 2016, 37(8) .

o i o+ el
IR, 2016, 37
et al. Spatial characteristics and
Shandong province[ J].
3144-3150.

Lv] S, Liu Y, Zhang Z L,
analyses of heavy metals in soils: spatial multi-scale variations in
Wulian, Eastern China[J].
Safety, 2014, 107 ; 140-147.
Davis HT, Aelion C M, McDermott S, et al. Identifying natural

et al. Multivariate geostatistical

Ecotoxicology and Environmental

and anthropogenic sources of metals in urban and rural soils using
GIS-based data, PCA, interpolation [ J ].
Environmental Pollution, 2009, 157(8-9) . 2378-2385.

Liu Y, MaZ W, Lv ]S, et al. Identifying sources and hazardous

and  spatial

risks of heavy metals in topsoils of rapidly urbanizing East China
[J]. 2016, 26 (6): 735-
749.

BIEs A% ﬁihﬁﬂ NH % S Ry e A TR SR T
L HSZm R ()], Bi 4R, 2009, 18 (4): 1266-
1273.

Zhong X L, Zhou S L, Huang M L,
distribution characteristic of soil heavy metals and its influencing
factors[ J]. Ecology and Environmental Sciences, 2009, 18(4) .
1266-1273.

Journal of Geographical Sciences,

et al. Chemical form



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


