b
CF5 50

Eco-Environmental

Knowledge Web

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

ZSTIRERZBRX IS RGE. R-CXRASEENWRTE

EELFRELBX T VOCSHIBUSIE R B3Itk
HIEX, Fkil, £8, FHEE, OR, AR, FEX, HH

&

FIE P i
RiEEe

e K=

D)

B £ PERFRESHMEHFHRO SRR B

$42% FH3MW

Vol.42 No.3




W % A3 VLR £

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 46 3 A 15 H

H &

ﬁﬁﬁﬁ&ﬁ[%mﬁ%ﬁﬁJFE%%E%EN%%%

& Lo R Tl VOCs HERAHIE S EFREATHE oo FHX, BAK, £8, BHE, 28, AETR, 247, HE4 (1023)
I%gﬁﬁﬂékﬁﬁVMbﬁmm$&wmﬁﬁ ....................................... REX, T8, 26E, £a, ﬁm% %ﬂ?(WW)
PN IEDON T IR A TRHE oo oevrsessss s BEG, 8, 2EH, LR, FEL, BLF (1053)

ﬁm$¢ﬁﬁfi%¢§ﬂﬁﬁﬁ S AMATERAE BT «+ovverveereereenmmenmen ettt

..................................................................... L, 2E, BTN, ERE, %iﬁ Y, BRIE, BIEA, £ (1065)

%?%%ﬁ%@@ﬁﬂﬁ%@iﬁ%%Zﬁ%i% ......................................................... %X ﬁm M, FET, ¥E (1073)

AN T 5 B S M KT TR oovevevreresmeeseremmess s B, FAE, ehs, B (1081)

O TARIT IR T 17 %5 % JEER, AME, TR, BHER (1093)

LR T I 32 K T4 B 15 U B A AN RS AT wovvreeeeeeerermesesnsiesrnenieiiiei s e, BEe, TS, B (1105)

ﬁ%ﬁ%%%ﬁﬁi%ﬁ%ﬁ%ﬁ%%iﬂﬁﬁ%ﬂﬁ%ﬁﬁﬁ ............................................. Eﬁ,?ﬁ %;: ZNE (1114)

AT TS 7 EITAE 3 Bgb, BT, T, K, RIW, 24, Bk, K2 (1123)

AR P R TS YRR A - ROUE, BmAE, KA, A, G, #%, T9, HEH, HRE (1131)

SR B i 41+ R PCDD/Fs | PCBs 1 PCNs (A5 YL REAE BB DPAL  oooeveveenenennens BER, B, HEE, AF (1141)

ﬁ%%ﬁ@%#fﬁi%mﬁj%m%un ....................................................................................... *%% fiél.i gﬂ/ —%E (1152)

T FAEUBL S FH ) A TP AR AL oo B, B, AXE, BEH, BEA, BEE, A%, REKX (1158)

BUBKTE A 0 P S B 0 B3 TR T IR B AEAFIE oo BER, Lk, hudl, BRE, 254, 24 (1166)

I T A RN ) AT S LI Gl FELEUAE ++eevveverseersensee ettt ettt ettt

............................................................... S, MBL, BE, FAG, TR RER, AEA, ANE, B%E (1177)

I S S M et A KRG LA AT YL AUELII]  oeevvee e @%ﬁ ka %.g WiaE (1185)

R LIRSy RIS 48 RS e S BED, ENE RES TEF (1191)

gﬁ{g?ﬁﬁigém@ﬁqﬁg b A LR I e eeeeeereenee e T RuE, AL, BE, TXHE (1197)
®

COVID-19 FEAEIIIE SOHBER I A I T AT wovveeovevensnsssssnen RE, LB, 2AF, AWE, BB, AXE (1205)

2020 G AR 2 S TRER AL -vvvrvvreessssssss s AER, B, RE, B, HBE, FUE RER (1215)

@ﬁﬂﬁp%j¢ﬁm@ﬁmwﬁéﬁ&%% ............................................................... W, A%, FEF, TR, WEE (1228)

PEZE T RS AE TS YL B J R (B IS oveeeeenmet e WA, R (1236)

S T S R 2 2 SR TT ISR TE 5 (B KU T+ vvevvesesesesesesesese ettt sttt

...................................................... :f[gﬁﬁ E;?,ﬂ%?@,%ﬁm%, E)(%#ﬁ f%ﬂﬂ fi? ﬁ]X E:k%(1245)

mgmfﬁpmsﬁnm@%ﬁmﬁﬁ ................................................................................................... A, EEM (1255)

PET R TGY TR L TR T ERIE oo ereer e X‘JW /\54_;; %%%(1268)

BN 75 e B CBURLAS BB FE AT E -oovveeee HN, Bk, TE (1280)

ﬁgﬂ:ﬂéﬂﬁﬂﬁﬁwﬂﬁfi:iﬁﬁ‘FﬂkﬁﬂEiﬁﬂﬂij(éiﬁiiiﬁtzitm$@{ﬁ”i HAE vttt

............................................................ TUT, m%%,%%%,%%%,ﬂ%%,%%?,%?ﬁg%%,%%,,R(u%)

L RO 4 2 TG G BRI BRI oo M, FAR, R, EWA, A48, SEE, F4 (1306)

*Eﬂiﬁfﬁﬁiﬂiﬁjﬁﬁ #’JH*%M?IFW(%%&EH?%#TK ------------------------ T, EE# Fui BE, BE, LHE Eﬁi?ﬁ (1315)

2012 ~2019 AFAL 5B E VOCs KBR BARMOKPASALEI AT <ooveeereeeereeeeenes BRI BY, B4, AR, W, BRI (1328)

MG BRICE AR TG UL woveereeeeeeeies e DEE, FER, £RF, kB, OB, BEE, &4 (1333)

k&DKﬁﬁﬁ%ﬁm%%*%%ié%%&ﬁﬁﬂme 2[R eeee FE%, BWE, K6, KE (1343)

