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Mlgratlon Transformatlon Characterlstlcs and ‘Ecological Risk Evaluation of
Heavy Metal Fractlons in” Cultlvated SOll Profiles in a Typical Carbonate-

Covered Area

TANG Shi-gi'**, LIU Xiu-jin'*>?, YANG Ke'*’, GUO Fei'”’, YANG Zheng'*’, MA Hong-hong'*”,
LIU Fei'*”?, PENG Min'*?,LI Kuo'*”

(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China;
2. Research Center of Geochemical Survey and Assessment on Land Quality, China Geological Survey, Langfang 065000, China;
3. Key Laboratory of Geochemical Cycling of Carbon and Mercury in the Earth’s Critical Zone, Chinese Academy of Geological
Sciences, Langfang 065000, China)

Abstract; In China, high heavy metal concentrations in cultivated soil are mainly distributed in carbonate-covered areas. The migration
and transformation of heavy metals in such soils are influenced by interactions between natural processes and human activities. This
study examined the profiles of nine paddy soils, derived from carbonate rocks in Guangxi. The Cd, As, Zn, Cr, Cu, Hg, Ni, and Pb
contents we determined, and soil properties such as pH, Corg content, and fractions of Cd, As, Zn, and Cr were tested. Based on the
above data, we assessed the vertical distribution of heavy metal fractions, as well as the ecological risks and factors affecting the
migration ability of heavy metals, under the influence of human activities and natural soil formation. The results show that compared
with the carbonate rocks in Guangxi, the soil profile of the study area is significantly enriched with all eight heavy metals. Among
them, Cd, As, Zn, and Cr exceeded China’s agricultural land ( paddy field) pollution risk screening values, and Cd and As partially
exceed the risk intervention values. All fractions of Cd in the soil profiles are widely distributed. The proportion of water-soluble and
ion-exchange Cd fractions with high ecological risk decreased significantly from the surface to greater depths in the soil profile. As, Zn,
and Cr in the soil profile were mainly in residual states, and the proportion of water-soluble and ion-exchange fractions did not change
considerably with increasing depth. The evaluation results of RAC and RSP show that Cd pollution risk in the study area is relatively
high, whereas As, Zn, and Cr are generally pollution-free or risk-free. In naturally developed soil in the study area, the clay mineral
content and degree of soil development have significant effects on Cd migration, whereas in the cultivated layer affected by human
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activities, the soil pH and organic matter content are the main controlling factors. The migration ability of soil As is mainly related to

soil organic matter, Fe,O, content, and soil development degree, but organic matter has an obviously enhanced effect in the tillage

layer. The main controlling factor of Zn and Cr migration in soil is pH, and the effects are more intense under the disturbance of human

activities.

Key words : carbonate rocks; cultivated land; soil profiles; fraction of heavy metals; migration and transformation; ecological risk
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Fig. 1 Location of the study area and sampling sites
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Table 3 Concentrations of heavy metals from study area/mg-kg ™!
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Fig. 2 Vertical distribution of heavy metal contents in soil profiles
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Cd a2y it FaRiREL 5 Cd &R0 10 £5,
b FE 4 7 8 W) 24 25l i 2 (IR T R Eh A
AR YR AT T A R X L) P R IR R A
Cd, As. Zn, Cr, Pb, Ni fl Cu W EHET 2.74,
12.85, 13.41, 14.29, 10.26, 7.03 H15. 10 f%. 7]
A3 b 4 SR T R A LT B A TR AR
A AT HALE S B, £ cd i E £
FRPEFAGE . BB BR R A & VR 5 R ARG X £
S R OC R i R RSN, WX A Cd 5 e
S v D 2 32 2] PN PR 5 A0 DR ) S A .
2.2 BN E SRS RHE

P s BT T 4 R M BRI 2 A T

R Z—. FHR I Y SRR PN
8 S B 0 E RS P
T e 2 FE 2 AL A A PE R AT 6

R,

L 50 em 2y [a) B, 8 BIF 52 IX 50 T8 430 0 ~
50, 50 ~100 1 > 100 em X 3 NEREE B A RV
BESBEIESIOISITEE R BN (R 4) ,HRX L
B Cd SRR —E bl oA, Sk ki
AV AL TS L BIAR G A i, B T aC 7S IRTR SR
SRS A AR, A HLES & SRR
25 FL BB AF X IR

3 ANREEBOW L4 SR s, A LT 0 ~ 50 em I
B, 50 ~100 cm +3E Cd /KBS B FACHAS ik
TRELES A A A 54 IR WL A MkE S
9 > T 0.08%, 8.78%. 3.16%. 2.83%,
0.05% F1 3. 14%, 1 &5 A AL T 6.59% 5 8
T 50 ~ 100 em BREEEL, > 100 em +HE Cd K%
B BT IS RUBHIRRES 472553 B /D T-0.02%,
0. 59% 1 2. 34%, T IRERLS A 45 e R4 lb & i
A LGS A A Rk i S T 0.04%¢ 0.80%,
1.29% F11 8. [0g% [ %4 1P 3 () ]. LA 3T T L
i - 9 00 T R R R Cd RS g
—E MR A (RS TR A 2, B I v /B 2
R BEET 1Y € IR BT S5 LU 191 1, FLAE
0~50 em [# 50 ~ 100 em it 25 fb B oy T 35, T
7550 ~ 100 g 1] > 100! cmn i A (LA,

%4 BESRAFER Cd, As, Zn B Cr BHAHBIGT %

“ 4 .-““ | ‘ Table 4 Statistical fractioh proportions of Cd, As, Zn, and Cr iﬁ different depth sections/ %

TFE o BRI em N it RS B F4 Fs F6 ¥7
u 0~50 45 0.17 14.77 8.41 9.89 17.59 2.77 40.21
Cd/ 50 ~ 100 45 0. 09 5.99 5.25 7.06 24.18 2.72 37.07
> 100 47 0.07 5.40 5.29 4.72 24.98 4.01 45.17
0~50 45 0.10 0.03 0.11 6.91 3.95 0.04 87.20
As 50 ~ 100 45 0.05 0.04 0.07 9.56 4.92 0.02 84.29
> 100 47 0.01 0.12 0.48 0.91 0.54 3.18 94. 63
0~50 45 0.03 0. 06 0.43 4.28 2.40 1.11 90. 68
Zn 50 ~ 100 45 0.01 0.05 0.35 3.83 2.67 0.72 92.35
> 100 47 0.01 0. 06 0.35 3.70 2.61 0.92 91.53
0~50 45 0.02 0.13 0.45 0. 84 0.77 3.54 93.21
Cr 50 ~ 100 45 0.01 0.12 0.48 0.91 0.54 3.18 94.63
> 100 47 0.02 0.15 0.47 0.70 0.42 3.04 94.07

X — A ) 1 B4 P A T 1) 40 A P ) R
TN, AR TR X A 350 i 4 A 3 )
O3 B2 S 9 A% H 4 R T A T 10 40 AR R AE
FA—FL, L PGGOL 9], bt 351 17 VR B Fh ¥R 2 IR,
Cd KBS BT AR LHIE R E TR, HE
TE 50 em LIBERI B TRE K 4(a) ].

