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Abstract: The western Chongqing region is the main grain-producing area in Chongqing. This region’s soils are characterized by light-
to-moderate cadmium (Cd) pollution. Two types of typical paddy soils in this area (acidic and calcareous purple soils) were selected
for the development of safe rice production techniques using in situ field remediation experiments. These involved a low-Cd-
accumulating rice variety ( Changliangyou 772) grown either alone or in combination with heavy metal passivators ( silicon-calcium
fertilizer, iron powder, biochar, and straw organic fertilizer). The results showed that; (D all of the passivators except for the Fe
powder increased rice yields from both types of soils. Straw organic fertilizer showed the best results for the acidic purple paddy soil,
with a rice-yield increase of 47.43% , while biochar performed best for the calcareous paddy soil, increasing yields by 23.95% ; @
The low-accumulation rice variety alone could not meet the requirements of safe rice production in the acid purple paddy soil (pH =
4.75) ; however, combined the with passivators (with the exception of the silicon-calcium fertilizer) , Cd content in rice grains was
reduced by 14. 81%-54. 88% to within the national safe food standard for rice (0.2 mg-kg™", GB 2762-2017). The Cd content of
rice grains varied between 0. 012 and 0. 030 mg-kg™" in the calcareous purple paddy soil (pH =7.77), under various treatments,
which was far lower than the safety standard. The application of passivators (with the exception of biomass charcoal) further reduced
the Cd content of rice by 26. 67% -59. 00% nevertheless; 3 The use of passivators altered Cd transportation and distribution in the rice
plant. Taking the acidic soil as an example, silicon-calcium fertilizer inhibited the transport of Cd from the stems to the rice grains, Fe
powder and biochar reduced the enrichment of Cd in roots and inhibited the transport of Cd from the stems to the rice grains, and straw
organic fertilizer inhibited the transport of Cd from the roots to the stems; @ The application of passivators promoted the transformation
of soil Cd from labile forms into residual form, reduced the bioavailability of Cd in the soil, and, thus, reduced the accumulation of Cd
in the rice plants. In the acidic soil, biochar showed the best effect, while straw organic fertilizer performed best in calcareous soils. &
Silicon-calcium fertilizer and straw organic fertilizer significantly increased the pH and organic matter content of acid soils.
Consequently, the soil available Cd content decreased by 39.45% and 34.69% , respectively, while no such effects were observed for
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the calcareous soil.

Key words : cadmium( Cd) ; passivators; rice; soil; availability

Bt 2 [ 2 B O e 5 T, A 7 7 e
NERCTLS R AR  RCE PN e AP S
T L o G AR 4 2014
SR R 4TS YR LI A AR %, R A A
DA G 5 0o 3, HEeh DU (Cd) V5 e dit 3
T BAR R EIE 7% , TEFTAT TS ey P B 5 —
{0, KRR R R A, R Cd b
SRWEY | I Cd 15 YR e A A
{152 1 Ay A 7 5 B 0 O £ 2 —

22 4 FE R o R T 5 e FE 5 e P
fhocsems. O BEE AT, (2, s
SRHA, P E M E A, T
St R B R A A R R
PO T T A V5 e e AR S A R )
PRz KR Cd A% RAE Rk 7 ) A R
SRR Cd MRS BRI 2 52 PRI D C o ZER K
R ST 5 TRl s S MG AT B AL R TR
S L S 1 R T
FAE BRI WIS A LA A e
KRR AR R (KR Cd (B RUR —
JRREmT ) LA BB AL | A Cd 5 Mt
575 AR L 1 5% A0 0 ) G0 2 R
S PRIl R D15 2% 1 AP C I R
FRR R B 51 R D350 T | 35 e A 1) 4
BAEA, R Cd 5 YR T 0% AR i a6, R
S M T 5 e b M B AR A
T2 1 X, 14586 7 24 M A A& PR Cd A
SRUKTR R 2L, 45 M e i B 1
FIARRE IR, SRR A LR, B |
SIREAY | Y PR R R A A
FF LT G R 22 5, A LR
W AR, L R R AR
PEFSRPRIIN F S5 4R T L4 pH, B7E Cd IR I
B ok AR KRR R R TR, W
Co FMEI ™) BRI, T AT R T,

S 470 4 5 L AR B 0 12 PN I
1T A S ¥ Y e T R £ LG 2 5 O
. T IR 1 5 2 R0 A K ER A3
BURIE, AR I AT 5204 5 3L 1 )
BIE L R, AT Cd I SRR 7
LB ARAT L2, T S e B A Xl 7
N7

P R T PRTTRR A X, AR A
600 7 t AL, HEE AR A S 1 —F. KR
7 TS YA AL SRR | TS
YW BT AR 21, 9% , HEoh Cd (0B b 5
H1T.2% . Cd 15 3¢ 4 e 325 LU - B35 4 Oy
E, AR 0475% , B H AR A
FEXS T TR AR A U4 | 40 o 7 Wi A A T
TS L F A A, R R A
B R A B e = A TR B
A S S A DA 1 7 T RS e 5
SR AR ARG, W, AR AL F i —
A YR T s R . BABUK AF gl
720 | A A, AT
I 3 3 K R I R3S P 5 cd AR,
WS L 4 3 LAV BEALAR (RS FFATBLAE | A9 I
e, BESIERIZ) A IR RBUKAR SR, 7Ei
P X T AR I MRV T Cd R 45 34
S0 b SRR AR I AT AT Y, LAy
SE AR DCBUARIE I Cd 15 Y 12 42 ) PR B AR
HRHERRAR.

1 #B57EE

T35 s [ 11 b A

ARHFFE R H RN X8 7 %, F 2018 4F 4
A28 HZE 8 A 16 H 43 I 7EHvH A VLEL X Fl i F X
BAVRE AT, VX NIRRT AR,
X+ 38 o 40 T S ARG 1T, PR Cd J5 e AR 4
¥lg Tietos gy, a1 A s i M I L2 1.

1.1

®1 i HEEARELER

Table 1  Physical and chemical properties of the experimental soils

e AHL 4N 4P 4 K e N H P AL K CEC Cd 4 HE
AR pH -1 -1 -1 -1 -1 -1 -1 -1 -1
/gkg /g kg /g kg /gkg /mg-kg /mg-kg /mg-kg /cmol -kg /mg-kg
ivyis 4.75 26.19 0.93 0.256 15. 59 220.71 6.71 90. 06 19.99 0.413
45 5T 7.717 43. 69 1.32 0. 557 18.15 194. 67 4.29 93.57 17. 60 0.471
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BORRL BT SE 2.