I AR 2= 0 I B R AT BT BETEIRIELG  --vvvvvrererressssosessssseeesesesssoossomeese e eenrene s e

.............................................................................. bz, LRF, BT, TRE, NEE, #ITE, 50, 2% (1354)

H K HD K TRHE R 2575 JE TG YR s AR, BFE, AT, KRR, K47 (1361)

ﬁgum@&ﬁAﬁimmwmﬁ@ﬂ@ﬁ%ﬁmﬁﬁ~mmmmmmmmmmmm-%ﬁ,%? ki, XK, MAR, FAX (1372)

SRR RIS TSRV wvovvrerrssssssssssssssnn Fi, FEM, 25, 2H, FAZ, AL, REA, HET (1380)

VRS AR T X, mmm@%%@ﬁmﬁummﬁjiﬁm%m ....................................................................................

........................................................................... ?%Eg,,%;k% /mlﬁkﬁk %ﬁflﬁ ﬁ%/ﬁi ﬁ]r’]_lk ??E}L 5?@%7?(1391)

FPM IR DT RIS YA AL oo BAG, Kk, B, Eik, 4%, BUK, 385, A, 4F (1403)

BT SR B AKAR AT B JLIR] v vevveevesermenmenmene ettt ettt EEE, iﬁﬁ ¢%% %%? HE (1416)

SRR A T B R TR K PR ER BB FI v eveeereemmemmemmenenmsnn %%i,%k% IFe, ,ﬁgj,ﬁﬁ(mﬂ)

T B KR A T IR AN TR FENE R I U L] cvvveeeeeeer e IWY, =%, ?%E KR, ”é*(m%)

SO RSB T SRR K VR B oo AT, BAE, B, 22, FEE BER (1443)

KBTRERTTAL A B BREL B BB FHU B JRLAE  +voveoververeereereemememsmnin e %ﬁ ﬁ% bk, AWE (1451)

*i/F/jg“La@MgFeZO“B’J%J%&ﬁw[}ﬁ?ﬁ*@kmﬁﬁz ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ B, KL, KA, AR, RA AT (1461)

TR K SRS IR ML 1) - AN UE 2 5 DO HOTT5 R BBRALRE oo WaH, R, i, EfL b, R E (1469)

ANAMMOX 3552 h R BRER I B AL AL ML weeveerereremee i HiE, ®F (1477)

ARG KA B R ooeeeeeneene e WK, EHRE, THEAE, TH, i’éﬂﬂ%iﬁ Fefrdr, FEH (1488)

R T Bl £ BRE i P A ) 5 R A 2 B R (g BiTH, WEk, XM% YR, ki, BEE, A (14%)

HEEH S X R LT s %ﬁ&ﬁﬁ .......................................... T, i E, %ﬁx ﬁgm T, %t?(wm)

P PG LI R R T BRI R SE CA AL T LRI I ZE  wovverrereeree ettt

......................................................... LRE e, B, AT, B B ks, AT A, HF, 2%, AF4 (1514)

BT P A K R B R T RS - S MR (R BT weeveereerrenre ﬁﬂ_ﬂ_ %1:15, F% (1523)

IKAME TR S T A KRG AR SRR R PRSI <+ v vvereereereee sttt Bk, B2 (1535)

m;{%ﬂé#@t%ﬁi% im?%ﬂ’]ﬂi%xﬁﬁ&}iﬂ“@ﬁ%%%ﬁ ...................................................... EJZEP R ;;H; HhTa (1545)

MRS IEN CH, 1N, O HEH ARG ovovessoovoovesess BT, TR, BPHE, 8ok, HBA, REE, BRI, HEH (1559)

ﬁ%mhiwﬁﬂﬁﬂﬁgfyﬁgﬁNoﬁmm%m ................................................... BEEW, XA, KEE, 2EE (1569)

UK A 2 2 )4 f?iﬁ%‘%@ﬁ/ﬁ?’fﬂ%l_ ........................................................................... Fﬂim lejg/j_ ED. é}/\f%(1581)

<<%i%ﬂ%>>mm$(llsl) (FRBERPEVIERFIN (1342)  5E.(1402, 1415, 1580)



)
IET-HUFE‘ In BB R = 55424 4538 2021431

Eco-Environmental
Knowledge Web Environmental Science Vol42,No.3 Mar.,2021

K5 B HE 5 T R X 7K F8 AR 3R Bk BR A% Bk £ IR AT Y =2 i

N e
(VAR R FHRIAE 2 BE, FPR 400715)
TEE . HIRPDK S SRR X 13 (As) /8 (Cd) AP0 RhE KRR RS As/Cd WU RZ A, DL 5% M 48 TF PH L B fif
AT PR T o R AT TOKRE BRI, 152 5 FhoK - B B A WK (T1) s B AR B AR5 =% (0 ~ 105
d) WK, HEATET IR I E R (75 7KK 50% ~ 60% ) (T2) B ARSI AR AT =7 (0 ~ 65 d) WK , T 2 A5 =7 (84 ~ 105 d) ¥
K, FLA IR VR IR VEE (T3 ) ; AR B S AR5 = )% (84 ~ 105 d) FEuK , HoAx it IR i HEE (T4 ) 424 BRI HERE (TS ) . AN
JEAE AR AR X 2 AR S5 SRFRI , WE 7K /YR T VEE W 8 B — W 7K Bl B — V2 T VR WG B ) 1 AR R 6 ( DCB-Fe ) BYTE 1, DCB-As/Cd
Aﬁﬁﬁ DCB-Fe &t FHin miFHies ; Mafk {8 338 pH F4i, B30 As/Cd &A%, DCB-As & 539 | 15 7K 2 B 41 19 DCB-Fe/Cd
BRI, K R KRS AR Cd B R B X As B BBl iRk KRS &30 2B B T, As/Cd 3 B AL
,\EPffE ZE M FRERL) Cd AR B 4. 23% ~31. 06% ., 11.41% ~52.90%. 1. 74% ~35. 73% 1 19. 25% ~39. 76%, As &5 &
S AIREAR 1. 47% ~ 52. 60%, 6. 12% ~63. 02% ., 2. 97% ~28. 41% 1 16. 33% ~ 61. 23% . 5 PR A b JlifE 45 & T3 K04
AT AT KRS A 0 i B SOK R A e it /N BRI UG, MR A1 As/Cd SEB Y5 e 0 A BRI 77K 43 3 'ﬂ“ﬂ%T uﬁmﬁ%ﬁ
3 As/Cd YA BPEE T KA A/ Cd 1 BB, SEBIAR FH 22 A 2. : ‘ #7 4
SR KM Bk AL ATS Y AR KR ' ol e

