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Correlations Between Different Extractable Cadmium Levels in Typical Soils and

Cadmium Accumulation in Rice

CHEN Qi, DENG Xiao, CHEN Shan, HOU Hong-bo, PENG Pei-qin *, LIAO Bo-han
(College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: Pot experiments were used to study the correlations between different extractable cadmium levels in typical soil and cadmium
accumulation in rice. To analyze the pH, Cd in soil solution( SSE-Cd) , TCLP exiractable Cd level (TCLP-Cd) , and Cd accumulation
in rice at different growth stages of rice, we conducted pot experiments which selected the reddish clayey soil ( developed from
quaternary red clay parent materials) and purple paddy field( developed from purple sandy shale parent materials) , meanwhile added
with exogenous Cd with the gradients of 0, 0.5, 1, 2, 5, 10 mg-kg~'. The results showed that, during the rice growth period, the
content of SSE-Cd in reddish clayey soil was in the range of 0 and 2.5 wg-L ™", and the average content was 0. 57 wg-L™"; TCLP-Cd
was in the range of 0 and 0. 25 pg-L ™" with the average content of 0. 10 mg-kg ™' ; The content of SSE-Cd in purple paddy field was in
the range of 0 and 1.6 pg-L~" with the average content of 0. 48 wg-L™"; TCLP-Cd was in the range of O and 0.2 mg-kg™", and the

', It showed that the cadmium concentrations in soil solution and the TCLP extractable Cd levels were

average content was 0. 07 mg-kg~
both significantly reduced in two types of soil with the extension of rice growth period, and the content in reddish clayey soil was higher
than that in purple paddy. The TCLP extractable Cd level was significantly positively correlated with Cd concentration in soil solution.
The total Cd accumulation in rice plants gradually increased with increasing exogenous Cd concentration. There were significant positive
correlations between Cd concentration in soil solution and Cd concentration in rice, Cd concentration in soil extracted by TCLP method
and Cd concentration in rice and total Cd accumulation in rice plant. The soil environmental capacities of the two different parent
materials varied greatly,and the safety threshold of Cd in purple paddy field was 2. 06 times of that of reddish clayey soil. There were
significant differences in Cd uptake and accumulation in different soils, so different measures may be needed to control Cd pollution in
different parent materials. TCLP extractable Cd was more relevant with total Cd accumulation in rice, and had more extraction amount.
Therefore, the TCLP method can more accurately evaluate the biological availability of soil Cd.

Key words :types of soil; Cd;growth period of rice;soil solution; TCLP
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Table 1  Basic physicochemical properties of the tested soil

s LT CEC 5 U SR
B FE] );1 oH | !ﬁﬂ,l [ \‘{l Y A s
/g kg /cmol kg /mg-kg /mg-kg ( <0.002 mm)/%
LH 17. 47 7.7 37.63 0.17 0. 043 30. 00
ANy o 22.86 5.1 9.54 0.14 0.072 30.72
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=

in

A R

i
o =

24

(=]

=

AMIEC & ik img-kg™!
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FHEE, 98 M Cd A9 TCLP 2 B & e A

FIEER Cd MR,
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C Lo N IR Cd WREE SR pg- L7 T, AR
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Duncan Z (P <0.05) #4788 1404, i FH
Excel 2010, SPSS19. 0 Fl1 OriginPro 8. 5 #EATAbH.
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HAE T LR Cd M E 4 R AR, 4 e+ b
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I Cd* " MR EE Y TR .

1.8
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S {_
é 1.2 F
§
% 0.9
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Fig. 1 Changes of Cd concentration in soil solution at different growth stages of rice
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Fig. 2 Changes of TCLP extracted Cd at different growth stages of rice

i, R A KRS AR B WA HE K KA AR
Cd B BB ke s ) 4 BE A0 21 s 3l | 520
FH A hin 72 1145, 2L B e P 8 in 172, 28 43%. B &

180

AN Cd B 38N, K FE AR RR Cd BRR i 4 i 1
i, S 24 BEUE N 65. 60 g, 41 E U 1Y
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160
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e ]
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Fig. 3 Cd accumulation of rice plants at different growth stages

4 FW BT Cd F R BBESME Cd Wiy
T i B, A — &b BEAL 2T B PR ok Cd R
TR, ZLE e P RE K Cd & &l 0 ~ 0. 60
mg-kg ', I 0. 29 mg-kg ™' LR HI AR K Cd
SR HE 0 ~0.30 mgrkg™', B AR 014
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Rk Cd R A BRIE M 0.20 mg-kg ™', L #E B+
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mg-kg " REKH Cd B AR,

3 iFig
3.1 JKFE Cd W RFLE BT Cd R
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HEAR THE Y SSE-Cd HRBURR. JrHlasT
A+ A AR Cd BB 5K Cd SR UK
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MK (Riympx = 08075, n = 65 Rigyypy =



2542 7N 55 A 2 38 %
0.6 0.9842,n=6), 5/KFEtEIE Cd R 52 W35 1E
05 *H 9% (Ré’l'é-liiﬁ'cﬂkifﬁ' = 0 647 2, n = 6; R%&%‘iﬁ'aEEIJJOFEi =

0.5963.n=6).