®3 AEFEUAFLETBE=SHR"

Table 3 Composition of rice yields under the different treatments

b T3 P L

W ARARE RR MR THE HRATH MEH Gew THE
L Rt L Z R L /g

L-CK 20 +1b 152 +10b 70 +3a 19.00 +0. 81a 17 +2b 170 +4b 85 +2a 19. 62 +0. 60b
L-SiCa 21 +3ab 158 +12b 65 +3a 18.95 £0. 84a 17 +1ab 188 £11a 85 +1la 20.40 =0.07ab
L-BC 21 +2ab 195 £12a 65 +2a 18.50 0. 52a 19 £1a 180 +7ab 85 +3a 20.00 =0.27b
L-Fe 19 =1b 146 +7b 65 +1a 18.73 £0.79a 18 +1ab 150 8¢ 83 +1la 21.53 £1.35a
L-SOF 23 +1la 194 +8a 67 +6a 19.2 £0. 94a 19 £1a 165 +4b 85 +2a 20.43 +0. 67ab

1) A5 BRI 2 R -4 SO JE B 0258, R AT 5252 (P <0.05) , TR

2.3 Nﬂ%@%ﬁﬂﬁﬁﬁﬁxﬁ%ﬂé%aiﬂ Al

ANFEAE K R FERL TR B Cd B = AN El 2 k.
PRt AR K R = 1, BRI SRR A Ak B R A
Kk cd & & 4 BN 0.297 mg-kg™' A1 0.030

mg-kg ™. HARME S (4 I PREK Cd B

ZFE s g ) BR & AR ME (GB 2762-2017) 0.2
mg-kg ™", (HERIZAF T 24 o 3= HEK RS 5 Rl A AL
332 %nﬂ%ﬁjc 2115“9 L, 51K Ccd Z2R S FhE
PP 772 FEoK Cd &m0 20% 47, R
TEFH Cd AR Bk
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EAIRLTHE Cd V5K TR 45 5 4 (06 1 1 ) —

HE LR [ &b BRSOk Cd & & 0.012 ~ 0.030 m_+ﬂ P I

mg-ke !, B G S R R R, R D LSor

PER G RO ROK Cd  RBTORRE R 1 4 3]

s, A8ETE 0. 134 ~0. 297 mg'kg_]ZI‘ETJ, HH % ‘

T Cd BB F R KRS R, g

WL, KRR Cd BBUZ LR IR 2 s # )

3 1 A RRIL IR B T AR Cd 9 0 b

I B30 2 0 e — SRR IR K Cd it R o

PERTH T8 BRI . Bk . B AT A DLIE Ak R
K Cd &40, 134 0. 175 F10. 184 mg-kg ™', 43
R B — A% SR A S b A BRI 54. 88% | 41. 08% Al
38.05% , HIFF G EZRE M Cd BREARE; R
5K b, AR (BRAE R AL ) it AT SR (845
Bk Cd S HEMEMR T 26.67% ~59.00% , LA HFS
FEABLIE MBI AR el , 2252185 P <0. 05 4iit

[iiqE

5% 14
E2 AELAEZIETH#EECdESE

Fig. 2 Cd contents in rice grains for the different treatments

2.4 IR KRR b2 I S
I (1B =

A ) Bl ) 8T 9 KA 4 A A
Cd e 4 .| ke b, R ]

28 5 W E KT | KA I 4538 (E W ﬁfff] A7 FTHE N, B Pe Kigha A
®4 FRGHALETABEIMCTER CAAE . w 2wy
Table 4 Dry weighf .and Cd chntent in various parts of rice treatgd with (!uifféfehl passivators i o “_‘.::"‘.
e B (o * R Cdfil/melg 7 @
= (i N EZEF o ¥ e F= el
SLCK 0 11.6221.15b | 36, 18#0.75 . 20.05+0.96a  24.45+182hc ¥ 1.86 £0.11b 0:39.£0.015" &
; EsiCal 1490 1,956 737.56.£0.3% #£20.64£5.01a  25.73+2.5h, @ 2.17£0.04a 0.46 +0.0la =
Ml (PLBd 13.02:1.45a0 [40(20 £3.42d" 22.393.77a 'éO.-:llth. 15¢ “N1.7220.00bc  0.21"0.00d "
- L-Fe  11.80£0.42b) (8701454038  10.55:1.23a 11585100 1.420.04c 0.20 £0:02¢
2 L-SOF  13.59+1.19a|  42/8041.55a  21.09+6.44a  31.08+2.4a  1.59+0.01c 0.20 £0.01c
i HCK 7 16.07£2.60b  23.20 £1.745 1. 14 £0.87a  0.43£0.0lc  0.0550.001a  0.034 0.00c
"7 LSiGa 20.23:1.06ab  36.28+2.39a  15.46+4.40a  0.62+0.02a  0.027 £0.006c  0.037 £0.00b
I L-BC 17.08+2.30b  29.95+3.5ab  15.42+1.87a  0.53+0.04b  0.0430.004ab  0.044 +0.001a
L-Fe 18.76 +4.88ab  27.86+4.14b  13.53+2.38a  0.36+0.00d  0.042£0.001b  0.027 0.001d
L-SOF  23.18+2.97a  30.44+4.08ab  15.56+1.57a  0.59+0.02a  0.025+0.007c  0.025 +0.00d

bR RS TIRAREYE (P <0.05), HiH
F12.05% ~28.23% , Xt HAFRA AL P (K5 W 42
IERAREE. EEfEat b, HAAaHIEE
FHOIN T AR R AR, REASAE BN T R
APrat, AL FEXTAREARAR | 25 AR Y S R
TREGIT LS. Wtk KRR, 25, 1438
43 Cd Fr i 43 v F 45 7+ 48 1 RS Bk B A7 Cd
T (E4), PIFhEHE FKFER AR Cd FEYiEs
T2t BEHHERE - Cd MTEE S, B TR
PRI R, AKFEIRA ) Cd 222 RFUTEAR R

7K M - S b SR e 4 B 4w 8 ) T L4y )
FE 4 R B (BCF) flikiz ZE0(TF) K FRAE. HH
BEALFISZm T K AREXS Cd B RS RIAE A N 8 638 43
fic, MIsZmAEK T Cd i B et L et I,
PAAGAR RELA RO IR AL BEAR | 25 i Cd SEH S R
Sk 24,45 1,86 F10.39 mg-kg ™", k45 AL it
Sl ARG ARAR, ZX . M Cd HEMINT 5.40% .

16.67% 1 17.95% , il 2578 E (P <0.05), [[
AR R X T3 Cd 1Y & 4 R 2 BCFy |, HRAR Cd ] 25
(%38 B T o YA PTG IN (R 5) , A5k
(5518 R TF e WIBEAR T 27.04% , PRI, B2
BEK Cd 5 EEATSREO REREAIR 14. 81% , BRI HESFS
B AT fE = B 5 Cd fERRRIA N B, R
WREK Cd BB AEW RS TR, 25 i
Cd W&o, Hrin Cd & &R &I T 46.15%
[F]E AR R 11 Cd B 22 R L BCF, . 21K 1Y
2 2R MR T 10.78% | 52.20% , X RS K
Cd B0t BE G 35 PR AR IR 54. 88% , R A=W Joi ¢
BE T FAARAR 2206 358 Cd A9 E ST ] Cd 1Al oK
Wz Fe M M RERRAR | 25| it Cd &l
T 37.22% , 23.65% 1 48.72% , il 2= B3 (P
<0.05), [FAHHHR AN+ Cd B £ R B BCF, . 2
RS K 19 55 38 R B TF 0 53 0 FEAR T 35.75%
8.81% , AH N K& K Cd 7 & #%F B F FEAL T
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L 40 %