RESES, X171 IEIRIRE: A XEHS . 0250-3301(2021)03-1535-10  DOI: 10.13227/j.hjkx.2'02008147 /S
1
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Abstract;, To explore the effects of water mandgement Mgilicon application on the lbloavallablhty of soil arsenic (As) and cadmlum
(1Cd) and the accumulation of As and Cd in ri¢e, pot experlments were carried out using As/Cd co-contaminated paddy soil from a
field in Kalydng County ;» Guizhou Province. The experimental .treatments had the following five water application modes with and
without silien addition ; flooding during the entire erowth.petiod (Tl ) ; flooding for three weeks (0-105 d) after transplanting with wet
irrigation/( moisture content 50% -60% ) during other growth periods (T2) ; flooding for three weeks before heading (0-65d), three
weeks after heading (84-105d), and wet irrigation during other growth periods (T3); flooding from heading to three weeks after
heading (84-105d) and wet irrigation during the other growth periods (T4) ; and wet irrigation during the entire growth period (T5).
The results showed that compared with flooding and wet irrigation, flooding combined with wet irrigation was more conducive to the
formation of iron plaque (DCB-Fe) on the surfaces of roots. As and Cd content increased with an increasing of content of DCB-Fe.
Silicon application increased soil pH and the content of DCB-As but decreased available As and Cd in the soil and, with the exception
of the flooding treatment, the DCB-Fe/Cd content. The shorter the flooding time, the higher the accumulation of Cd and the lower the
accumulation of As in each part of the rice. Silicon application increased the biomass of rice but decrease the Cd content of roots,
stems, leaves, and grain by 4.23%-31.06%, 11.41%-52.90%, 1.74% -35.73%, and 19.25% -39.76%, respectively. Silicon
application also decreased the As content of roots, stems, leaves, and grain by 1. 47% -52. 60%, 6. 12% -63. 02%, 2.97% -28. 41%,
and 16. 33% -61. 23%, respectively. Among the five modes of water application tested, silicon application combined with the T3 mode
achieved the highest rice biomass and lowest rice As and Cd contents. Therefore, it is suggested that selecting water management and
silicon application regimes according to the level of As/Cd pollution can effectively decrease the bioavailability of As/Cd in the soil,
thereby reducing the accumulation of As/Cd in rice.

Key words : water management; silicon; arsenic cadmium co-contamination; bioavailability; rice

Z T S M NG S B R, AR 2 R SR R PR > As/Cd 38 3T RO T Bt A 2 ik
TCEE ARG, LA (As) FIE(Cd) S| iE BEHRIEZm.
'ﬂ AR As Fl Cd FERE Y B = AT AT 06 1) 3 XK AR FH R U, 7K 0 8 RO — i DL AR 248
g, (eI SRR Rk A B YEE P A it A FIT I, K048 B AT LA 3 5% i K R A
J%*’QEEEEH““ M HHAB A KA, K (Oryza —————— ‘
sativa L. ) E5 WM AR As/Cd™, As/Cd ik gzlaﬁﬁéq %)Z%O%éﬁf?g?;ﬁﬁ%(22%21%-3(()51-)%8800602 )
B I FOK B AREOK O 8 A HE As/Cd 1 2 AR g{"fg%wg_;zﬁﬁéggﬁ}gf@a%ﬁ”gffrﬂﬁi@?

%YE (6] . .Jﬂﬁ s ﬁ%%ﬁéﬂiﬁ&‘j’(%ﬁﬁﬁﬂ fﬁlj *‘E’}K As/Cd * WIEVEE , E-mail ; 2x]@ swu. edu. cn



1536 7D 53

B 42 %

FERRIAIE T R HXF As/Cd 1Y B 4 R 5 Wi K AR
XF As/Cd B RS a2 ™00 | o] LASE 3 oA 4 9 R
B (pH ) M S AR JE AT (Eh) 8200 38 As/Cd 1)
WRAFTEAS A RS fr e M R i K R X As/Cd I
SR RO KRR Cd B E B CdPT
FERS A 3 pH AR JE LM, Cd* 5 e
Wrh R AR A S UL TE, Cd Y W IR 7 2 f
i H As 3 Sk () S I A T, A
As(V) FEAS AR I ) AsCI) | fE 7K R HL
Wehag T As/Cd 7E LRI AT RS LA T A
3 pH | Eh IR 3 8 IR B A8 Ak AN [, K 4348
FRXTAE H - 58 As/Cd A RPERIKAS As/Cd FLERF
PSR A5 A Hu 2560 A S8R 52, 4 101 7K
AIFEAI -4 Cd B9 R RTRLAR  Cd 19 8, X As
BRI R R HI A S S B AT 4R, AN ]
KA EFRT KRR As/Cd AW i S 4% 25 11
. H Honma 55 (Y IF 55 2 W, £ /K A R i
JEHEATIE 21 147K 45 B AT ] P R AEG /K kR As/ Cd
M KBS As/Cd B4 TS5 YR AR