04t 3.2 KA Cd By RS 43 TCLP-Cd #2 U

£ AR

€ GB 27622012 HL & WA K FEHE 1.5 77 338 TCLP 420U Cd ) B it

;-'é Cd &t 0.2 mg-kg™! N
& S TR B TCLP-Cd S U & 57 il
-5 Cd /Y TCLP #2052k Cd & B DL SRR i
th Cd RSB R (B 6). K 6 W FEH,
TCLP-Cd 48 U & i 5Kk Cd & i (Rypmy =
0 1 2 5
MECIA it/mg-ke ! 0.9511,n=6; Rwh,”ﬁ_* =0.916 1,n =6) MI/KFEH
B4 FMARRE Cd kK Cd HRM B Cd R AR R A B IE A O (R e =
Fig. 4 Effects of different concentrations of Cd on the 0.971 0 = 6- Ru{)b“] e -0.976 4 = 6)
Cd content in brown rice
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0.10 | 2
0.05 - 40 |
0 EJ UI.S I.IU I,IS ZjU 2;5 3.IU 315 0 ()I,S l,l() l,l:i 2I,U 2:5 3?0 3?5
A HAR I C AR R it g AR CA Y T i ng
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Fig. 5 Relationship between Cd uptake and accumulation in rice and the Cd content in soil solution
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3.3 AFEFRBO PN B3 Cd BRI R SMEHEZ B DTPA 4R | gl | HCI 25, A8

R G A A A R B AR R R
EEAMOB TSR A T RS R b R]
S R B S A Ns 0 Gl = I (WSS
PR LR Cd AR AR TR 2 I A

FORM T 32 Bl EPA X0 B G R V5 B ik —
TCLP $2H0% LK H FpHrE i H 3R e ok, ok
VAN PR [R] 28 B BE 5T -4 Cd 5 JRI0. X & R
%k H 3¢ E TCLP ( toxicity characteristic leaching



6 11} WRIFAE : MR IR RIS Cd 5K R R SC R 2543

procedure ) HEIGE XTI FE A4 WYL, BEVL bR - 1
4@ A S TR KBS B AT VA B & 300 TCLP %
XF Cd. Cu, Zn B$EIACREGE , H TCLP $2HUiA
MANES RSB S E S E R R B A
KRR TEAMR AR BOT E HE BUSCR AL
AHTE]. AT A S8 W $2 B, TCLP {42 5 Cd
) BT 422 I K R A AR AT Cd By W i X AT E 2
T, BRI Cd AL REINERAE AR TF
THE AT Cd VB XA RTIA S AR 0 & B AE
ARG T AR, AR TR LS
JB ES A, T 12 2 BUAS X M ) A 0S4 T8 1 Bk
FTREAS (5 3 o S i 2 L i A 32, i DTPA 42
BRI T Uy Cd BG4 G2 | WA DL K i 2 46
S, XIS Cd S AR X R AR K
AR, Maiz P50 K, 75 Y £ 3 vp A
KL ARG Wy P Fe . Cr, Ni fI Pb &5+
UM EYSE GRS MAENG G S EMEE H
TCLP 428 Cd (5 57K A8 R Cd AR G
U, AT REIE 2 Tk A B Cd 5 /KR Cd 1
TEARE T, AR B E 4 )8 Cd 7£ L4
A A . RIS A B, 3 Ph, Cd Al
Cu 1Y TCLP $2HUS & & 5K R R AR K § Pb |
Cd F1 Cu Y55 2t Z A A7 00 35 mbi ol 8 1 TE A DG OG
Z, TCLP $EIUA & 2 AR 47 b 3R 7R H 42 Ja fF 1+ 3¢
A A R
3.4 R LR Cd BT S5
AT T — AR TR Cd 15 G4 K AR 2%
RIS, SR T PRI [R5 O ¥ (R R ik &
TR ) R VEN AN R R g Cd AR
WA . W5 R UAEAR RIS T 20808 I b 42
B Cd e B3 TR R K Cd SRt e 4r
BORE S TRV . X AT B2 TN [FZE A LR
B REEFTAN R, fhAS R RE B A Tk A R Y R
AR I B - A P AN R B | BEAR Je A S R 4
JE BT R HA IS Yy Y ar R R R A A
CLEE E R A BB AR B R, R Ll 101
BRI A A7 R 32, T 500 FH B DL 20 1 RS2 A7 | A
Rl R F . ARRIZER R 0 Y A A5 45 5,1
VRS0 (=08 A1) B — SRR DU AR A 5 —
AR AN TR b A R, LR AR, L ANE
TEAns U, PRt £ fr i 4520, CEC & I 2: 1
RIGEE0W (SEMA . PRI FR A ik S D TS
e R S E=WANTR N o) S L E AW s 2
LA, KPR, CEC W CEC Szt + 3 A iy