WFFEIX T As B B ISR AS AT 78, 45 TR
JE BE AR 5 LB IAE 80% L) |, HEARTE S A &
He 53 A AT 0 ~50 em IREEEL, 50 ~100 em +
B As KR RREREEEA SBAVES A S RS

S T 0.05%. 0.04%. 0.02% K1 2. 91%, 1 &5
TR E BMBRE S8 REmALEEmnT
0.01%, 2.65% F10.97% ; LT 50 ~100 em FHEE
B, >100 em 148 As JKIEA B BE R 45 A A5 FER L
FALE L T 0.02%. 8. 65% il 4. 38%, 1M &5
TR RIREL G5 A ILG B TRk A
JNT0.08%. 0.41%, 3. 16% F110. 34% [ 3¢ 4 F1[E 3
(b) ]. 485G K 4(b) AT UL BEVRFE N, -4 As /K
B BB IR K, RAEERE G
it B HMIE R LA T —E IR
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Fig. 4 Vertical distribution of the fractional proportions of Cd, As, Zn, and Cr in profiles
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B S ZFNIT & HeBIR 5y 5 AN EG . <1%
XTI, 1% ~ 10% FARAE:, 10% ~30% K
AR, 30% ~50% s KURE , > 50% PR 2 AL
R0 AR SOR B TS M, B O K I S
B ¥ 2SR IF B ] 584 .

RAC PR &SR BoR, BE5EIX 118 Cd Bk b
JRURSE LA e e, R ARG | AR e MR (6 5) 5
HE As| Zn F1 Cr W DL T XS R 3, IR KURS: A2 AE 2D
Bl (£5).

3AREEB A5 R B, 0 ~50 em %] 50 ~
100 cm 3] > 100 em, 23 Cd H i R XU LE
9 R R ALR TR, L9 T2 7 1 0 ;. 38 As | Zn A0
Cr PR XU L 051 128 7 3 AT, T8 IXURS: e f91) 328 i 1 fm (3R
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AR, KA A S R AR A EG R RSP (ratio of
secondary phase and primary phase ) [{#£ 1] DA+
BT 4 JE P AT LA AR A U TR T

RSP = Msec/Mprim .
FUH RSP KR 15 2 Msec FoRRA MR (Br%%

252 S FCM T ) 60 e 4 e Miprion 278 s

AR (e 2 )i B A . RSB AT

RSP >3 MM E 54

RSP ¥4 45 L /%, B9 X £ HE Cd Sk B
V5 LU U R T AR S e
As LIETS Y0 3 APFERD LIRS TS s 5 Zn
A Cr WA A TSR (%5).

3 AR B LA R 7R , L0 ~50 em F] 50 ~
100 em 53] > 100 em, -3 Cd LT 15 G Lo 1932 i
KA, Bt 3 A8 GO oK 7% Hh o T R0 e
LA R s T As 7R VR IR 3 SR B
RIS L R W, TEVS e L ) Sk
Hn(%s).

IR 7 B 5 SRR —BE R D BRI
ARG R P 0 A S R PR 7 i
O ARSI AR R, RAC 3 TR A%
SS9V R EE T RSP W T A A 2R i
AT AL AP 15 YR a1

DAL P e 2 SR 25 P 45 R et
B HHE Cal Ve R A R B, - A G
BTG T Zn 1 Cr, (BRMALE As | Zn F1 Cr 3 PSR
RTINS P ol T DABRIR 5, T, 4 i ) 2
FSOUA 5 T DA 3 o 152 2 038 W 1

o

Yo o1 <RSP'? BaflEis e, 2 < RSP TE Y, . g\~

‘ P # i i b
3 #5 HEAFRER Cdl As, Zn 7 Cr i) RAC 5 RSPiTMEER /% =

Table 5 Evaluation l‘gsulfls: of RA€ and RSP for Cdy As, Zn, and Cr in different depth sections/ %
3 Y. | A L - e
] ol Je R R PR =R A RS REY RESR hEEY EEER

©0~50 0.00 20.00 40.00 28.89 11.11 28.89 28.89 17.78 24.44
Cd 50 ~ 100 0.00 37.78 33.33 22.22 6.67 35.56 17.78 17.78 28.89
> 100 0.00 42.55 34.04 21.28 2.13 40.43 21.28 21.28 17.02
0~50 80.00 20.00 0.00 0.00 0.00 97.78 2.22 0.00 0.00
As 50 ~ 100 84.44 15.56 0.00 0.00 0.00 93.33 6.67 0.00 0.00
>100 91.49 8.51 0.00 0.00 0.00 100. 00 0.00 0.00 0.00
0~50 68.89 31.11 0.00 0.00 0.00 100. 00 0.00 0.00 0.00
Zn 50 ~ 100 80.00 20.00 0.00 0.00 0.00 100. 00 0.00 0.00 0.00
>100 95.74 4.26 0.00 0.00 0.00 100. 00 0.00 0.00 0.00
0~50 68. 89 31.11 0.00 0.00 0.00 100. 00 0.00 0.00 0.00
Cr 50 ~ 100 80.00 20.00 0.00 0.00 0.00 100. 00 0.00 0.00 0.00
> 100 93.21 6.79 0.00 0.00 0.00 100. 00 0.00 0.00 0.00

2.4 LHENIRESE TR R

KA R B SRR 5 N R i 3 28 B
() ISR BRE K REFI I A HEK SRR
Bl XA HEAE X A 15 38 Ak 3T 36 Al — a8 52 ).
GG E AR ITR I A I ) 40 A RRAIE, BRI S S
TS FTE N S NIESZAE 0 ~50 em RIE
BrE4E 1M >50 em FHXTRRE W HHEERITH 73R 0 ~
50 em Fl >50 em PINEREEEL, Hirf 0 ~ 50 em {3
Z BN NGB 13, > 50 em RFLDT AR
B At AR B 32 BRI B RE e Y g