Tk (Si) AW HE I HIA fi
EHE% AR, HEREAR ﬁTu&ﬁMﬂlﬁEﬁu%
Wﬁ*ﬂj}:ﬂﬂﬁﬁ‘éj}““ L A T A Cd JE
IR SisCd &AW, B IRRE K Cd 5 /*ﬁ“; u&
HAs R%W&Wﬁﬂdﬂiﬂﬂ*ﬁﬂﬂ My As &

i [1l“19] =R iip |_] Wﬁ}%?ﬂ(ﬁ'&iijimﬁﬁiﬁ A,s/__ g

Cd EA{? %* Ei%{wiquﬁﬁﬂﬁxi%aﬁj(i
R 1o 2020 4t B 00 s K R 9 O SR 4 1 R
ﬁ@aﬂrﬁa As/Cd E A 15 3K F R R_R A
18 BT KRS A S AR R K 2048 B R it ik
X+ 45 As/Cd A 0PE KK ARG As/Cd MR IR I 52 i) K%
FEHIBLHIEANTE 4.

AHFGE R F AR , 38 0t + e 3% As/Cd K
R Bk BB R K R 45 3B As/Cd e FE T2 | 3BT A
W) 7K 0 BT it A 6 458 As/Cd AE A S0 A K
i As/Cd WU 9 5% i) 5 ML, R - — ol 1] B BHL 4%
As/Cd AR I H] A 2048 34 it , LB As/Cd
BTG YR I 2 R iR S %

1 #Rl5RHZ%E

1.1 XAk

BEK AT« S AR E G 210, J8 1 2 g 8 2
TR RE TV E PG R R [ K2R R T S R R
D4R

B 4598 R B ST A B BH T P L B R
BTG YK FE HBHHEZ 0 ~ 20 om. B2k - AR AR 4R
Y, AR XTG4 2 mm 45 . % 13 pH 6. 68 7

JLE, 7J($H7E f‘FE—‘:

MU &5 2 51.84 g-kg ™',
Cd %4 0.96 mg-kg™'.
1.2 %Ik

FK AT a3 PRI Sk A, ik 5 A4
KA AR 2R B K (HEKIREE 5 ~7 em)
(T1) ; BEaREE T =JF (0 ~105 d) #K, HA
VB HE (&K F 50% ~60% ) (T2) 5 o4k 24
FEFT=JH (0 ~ 65 d) WE/K S S Hh A =5 (84 ~
105 d) #E7K , HAs s 30 88 Vi S8R (T3 ) 5 Aol el 380 ey 7l
J5 = A (84 ~105 d) ¥E/K , AR BT IR IEERE (T4) ;
24 FWBIHRERE(TS) . /K& Bl p —2f RN ik fn
—>Bjifi i ( Na,SiO, -9H,0, 800 mg-kg =" VEHAE A &
BARBPAE — R PE A ). 3L 10 AN Ab B, 45 4k 3 2
3 K.

B b 4.0 ke, FERG R BN LKL S ITT 2
b K FE R R A HE ﬂ?Aﬁéﬁaﬁquﬂﬁﬁ:ﬁﬁ/\ﬁ
0.6 g, 1L R4S 0.4 g, AL 0.4 g ‘ﬁi‘t%é/w
53, MK, E R ROk, S
1.3 }rimﬂk% 'ﬁﬁﬂ‘ﬁ “
13,1 /KAGRER R S5 @

7J<‘7Faﬁl€#ﬂ%ﬂéj\7jﬁ§$fi ENIN ﬂf%%ﬂ*ﬁﬁ*ﬁwj_.
ANERA. SeH A SR K B 25 B oK ki Hxiﬁé}%ﬁﬁf
R DCE‘({P}}%P&‘(O 03 mol-L~" 7 1 —A0-
0. 125 mol -1~ Bi#2 S 41 F10. 06 mol - L~" % — . B
TR ) PEATAR FR AR RSP I, PR IBOR Ak o iR
FH KD F W 553 606 B V5 I 52 (43 31 LL DCB-Fe
FI DCB-Cd 7R ), fift 5 42 FH i+ 2 6 2 2 (LA
DCB-As &R ) . HARAH IR 042 70°C LT 2 IEE,
FyiEE 100 H i FH T As/Cd &80 0. B cd &
2 F R PR - 1R - SR T 1 - O DR I ool i
VR E Y As SR E 1: 1 £ 7K (H,0: HCl: HNO, =
4:3: 1 PRBEL) T M-SR ook e >
1.3.2 +HHERESCRES T

IKFEYCIR I, SR AP - HERE i, XU AR 2ot
10 Hfi AT 3 pH il HA e dhad 60 B
T T HHEA R Fe/As/Cd & B0, Horh ) H3E4
WA Fe 452 0.005 mol-L™' M =W T & 2
(DTPA)- 0.1 mol-L™" = Z P& ¥ (TEA)- 0.1
mol - L ™" G AL 5 ( CaCl, ) W45 J5 2R FH A T 1 W AL
LR E, L HEAAS Cd £ 0.1 mol-L7!
CaCl, 1242 J5 2R HI A 88 4 J5L 7 Wl 43 O O B2 vk 1
EP A B As 0.5 mol-L7' Bk R A A
(NaHCO, ) i # )5 I 7o e e )

SyBrad R LA R AT AR E Y BT GBWO07428
(GSS-14) FUAs Il ae: 547 5T 42 . s [l
34 Cd ISR N 98. 8% ~ 103. 6%, +3E4 As