L faf i, CEC B iy, BB B2 A W B o 42 8 25 1 1 A
(AR L A g =R N0 R P ) R ]
AR FRIAC | X Cd® Al W B i -t 39 BH
FacHt (CEC) 33 hn. AHE 58t & 3,
BT ac i TR 55U P - BEA T Cd W
%, UEHA LR I HHEX Cd® s R EE . R 1
FIE 2 AT LB BEE K REAE B E K, AW
FEEC Cd 5 TCLP $2H Cd py =3 2 F . xn]
fEJEH T, B G KA AR K, + 48 pH {32 i It &
(E7), 557 BERR B EL , B2 0125 e FH 3 pH (H
S ETET 0,13, 0 e H 4 pH HF BT
0. 12. 1M pH {EX - e v & 4 @ 1) 26 0 A 350k 5% il
B BT 3 pH (A AT A G far ) IR
XoF s LE HL AT 9 B 4 i S I R e g 1 i L g
I Fe, Mn %8745 OH ™ 458 iR IELEY)
N 4R TR 2 AW 7 5T AT AR T

T4 Jm B A A U
8.0
[_Jasi .
79 | %ifn'lll a .? T
T N
7.8 - b
- N K Y
77 F \
76 |
i \
T 15k \ T
a
54| T \
T i T
sa b 1 \
5.0 . - -
43 A% R il By

N IR)/ING By IR K R AN [R) A 77 443 ) o
5T+ HE pH H2E 57 W3 (P <0.05)
E7 KEAREEHMHLE pH HTW
Fig. 7 The pH changes in different rice growth period

of two different types of soil

A AP 4R Cd IAREE A B fEAR
6. 4niEl 8 /i , AR 6 i %8 4 E Z AR E (GB 2762-
2012) HLBLE MRS K Cd A FRAE 0.2 mg-kg ™", I
i it 2 LA T N b od 24 I,
LB L3 Cd A= 3.08 mg-kg ™', e
HH R 6.36 mg-kg ™. 2RI H -3 Cd %24 {E
JELTHCIRAY 2. 06 £, R AERG 2 Cd 15 YL Al %2 42 [
B , NRE— ML I8, 3Rk A Y 22 53 X /K A
i Cd BRI BB R L E . AT REEEE R
Rt - RIS A ) 2 S R BSOS [w) e i,
ARG P R PR ) 2T B e 3 rh Cd i A= A ok



2544

w5

B

Ea 38 &

FER(ULIET 1 FPE 2) A b B0 i - S AR Bk 41 45 751
o AR BRI AR MK Cd i A= WA otk ik
M Cd 7K R R 09 SRR, (RE K P Cd 5 4

KR,
0.40
o i"[ﬁil' i

035 | 4 WM
~ 0.30 - 7 =-0.002 52+ 0,057 9x + 0.045 |
o o R2=0.993 4
o 025 f
g 2762-2012 & WG &
= 020 Loooooo o L CABMBUEO2 meke”™
4 02
-
2 015
E ' y==0.001x+ 0.032 5x + 0.033 7

2=09
0.10 R-=09975
0.05
U 1 L 1 1 L
0 2 4 6 8 10 12
ShIECAE it/mg ke !
B8 SME Cd 5HEXK Cd FEXRME
Fig. 8 Relationship between Cd content in brown
rice and exogenous Cd addition
4 Hig

(1) K A8 & W) 21 # g SSE-Cd “F 1 0.57

pe L7 SR H T 0. 48 pg L' 41 # 8 TCLP-Cd

0.10 mg'kg_l ,%‘f/)ﬁﬁﬂ?ﬂjo 07 mg-kg_l. bt

KFEA BT, IS Cd & TCLP $#2HUA
Cd YA R AR, HLAT 2508 i T 4008 .