PN IR B 1 3 5 4 J& 42 5 Y Spearman AH €
TSR ER(F6), >50 cm EEER HIEFE S
JEE: As 55 Cd Hl As 5 Ni BN G0N, Hofth
GBI R LZHON B IEH G, £ A RN L 72
HRAFFSE X e 4 R R AR B, B BRI TR 7 Ak
FRER S5 BRI 0 ~ 50 em IRER HIEHE 4R
[ AH DGR B 5k 9855 , B Cd 5 Pb, As 5 Zn., As 5
Hg. Cr 5 Hg il Hg 5 Pb i IEAH AR Ry A 56, 356
B R E ShAEEL T i E e B P S 4 Jm T R A A SR
FCHLEE, IF AT e ok T /MR E & R A
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*6 HEAEAREREEEARE Spearman HHXFRE"
Table 6  Spearman correlation coefficient of heavy metal contents in different depth sections
W/ cm JLHE Cd As Zn Cr Hg Ni Pb Cu
Cd 1
As -0.414 ™ 1
Zn 0.775 ™ -0.094 1
Cr 0.213 0.286 0.415™ 1
0~50 Hg 0.641™ -0.364" 0.478 ™ -0.136 1
Ni 0.381 ™ -0.216 0.723 ™ 0.480 ™" 0.018 1
Pb -0.037 0.756 ** 0.367 " 0.251 -0.177 0. 144 1
Cu 0.652™ 0.071 0.847 ™ 0.126 0.449 ** 0.467 ** 0.510 ™ 1
Cd 1
As -0.275* 1
Zn 0.670 ™ 0.196 1
Cr 0.646 ™ 0.012 0.766 ™ 1
>50 Hg 0.309 ™ 0.413™ 0.627 ™ 0.397 1
Ni 0.507 ** -0.115 0.743 0.850 ™" 0.271 " 1
Pb 0.032 0.813™ 0.512* 0.176 0.457* 0.131 1
Cu 0.542™ 0.321™ 0.745 ™ 0.342™ 0.525*" 0.274 " 0.596* =1
1) « FRTE 0. 05 AT (R B EHIE, = FR7E 0. 01 K- (RUM) b 8 FA1% [ e J y
TP E SR IR S i@%tﬁ’&ﬁ@ pH XT?j:i%% Cd #Eﬂ‘z@L*&(ﬁzﬁj fiﬂ']‘%“l’]

A SR AE, G Jm AR jﬁ_ﬁ IR exay
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rENSes U ARG 25 g S %’ﬁ%@b’
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Sy F6 RN RS TR, FT1.RESE
WFFEIX 448 Cd 75 0 ~ 50 em HEE M ﬂa
0.149, >50 em HEEE K 0. 061, ML TIHRE, B2

+3E cd T A

g L3 Cd iR &
~50 em REE 11 Cd ij/%zzf('ﬁj:i%% pH F1 Corg
FEEFEMR(RT) YW ZE KT
e, Cd TE gk ER 24 T 18 pH FIA PL.

x7 HETERERESCEIBREE(M)

AR F 144, 26%, W2 3 N\ 205

R [, 0

5+ 4 R Spearman #8X &%

Table 7 Spearman correlation coefficient of M for heavy metals

and soil properties in different depth sections

R A L

JLER W/ cm pH Corg TFe, 0, Sa
M(Cd) 0~50 -0.562 0. 662 -0.157 0.017
>50 -0.272"  0.460 " -0.505" 0.459*
M(As) 0~50 -0.203 0.392* -0.584" 0.387
>50 0. 140 0.232" -0.856" 0.729 ™"
M(Zn) 0~50 -0.702 0. 265 0.239 -0.180
>50 -0.516 " -0.020 -0.030 0. 133
M(Cr) 0 ~50 -0.547* 0.162 -0.170 0. 150
>50 —0.448 * —0.008 -0.204 0.413 ™

1) « F/RTE 0. 05 K- (CBU) 1= R E A%,

M) b AR

s FERAE 0. 01 7K (XL
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AHLECAR ) — i 4w T L) X e WD iR &
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>50 em IRBEEE Cd iEF8 R 50 L3 pH FN Corg
AR B s, I S 11 Fe,0, %
B AN AN S Sa (HRY B IEAE (R 7).

M(Cd) 514 Fe,0, &M EEOAHXNS 1
Berh e ) SR R B T K R E A
5. Forbes 45 $ HZh + 8 4 2% 1 %ot T 42 B B F 19
SERS AT AR SR T Y R Cd HE LR
HREYI R CER ). &8 s e Kt #Erh, Cd Al
DIl 1 2% A5 VE FH E A—OH F: A, B sl fb & 5 A e
MFRELs A IR AT AL s B .

FEAS H (Sa = Si0,/AL 0, ) # F TR 35 9y
KALFE B, Sa &/, Ffom LA & & 1 M
ST DL R E AR i R A R T Cd



8 JEHEERAE . M RIRRIRER 2 DB M 3 ) i o <5 J B 25T

FEFEACRE B A 2 XA 3921

(AW RV FH 32838 8, LI 38 & 5 R 15, Cd
TG Sl S R T 5.

T3 As 7£ 0 ~50 em WEEELR M 250. 001 6,7
>50 em FEEBH0.001 0, M I TIRZE, B2 L5
As T8 REAL R 60%, 3 N JS06 3l 2 3 Al 1 3%
As ISR 1A T s, WIS TR B BE As 278 R A3
5+ Corg &t | Fe,0, 75 Sa {H I F A& (3£
7).

5 R AR5 ) ] ) A e A AR L) ) - e it
Pl As 5 Fe R & 8GS5 A EEES, lgen
ST T R BAE P IR S S R, Fe-As SLUTTE
TR S EE T e VT BRI Y As T EL AT 8 35 A [ 4
H, R 3R ik A A P S X As R B 5 hy FE 2
B EAE . M(As) 5 133 Corg & & 535 1EAH G
ESESROES Y

PR B B LSS R R, T R B2 B AR
ISR, e As 1935 S PR AR A A BLT
Fe,0, F LI - 0% B R BEAT 06, (0 1 SRR £ 2o
Frb HHEAHLTN As 16 Sk A S | ic 3
0k é%ﬂi%?ﬁ A FRREXT T As zﬁsz m%um
i‘é’ﬁ / 8

iiz% In fﬁrcr 750 ~50 cm HE F&’E’J ﬁé}ﬁﬂﬂ
0. 000 810. 001 7 >50 cm (ﬂ“f%ﬁlﬁo 000/7 1

07001 51 He IR Jzks 122 5 Zn 1 €r AT 025 |
e 14, 28% 3. 33% WAL

5 7 %ncrﬁﬁz e 3 S R . PR B 2 Rl
Cr XERE 2 R0 5 1 5 pH B EA% fH >50 em
JEE BB M G 38R U 59

DL FXT B, 43R Zn R Cr SERSRE ST
PRI Z N pH B AR IR B FA T, pH ok HR 0 o
S 3RA. A BT T R RERGE T £ pH 2 Zn B Cr
T LY T R 0

3 it

(1) FFFFE X R R £k 2 B3 K e i Cd |

\ Zn F Cr A FH b 75 G KU i 28 1 EE A1) 43 301
55.47%. 54.01%. 12.41% #10.73% ; Cd. As &#B%>
BRI, He 43 50 h 18.25% F12.92% ; Pb, Ni,
Hg F1 Cu ToFEAS & = bR,

(2) 5 IX IR Cd KB AE —E
il 53, Bt ) T R B VR R, AR S U R = 19 Cd
KR BT A ] 2 W 2 N R, L1
i As. Zn F1 Cr SR [ VAFRIE S AEAE , BEGEE I,
KRS B FACHAS LIRS K, B AR E .