As & H 52.88 mg-kg ',



3 MRS . 7K 537 385 it e 0T 7K RS AR R A AR % i 5 WAL AL P 52 i 1537
e 96. 4% ~99. 8% . 1000
1.4 Mk o Lm0 ©
& H Microsoft Excel I Origin 2018 Z 411 7%L _ 800 H ] b by b b —a:[b—77
PSR &2 R SPSS 21,0 AT R 4 7 +;17 u7ZlnY
PESPT , KT8 0. 05. g ™[ -
2 GHRE5SH g 400 |
B
2.1 KGMEILGHIRE HIE pH (95 Tl
H2 1 A%, 5 Rk 438 BT 0% pH S IK
T4 >T3 >T1 >T5 > T2, Hrp T1 T3 1 T4 b3 [H] 0
TE LTS A T2 b FUPI 1 T 52 3 25 5 H T e n
T3 A1 T4 BT TS M T2 4bF (P <0.05) , & G
e pH LA 4 B R R TR T 5. 5 R G A 010 i .
He, AT K AP PR T MERE S BRI T3 pH, I o, L e [T
IS B KL, bR S, 2 s 2 O 7  h
pH (A ¥4 2 A% T H A K 40 8 88, Ho i Ak i fe g & 006 7
pH IR AE. e X .
F1 KkHEESHERS L0 pH ogm) F 5 ¥
Table 1 Effect of water management and silicon applicationyt o soil pH 0.00
S R RE | HiE S
=TI 7 fla6007a | b 670. 0221.!1' ¥ i 0
w1 590019 619 407 lc..r"--. Il 2 3 r4 rs
1w Jesst0.07a &'7'3 £0:06ab 14
Jb (e YRS ulf o
’ + 9 50+0 1 - a ab ab
mn@maﬁrrn /J\"%%ﬁwgmaww 05), *z%/ﬂnlg A% T —I— e b +ﬂ7 i
ﬁﬁ%ﬁﬂ%w@ Y " j_--”"j Eéj 08 1 é7 ;'7_ % ¢
2.2 zj( %Iiﬁﬁﬁﬁﬁi%* Fe,Cd Fl As A% g 06 7
P50 £
M (a) TTALS MUK HBR T, g T MY
R Fe S8R TL FI T4 888, T2 T3 2, T5 el 02 f
FL 5Tl S 1 0 0 0 A 30 .
T1 T2 T3 T4 Ts

T K AL FAE A 30 Fe F i RRREAR. it fik (5 45 7K
B HRIEUR A AL Fe & RN, BRI DL T1 b3 5
K, N 15.12%, T4 Kb FRER/IN AUH 2. 70% .

FE 1(b) AT, A2 Cd & iDL T2 F1 TS
RO R T3 M T4 R, T1 f% /i, W % T HAh %%
ARFRA B4 0 K E A AL Cd B AL it
fEJA, KA B HA R Cd &8 dk—4 R, Hp
T2.T4 F1 TS 4b 35 5 F K 12.4%, 14.70% Fi
9. 76%, 343k i 3 /K-, 2 B it ik AT B AIG 4= 38 &L
Cd &

FIE 1 (e) PTHL, EHER R As S T5 AbFL i 3
T A K A Ab #RZE BV I V8 0 T LA 3K WEE
THEPER As . RS S K EEEA AL As
SRR, Hor T1 T3 A1 TS Ab 3843 51 % 19. 81%,
19. 33% 1 32. 30%, 3135 .35 /K- BVt ik v] B A% £

ANR/NG FREFORA RSB 2 0] 22 5 0.3 (P <0.05) , T[]
El1 TEAHFe AR CAdIEH As SETH
Fig. 1 Changes in available Fe, Cd, and As in soil

BRI As i
2.3 KAHEF SRR A B RZ R

FHE 2 ATAS, 5 FPoK 2048 3R K AR (25 A1
FERL) A i R A R R . TL > T3 > T4 > TS5 >
T2[F2(a)] TI>T3>T4>T2 >TS[ K 2(b) 12
(¢)JMTI>T2>T3>T4 >TS[E 2(d) ], T1 /K45
PR POR R A BB A AR i B T AR K
TRABAY R XTBR T AR 7K 487 3 %) g [ PR R A A
(] 1717 5, (HZE I FUFFRL A ) e Y 7E T5 K 3T
AL BEHTAERT T HA K A4 81, 428 B I /K TR
TARBEMAEK.



1538 woom ® % 4 %
100 60
@ ) Foese ©
ok a ik 50F a a
27 Eiz7
40 H b
=g b 0] be bc be
= b ) S T
£ 30 H
H < cd g /
2 400 d #
d d 20 H
e € e
20 f ’_\‘% E% ’—’—‘Egl .l
0 0
Tl T2 T3 T4 TS Tl T2 T3 T4 TS
35 30
(c) (d)
30k a a
25+
b7 b by 0 b b )
st -H ool 17 ;
L —F— >
- + —1—77 +77 = 20 od 7— cd be : : d cd
= 20 1/] = _I_ 7— %;If
S 151
13 ...|.]
= 15 =
= &
- IU L
10 H
st St
0 0
T1 12 T3 T4 Is Tl T2 T3 T4
—_— .‘ [ g - x "_."_;'; ; H”‘I
L) ol JEZ zt# ’jﬁ’ E3N H?ﬂ*&‘#ﬂ’]i%ﬁ = y & _ !