(2) BEE SN Cd e B RO HE i, K R PR Cd 2R

R BT . 3 Cd 52K Cd, TCLP $2HX Cd

ESES

Cd FR AR Cd SBUE X S 0 25 IE AT G,

A KA Cd Wl R 22 580 5. TCLP 21X Cd
5KHG Cd BRE A ST R SR BGE B, AT DATE
WP 3R Cd A A R

(3) AN[FIBE o 4 S A R 2 AN [, FEBR B I

RS A HER A A BT AN ).

S k.
(1] EEZE, X, FRRE, 5 FWHE R EHh R

(2]

Jo e (Y PR ——2C T A2 I - g i Gk DL A A ) A 6
AR SR B[], R IR, 2014, 33(8)
1465-1473.

Wang Y J, Liu C, Zhou D M, et al. A critical view on the status
quo of the farmland soil environmental quality in China;
discussion and suggestion of relevant issues on report on the
national general survey of soil contamination[ J]. Journal of Agro-
Environment Science, 2014, 33(8) : 1465-1473.

TR, XM, B, 55 PRk m e S G
TG0 RSB AT [J]. PRI, 2013, 32(1): 132-
138.

Gan G J, Liu W, Qiu Y Q, et al. Heavy metal pollution and

[12]

[13]

ecological risk assessment of the paddy soils in a smelting area in
central Hunan [ J]. Environmental Chemistry, 2013, 32 (1)
132-138.

Kk, L, REMR, AR AR H 3 PR AE
BB RET R B m [ J]. HEEREE, 2015, 35
(11) : 3688-3694.

Zhu W, Zhou H, Wu Y J, et al. Effects of combined amendment
on forms of cadmium/lead in paddy soil and accumulation of
cadmium/lead in brown rice[ J]. Acta Scientiae Circumstantiae,
2015, 35(11) : 3688-3694.

SR, ML, RER, F ZAURAXNFEE Cd, As 5
5ZRBEIEEELT]. T EBRERE, 2016, 36 (1) : 206-
214.

Gu J F, Zhou H, Wu Y J, et al. Synergistic control of combined
amendment on bioavailability and accumulation of Cd and As in
rice paddy soil [ J]. China Environmental Science, 2016, 36
(1):206-214.

PNEE, BEANH, TR, SF TR AR B e P T
BrSIvAa[ 1], FREERbE2E4, 2016, 36(11) : 4173-4183.
Sun H, Bi R T, Yuan Y Z, et al. Influence factors analysis and
evaluation of soil Cd in Guangdong Province[ J]. Acta Scientiae
Circumstantiae, 2016, 36 (11) ; 4173-4183.

eI, RSO, JEAL, AF. SMIRBERIECT K RE XS LA Y
FZRN[T]. BRI 2016, 37(9) : 3554-3561.

GuJ F, Yang W T, Zhou H, et al.
exogenous 7Zn on
Environmental Science, 2016, 37(9) ; 3554-3561.

Ed TEEE, WENA, . AR A AR e
SEMAE Cd WENILT]. KL ORFR, 2014, 28(3) : 259-
263, 270.

Wang K, Ning G H, Xie J Z, et al. Influence of soil organic

Provoking effects of

cadmium accumulation in rice [ J ].

matter and chelating agent on enrichment heavy metal Cd of
Solanum nigrum L. [ J]. Journal of Soil and Water Conservation,
2014, 28(3) : 259-263, 270.

fLg, WP, FSCHRE, 4. SN Cd X RS RIS A 1 e
IR ], PEREARNE, 2013, 46(24) ; 5150-5162.
Kong L, Tan X P, He W X, et al. Response of soil enzyme
activity in different type of soils to cadmium exposure in China
[J]. Scientia Agricultura Sinica, 2013, 46(24) ; 5150-5162.
&R, NI, RS, 55 13 Pb Cd V5 Y AR Y 508
I —Cd VSRR K REER A Cd TR m[]]. Rl I
Bheg2g40, 2004, 23(5) ; 872-876.

Zhang C R, Sun Z H, Zhou D M, et al. Plant responses to soil
lead and cadmium pollution Il . Effects of soil cadmium pollution
on wetland rice growth and its uptake of cadmium[ J]. Journal of
Agro-Environment Science, 2004, 23(5) . 872-876.

Alpaslan B, Yukselen M A. Remediation of lead contaminated
soils by stabilization/solidification [ J]. Water, Air, and Soil
Pollution, 2002, 133(1-4) : 253-263.

Chang E E, Chiang P C, Lu P H, et al. Comparisons of metal
leachability for various wastes by extraction and leaching methods
[J]. Chemosphere, 2001, 45(1) ; 91-99.

Yukselen M A, Alpaslan B. Leaching of metals from soil
contaminated by mining activities [ J ]. Journal of Hazardous
Materials, 2001, 87(1-3) . 289-300.