L
&

41.10% , KW Fe Fpxf /KRG Cd WM A% s Y4
ERACR , (Rt 0 AR T KRS ™ i 5T
AP AR 2 T FEHRAR R4 Cd & 5, BCFy

BRI T 31.35% , (B> THER Cd [ 2005

lé ’ TF%/*E ) TF%?K/E i@ﬁﬁ)‘fl‘%,ﬂi ’
BB ERRL T 14. 52% F148. 72% |
TR0 I 25 [ AIK 38. 05% .

iR ed /\ﬂﬁ’
RZREK Cd 5
e e ol R

EAFIALIEREK Cd &340 L ARHEEDR, HERAY)

JEHAN, SIS IR P RE K Cd 5 ik —

AR

Hodr, REESAE E AR R Cd i FIRAFEE, Fe
FEREAR Z 0 4 cd mmeilesE %, FEFFAPLIEE
FO/CIR AR Cd [ E IR E.

i b, REKFHE ML 772 h Cd R B &
PR PAERRER, HUORM 25 M FPRL BRI EL
PR Z X Cd A R AL A B0 AR R AR A PR Y
SyBicktis , I REK T Cd 19 B, ASF B

Uy o] AR EE A T 25 5, AT B0 AS [R] )
BRI

x5 FEFHAFILERBERKTE Cd EERE BCF MEBEZERE TF

Table 5 Cd accumulation coefficient (BCF) and transport coefficient (TF) in rice under the different treatments

e JiR - 5 5 - 35
BCFy TF TFup TFy, BCFy TF TR TPy
L-CK 54.954 0.076 0.212 0. 159 0.925 0. 128 0.612 0. 543
L-SiCa 57.289 0. 084 0.212 0.116 1. 408 0. 044 1. 344 0. 802
L-BC 49. 030 0. 086 0.124 0.076 1.114 0. 082 1.017 0.704
L-Fe 35.310 0. 093 0. 142 0. 145 0.392 0.230 0. 638 Sl 0 596+
L-SOF 72.181 0.051 0. 130 0. 125 1.333 0. 042 0.989 - 6".603‘

2.5 BRGNS SRR éE’Jﬁ;ﬁ
2.5.1 XA R L BRI R o

i Pk 3 R Cd B

L,

i%¢ca%ﬁ%iﬁ*ﬁﬁca%%ﬂ”
8 @ %:;%Zz NH,OAc ﬁé‘;sﬁél*
(NH{OAc- ) o gl 3 B, @arét;tiss% Cg 5

{E,HE’UVO 410 ~ 07450 mg-kg ™'
0088 ~ 0 473 mg-kg™", i Cd &

, NH, OAC Cd S
E’J 19456 % ~J. >

#ﬁ%m

Mﬁ
JZC_d

H)

33. 10%4 HE R S 3 Cd QET 0.441 ~0.474

mg - kg"'ZIETJ NH,OAc-Cd &
mg-kg ™'
EAR Cd f7 MGG T i 1
FoKFERAE, BIESE Cd &

, 1 Cd MR 3.60% ~5.59%.

4 0.016 ~0.025
Pk P4 4= 48
AR B LR —
I IC I E .

WA 4 E Bl Ak 350 FH 2 AR T NH, OAc-Cd
B, FRIE L LAY 2.04% ~39.45% ,
DURESS AE FIRS AT HLUIE R IR B A, 2 3ot E@ﬂf'\

39. 45% H1 34. 69%

, =5 B 5 A b AR

H2% ~33% 4 R?ﬁai@fﬁﬂewiﬁxﬁz ad Wﬁ%ﬁm
RN 33% , HOWHE 23 5 0 Kﬂkifﬁxfii%
NH, OAc-Gdl 5 5 R RIFFRL Cd I %1EEJIIﬁF
afFTméAﬁ(ﬂTIzl 2, & ﬁﬁwﬁlﬂﬂﬂﬁﬁf_%f;
NH, OAc m *ﬁx& cd ﬁ%ﬁfﬁ%%éfiﬂ%f
HE Cd SRR % IRt 5 R 7 P PPN
% W 19 ACd T‘?’FHHMZIKW% g3 TE 1Y 5% M) 25 55
R
2.5.2 X HEERIE S EAL R

2o T —ZE KRG FIAE, AP AN [ b B
Cd MIRAFTE A 3% 6 Frs. TR Mk 13 F s i + 4%
FRAXT IR AE-Cd & &40 5 Cd S i 47. 6% il
64. 08% , Jiti Jineli AL 75 ( B k45 AR A1 ) Ak 248 R P 4
e AE-Cd [&M% 3. 77% ~10. 85% , it fill i £k 77 &b B
fdi455 5+ 48 AE-Cd F&A% 6. 35% ~14.05% , Tii RES-
Cd 75 £ W 43 51 % % B3 I 5.00%  ~ 60. 00% F1
4.76% ~57.14% ; RED 1 OXD %4 & A4 B #1AE

0.6 0.6
X [ £cd X
L1 b) 5%+
(a) Pl 4o NH;0Ac-Cd a (b) 55 -9 , . .
a . (
a T a a a — a mm + |
2 04 ) + (] 2 04 H I
C_JJ 2’1
& &
= =
- At
g 02 = 02
T a ab a -
N ¢ i § be
% \ § a b a ab a
0 N 0 XN — NN = =
L-CK L-SiCa L-BC L-Fe L-SOF L-CK L-SiCa L-BC L-Fe L-SOF

B3 AEHEUFLETIECISE

Fig. 3 Cadmium content of soils treated with different passivators
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A, BB N e 4k A A TR 3 Cd fTE AN EIRAE L F, KFGHEK Cd & i FEZF] AE-Cd,
TG PE LR AY RES #4546, MMTFEAR Cd B A=W 4 3% OXD-Cd DA K RES-Cd &k, HfkK cd

PE. FERRME 35 v A= W S e I Bl AR RCR L T A
AR, A5 5 - 1 v DR A 5 A A R A 4T
JiE— Rk Cd RS 5 cd AR
KFR, UANFLIFRDK Cd SEENHZR Y, 15
1 Cd B9 4 MES AE(X,) | RED(X ). OXD(X,)
A RES(X,) By Cd & aAERN A&, #i72ndtt