T@Ei): 5 ﬁ7kﬁ”":’f$?7j(*a§'iﬁf,£§§% iﬂL
T =5 T R R T R Bljfléj\ﬂujj 4. 80% ~ |

53. 3‘9%;0 68% L 44791%, 0.35% # 16. 88% A 7

3.27% ~.,‘f6 88"%_,T1 K ERT, 1 ﬂfiﬂ%ﬁ*ﬁ”’
Y L TE TS KM B2 A ) A
Tt BEAN T3 K43 B AR R AE 4 A S 2 4R TR
FH, HAYK 358 PR ik J X 7K e AR W i 3R TV R
3 UL A X AR AR K AR AR TR K 434 B
BRI FEAE 22 57, 4 A 5 0TV /K 45 G it ik Xof 7K Fef A=
K AR A F R B

2.4 JK5E S ik XS K FEAR & DCB-Fe ,DCB-Cd
F1 DCB-As 5 5 0052 M)

& 3 (a) AT M, T2 T3 1 T4 Ab BHOK REAR 5
DCB-Fe 4 W& T T1 A1 TS 4bFR | LA AR /K
FIVRE HE R 7K 43728 Ak 1) 7K 5348 PRABE A B — s 7K
TR I VI S T DCB-Fe JE . Jiti ik A T1 7K 4345 B
T DCB-Fe &1 B35 (P <0. 05) 8440, HoAwk o048 3

TR 12. 64% ~44. 44%, ) T2 FmE oK, T3 Sk, %
ARt A X DCB-Fe 5 & B9 52 W IR 7K 404 B [R) A7 1
5t

H & 3(b) F1IE 3 (¢) AT %1, DCB-Cd 1 DCB-As
SHELL T4 LhFE R T1 A PR AR, 5 DCB-Fe &
Bk —3, £ B DCB-Fe % As/Cd H—EH)
WL ERERE T1 K75 ET DCB-Cd % i 3%

Flg 2 "_}um &5 off fﬁe roots stems, leaves, and grdln of nLe #

s, ARG et gl b ae ek As Bl
22.42% ~282.70%, L) T1 FHifi e K, T4 THIF /D,
SR HRE X AR 7 K 43 BB ST DCB-As/Cd Fr 4t
A NER
2.5 JKATEBEHIGEX KRR Cd F1 As BLR K
E;ur]

ANFZK A3 HE 5t X 7K FE Cd 3 gﬁﬁﬁf Me] 1
Bl 4 Ftzs , W AT, KRB A0 07 Cd 7 = R B AR
> 25 > FPRL > it 5 FhK /3 B R KA AR 25
MRFERL T Cd & AR — 20 DL T &AR,
TS fermr, N T1 ~ TS, Fifi i 7K s [0 19 45 4, /KRG 4%
BBAL Cd B it 5 40 U 3 3 e 4, R WHE 7K AT A3 34
il KRBT Cd B YRR 2, FLH K s fa] K | K A 4%
B Cd B AL

Tt fk S5 B A T KRS A FR AL Cd & £ AR Cd &

HFRAK 4. 23% ~31. 06%, 55 T1 %,,ﬁ\é@ké}%@*
PRI W 22 5y 250 Cd ARG 11.41% ~
52.90%,T5 B 25 25 55 03 Cd & i REAR
1.74% ~35.73%, T2 T4 F1 TS Y RMH B FH 2T,
KR Cd A HEFRAK 1. 08% ~39. 76%, T2 T3 Hl T4 £
P 2 5 L h 2R A AR AR AR, RO R
vt R g /N 9 SRy AR, 2 Wit Ak %o 7K A L
Cd E’uiﬂ 0K AR TS mfjﬁﬁfﬁﬁiﬂﬁ NUs

R BRI ERRL Cd SRR E S,



34 WREESE 7K o087 TS Tt ek 0 7K R AR R R i 5 A A ) 2 ) 1539

60

(a) [IES a
“ VA et ab
T b ab ab b
:l 1
2 a0t %7
{;‘ 17 7_7— be
He C C
x w0 7 L _}
= ¢
& ﬁ -
©20 H 7
3 1]
10 H
0
Il 12 T3 T4 Is
14
(b)
RE e
2
g or b
_.E b b
Ll (&
= 6 d
4o ]
::j <
(=)
I 4 {_
Q
o "
2+ f =
Il 12 T3 T4 rs
50
a (c)
_ 40t >
] -"""’
E} b °
E 30 F ¢ . Z ¢ ;5 ¢
= ) =V
= d d
= 20+
42 e
<
2 wf

0

Tl T2 T3 T4 TS5
3 JkiB#RFHAE DCB-Fe DCB-Cd #1 DCB-As & &
Fig. 3 Contents of DCB-Fe, DCB-Cd, and DCB-As

in the iron plaque of rice roots

Tt I YV VR T e X R TR R Cd B i AR B AR A
s, v VA, Citiet 545, BR T5 b, T1 ~T4
kR Cd SR T E RSP I5 YR & (GB
2762-2017)0.2 mg-kg ~""*) JEAREUA A B Cd 75
YR KRG 2 A 7 K o S FAE

ALK 4348 5 i e X K RS As A5 HE RS2 I AN
B S s, AT KRS A0 As & i IR R >
M > 25 > FpRi. 5 K-8 B MR 25 R
R As Bt DL T1 AR, TS AR PR, AN T1 ~
TS, it 25 8 7K S (] B4 406 6, KRG 45000 As 75 12 38 ¥

FEAR, 5 AR K 20 8 B R K R 43007 Cd 5 B iy 7
b2 R H A R 1 3

TaREFEAR T /KRG TR0 As & i, M As &t
FEAR 1. 47% ~ 52. 60%, For T3 FI TS R 1 3522
Sby ZEEB As SRR 6. 12% ~63. 02%,T1 T3 Fl T4
O 2R, I As F A 2.97% ~
28.41%,T2 I B E 225 F kL As & HEBEAL
16.33% ~61.23%,T1 T3 I T4 LI H B FL R X
TRAR AR B e K, FLUCR AR AR R | B A2 0T, 16
AH A ()it AT KRB ZE TR As s S IR IR K.