Stouraiti C, Xenidis A, Paspaliaris I. Reduction of Pb, Zn and
Cd availability from tailings and contaminated soils by the

application of lignite fly ash[ J]. Water, Air, and Soil Pollution,



WRIFAE : MR IR RIS Cd 5K R R SC R

2545

[15]

[16]

[17]

[18]

[19]

[20]

[22]

(23]

[25]

[26]

[27]

(28]

2002, 137(1-4) . 247-265.

Sun Y F, Xie Z M, LiJ, et al. Assessment of toxicity of heavy
metal contaminated soils by the toxicity characteristic leaching
procedure[ J |. Environmental Geochemistry and Health, 2006,
28(1-2) . 73-78.

KimJ Y, Kim K W, Ahn J S, et al. Investigation and risk
assessment modeling of as and other heavy metals contamination
around five abandoned metal mines in Korea[ J]. Environmental
Geochemistry and Health, 2005, 27(2) . 193-203.

IMIEDF, EHERS, MREE, S TCLP LT X +3EdE 4 )m
WSTR[ ], BREEREE, 2005, 26(3) : 152-156.
Sun Y F, Xie Z M, Xu J] M, et al. Assessment of toxicity of
heavy metal contaminated soils by toxicity characteristic leaching

procedure [ J ]. Environmental Science, 2005, 26 (3): 152-

156.
S, HERA M), dbat. PER R L,
2000. 22-29.

GB 5009.15-2014. F i %2 F AR ME £ &b B A I 2
[S].

MUHERE, 50T, PRIGHE, 55, B3 h BV 4 B & 2 i 52 [
W], R FBERR, 2003, 22(3) : 289-292.
ZuY Q, LiY, Chen HY, et al. Research on factors influencing
concentrations of Pb, Cd, Cu and Zn in vegetables[ J]. Journal
of Agro-Environment Science, 2003, 22(3) ; 289-292.

B, X, B RHERALTINE IR LA ()], i
K2R A RBIERR) , 2011, 39(1) : 34-38.

Qian B, Liu L, Xiao X, et al. Comparative tests on different
methods for content of soil organic matter[ J]. Journal of Hohai
University; Natural Sciences, 2011, 39(1) ; 34-38.

UM, FESFED, FOEE, S5, RERRONXT E 4 Jm T g LR
JAKREW AL Cd Pb Zn BORENE[J]. Al BT RL 24,
2016, 35(9) : 1653-1659.

Zhao M L, Tang S'Y, Dong H X, et al. Effects of sodium silicate
on soil properties and Cd, Pb and Zn absorption by rice plant
[J]. Journal of Agro-Environment Science, 2016, 35 (9):
1653-1659.

MRk, XL, BR, 48, ICP-OES Yl - e it e 7
A (CEC) [J]. BHRERE S TAR, 2012, 26(1) ; 84-86.
Chen Z G, Tang X M, Chen P, et al. Determination of cation
Exchange Capacity by ICP-OES[ J]. Resources Environment &
Engineering, 2012, 26(1) : 84-86.

WsRan, THE. LTk I e I 1 T MU ZE i 1) vk el ik
[J]. Wkl R, 2005, 25(3) : 43-44, 52.

Yang L S, Yu B. The improvement of using hycdrometer method
to mensurate acidic soil composition [ J ]. Journal of Henan
Forestry Science and Technology, 2005, 25(3) : 43-44, 52.
Zhou H, Zhou X, Zeng M,

amendments on heavy metal accumulation in rice ( Oryza sativa

et al. FEffects of combined
L. ) planted on contaminated paddy soil[ J]. Ecotoxicology and
Environmental Safety, 2014, 101 226-232.
AR, BT, TR, — b R A R A SR IO s B
. HE, CN104833563A[ P]. 2015-08-12.
McBride M B. Cadmium uptake by crops estimated from soil total
cd and pH[J]. Soil Science, 2002, 167(1) : 62-67.
Sauvé S, Cook N, Hendershot W H, et al. Linking plant tissue
concentrations and soil copper pools in urban contaminated soils
[J]. Environmental Pollution, 1996, 94(2) . 153-157.

Haiok, TN, A5 VLSRG R ) R R

T, WESE,

[29]

[30]

[32]

[35]

AW (1], FEE2E, 2014, 33(7): 1066-
1074.
Wang F, Huang Y Z, Wang X L, et al.

assessment of heavy metals in surrounding soils of a copper

Ecological risk

smelting plant in Jiangxi Province[ J]. Environmental Chemistry,
2014, 33(7) : 1066-1074.

XIER, waat, WY, . Wam 5 L (TCLP) i
B BE T AR g 4 SR AR AR [T]. BREE AR, 2011, 30
(9): 1582-1589.