A% 5 AE-Cd ik 2% B M (P <0.01) , RES-Cd
XK AERE K TP Cd A W I SRR ELAT B ) £ BT

F‘ﬂ‘k. SRTIAES o - e KRS AFRL Cd 5 5

5 3 Cd

LS E R WA . 7T 8 P 5 57 L4 Y
pH {EAGR, L5 Cd BIAEIA B MEBR, K ASFFAL

FZMcd &

IR FIERY 1 B, Bk

WA, HESRINER 7 Pros. R Hh, K FFPRL Cd & i 5 LI Cd SRS S R B K
FEFPRL Cd & 5 10 Cd A DMEEZAFER HFRAR.
*6 HAPTEARARES CdEE/mg kg
Table 6  Fractionation of Cd in soil at the mature rice stage/mg-kg ™!
RS sutl Ak AE RED 0XD RES
L-CK 0.212 +£0. 006a 0.185 +0.014a 0.026 0 £0. 003a 0. 020 0. 00b
L-SiCa 0.211 +0. 016a 0.176 +0. 025a 0.036 1 £0.003a 0.026 +0. 003ab
FRPE L-BC 0.189 £0.011b 0.162 £0.012a 0.026 7 £0. 002a 0..032-0° Oola !
L-Fe 0.203 +£0.015ab 0. 184 +0.0145a 0. 027 8/+0. 003a 0. 027 0}'@;(‘033
L-SOF 0.204 +0. 008ab™ ! 0.182 £0.019a 0027 0 +0. 002a 0.021 +Q‘ 003ab
L-CK 0.299 £0.027a 0.160 0. 010a [ 40.022 40. 003a 0. 021 +Q ,9”-3b |
L-SiCa 0.265 0. 014) | 0.157 £0. 006a *0.023+0. 0014 0.033 £0. 0074 ff
5 5 /7 T-BC 0.269 £0. Ollab . O 163 £0.012a 0022 +_||O 0013 0. 022:+0: 00‘]:-_41)
— P S 0.280/ +0 004db Y 7015900100 | 7L 04023 <0, oozu 0.022 =0. 002ah /!
‘ Fi¥ 0. 257”+0 01_%" "'f 0.162 +0. 008a 0{022 +0 00fa 0.03}+0.008a =
',_r M i e ‘.,:;;'. 3
i ‘ J
4 %7 7}<%“£4$H=E'Cd SR LRERTS Ca aEls bR P
Fl F ““Table 7 Linear regre%%loﬁ equatw#l@ for the Cd content of rice grains in relition to soil Cd fractlon%
LR o ) A | JEIE}:‘E FAE
~ 7 -
! Y =2. 801X, +0. 30”_, 3. 046X, —2. 730X, —0. 444 2.78*
s Y =0.425X, +1.778X, +5.371X, —0.017X, —0.477 2,004
D) FEASEE N =33, * FoR EH KT P<0.05
2.5.3  A[EIEELRXT 38 pH KA LB 2R JERRYE + B8 pH Y5 R 4. 51 ~5.58, AHLET & &

3% pH {EH, AU &S RFERELM CdEE
A s E‘JEEI,J“'”] Jit FH i A 790 o A 43
pH | A HLBE AR IEAE R AR, W= A A
e ol P AR R ) A ﬂn@ 4 Jro, it B4

T @ =)
. 545
6 F a a @ a a a @
N MY N N
T 4 \ \
B \ N
T AN \ N N
2 b N N
\ N N N
1+ N
0 \‘\ \ N
L-CK L-SiCa L-BC L-Fe L-SOF

4 28.68 ~32.37 g-kg ™", TR INEEES AL FIFS AT HLAE

SR T 3 pH EACE MUT S L, pH 43 BT
E@i‘ﬂnT 0.98 F11.04 /> pH ¥4, A ML & &5
SRS T 3.85% 1 3.43% , HASAFA HLAE AL 3 4

50
(b)

40 + b a a
ab al I §
- T b - N
'ep S R b N |
el LI\ i _k c \ ]
= . Bl N
g \ \
20 L
‘ﬁ 20 ‘\\ N
: \ X
10 +
N a \\ \
N\ :
0
L-CK L-SiCa L-BC L-Fe L-SOF

B4 AEHEETIET L pH /IR

Fig. 4 Soil pH and organic matter contents under the different treatments
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B 40 %

BOK Cd 72 0 E AR, 2 AR M ehrifE,
EREAS AL Cd BRI B, nREIL 5 H 7K A
K Cd WSCRITRERRIR Y Cd AY5E38 23 BL B Wi AT
XK. FEFS L HET pH R 7. 60 ~7. 74, AL &
h42.17 ~46.70 g-kg ™", HANEALFI XT3 pH {H
AL & mIEA B

3 itig

TG b DX H AT 3 Cd —AE 1 mg-kg ™!
IR, URMEREGYEZ, e HEARX
A 4/ 15 JeBiiG S 2 M . AR5 ik
Mt Cd S HAE0.4 ~0.5 mg-kg ' ZIH], &2
T X A AR Cd V5 JeiREs. R g5 R
R, DABRIA R X 51K Cd SRR KA i Bl 2 ml
T, R 7= 5 A M 3= 4 0 FORE 2 HORE K Cd
S P AR, ESRAE 3 BREK Cd A LR
P AT 1 AN 2, TSR B AL S gk
Cd 5 ik 27 0 S B R, T A R 48 e K A &
b, Bk cd ERUKFE SR RAETE R K Qd R

S w7z
AR Bt AT A S I ROK Cd LR, eS8 REES <

ST B, FLR RV AL X KA 0177 A G

O, B, PR RO ROR i R

SR U T B AR LB 2

PR T RCR, P94 B 1N T RS A
B, A LRI T A SO B IR
WY R A R RS A R R, A
E BB T ac i, X E 4R A AR M0 AR A
SRR Cd A ARLF IR ) | [
I T A3 AR | P R A B 4
BT AT HUIE S A R R R , R AR,
FF A SR AT HUIR , ST 200 R 55 AL 4 4 o e
e, W Cd S E 4R BAT R KA FEER, [
It 5 A5 B RMERI T4, ARG K T 2 4 AL
TRERRZE Cd APRLIG R A2 , DRI I 95 45 30 7 A e 4
SR RHT. B B L TAR R Cd R
BB ZE M K 1S B, Bk Cd b
WIS, (LA A = AT TR AE. BEST R, Bt
FHA R T AR 25 26 T8 40k JBE 1 WG 0, 4k I 4 2 T EL
C>* TEK R AR 28 1 W e o i) 366 5 . - 4 v
Fe?* T4 Cd®* 354 K AR AR 2 W B s 3™, [)
SOWTE TS TR A A A, BN 3RS Cd
(g RE RS BTG BOR RS XE Cd (9 BA. (R
Fe MRS B0 — M) 8 10 1t ) 2 W A1 = 4 4
BB | DL Fe B R AL R B &

HAl RS, R GoK R ™ R, REES 0 R 1 1 4%
FEA = T, kKR & A L, H5%
IFES AR

AR e R e R T AR 4 R R
AR | TEE . BT A AN A A E R O Y S
B, FEI 205 4 7 P AR S TR, 7ER
P At b RS AR AR A ML S 0 T 4
pH E, $&/ T HHEAPLT & &, BEIKT NH,0Ac 1]
PRI Cd i A 4 PP Ak 25 0e i T 31
Cd HH3eHe A (AE-Cd) RIS M 7R A 4 (RES-Cd)
FEAL, AR (RED) A1 OXD) MR b A B 3,
MiFEKH Cd & it E 232 5] AE-Cd, OXD-Cd DL K
RES-Cd & il 2. AFIZEBVELFIXRE K Cd B
FRARON 2 o+ PR | Cd T8 2855 Ak SO R bk
TR Cd 638 53 LRI I 2R 3 45 2R X '_