3 iFig

3.1 KOME B tRERS 158 pH 1R

B T2 4, KL BRI LA pH (3 T4
AR SN T VAL B, DMK AR T LB pHL 5
RHERER L, B 05 R K 53 30k s 9 16 pi
B4 0. 18 £0229 ML, BORRERRAN AL 2 g
BB TFAV K A IR L0t T
92 5 T AE SR TR SPR BUAT 5%, L) T2 Bk A3/
S/ (G B J5 S HEpH 78 S Rk 75 s 5
MGG P 3 T s st 406 pE 8 R 42 71 R

e

ROPRBTS, | L, o 3 ¥
3.2 mﬁ%ﬁ%%@%i%ﬁﬁFw&m¢§%

g |t e

FHEATRL Fe/ As/Cd £ X RIFIK 53 4 AE 25 1L
BRI R AR, 785 Fe &8 LA T1 feh, T2 . T3 A1 T4
W2, TS Tl [ B 1 (a) ], BRIV 7K 55 8 7K/ 18 i 3 R
RAL PR AT R Fe 7 10 10 25 i T Vi R T Ak
P, 5 R R RIF I 4 R — B T I
AHXF R AR 5% PR il VA W P Fe ( 1T) B A ALK
Fe( M), FRA% T H33E4 4% Fe & . M mk (49045 %%
Fe &R /K /8 BT BRI R B R AR, S5 0k
REfE VKRR R A K SRR R AL T (R 0
WP HE L Fe( 1) BR8N Fe (1) A7 K.

AT, K AL BERERF MK 138 Cd 49
AR, WA A A AR, H AR As (995
PENOBT ARBEE bR T2 Ab, RHEA R Cd RS
WA R A £ B TS 12 iE 3 T B, T3
T4 RZ WK T AR E 1 (b) ], R KR
T 138 Eh, B9 T 23RS Fe® Mn® " S5 FHE
TR BT 2 &, Fe?™ Mn** 5 Cd** B354+
B S* 5 Cd®* LT iE e 3G, (i 38 Cd 1
A=A RO AR 5 TR I VR S L4 Eh T,
WEEE 5 Cd* Z 58 G AT VR s , B
LA cd S REAED . — BT, 13 pH
HARAS, A Cd &, 5 cd WAMES



1540 woo®m B % 0%
25 12
() (b)
) ab 2y 1o f 2
20 b [ ARk 1 —1
w O sk % W os| b
an 15 F ¢ C an I 7_
£ 1 d E
= -]
= Y !
- e =
S 10} o
g f % 04 L
05+ [
02 |
E g e d de d d ¢
3 F : j e
T1 T2 I3 T4 TS T1 T2 T3 T4 TS
0.09 030
(c) (d)
0.08
a 025 | jl—%r
007 F . _
" 006 | b £ 020}
éﬂ e ¢ ¢ =
£ 005 | 5
g . d d % 7_ .33: 0.15 -
= 0.04 e 3 b b
T 003 | © 0.10 - c <
= ef r " d d
0.02 H
oo 005 F ¢
0 0 l tfj
T1 T2 T3 T4 TS Tl T2 T3 T4 ™S
p— A | | [I £ i / &y | & = r 7 ﬂ.'lc 2
SV {/ g,:riﬂ iR .= A cd 28 ’f‘ | % JF ' '_,;:,u
i f | 1= Py 1 g
e ! ! _;l':' ll.'l f Fig,-kl ,-6&1; E:{) Bf;rﬂ'l:e{pots, stems, leaves, ar}ﬁ grain li)‘f rice , '-. ,"'- 3 "'."f
l £ i - |Iw / :..l 4 ! / | - \ _.i:.._ £ -‘:‘
i L A s F ( &
NN | 74 04 ‘ RN ) f-"'ﬁ
220 14
200 | 4 @ . C I Ahank . ®
180 —+a7b + b LA ekt 12 '—I—
b ab b
T 160 1 ;IT c ) 10 r |
% 140 o o T % be
£ 120 £ 8F 7 —[»
-] I d = ¢
4 100 H ¢ de &
z [ Z 6 d [
I 80 H é7 = ¢
Z o} . ot
40 H ) )
20 -
0 0
Il T2 T3 T4 TS T1 T2 T3 T4 TS
30 6
(c) (d)
a
25 —+ a
a
- F A -
w20 H L F w4 I
& b % b
E + £
I 1 i
€ " ¢ ¢ & %%
2 ¢ %
g_ 7 ¢ od ‘;;‘5 L] ¢
I 0} = 2 h o c
d 4
d
5 H ¢ 4 g
0 0 E%i
T T2 T3 T4 TS Tl T2 T3 T4 TS
B5 KEER.ZEHMFRS As &2

Fig. 5 As content of the roots, stems, leaves, and grain of rice



3 1 WREESE 7K o087 TS Tt ek 0 7K R AR R R i 5 A A ) 2 ) 1541

pH {E 5 0 5 35 A 50 ARBF g op T2 A K
Cd i EmaTRE & TH - pH HE&EMK (% 1),
TEPHEEZE S &R B TE W A A
4 PH B T30 5 N SR AR 2 T i o .
B As AR T T2 T3 Fl T4 Ab3H 8] TG 2 2 25 5%
{HTE T5 EP@%F%{E&[ Bl 1(e) ], BVE— N e T
T HEA R As AR T /K Tl K/ W T A R Ak
P BEPT B B ST UE SEAFAE K AL B, T0IE
IR H 2 b5 - 3 rh As BOA R0, teah, T8
BET A9 AH X S8 AR A5 AT AR 2F As () Ak A
As( V), Ja# ek A A0 W 2 T 1) W B 5 TR, DA
TS HE Bl R 2 3

AR, i ik T A R 3R As R Cd
A ROE ) A 9 A B it ek 1 4% /K 4 Ak
TR A% Cd S a AR As 3 SRR, (HXT
As/Cd A RCE B3 E /R 20 R K 4348 B X 1) A )
M5, % Cd AR ISR 24T H;ﬁi%ﬂtﬁﬂ%
T As A3 2P AR A P LA 4 A 7 S0 6 T i B e o
XA RS A 0 Cd A K As é«‘%éﬁﬂf«%ﬂ(
A SRR WA SR B A G, | |
3.3/ 7J<é%’r’¢}£ 'ﬁﬁfﬁﬁiﬁﬂﬁa*ﬁ%‘z DCB F}/As,/t:d

SRR

*E%%B%Eﬁiﬁkﬁwﬁﬁ%ﬂﬁ" #F = frﬁ%

PR TR A RS, — 2 RS Jﬁﬁhﬁ”dti

i F"H[M] 5 EJ]J( 'qui*%ﬁ—l: itﬁﬁ)&j‘e ﬁiﬁ .