Liu C Z, Huang Y Z, Lei M, et al. Assessment of ecologicol
risks of heavy metal contaminated soils in the Zijiang river region
by toxicity characteristic leaching procedure[ J]. Environmental
Chemistry, 2011, 30(9) . 1582-1589.

X, ARG, TG, AF. VLI R T G T e SO
ARSI (1], REERY:, 2012, 33(1) : 260-265.
Liu C Z, Huang Y Z, Lei M, et al. Soil contamination and
assessment of heavy metals of Xiangjiang river basin [ J].
Environmental Science, 2012, 33(1) : 260-265.

M, oo, HoR, . S SR ORI A is J
Bef Zn, Cd OB A RG], FRETRESE, 2006, 27 (4)
770-774.

Bi X Y, Yang Y G, Feng X B,

phytoavailability of zinc and cadmium in contaminated soils by a

et al. Evaluation of

short sequential extraction procedure [ J ]. Environmental
Science, 2006, 27(4) : 770-774.

Maiz 1, Arambarri I, Garcia R, et al. Evaluation of heavy metal
availability in polluted soils by two sequential extraction
procedures using factor analysis [ J]. Environmental Pollution,
2000, 110(1) : 3-9.

JfL, JREK, WL, 4E. 2 A R R R A L R AT
BPERIBCRLT]. PEPEERE, 2014, 34(2) ; 437-444.
Zhou H, Zhou X, Zeng M, et al. Effects of two combined
amendments on heavy metal bioaccumulation in paddy soil[ J].
China Environmental Science, 2014, 34(2) . 437-444.
2R, SRR, R, A HIEETHSEURR SR T]. TR
MR, 2003, 12(1) ; 37-42.

Li X H, Zhang X H, Zheng P, et al. Advance on the research of
soil mineralogy[ J]. Acta Geologica Gansu, 2003, 12(1): 37-
42.

AN, FISCAE. BOARHEANRDR G o X R B K Bl e S
PIEBIFE[T]. BB, 2008, 29(5) : 1406-1411.

Li Z L, Zhou L X. Kinetics and thermodynamics of Cd ( II )
adsorption onto particle-sized fractions of yellow-brown soil [ J].
Environmental Science, 2008, 29(5) : 1406-1411.

XN, RGde, TRUR, 5. ANREEEE L F KA LXT Cd, Pb
W AP 5 e P R JFC S o IR A3 A [ ). Aol BRARAE BF 5T,
2014, 35(5) : 663-667.

Liu Y, Zhu X L, Ding X Q, et al. Characteristics of Cd and Pb
adsorption-desorption in paddy soils developed from various
parent materials and its impacting factors [ J ]. Research of
Agricultural Modernization, 2014, 35(5) : 663-667.

RAR, WA, XEME, 5. SR FIX TG QiR KA L
BB RN GBI ST ()], hE AR E R, 2010, 18
(4) . 847-851.

Zhu Q H, Huang D Y, Liu G S, et al. Effects and mechanisms
of amendments on remediation of cadmium contaminated acid
paddy soils[ J]. Chinese Journal of Eco-Agriculture, 2010, 18
(4) . 847-851.



HUANJING KEXUE Vol.38  No.6

Environmental Science ( monthly) Jun. 15, 2017

CONTENTS

Comparison of Models on Spatial Variation of PM, 5 Concentration; A Case of Beijing-Tianjin-Hebei Region WU Jian-sheng, WANG Xi, LI Jia-cheng, et al. (2191)
Change of Atmospheric Pollution Diffusion Conditions in Beijing in Recent 35 Years —+«+eessesseseesesenssisnienenninincnsnninenenes GUO Chun-wei, SUN Zhao-bin, LI Zi-ming, et al. (2202)
Precipitation and Its Effects on Atmospheric Pollutants in a Representative Region of Beijing in Summer HAN Li-hui, ZHANG Hai-liang, XIANG Xin, et al. (2211)
Impact of Mountain-Valley Wind Circulation on Typical Cases of Air Pollution in Beijing DONG Qun, ZHAO Pu-sheng, WANG Ying-chun, et al. (2218)
Fugitive Dust Emission Characteristics from Building Construction Sites of Beijing XUE Yi-feng, ZHOU Zhen, HUANG Yu-hu, et al. (2231)
Characteristics of Volatile Organic Compounds Emitted from Biomass-pellets-fired Boilers «-«+«+seesrereeereseeenneneeens +»+ WU Chang-da, ZHANG Chun-lin, BAI Li, et al. (2238)

70U Yu, DENG Xue-jiao, LI Fei, et al. (2246)