4 it o /L

(1) M R 5 2 0 4 e BEBUK RS
SR ——RPII 772, T 7 T R i VG S A
P K b5 20 A PR I O TR AT
6 Cd AR R G f BT B PR F 1 G
FIRENE 20% Zifr. | . L

(2) T P AR 7% AR - s e
HEF, REOKCA 2 4 MUK BT APAE T IR PE 4 GRS 1)
RHE R, %R AR Cd RBUKRS A A
WAFFERER Cd bR AR, THTIBE A Bl AL 0 bt ), T
BERITRR Cd BB, SBEK Cd S ikbr; T
TEALTS KRB R -, BEK Cd S e
PR | ARG, TS B S, B
JE [ AT R

(3) AR TRIRI K 1 ) 0 A 45 7 f AR B K O
Cd ZCRAIR. TERRIEHHET, BRSSP 2OR
HANIF S FEFATBUIE > AW B > REA I > 2k
s XPREKAORE Cd BRI/ o : A9 A >
by > FERFATHUIL > REEGIE 5 11 265 5 1k fg
AP R T S > BERSIE > REAFA BLIE > B
By XPREKIRE Cd BCRR/NBUT J . 5 FFA HLIE
> PR > REAGHE > B, MRt b, Y
TR FIRSFF AT LIRS 8™ R Cd XUERAE I,
K Cd Bl EAREZOR.

(4) BUALFIEIA T | oot - cd B4,
TS KA Cd B W Wiz FIFFRL Cd R AR AN
FIROR. RS AR R RARE T Cd 1y
TSR HREAR 0 RES #:4k, F5FFA HLIE 350
BT 4 pHEAVE LI & by 5 6k R
BUIRE R HUILAL e T 10 Cd TR 24 10 3 ke e e



10 #4

ZEURAE . I VY R LT

5 YL 2 2 F B AR

4645

A RES 54k, M FRAR X K R Cd 14 8 Wig A0 o)
B Cd s

S 30k
(1] Wnse, BiEh, 4, % KENEHEESETRR

(5]

grains[ J].

. ;017‘,, 3368) . 748-T54. i

(8]

[11]

WS BB BT R SR [ T].
614-622.

Xu J K, Yang L X, Wang Y L, et al. Advances in the study
uptake and accumulation of heavy metal in rice ( Oryza sativa)

Chinese Bulletin of Botany, 2005, 22

F¥p @R, 2005, 22(5)

and its mechanisms[ J].
(5): 614-622.
VAWM. BT RAEHEE 1075 5™ IX KA B maE Fe i
ALY % Al B 3 A PG [ D] AU . WL K2, 2015. 1-
10.

Brs, B R, AR s YR A AR )],
W EFR AL, 2014, (5): 10-11.
e, SR, fTRER, A5, H R LIS SR AN T 3 R 2 K
FEXT Cd AT Ph 19 MR W AX FCAFAE [ ], ROl R RL 222 4,
2013, 32(3) ; 438-444.
Yang X T, Zhou C, He X B, et al. Uptake and partition of Cd
and Pb among rice genotypes in contaminated paddy soil [ J].
Journal of Agro-Environment Science, 2013, 32(3) . 438-444.
F, 2o, BRIT. KRR K ] b o R A
KW )]. FREERI, 2015, 36(11) ; 428-,-3'—4290.

Wang M E, Peng C, Chen W P. EffectS of rice éultivar and

typical soil improvement measures on thé uptake of Cd inrice~
E.nv"i.ronm'enlal Science, 2015‘, 36(11) '21283p4220"
i Xu L, Cui, H B“ | Zhéng X B, et al. Changqs':in:‘t,hi}.ﬁ;vy.;l"fletdl

dlstrlhunon% ""1n wI]olP soil and aggregates” affected by th.e
RSL

dpph(,dtlon of alkaline materials and phylorgme}ilatlon[ Juls

Advance% 2017,77(65) ; 41033- 41042. i “ ,.J

%’éﬂ(ﬁfﬁ%g "j‘j:ffé
EE?.S ‘31%1‘117“”%@

fhfﬂ?, B, iR, AE. PIAMIL
%ﬂw?ﬂ];ﬂ R DL O R e 1 (7]

-

Huéhg Y, LiaoM, Ye Z ], et al. Cd concentrations in two low
dd accumulating varieties of rice and their relationships with soil
Cd content and their regulation under field conditions [ J].
Journal of Ecology and Rural Environment, 2017, 33(8) . 748-
754.

THEE, MRS, FARIL, % A L3 4w 75 e pifh g
EHARDIGEIER [T]. BOIN WG R 240 ( A ARBLA AR
2016, 15(2) ; 156-162.

Ning J Y, Zhou G D, Zhou C E,

passivation of heavy metals in agricultural soils:

et al. Researches on the
a review [ J ].
Journal of Hangzhou Normal University ( Natural Science
Edition) , 2016, 15(2) . 156-162.

B, BEIC, R, H. BT X e R TS e
SO BB RO ST [J]. A FREER 222 #2014, 33
(5): 890-897.

LuoY H, Gu X Y, Wu Y G, et al.
cadmium-polluted agriculture land using stabilizing amendments
[J]. Journal of Agro-Environment Science, 2014, 33(5) ; 890-
897.

XUNRSS, 2o ers, AR, 45, BRACXS L3 h R iy A A ok
SN LN ]. DA AR A2, 2012, 23(6): 1585-
1590.

LiuZ B, Ji X H, Peng H,

fertilizers on phytoavailability of cadmium in its contaminated soil

In-situ remediation of

et al. Effects of phosphorous

and related mechanisms [ J ]. Chinese Journal of Applied
Ecology, 2012, 23(6) ; 1585-1590.
ZEGI, I, MORES, % R E 48 TS QLR A A 1E

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

WPSHERE()]. AT, 2014, 23(4) ; 721-728.
LiJ R, Xu YM, Lin D S,
remediation of heavy metals in contaminated soils: a review[ J].
Ecology and Environmental Sciences, 2014, 23(4) . 721-728.
TRz, WS, WEF, S ASEISR 7 4 8 s ek
FH K A7 2 F i A SR RS R s [ 0], A28 888, 2006, 15
(6): 1204-1208.

Ding L Y, Lan C J, Lin J P, Effects of different

ameliorations on rice production and heavy metals uptake by rice

et al. In situ immobilization

et al.
grown on soil contaminated by heavy metals[ J]. Ecology and
Environment, 2006, 15(6) : 1204- 1208.

TR, €, B, 5. REEY BRI B AR R
TSR B BT (1], )T ARARL, 2018, 45
(4) : 80-86.