(3) KUS TP i ( RAC) FIYR A= A0 5 5 A= 41
30 HUAB YL (RSP) PEAN 45 58 i e th i 5% X 338 Cd

DA 2, As 15 % KUK & T Zn Al Cr,
1E4'312|§J: As, Zn F1 Cr 3 AP 4 J/ AL T 0I5 Qe 5 JC
WUEIRES | H. 4 i 6 8 AR YA ROE S o 15 gt
JEE YA Hh e R M 5 ) A .

(4) SRR | R 25 ) i B e tiy A 4 sl e b

f 43 G F AR BRI ST AN 8l AT R R

TR S 4 R I AL 0 Sl 8 e BE K T 32 B

ARG SR TP A B BE 2, 9% pH LA HL

B AE N E R R R TR SR i R R K

IR AR AR Z 3 pH AT LT & X o 3 X

35 4 S ¥ G KU B 45 0 Ay

SE

[ 1] Rezapour S, Atashpaz B, Moghaddam S S, et al. Cadmium
accumulation, translocation factor, and health risk potential in a
wastewater-irrigated soil-wheat ( Triticum aestivum L. ) _system
[J]. Chemosphere, 2019 231. 579-587. i g

[2] WangC X,.Mo Z, Wang H, et al. Thé transpori.d'tlon tlme
dependent distribution of! heavy metals in paddy Jerops=] ].
Chemnsphere 2003 ,150(6) : 717-723. u."“ —]

[3] Wang L, /Cul’X F, Cheng H G, et al. A review offbﬁ‘ cadmium
cnntanlmanon in China including a health risk a@»essmenf ['.[J
Env1ronmcnldl lb(,lence and Pollutlon Research ,«2015 22(21)
16441)- 16452, &

BRESSTNTE 4 Ei%ﬁ%ﬁ%ﬂwd'ﬁmﬁyﬂf y
ﬁ‘{ﬁﬁnj_)ﬁ[]] ﬁﬁtff{]?_z.iﬁ?z 2017, 32(7) : 1256-1270%
Zhong X Mf Xia D Sy Song B, et al. Review on soil cadmitum
study, and risk jassessment in Guangxi[ J]. Journal of Natural
Resources, 2017, 32(7) : 1256-1270.

[51 MSFE, BRZE, i, 5577 70 5 48 40 00 X Sk 23 A7k

ES L HEYCROUTN ()], B LA, 2019, 37(1) : 164-
171, 92.
Deng Q Y, Zhao Y J, Lin Q, et al. Regional distribuiton
characterstics of cadmium and evaluation of soil pollution situation
in Guangxi [ J ]. Environmental Engineering, 2019, 37 (1)
164-171, 92.

[6] WenY B, Li W, Yang Z F, et al. Enrichment and source
identification of Cd and other heavy metals in soils with high
geochemical background in the karst region, Southwestern China
[J]. Chemosphere, 2020, 245, doi; 10. 1016/j. chemosphere.
2019. 125620.

(7] HEN, RER. F@ibBRAET R 5 3 E 76w b X 5
[J]. BRI, 2014, (11): 134-136.

[8] WE, xFHW, FHA, & PEm g6 X+
HE Cd¥5 Qe S Ak BORIR [T ], RAS"EI%GK, 2018, 37(5):
1538- 1544.

Luo H, Liu X M, Wang S J, et al. Pollution characteristics and
sources of cadmium in soils of the karst area in South China[ J].
Chinese Journal of Ecology, 2018, 37(5) . 1538-1544.

(9] X7, =R, BRE, 5. A OARNDEEX LEES
RIS REARIRLI]. MR SIREE, 2012, 40(2) ; 232-237.
Liu F, Lan C L, Huang K R, et al. Contamination and source
identification of soil heavy metals in different functional zones at
Baise, Guangxi[ J]. Earth and Environment, 2012, 40 (2) .
232-237.

[10] R, W@, Fedii, 5. ) P4 VLA R M 4 e i 4w &%
%#ﬁ&?ﬁ?ﬁﬁ@*ﬁ[]]- Hf“ﬂ%, 2018, 39(9): 4317-
4326.