Characteristic Study on the “Weekend Effect” of Atmospheric O in Northern Suburb of Nanjing WANG Jun-xiu, AN Jun-lin, SHAO Ping, et al. (2256)

Atmospheric Ammonia/ Ammonium-nitrogen Concentrations and Wet and Dry Deposition Rates in a Double Rice Region in Subtropical China «+«+=«+sseessersesssessnensimniniensinincneenns

,ebal. (2264)

WANG Qiang-xiang, TAN Zheng-ying, ZHAO Hui, et al. (2273)

DU Guo-yong, WANG Qian, ZHANG Shu-lin, et al. (2280)
)
)

Species of Iron in Size-resolved Particle Emitted from Xuanwei Coal Combustion and Their Oxidative Potential

Dioxin Pollution and Occupational Tnhalation Exposure of PCDD/Fs in Municipal Solid Waste Incinerator
Characteristics of Mercury Emissions from Modern Dry Processing Cement Plants in Chongqing ZHANG Cheng, ZHANG Ya-hui, WANG Yong-min, et al. (2287
Correlations of Light-duty Gasoline Vehicle Emissions Based on VMAS and CVS Measurement Systems ++:+eeeseesressessenseenennee WANG Hong-yu, HUANG Cheng, HU Qing-yao, et al. (2294
Emission Characteristics of Particulate Matter from Diesel Buses Meeting Different China Emission Standards Fueled with Biodiesel - -

............................................................................................................................................................... LOU Di-ming, ZHAO Cheng-zhi, XU Ning, et al. (2301)
Spatial Variation and Environmental Significance of 380 and 8D Isotope Composition in Xijiang River «:+essesessesuesisnssnisinniiins XU Qi, LI Jian-hong, SUN Ping-an, et al. (2308)
Comparative Study of SWAT and DNDC Applied to N Leach and Export from Subtropical Watershed «+:«+«sxeeeeseeesessnenscinsiinien HAN Ning, CHEN Wei-liang, GAO Yang, et al. (2317)

)

Comparison of Relationship Between Conduction and Algal Bloom in Pengxi River and Modao River in Three Gorges Reservoir —«e-eeessesreseess JIANG Wei, ZHOU Chuan, JI Dao-bin, et al. (2326

Temporal and Spatial Variation Characteristics of Nitrogen and Phosphorus in Sediment Pore Water and Overlying Water of Dianchi Caohai Lake -+ -

............................................................................................................................................................ WANG Yi-ru, WANG Sheng-rui, JIAO Li-xin, ef al. (2336)

LUO Yu-hong, NIE Xiao-gian, LI Xiao-ling, et al. (2345)

ZHANG Jia-quan, TIAN Qian, XU Da-mao, et al. (2355)
Formation of Brominated Disinfection By-products in Low Temperature Multi-effect Distillation (LT-MED) Process for Seawater Desalination =«++«+«+sessessesseressesenenssimnenennsnininennens

- QI Fei, SUN Ying-xue, YANG Zhe, et al. (2364)

WANG Chen-ye, JIANG Kuo, XIE Wen-long, et al. (2373)

"""""""""""""""" JIN Jian-rong, LI Tian, SHI Zhen-hao ( 2379)

Removal of 2,4-dichlorophenol in Underground Water by Stabilized Nano Zero-valent Iron ««+sessesseseeeeesesneneens ZHANG Yong-xiang, CHANG Shan, LI Fei, et al. (2385)

: )

)

Distribution and Emission Flux Estimation of Phosphorus in the Sediment and Interstitial Water of Xiangxi River

Pollution Characteristics and Risk Assessment of Heavy Metals in Water and Sediment from Daye Lake

-+ WEI Hong, SUN Bo-cheng, YANG Xiao-yu, et al. (2393
JINAG Bo-hui, LIN Jian-wei, ZHAN Yan-hui, et al. (2400
Removal of Nitrogen in Municipal Secondary Effluent by a Vertical Flow Constructed Wetland Associated with Iron-carbon Internal Electrolysis =«+«+seseesserseesesenenssnineniensiniinsnne
............................................................................................................................................................ ZHENG Xiao-ying, ZHU Xing, ZHOU Xiang, el al. )
ZHANG Shi-yang, ZHANG Sheng-hua, ZHANG Xiang-ling, et al. )
+ ZHANG Ling, PENG Dang-cong, CHANG Die (2429)
FENG Li, YU De-shuang, LI Jin, et al. (2435)
444)

)

)

Enhancement of Sulfamerazine Degradation Under H,0,/KI System by Ultrasound and UVA Irradiation -

Comparison of Phosphate Adsorption onto Zirconium-Modified Bentonites with Different Zirconium Loading Levels «+++