Wang X, Cang L, Remediation of Cd
contaminated paddy soil using different kinds of biochar and
a field trial [ J].
Sciences, 2018, 45(4) . 80-86.
TR, A, 9, A A RILE M R 5
V5 R D], FREE LRER, 2010, 4(9).: 209372008,
Wang L, Xa Y M, Sun Y, et al. lmmdbilizatigﬁfﬁf cadmium

contaminated soils using "sepiolite and its compou-ﬁd materials

Yang J, et al.

mineral materials: Guangdong Agricultural

[J]. Chinese Journal of Environmental Englneehngf___ZOlO 4
(9): 2093-0098. | || '
geopite [ RRI ~THk, . %ﬁéﬁiﬂfAE‘HEXT&E;ﬁiﬁ
TR @{Lﬁﬂdﬁixﬁﬁﬁﬁﬁ[]] BRIy 2011
31(5) ;/1011- 1018. .-,."

Liang ){ F Xu Y M, ,Wang L, et al. In-situ J,mmoblhzanorf"ofj
(‘admlum and lead in a_contaminated agncuhural field by. addinig

Acta

-

naturd]. clays combinéd | with phosphate fertilizer LJ ],'
1011-1018. ¥

et al. Lumbricus terrestris

Scienliae'.éircuumstamiae, 2011, 31(5) .
Sizmur/T, Win-‘gale J, Hutchings T,
L. does not impact on the remediation efficiency of compost and
biochar amendments[ J]. Pedobiologia, 2011, 54 (S1) . 211-
216.

20, WRAR, JRHESC, S ORIE RTINS LR AE A
LRI )], RRARARLE, 2017, 45(36) : 94-97.
LiJ, Chen S, Zhou Y W, et al.
on bio-availability of Cd in soil[ J]. Journal of Anhui Agricultural
Sciences, 2017, 45(36) : 94-97.

M, BRAIGH, BHAL, . TT YRAE K S A B K AR R
WORR 5 1 5% ) B AR IPLBL L) ], A3 %4l 2007, 27
(9) : 3930-3939.

Ji X H, Liang Y C, Lu Y H,

management on

Effects of different passivators

et al. The effect of water

the mechanism and rate of uptake and
accumulation of cadmium by rice growing in polluted paddy soil
[J]. Acta Ecologica Sinica, 2007, 27(9) ; 3930-3939.
TR, AR FEEAA R 8 4 8 Bl AR E PENL ST D ).
DRR s LRI, 2017

REET, Ml skJ9H,
A LCRITIEL].
180.

Kang H Y, Lin J, Zhang N M,
different passive materials on heavy metal polluted soil [ J].
Chinese Agricultural Science Bulletin, 2015, 31 (35). 176-
180.

INIAR, 2855, REL, . WS YR H B R H AR T4
FIRIT kR[], AR SHEAR, 2018, 27(7) : 1377-
1386.

Sun L J, Qin Q, Song K,

utilization techniques for Cd contaminated farmland soil ; a review

. RTRVEl A A L R B 4 R S e
EPEV&%@%&, 2015, 31(35) : 176-

et al. Passivation effect of

et al. The remediation and safety



4646 A 40
[J]. Ecology and Environmental Sciences, 2018, 27(7) : 1377- 18 523G 0 e A EPR 8 o ;ﬁn@ﬁﬁg‘f[ﬂ . ﬂ:ﬁﬁ'%’é, 2014,
1386. 35(12) . 4720-4726.

[22] Zhen R L, Chen Z, Cai C, et al. Mitigating heavy metal Sun Y B, Wang P C, Xu Y M, et al. Immobilization remediation
accumulation into rtice ( Oryza sativa L.) using biochar of Cd and Pb contaminated soil; remediation potential and soil
amendment-a field experiment in Hunan, China [ J ]. environmental quality [ J ]. Environmental Science, 2014, 35
Environmental Science and Pollution Research, 2015, 22(14) . (12) ; 4720-4726.

11097- 11108. (33] farvde. PR I 4 SEHR B AR 40 T < J SRR AIE 15 75 e 3

(23] RFL. AEWHAARAR KGR H e A s e 5 Hr[D]. HEP: PRRILK, 2004.

[D]. R Erpdflr ke, 2017, 1-5. (34] metty, JrEME, B, & RBURKEE ARG AR

[24] Bpwda, JESCHE. Ot RIS & AR AR AR SOk A G Fh (i 2k S R ) OO RBEE R R HZ 24 W[ T]. BERE,
BRG] 2R BAUERTSE, 2018, 39(6) : 1044-1051. 2018, 39(9) : 4348-4358.

Chen C Y, Tang W B. A perspective on the selection and Xie X M, Fang Z P, Liao M, et al. Potential to ensure safe
breeding of low-Cd rice [ J ]. Research of Agricultural production from rice fields polluted with heavy cadmium by
Modernization, 2018, 39(6) : 1044-1051. combining a rice variety with low cadmium accumulation, humic

[25] S, LHERVASFASTFRIM]. dbat. hER R acid, and sepiolite[ J]. Environmental Science, 2018, 39(9) .
H AL, 2000. 4348-4358.

[26] F, KB, HS4. TIHEPARESHINE R )] [35] =t SR, A BUHT R T30 RAE F Y B 5T 2 Je
Al K244, 1993, 16(4) ; 37-41. [J]. e 2012, 44(4) . 541-547.

Yin J, Zhang Y G, Xiao C B. The study of analysing available Yuan J H, Xu R Q. Research progress of amelioration effects of
cadmium in soil[ J]. Journal of Agricultural University of Hebei, biochars on acid soils[J]. Soils, 2012, 44(4 ).+ 541 :-547,:
1993, 16(4) ; 37-41. [36] Chen D, HuG, Li R Y, et al. Low uptake affinng_;zﬁlt'ivérs with

[27] skEIBH, 32F%, %@EP EjI:L_ BCR 40 #7 B¢+ bR biochar to ldele Cd tainted rice A field Stl'ldy G'ver four rice
WY P E LR 'ﬂ’,%}blu [J]. AEIWEEAH, 2‘-912 , 21 seasons inj Hunan Chlna[ J]. Science of the Total Env onment ,
(11): 1881-1884. 2016, 541: 1489- 1498. ‘f '
Zhang C Y, Peng P A, Song J Z, et al. 'Utilization“’;f modified [37] S3CUR) Pl ﬂ‘ﬁ(*ﬁ %, ifﬁ%iﬁ}%t@ﬂiﬂkgﬂ fé‘f%
BCR procedure fnr the chemical %pe(‘latuon of heavy metals™in" ﬁXTﬁ%E’]ﬂﬁl}ﬁﬁiﬁmjh[]] WA 20135 "34(9)- 3716—
~Ghinese soil Iéference material [ J ]. Ecology ahd E'nviroMnentaT 37210 &Y 4 F

.,". Sciences, ,2012 l21(11) 1881-1884. y "‘ ‘"“"‘. Guo WJ Llang X F jiLin* ﬂ S, et al. Adsorption of_Cd2 s on

[28 7 ERAE. é‘gﬁiﬁii&l:m*éﬁf"%ﬁﬁ%%xﬁﬁq%ﬁl}&,ﬁ biochar/ fmm agqueous solutlon [J]. Envirofllmerl-tal Scienéé’i.
). faAol (2017, 11(1) ; 44-450 | S 2013 34(.5) 1716-3731. ¥. ;