3922 2N b} s = 2 %
Song B, Zhang Y X, Pang R, et al. Analysis of characteristics developed from different parent materials and their ecological risk
and sources of heavy metals in farmland soils in the Xijiang river assessment[ J]. Acta Mineralogica Sinica, 2020, 40(6) : 676-
draining of Guangxi[ J]. Environmental Science, 2018, 39(9) . 684.
4317-4326. [24] Rudnick R L, Gao S. Composition of the continental crust[ J].
[11]  RABIy, 8. TR AR LR SR Cd /1 I Treatise on Geochemistry, 2014, 4. 1-51.
RISHILT]. BEEBARS T A, 2015, 15(17) ; 237-241. [25] EZR. J7PALHRE X 3R 2 L 6w A R B S R
Song S Q, Hu W. Cadmium content of soil in karst basin of [Al?ﬁ)‘{‘?—ﬁ[D} Jbat. R #(dbm) , 2016.
Guangxi district; distribution and source recognition[ J]. Science Zheng G D. Factors influencing the distribution and accumulation
Technology and Engineering, 2015, 15(17) : 237-241. of heavy metals in topsoil across Beibu Gulf of Guangxi[ D ].
[12] W THRAFEEEAH T EESE S BRI AT]. Beijing; China University of Geosciences ( Beijing) , 2016.
PNV 5% | 2010, 27(4) ; 91-94. [26] Salomons W, Forstner U. Metals in the hydrocycle[ M]. Berlin:
[13] EFRME, 23, BRME, & T X L5 45 5eRod Springer Science & Business Media, 2012.
WL, ESFE, 2008, 27(1) : 50-54. [27] B, OWEUE, S MR TR b X AR A K 1 )
Wang S J, Li Z W, Liao Q J, et al. A study on contamination E’ﬂﬁﬁl’éﬁlﬂcm—’ﬂﬁ 'ﬁﬂ{khkj: FE[J]. HERS5¥HEE, 2010,
status of the Cd and Pb in the mines soil of GuangXil[J]. 38(3): 271-279.
Ecological Science, 2008, 27(1) : 50-54. Liu W], Xu C L, Lang Y C, et al. Major and trace element
[14] LiMS, LuoY P, SuZ Y. Heavy metal concentrations in soils compositions of yellow and limestone soils in the karst area of
and plant accumulation in a restored manganese mineland in southwest China: implications for weathering and soil-formation
Guangxi, South China[ J]. Environmental Pollution, 2007, 147 processes| J ]. Earth and Environment, 2010, 38 ( :}_)., 271-
(1) 168-175. 279. : —~ ol
[15]  ZB7As, BRI, XUARLNI, S5, Sus IR X 4 38 5 4 )8 10 2= (8] o0 A [28] Adamo P, Javazzo P Albanese S, et al. B%oavailg_bﬂ{"tfg and soil-
#%?ﬂ:&ﬂé{ﬁﬁg*ﬁ[” . @ﬁmi%ﬁ 2013, (4) . 29=32. to-plant tra.nsfer fd(,tors as indicators of potentlally tDXI(, element
[16] Hhgege, i, XK, STV LR AR £h e X A Bﬂﬁh%-’ﬁf rontamlnatmn in agricultural soils [J7. g(’len(:.t‘l of’-_,LheaTotal
L E S A B SR eV S $$§Hﬂ$ﬁﬁ[ﬂ Hftﬂ % Environmenty 2014, 500 4501 11-22. “,-’ ]
2020, 41(1) : 449-459. [29] Singh K/ P, Mohaw'D7 Singh 'V K, et al. Studies on dlst*nbu__}mn
Ma H H, Peng M Liu F, et al. Bloavallahlhly, trans].o(‘at-lnn and fra(‘tmnalmh of heavy metals in Gomti river sedlmentS*a
~and accumulat‘lon characteristic of heavy melals 1)1 a sM'l cl,ro'p‘ lrlbutary bf' the Ganges ]l’ldld{p] Journal of Hydrolog y, 2005 .
system from a tygleal carbonate rock area in Guarlgx i Mf]] 312(1- 4) 14827, @ % ) - -
2 Env1r0nmet§eﬂ Smenef- 2020, 41(1). 449459 [30] Jain C ,K _Metal fractignation study on bed sedlmenls of il
[17] | e, migkss, B3, % r“lﬂl%}llwfﬁ%ﬁﬂ&ﬁ h\a@ﬁ[ Yamytna, India[l] ]. Water Résearch, 2004, 38(3)- 569 578
Bt GRS E R RIEE (1], mtﬂmﬂ 2017, | [31] KR, %A, ﬂif'ﬁﬁ A5 St 7 9 4 e

[18]

[19]

[20]

[21]

[22]

[23]

':Llu: X, @u:‘? B, Yang Q, et al. Dlsmbumon and}_;pﬂuen mf'/{“

31(2) . 374- 385"

) factois: of "é'admlum geochemical fractions Of soils at carbon
§°'% ‘ -

eqvgi‘ing area i Hengxian and Xiangzhou of Guangxi [ J].
Geoscience, 2017, 31(2) : 374-385.

XEE, HEMN, A, P AR ML B DR
AN TG R B RAFAE LT ). FRBEREE, 2019, 40(6) -
2877-2884.

LiuY Z, Xiao T F, Xiong Y,

metals in agricultural soils and crops from an area with a high

BT,

et al. Accumulation of heavy
geochemical background of cadmium, southwestern China[J].
Environmental Science, 2019, 40(6) ; 2877-2884.

BRI, RN, ERRE, S MU T SR I I oK AR
A R A R AR R AL B KU M [ )] ARk SRS B 24

2018, 37(1) . 18-26.

Tang D D, Yuan X Y, Wang Y M,

characteristics and risk prediction of heavy metals for rice grains

et al. Enrichment
growing in paddy soils with a high geological background[ J].
Journal of Agro-Environment Science, 2018, 37(1) ; 18-26.
Gu Q B, YuT, Yang Z F, et al. Prediction and risk assessment
of five heavy metals in maize and peanut: a case study of
China [ J ]. Toxicology
Pharmacology, 2019, 70, doi: 10.1016/]. etap. 2019. 103199.
PPIEEREE RS, P E TR REIM]. Jea: P
BB AT, 1990.

Adriano D C. Trace elements in the terrestrial environment[ M ].

Guangxi, Environmental and

Springer Science & Business Media, 2013.

PR, SO, ERH, 5. ANTRIREIR - E AR
BRI T]. W%%?ﬁ, 2020, 40(6) : 676-634.
QuF,

54

Wen L H, Fan C W, et al. Heavy metal contents in soils

[32]

[34]

[35]

[36]

B R e %*ﬁ*ﬂ(ﬁefﬂl&ﬂ:m[ﬂ- Z?ﬁk% o)
Blef2g i), 2012, 31(11) 2142-2151.

Chen Y, Ji H B, Zhu X F, et al. Fraction distribution and risk
assessment of heavy metals in soils around the gold mine of
Detiangou-Qifengcha, Beijing City, ChinalJ].
Environment Science, 2012, 31(11) ; 2142-2151.

ORI | 7757 S R = A Ry 4 5| 2 v a7 R B N o
FETRICHE L], BRI, 2010, (1) 46-48, 53.
Wang J, Zhang Y Z. Progress of differentiating methods for heavy

Journal of Agro-

metals forms in soil and risk assessment methods for environment
[J]. Hunan Agricultural Sciences, 2010, (1) . 46-48, 53.
B, B, BRERE, SE. TIUBURLY) 4 T QLA
D7 EWIE )], IR 1997, 17(1) ; 81-86.

Huo W Y, Huang F R, Chen J S,
assessment method for river particulate heavy metal pollution[ J].
Scientia Geographica Sinica, 1997, 17(1) ; 81-86.

BIEH, ok, BRE, S R E R ES)E Cd R
A BERRT]. HERE, 2020, 41(6) ; 2878-2888.
Hu Q Q, Shen Q, Chen F,
profile heavy metal Cd occurrence and its influencing factors[ J ].
Environmental Science, 2020, 41(6) ; 2878-2888.

VM1, w13, 4. BT IX LT Cd, Pb B A
TR R AN WA [ T]. BR8R4L2A, 2015, 34(12) : 2257-
2262.