2412
2419

(
(

Purification Efficiency and Influencing Factors of Combined Bio-filters for Aquaculture Wastewater

Effect of Temperature on PAO Activity and Substrate Competition

Enrichment and Nitrogen Removal Characteristics of Marine Anaerobic Ammonium Oxidizing Bacteria

Ammonia Removal Rate and Microbial Community Structures in Different Biofilters for Treating Aquaculture Wastewater ZHOU Hong-yu, HAN Mei-lin, QIU Tian-lei, et al. (2
ZHOU Zheng, LIU Kai WANG Fan, et al. (2453

MA Zhao-tui, et al. (2461

)

.................................................................................................................................................................. RhN Ll fel Y ANC Xll’l pingv ZHANG Wen -wen (2470)
Isolation, Identification and Characterization of the Filamentous Microorganisms from Bulking Sludge ZHANG Chong-miao, NIU Quan-rui, XU Li-mei, et al. (2477)
Applicability and Microbial Community Structure of Denitrification Suspended Carriers ««+s«+sxsseseesessessereeneees TAN Yang, LI Ji, XU Qiao, et al. (2486)
Effect of Thiosulfate on the Carbon Fixation Capability of Thiobacillus thioparus and Its Mechanism «esxeveessesressssssemeneneniini, LI Huan, WANG Lei, WANG Ya-nan (2496)
Characteristics of Fungi Community Structure and Genetic Diversity of Forests in Guandi Mountains ++ QIAO Sha-sha, ZHOU Yong-na, CHAI Bao-feng, et al. (2502)
Source Apportionment of Soil Heavy Metals in City Residential Areas Based on the Receptor Model and Geostatistics *++++ CHEN Xiu-duan, LU Xin-wei (2513)
Environmental Health Risk Assessment of Contaminated Soil Based on Monte Carlo Method; A Case of PAHs TONG Rui-peng, YANG Xiao-yi (2522)
Influencing Mechanism of Eh, pH and Iron on the Release of Arsenic in Paddy Soil ZHONG Song-xiong, YIN Guang-cai, CHEN Zhi-liang, et al. (2530)
Correlations Between Different Extractable Cadmium Levels in Typical Soils and Cadmium Accumulation in Rige «+weeseeseeeneesesenennsenennes CHEN Qi, DENG Xiao, CHEN Shan, et al. (2538)
Remedying Effects of a Combined Amendment for Paddy Soil Polluted with Cd for Spring and Autumn Rice «+reseereersereeesennenseneenes CHEN Li-wei, YANG Wen-tao, GU Jiao-feng, et al. (2546)
Effects of Two Amendments on Remedying Garden Soil Complexly Contaminated with Ph, Cd and Ag «reereereeereremenmenienennniniens TIAN Tao, LEI Ming, ZHOU Hang, et al. (2553)
Sorption of Phenanthrene to Soybean and Wheat Roots and the Bioavailability of Sorbed Phenanthrene ««+eseseereesesvseeneneisinencnnnes WANG Hong-ju, LI Qian-gian, SHEN Yu, et al. (2561)
Effects of Dissolved Organic Matter Fractions Extracted from Humus Soil on Sorption of Benzotriazole in Brown Soil and Black Soil YANG Ning-wei, BI Er-ping (2568 )
Effects of Topography, Tree Species and Soil Properties on Soil Enzyme Activity in Karst Regions — «+esereereereersmenenensincnensincniens LUO Pan, CHEN Hao, XIAO Kong-cao, et al. (2577)

Effects of Long-term Organic Amendments on Soil N, 0 Emissions from Winter Wheat-maize Cropping Systems in the Guanzhong Plain +-«w+seereseererresinsenneiinsnes e
............................................................................................................................................................ HAO Yao-xu, LIU Ji-xuan, YUAN Meng-xuan, et al. (2586)
YUAN Hao-dong, BAI Yao, LI Qiu-xu, et al. (2594)
Accumulation Characteristics and Health Risk Assessment of Heavy Metals in Wild Fish Species from Diaojiang River, Guangxi ««+-«+«+-ssssssssssrssssssnsnnininensininensisn s
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Jun-neng, MA Peng-cheng, ZHANG Li-juan, et al. (2600)
GAN Rong, GE Ming-min, LIU Yong-di, et al. (2607)
WANG Hong-li, YANG Zhao-xun, JING Sheng-ao (2617)

Exposure Route of Dioxin-like Polychlorinated Biphenyls in Hair Based on Passive Sampling

Effect of Activated Carbon Addition on the Anaerobic Fermentation of Corn Straw in Mesophilic and Thermophilic Conditions

Volatile Organic Compounds(VOCs) Source Profiles of Industrial Processing and Solvent Use Emissions: A Review