291 Xﬁ““% Iélr_A BREM, %. Emmxﬁ&f* Cd J—Uﬁﬂ@ﬁ{i [38] Violante A Ricciardella. M,/ Pigna M. Adsorption of leeavy
%@'ﬂ_’.ﬁﬂ{}j[]] PRES TR A4, 2018, 12(12) 3415 3425 metals . on mlxed Fe-Al 0X1dqs in the absence or presence of

i Deﬁlﬂ HJ, Xiao G Q,/€hen Y C, et al. In- 51tu pa%snfgtlon in. Gd\ A organic ligands[ J]. Water, A.i.r, and Soil Pollution, 2003, 145
i polluted paﬂfiy fields of Chongqing suburb for rice healthy. cqnl-rﬁf-- (1-4) . 289-306.
[J] Chinese Journal of Environmental Engineering, 2018, 12 [39] Masue Y, Loeppert R H, Kramer T A. Arsenate and arsenite
(”.12) : 3415-3425. adsorption and desorption behavior on coprecipitated aluminum

[30]  BA&ST, XBUN, BRI, S5, A4 SOREREUES Cd 5KRRIK iron hydroxides [ J ]. Environmental Science & Technology,
ERUMKRA[T]. R, 2017, 38(6) : 2538-2545. 2007, 41(3) : 837-842.

Chen Q, Deng X, Chen S, et al. Correlations between different [40] Mahar A, Wang P, Li R H, et al. Immobilization of lead and
extractable cadmium levels in typical soils and cadmium cadmium in contaminated soil using amendments; a review[ J].
accumulation in rice accumulation in rice [ J ]. Environmental Pedosphere, 2015, 25(4) ; 555-568.

Science, 2017, 38(6) : 2538-2545. [41]  Jalf, Sk, BE& M6, 46 L3 Ph., Cd INRGEMB AR

[31] LiuK, Lv J L, He W X, et al. Major Factors influencing
cadmium uptake from the soil into wheat plants [ J ].
Ecotoxicology and Environmental Safety, 2015, 113 207-213.

[32] PN, TAUDE, TN, 4. MR XA AL G TS Jeblifl

Wt I]. BBy 55R, 2015, 37(5) : 83-89.

Zhou M, Zhang M, Lu Y W, et al. A review on remediation of
lead and cadmium in soil using stabilization technologies [ J].
Environmental Pollution and Control, 2015, 37(5) : 83-89.



HUANJING KEXUE Vol.40  No. 10

Environmental Science (monthly) Oct. 15, 2019

CONTENTS

Vertical Distribution and Transport of PM, 5 During Heavy Pollution Events in the Jing-Jin-Ji Reglon «-+resseereereeremenenesicnneninncnnenens XIAO Zhi-mei, XU Hong, LI Peng, et al. (4303
*+ CHANG Shu-cheng, LIAO Cheng-hao, ZENG Wu-tao, et al. (4310
Diurnal Variations and Source Analysis of Water-soluble Compounds in PM, 5 During the Winter in Liaocheng City «-+«+ssseresresereeee YI Ya-nan, HOU Zhan-fang, MENG Jing-jing, et al. (4319
Emission Characteristics of Exhaust PM and Its Carbonaceous Components from China Il to China IV Diesel Vehicles in Shenyang *+* ZHAO Xue-yan, WANG Jing, ZHU Sheng-nan, et al. (4330
Characteristics of Heavy Metal Pollutants of PM, s from Open Burning of Municipal Solid Waste (MSW) and the Associated Exposure Health Risks — «+reeereerererrenesnsennesinncninnnnens

CHENG Ke, JI Wan-wan, HAO Wei-wei, et al. (4337)

Source Apportionment of Air Pollutants for a Typical Pollution Event in Zhaoging

)
)
)
)