Chen M, Yang T, Xu H, et al. Distribution characteristics and

et al. Comparative study of

et al. Reconstructed soil vertical

ecological risk assessment of heavy metals Cd and Pb in soils

around a mine of Gannan [ J ]. Environmental
Chemistry, 2015, 34(12) ; 2257-2262.
R, R, A, S /NS R H 1 4 R Y

BT AR (1], BR8Efka, 2019, 38(3) . 644-652.

tungsten



8 1

JEHEEEAE . JLRRIR

R DR ) i R B AN RS R AL R E B A A XU DAY

3923

[37]

[38]

[39]

[40]

[41]

(42}

Yang X M, Zhuang T, Han L, et al. Fraction distribution and
ecological risk assessment of soil heavy metals in the farmland soil
from the sewage irrigated area of Xiaoqing River [ J ].
Environmental Chemistry, 2019, 38(3) ; 644-652.

MRBT, ZEE, e, % ISR LR IR E 4
JEE L SR AR T]. PR, 2016, 35(10)
2071-2078.

Ye H M, Li G P, Zheng M Z,
bioavailability of five toxic heavy metals in the tea garden soils of
Wuyishan[ J]. Environmental Chemistry, 2016, 35(10) ; 2071-
2078.

Marrugo-Negrete J, Pinedo-Hernandez J, Diez S. Assessment of

et al. Speciation and

spatial  distribution and

Colombia [ J].

heavy metal pollution, origin in
agricultural soils along the Sinu River Basin,
Environmental Research, 2017, 154 . 380-388.
Maiz I, Arambarri I, Garcia R, et al. Evaluation of heavy metal
sequential extraction

availability in polluted soils by two

procedures using factor analysis[ J]. Environmental Pollution,
2000, 110(1): 3-9.
Pueyo M, Lépez-Sanchez J F, Rauret G. Assessment of CaCl, ,
NaNO; and NH,NO; extraction procedures for the study of Cd,
Cu, Pb and Zn extractability in contaminated soils[ J ] .~Analytica
Chimica Acta, 2004, 504(2) . 217-226. { “.- +
Loganathan P, Vigneswaran S, Kandasamy J, et al. Cadmium
sorption and desorption in soils: a review[ J 1 Criticallu.Reviews in
Environmental gown(‘e and Technnlogy, 2012, 42.(59) . 489—
533, 4 f -' ‘-'"
Mahdavi S4 Jalalh M Afkhami A. Heavy .metﬁls xe oerom
aqueous eoLu'ﬁom u%lng TiO,, MgO ,~and Al 03 nannp‘a'rthles

[TJ]. Chémical Engineering Commumcatlons 20]3 200 (3)

_448-470). %

[43]

[44]

[45]

Tahe!’vand S, Jalali M. Sorption, de%orptlo'ln and ﬁpematmn of J

Cd; Ni, ‘ang Fe by four-ealcareous soils as affe(led b pH ["L}m,./!
/ Envitonmental Momturmg and Assessment, 2016 188(6) “dot:

10‘.“.1007/510661 -016-5313-4.
Tiller K G, Gerth J, Briimmer G.
Ni and Zn for different soil clay fractions and goethite [ J].
Geoderma, 1984, 34(1) . 17-35.

Afkhami A, Saber-Tehrani M, Bagheri H. Simultaneous removal

The relative affinities of Cd,

of heavy-metal ions in wastewater samples using nano-alumina
modified with 2, 4-dinitrophenylhydrazine [ J ]. Journal of
Hazardous Materials, 2010, 181(1-3) . 836-844.

Rajkumar M, Sandhya S, Prasad M N V, et al. Perspectives of
plant-associated microbes in heavy metal phytoremediation [ J].
Biotechnology Advances, 2012, 30(6) : 1562-1574.
Marcano-Martinez E, McBride M B. Comparison of the titration
and ion adsorption methods for surface charge measurement in
oxisols[ J]. Soil Science Society of America Journal, 1989, 53
(4): 1040-1045.

Kalbitz K, Wennrich R. Mobilization of heavy metals and arsenic
in polluted wetland soils and its dependence on dissolved organic
matter[ J]. Science of the Total Environment, 1998, 209 (1) :
27-39.

Neal R H, Sposito G. Effects of soluble organic matter and
sewage sludge amendments on cadmium sorption by soils at low
cadmium concentrations[ J]. Soil Science, 1986, 142(3) ; 164-

172.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[59]

[60]

[61]

Antoniadis V, Robinson J S, Alloway B J. Effects of short-term
pH fluctuations on cadmium, nickel, lead, and zinc availability
to ryegrass in a sewage sludge-amended field[ J]. Chemosphere,
2008, 71(4) : 759-764.

Liu L N, Chen H S, Cai P,
phytotoxicity of Cd in contaminated soil amended with chicken
manure compost[ J]. Journal of Hazardous Materials, 2009, 163
(2-3):563-567.

Garrett R G, MacLaurin A I, Gawalko E J, et al. A prediction
model for estimating the cadmium content of durum wheat from

1998,

et al. Immobilization and

soil chemistry [ J].
64(1-3). 101-110.
Santona L, Castaldi P, Melis P. Evaluation of the interaction

Journal of Geochemical Exploration,

mechanisms between red muds and heavy metals[ J]. Journal of
Hazardous Materials, 2006, 136 (2) . 324-329.

Zarcinas B A, Pongsakul P, McLaughlin M J,
metals in soils and crops in Southeast Asia 2. Thailand [ J].
Environmental Geochemistry and Health, 2004, 26(3-4) : 359-
371. )

Harter R D, Naidu R. Role of metal-organic- cmﬁf;iexati:m in

et al. Heavy

metal sorption by soils[ J]. Advances in Agrononﬂy&"r‘.]‘“b95 , 55.
219-263. ;=

Forbes E A, Poener A M Quirk J P. The spemflc a(}ﬁorp&mn of
divalent ¢d{/Co, Cul, Ph and Zn on goelh.lfe J.,]-" Furopean
Journal of Soil Sciefice, 1976, 27(2) ; 154-166." .~ o
Guggenberger G Baltmler R,; Zech W. Weatﬁermg‘-‘pf soils
developed in eohan material overlylng glacial deposits in, Faslernll
Nepal [ jj1 Soil suemgh 1998, 163(4) ; 325-337. --*"'J,
KRR A, B A, %\ Eh H2 B A F L S0 R
HLHIET ]S R, 2020, 40(5) ; 18287 1835.
Zhang L‘.D, Yang J J, Xia X,

. - . . . .
mechanisms of cadmium and arsenic in a contaminated paddy

et al. Eh-coupled .‘“r"cffease
soil; a microcosm and syn(:h..rontron—based spectroscopic  study
[J]. Acta Scientiae Circumstantiae, 2020, 40(5) ; 1828-1835.
Tlgen A G, Foster A L, Trainor T P. Role of structural Fe in
nontronite NAu- 1 and dissolved Fe( Il ) in redox transformations
of arsenic and antimony[ J]. Geochimica Et Cosmochimica Acta,
2012, 94 128-145.

FinZgar N, Tlusto§ P, Lestan D. Relationship of soil properties to
fractionation, bioavailability and mobility of lead and zinc in soil
[J]. Plant Soil and Environment, 2007, 53(5) ; 225-238.
Janssen R P T, Peijnenburg W J G M, Posthuma L,

Equilibrium partitioning of heavy metals in dutch field soils. 1.

et al.

Relationship between metal partition coefficients and soil
characteristics [ J ].

1997, 16(12) ; 2470-2478.

Reijonen 1, Hartikainen H. Oxidation mechanisms and chemical

Environmental Toxicology and Chemistry,

bioavailability of chromium in agricultural soil-pH as the master
variable[ J]. Applied Geochemistry 2016, 74 84-93.

Mz, B8, XKA, 5. WA E Dk H R IE
A RFE W R BFE[T]. pg el R4 (R B
FZ) , 2020, 40(2) ; 94-102.

Xiang Y, Cheng M, Liu Y J, et al. Forms, distribution, and the
influencers of chromium in the soil of agricultural fields
Journal of Shanxi

2020, 40

contaminated by the metallurgy industry [ J].
Agricultural University ( Natural Science Edition ),
(2):94-102.



HUANJING KEXUE Vol.42  No.8

Environmental Science (monthly) Aug. 15, 2021

CONTENTS

Characteristics and Control Strategies on Summertime Peak Ozone Concentration in Shanghai «+«+«++sstssesssesssesensssnienensiinicnens YAN Ru-sha, WANG Hong-li, HUANG Cheng, et al. (3577)
Characteristics and Sources of VOCs at Different Ozone Concentration Levels in Tianjin WANG Wen-mei, GAO Jing-yun, XIAO Zhi-mei, et al. (3585)
Pollution Characteristics and Source Apportionment of Atmospheric VOCs During Ozone Pollution Period in the Main Urban Area of Chongging ««+«+«sssesseessessesenssmmienensinincneenns
..................................................................................................................................................................... 11 Ling, LI Zhen-liang, ZHANG Dan, et al. (3595)
Emission Characteristics and Atmospheric Chemical Reactivity of Volatile Organic Compounds( VOCs) in Automobile Repair Industry -+ CHEN Peng, ZHANG Yue, ZHANG Liang, et al. (3604)
Analysis of the Continuous Heavy Pollution Process in the Winter of 2016 in Beijing, Tianjin, and Hebei MAO Ye, ZHANG Heng-de, ZHU Bin (3615)
Evaluation of Air Pollution Characteristics and Air Quality Improvement Effect in Beijing and Chengdu - -» DANG Ying, ZHANG Xiao-ling, RAO Xiao-gin, et al. (3622)
Chemical Components and Sources of PM, 5 and Their Evolutive Characteristics in Zhengzhou ZHAO Xiao-nan, WANG Shen-bo, YANG Jie-tu, et al. (3633)
High-frequency Responses to the COVID- 19 Shutdown of Heavy Metal Elements in PM,, 5 in Shanghai »++eseseereeseerseeeseenenenenes CHENG Kai, CHANG Yun-hua, KUANG Ya-giong, et al. (3644 )
Analysis of Ultraviolet Aerosol Index in Guangdong-Hong Kong-Macao Greater Bay Area ««+xtoetovereessmesvsnssniisiniinensnnnen DUAN Jia-le, JU Tian-zhen, HUANG Rui-rui, et al. (3652)
Vehicle Air Pollutant Emission Inventory and Characterization in Henan Province from 2016 10 2019 «+sersereeressersenseeseneneninencniens GAO Dan-dan, YIN Sha-sha, GU Xing-ke, et al. (3663 )
Characterization and Exposure Risk Assessment of Non-phthalate Plasticizers in House Dust from Guangzhou -+ + LIU Xiao-tu, PENG Chang-feng, CHEN Da, et al. (3676)
Distribution, Sources, and Risk Assessment of Polyfluoroalkyl Substances in Main Rivers and Soils of Tianjin WU Qian-gian, WU Qiang, SONG Shuai, et al. (3682)
Differentiation of Hydrogen and Oxygen Isotopes in the Water Source Treatment Wetlands of Stream Networks +«++sesseeeeessessesesieneneneenne YANG Ting, WANG Yang, XU Jing-yi, et al. (3695)
Characterizing Sources and Composition of Chromophoric Dissolved Organic Matter in a Key Drinking Water Reservoir Lake Tianmu «+eeeoeereresserenssnnsnie
......................................................................................................................................................... ZHOU Lei, ZHOU Yong-giang, ZHANG Yun-lin, et al. (3709)
Sources and Optical Dynamics of Chromophoric Dissolved Organic Matter in Different Types of Urban Water Bodies -+ YU Xiao-gin, CUI Yang, CHEN Hui-min, et al. (3719)
Temporal and Spatial Evolution Characteristics of DOM Spectra in Sediment Interstitial Water in Typical Zones of Baiyangdian Lake —«+«+eseessesressesemenninenennnncnninn s
...................................................................................................................................................... ZHOU Shi-lei, CHEN Zhao-ying, ZHANG Tian-na, et al. (3730)
Sources and Spatial Variation of Dissolved Organic Matter in Summer Water of Inflow Rivers Along Chaohu Lake Watershed -«+-«+:esseseeseee NING Cheng-wu, BAO Yan, HUANG Tao, et al. (3743)
Spatio-temporal Distribution Characteristics and Driving Factors of Zooplankton in Hongze Lake = «++eeesereereresrsinenensinniniinienen CHEN Ye, PENG Kai, ZHANG Qing-ji, et al. (3753)
Effects of Farming Practices on Soil Nitrogen and Phosphorus Concentrations and Its Loss in the Drawdown Area of the Tributary Embayment of the Three Gorges Reservoir
........................................................................................................................................................................... LUO Fang, LU Lun-hui, LI Zhe, et al. (3763)
Temporal and Spatial Evolution of Non-point Source Pollution Load of Total Nitrogen in Tuojiang River Basin = +«sseseereereeereseneneeiencnnens XIAO Yu-ting, YAO Jing, CHEN Shu, et al. (3773)
Microplastic-Induced Alterations to Antibiotic Resistance Genes in Seawater —«+seseseeeseesesssenensninineniini e ZHOU Shu-yi-dan, ZHU Yong-guan, HUANG Fu-yi (3785)