Size Distribution Characteristics and Inhalation Exposure of Particle-Bound PAHs in an Industrial City ~ +++++ JANG Juan, GUO Guan-lin, QIN Ning, et al. (4345)
High-frequency Evolution of Urban Atmospheric Ammonia and Ammonium and Its Gas-to-Particle Conversion Mechanism in Nanjing Cily = ++eseereeseeesesereresiemienenennininsininenes
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SHAOQ Sheng-cheng, CHANG Yun-hua, CAO Fang, et al. (4355)
Optical Absorption Properties of Brown Carbon Aerosols in Guangzhou ««++:+-xesessssesssssssssntnsisiiniiii i LI Zhu-jie, TAN Hao-bo, ZHENG Jun (4364 )
Characteristics and Source Apportionment of Ambient VOCs in Spring in Zhengzhou «+:+«+sssessessessssssssnnmninsnnnneens ZHANG Yi-xiang, YIN Sha-sha, YUAN Ming-hao, et al. (4372)
Raw Materials and End Treatment-hased Emission Factors for Volatile Organic Compounds (VOCs) from Typical Solvent Use Sources
......................................................................................................................................................... LIANG Xiao-ming, CHEN Lai-guo, SUN Xi-bo, et al. (4382)
Source Profiles of Volatile Organic Compounds ( VOCs) from Typical Solvent-based Industries in Befjing ++s+esesseeressereresnmnnisninnnnns FANG Li, LIU Wen-wen, CHEN Dan-ni, et al. (4395)
Emission Characteristics of IVOCs from the Combustion of Residential Solid Fuels and the Impact of Burning Temperature —«++xesseeesessesneeeens LU Ya-jing, FENG Yan-li, QIAN Zhe, et al. (4404)
Evaluation of MACC Reanalysis Ozone Data over China Using Ground-based and AIRS Satellite Observations —«++«+sssseseereeeees WANG Run-fang, MA Xiao-dan, ZHAO Tian-liang, et al. (4412)
Hydrolysis of COS over MgAl Mixed Oxides Derived from Hydrotalcites WEI Zheng, ZHANG Xin, ZHANG Feng-lian, et al. (4423)
Chemical Characteristics and Tonic Sources of Precipitation in the Source Region of the Yangtze River —«-:eoveveesesesrenseenennnnen WANG Shao-yong, HE Xiao-bo, WU Jing-kui, et al. (4431)
Effects of Continuous Extreme Rainfall on Water Quality of the Dongjiang River Basin »«++++sseeesereresvernieneneniininis CHE Rui, LIN Shu, FAN Zhong-ya, et al. (4440)
Correlation Analysis of Water Quality Between Lake Inflow and Outflow; A Case Study of Poyang Lake ««+:tsseeeeereerenveencreneeees HUANG Dong-ling, NI Zhao-kui, ZHAO Shuang, et al. (4450)
Spatio-temporal Distribution Characteristics of the Water Quality in the Jinze Reservoir and Its Inflow -+ LIU Ming-kun, TONG Jun, HU Bo, et al. (4461)
Temporal and Spatial Variations in the Conductivity in Different Media in Taihu Lake, China +++ WANG Rui, DAI Dan, ZHANG Chi, et al. (4469)
Uncertainty and Sensitivity Analysis of Phosphorus Model Parameters in Large Shallow Lakes SHI Yuan-yuan, LI Yi-ping, CHENG Yue, et al. (4478)
Spatio-temporal Variations in Aquatic Vegetation Cover and the Potential Influencing Factors in Lake Hongze Based on MODIS Images -++:+++++++++- LI Na, SHI Kun, ZHANG Yun-lin, et al. (4487)
Distribution and Pollution Assessment of Nutrients in the Surface Sediments of a Macrophyte-Dominated Zone in Lake Taihu ~ +++++eoee-: ZHANG Jie, WANG Yuan-sheng, GUO Xi-ya, et al. (4497)
Composition and Distribution of Biodegradable Compounds in the Macrophyte Dominated Zone of Lake Taihu «+vesesseesesresesreerenneeens QI Chuang, FANG Jia-qi, ZHANG Li-min, et al. (4505)
Temporal and Spatial Variation of Zooplankton Community Structure and Its Relationship with Environmental Factors in Dianshan Lake, Shanghai -+ DU Cai-li, YANG Li, ZHAO Yi, et al. (4513)
Geochemical Characteristics and Ecological Significance of Carbon Isotopes in Groundwater Under the Influence of Different Land Use Types in Karst Areas «+:«+eeseereereeresenessenenenennanens
..................................................................................................................................................................... REN Kun, PAN Xiao-dong, ZENG Jie, et al. (4523)
Temporal Response of Subterranean Karst Stream Hydrochemistry to Urbanization «««++«+sssssssessessesessensensesssnnsnsinninssssns YANG Ying-zeng, HE Shou-yang, WU Pan, et al. (4532)
Hydrochemical Characteristics of Karst Groundwater in the Mountains of Northern Bazhong City, China TANG Jin-ping, ZHANG Qiang, HU Yang, et al. (4543)
Removal of Fe( 1), Mn( I ), and NH,"-N by Using 8-Mn0, Coated Zeolite - MA Wen-jie, CHEN Tian-hu, CHEN Dong, et al. (4553)
Strengthening Effect of Different Cattail Pretreatment Methods on the Denitrification of Horizontal Subsurface Flow in a Constructed Wetland ««+-se-eeeeeerereresiemeneneininininninennnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIONG Jia-qing, LU Xue-bin, ZHENG Yu-cong, et al. (4562)
Short-cut Nitrification Start-up and Optimization of Operating Conditions Under Different Control Strategies «+++«+sxsssseesesvsnsesenseinsienens LIU An-di, ZHAO Kai-liang, LIU Hong, et al. (4569)
Start-up of a Three-stage PN/A Granular Sludge Reactor for Treating Wastewater with High Concentrations of Ammonia «+«+++xsssseeseeseeseree JI Xiao-qing, QI Ze-kun, QIAN Fei-yue, et al. (4578)
Removal of Hydrogen Sulfide Produced in a Municipal WWTP Using a Biotrickling Filter with Polypropylene Rings as the Packing Material and Microbial Community Analysis -
.................................................................................................................................................................. SUN Shi-hao, JIA Ti-pei, CHEN Kai-gi, et al. (4585)
Characteristics and Influencing Factors of Polycyclic Aromatic Hydrocarbons in Surface Soils from Typical Industrial Areas of Chengdu ++«+xeseereereeresemenenememeneninniniiinine
............................................................................................................................................................ RAN Zong-xin, CHEN Jin-yu, WANG Ya-ting, et al. (4594)
"""""""""""" HE Ming-jing, YANG Zhi-hao, WEI Shi-giang (4604 )
BU Shuai-hin, MENG Zhao-fu, Sambath Yek, et al. (4611)
Concentration Characteristics, Source Analysis, and Potential Ecological Risk Assessment of Heavy Metals in a Peak-cluster Depression Area, Southeast of Yunnan Province «+-++sessesveeeeess
.................................................................................................................................................................. HONG Tao, KONG Xiang-sheng, YUE Xiang-fei (4620
Cd Accumulation and Risk Assessment for Arable Soils in the Karst Region of Northern Luodian, Guizhou ««+«+essereerseesererenseienennens TANG Qi-lin, LIU Xiu-ming, LIU Fang, et al. (4628)
Safe Utilization of Paddy Soils Lightly Polluted with Cadmium in Western Chongqing LI Na, HE Hong-zhou, FENG Ai-xuan, et al. (4637)
Accumulation of Cd in Different Crops and Screening of Low-Cd Accumulation Cultivars CHEN Xiao-hua, SHEN Gen-xiang, BAI Yu-jie, et al. (4647)
Absorption and Transportation of Selenium Nanoparticles in Wheat and Rice WANG Ya-qi, ZHU Li-na, LI Kui, et al. (4654)
Effects of Microplastics on the Growth, Physiology, and Biochemical Characteristics of Wheat ( Triticum aestivum) «+-++++=«ssseseeeeeseseees LIAO Yuan-chen, Nazygul:Jahithek, LI Mei, et al. (4661 )
Regulation and Mechanism of a Dregs Biochar Matrix Combined with Maifanite on a Soil-Ryegrass System :+:eseseeeeresesssssnsnsinnnis XIAO Liang-liang, DING Yuan (4668 )
Microbial Community Structure and the Distribution of Antibiotic Resistance Genes in Soil Contaminated by Sulfamethoxazole -+ ZHANG Hai-feng, SHI Ming-ming, SUN Yan-mei, et al. (4678)
Dynamics of Antibiotic Resistance Genes During the Municipal Solid Waste Leachate Treatment «+:++:esseeveeeeesesersnnsiiiisinsnn HUANG Fu-yi, ZHOU Shu-yi-dan, YAN Yi-jun, et al. (4685)
Effects of Manure Application Rates on the Soil Carbon Fractions and Aggregate Stability «+«+«+ssseessesrersessssnmimminsinnitsee SHAO Hui-yun, LI Zi-yue, LIU Dan, et al. (4691 )
Effects of Irrigation and Biochar Application on the Respiratory Temperature Sensitivity of Paddy Soil +«+eseeeereseserssennsieniniiinnns ZHOU Peng, QI Le, NIU Hai-dong, et al. (4700 )
Response of Soil CO, Emissions to Straw-returning in Citrus/Mushroom Intercropping Systems ««+«+s+ssrsseerrersrssrsernesnnnnennesnnieens YOU Jing, NI Jiu-pai, HUANG Rong, et al. (4708)
Effects of Warming and Straw Application on Soil Microbial Biomass Carbon and Nitrogen and Bacterial Community Structure —++++++++ ZHANG Ting-ting, CHEN Shu-tao, WANG Jun, et al. (4718)
Simulated Ozone Damage on Gross Primary Productivity (GPP) in a Winter Wheat Field »«+«+svsseseereeveesenenenninenennincnens XU Jing-xin, ZHENG You-fei, WANG Sheng, et al. (4725)
Spatial and Temporal Variations in Fertilizer Use Across Prefecture-level Cities in China from 2000 to 2015 +eeseereereeeseserenseieneniens PAN Xiao-dong, LI Pin, FENG Zhao-zhong, et al. (4733)



	单独封面
	单独封面10
	zml