Enrichment of Antibiotic Resistant Bacteria and Antibiotic Resistance Genes by Sulfamethoxazole in the Biological Treatment System of Mariculture Wastewater —«-«eveseesesrerseseesennennenees
+=+ WANG Jin-peng, ZHAO Yang-guo, HU Yu-bo (3791 )
Optimization of Tidal-Combined Flow Constructed Wetland System and Tts Removal Effect on Antibiotic Resistance Genes -+ CHENG Yu-xiao, WU Dan, CHEN Quan-le, et al. (3799)
Temporal-spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soil of Xiangxi Bay in Three Gorges Reservoir Area «-v+seseeseereeesesenensininenennincneneenes
..................................................................................................................................................................... HUANG Ying-ping, JIN Lei, ZHU Can, et al. (3808)
Spatial Distribution Pattern and Influencing Factors of Industrial Pollution Emissions in Yangtze River Economic Belt LI Yun-yi, LIU Li-ping, LIU Yuan-yuan ( 3820 )
Aging Process and DOC Analysis of Four Different Types of Plastic Particles in Freshwater Systems LI Wan-yi, LIU Zhi-lin, MIAO Ling-zhan, et al. (3829)
Promotion and Mechanisms of DOM on Copper Adsorption by Suspended Sediment Particles ++= DING Xiang, LI Zhong-wu, XU Wei-hua, et al. (3837)
Transformation Characteristics of Dissolved Organic Matter During UV/Chlorine Treatment of Municipal Secondary Effluent +-++++s+-++: WANG Xue-ning, ZHANG Bing-liang, PAN Bing-cai (3847)
Effects of Different Nitrite Generation on the Short-cut Nitrification Denitrifying Phosphorus Removal Granules System «+«esessesressereeesennenens WANG Wen-gi, LI Dong, GAO Xin, et al. (3858)
Ammonia Nitrogen Removal Performance with Parallel Operation of Conventional and Inverted A%/0 Sewage Treatment Processes in Winter -+ LI Jin-cheng, GUO Ya-ni, QI Rong, et al. (3866)
Diversity and PICRUSt2-based Predicted Functional Analysis of Bacterial Communities During the Start-up of ANAMMOX -+ YAN Bing, FU Jia-qi, XIA Song, et al. (3875)
Microbial Community Structure of Activated Sludge and Its Response to Environmental Factors —+««+xesesseseesessssmenssenensnsineneens MA Qie-gie, YUAN Ling-jiang, NIU Ze-dong, et al. (3886)
Distribution and Sources of Microplastics in Farmland Soil Along the Fenhe River «++:toeeveesesrevesvsineisiniinennininene ZHU Yu-en, WEN Han-xuan, LI Tang-hui-xian, et al. (3894 )
Source Apportionment of Soil PAHs in Lanzhou Based on GIS and APCS-MLR Model = «+«+seseereereereeesenenenenincneninincniens GUAN Xian-xian, ZHOU Xiao-ping, LEI Chun-ni, et al. (3904)
Migration, Transformation Characteristics, and Ecological Risk Evaluation of Heavy Metal Fractions in Cultivated Soil Profiles in a Typical Carbonate-Covered Area —+-«+sessesreeeesesneneenes
-+ TANG Shi-qi, LIU Xiu-jin, YANG Ke, et al. (3913)
Effect of Elevated CO, on N,O Emissions from Different Rice Cultivars in Rice Fields «+++++++: YU Hai-yang, HUANG Qiong, WANG Tian-yu, et al. (3924)
Effects of Coconut Chaff Biochar Amendment on Methane and Nitrous Oxide Emissions from Paddy Fields in Hot Areas «+:eoveseeseereseens WANG Zi-jun, WANG Hong-hao, LI Jin-qiu, et al. (3931)
Effects of Biochar Addition Under Different Water Management Conditions on N,0 Emission From Paddy Soils in Northern Hainan ««+e+s+esverererrsrerenresnmnenneiinnscne e
......................................................................................................................................................... WANG Hong-hao, TAN Meng-yi, WANG Zi-jun, et al. (3943)
Ecological Effects of Species Diversity on Plant Growth and Physico-Chemical Properties in a Ph-Zn Mine Tailings * YANG Sheng-xiang, CAO Jian-hing, LI Feng-mei, et al. (3953 )
Investigation of Dominant Plants and Analysis of Ecological Restoration Potential in Lailishan Tin Tailings »+++«eseeeseerereesesesenens QIN Fu-rong, ZHANG Shi-ying, XIA Yun-sheng, et al. (3963)
Responses of Different Degradation Stages of Alpine Wetland on Soil Microbial Community in the Yellow River Source Zone «:+:«++++se=se-: LIN Chun-ying, LI Xi-lai, ZHANG Yu-xin, et al. (3971)
Effects of Straw Returning with Chemical Fertilizer on Soil Enzyme Activities and Microbial Community Structure in Rice-Rape Rotation ~ ++++++++ JIN Yu-ting, LI Xian-fan, CAI Ying, et al. (3985)
Shifts in Rhizosphere Bacterial Community Structure, Co-occurrence Network , and Function of Miscanthus Following Cadmium Exposure «+++- CHEN Zhao-jin, LIN Li-an, LI Ying-jun, et al. (3997)
Investigation of Soil Fungal Communities and Functionalities within Karst Paddy Fields =~ +oveeeeveeeseeressnsenensininn ZHOU Jun-bo, JIN Zhen-jiang, XIAO Xiao-yi, et al. (4005)
Adsorption Characteristics and Mechanism of Cd and Pb in Tiered Soil Profiles from a Zine Smelting Site «+++++xseseereeseesveerereneenes LIU Ling-qing, XIAO Xi-yuan, GUO Zhao-hui, et al. (4015)
Influence of Different Soil Conditioner on the Transfer and Transformation of Cadmium and Phthalate Esters in Soil = ««+sseesseeeseereees WANG Can, ZHANG Yu-hang, HE Ming-jing, et al. (4024)
Immobilization Mechanism of Four Types of Amendments on Cu and Cd in Polluted Paddy Soil =~ +«+xeseesrerrerssesenenmssninensininnenns DING Yuan, AO Shi-ying, CHEN Yi-hong, et al. (4037)
Foliar Application of L-Cysteine; Effects on the Concentration of Cd and Mineral Elements in Rice = +:esveeereeresseseseneininen ZHANG Ya-hui, WANG Chang-rong, LIU Yue-min, et al. (4045)
Effect of Cadmium Stress on Phytochelatins in Amaranthus hypochondriacus 1. During Different Growth Periods —«+«eseseeeereereeseeesenenees LIU Jia-xin, CHEN Wen-qing, YANG Li, et al. (4053)
Evolution of Material Metaholism in China’s Pulp and Paper Industry +-«ssessereesesesereneneminenniniiiiss LIU Xin, YANG Tao, WU Hui-jun, et al. (4061)