LA i, LTS iR (181 1), KRG % DCBPE S
EHILETI A FRERAR TS Ab3E vk, T2 T3 F1 T4 b
PEsE K 3(a) ], DCB-Fe &t 5+ 404 3k Fe oW
KBS 1)K B R A8 Al 5 A 2 R M — o 3 i 0 10 4R
RS T AR Fe & mARIAF TR A TE AL, 117 78
IKEAET | B 3 R Fe A B s WA F TAR
BRI B, T 7K 20 45 #1022 S5 A K R AR B+ 48
pH Eh 252 ANA] AT T4 A B 300 8 K ol 7 i 9
WE , VA 7K/ P Vi) T = B A T g5 AR O
HAFIT DCB-Fe LA, 5 3CHK[ 42,43 ] E’ﬂﬁ%
R—8 iRk S, K & T KAER % DCB-Fe &
ThiE, Ha K & B DCB-Fe & w4 R#AIC, wﬁ%ﬁ@
TR XS AR F R BT 1 1) 2 1) 55 = 3 /K o R A K.
T KA T EHEA S Fe & fem , itihd 5 /K
NSRRI R W RO B PN EE B AR, DT
DCB-Fe & 2% [ TF ) 77 70 10 10 8 0% 1 7K 43 Ak
i DCB-Fe & B FE K. %E’é%ﬁiﬂl‘ﬂi@%ﬁ%?i%
AbF AN AR, 3 AR R (A 3L Fe 77
AR ERB A EB DK 2(a) ], ks 1%
F AL Fe &g t—L BRI DCB-Fe % i FEAIL. W
K/ VRV IR 5 A B R A R AR BRI T A,

Jtifit 5 DCB-Fe & i FEAIR, A 2202 Tl fERE
KT HHEA R Fe &8 B A A EL 441 22
— BN 59— 1 R TR A R AR K AR AR
FMEF A AR, T34 R 16 71 32 252 e $2 1
W, INZ R YT I A SRR KRN Fe (1)
OB BE R AR, 5 BOK RS 70 AR 2 4% B V% , DCB-
Fe SR .

ANEK o8 FEAE AR PR pH  Eh %5 SR AE 22 7

2 7K AR AR 3 R M JEE i S FEXT As/Cd g W o
l“” T K AR DCB-As/Cd S LL T1 54K, T5
W2, T2 T3 I T4 3. WK 54 N HIEA R Cd &
A%, DCB-Cd aiuﬂiﬂiﬁ VR R A K
As BRI A%, {5 DCB-As & I 75 10 7 HE 0 T A
I, 1M )& DCB-Fe AH—B7E K T Mk, HAK 4
EFL DCB-As/Cd & i )b DCB-Fe 77 i J4755 1fi T
5, KR % DCBLAS/Cd ﬁ%z%é‘g DEBFe (1)
S (P 2) . B G IR T 2 AN [k 4 2% A
TR GBS As/Cd % A AT S 1k
I JELA K A HE e AR As/Cd E’J%Wﬁﬁﬁﬁ?ﬂ?ﬁﬂ
BT A R F BRI ZE A% As/Cd fﬂ(%ﬁtlﬂéﬁ
BUSGR S D B VERE Iy M6#E 5 T1 4b 1 DCB- (Cd &
BHEETE, X5 T T‘*fﬁﬁ—ff““ O BF e 4 %, f@"
KA N ERERT BUHETR B Cd B 4l DCB
Fe &k 12 ~45 H AT, DCB-CA & i i 14
%, RN AT e T DCB-Fe &4 R, *Ei'%%%ﬂ%tﬁ
MR Y Cd o] AW T B Mifk /5 DCB-As %
5L, 5 DCB-Fe/Cd 78 AL A AH — 5. 1451454‘;“”
AT o 26 I, MR e R I K R AR 28 35 11 % WLAEAE Y
—F ASRELG i E AL X As A AR5 I R A ik
TERR PRI T KRG As TR 2B WX A5 5T 32
WAt fef PTG L S PP As AR, i M8 5 A 5K
As S (H AT SRAR R AERT As O E 0
ARBRFEABUE A iR 5 45 K B AR As B b
ik, 15 DCB-As &5 3% L.
3.4 JKOPEHLSHEREXT KRR As/ Cd WS RGEE R

K3 AR08 ot R - S R i A ke AR R
BRI E 4 T 1) T R ) 4 R R AR A R R
R G, AR Ko HARR 2 K RS W R R
As/Cd SRR (& 4 FILS) . A BFFE M, /K AT
Fhin 58 pH, R B A 3L Cd S AR5,
W KALTE T + 3% pH {EAE 5 FlK 048 BT R
i B TR % Cd A1 DCB-Cd 2 i eIk, 3 Al
AEEH T /KERIE AT F*r Mn® 5 Cd* (58
Gt e S*° 5 Cd®t ALDITEME R L4 rh Cd 19
G/ EERIE HWEEMWM(%H%%Q Cd B R & /A%
X As M5, R As (V) B4k Ry 16 1 T 58



1542 ®

B 42 %

(4 As( ) , As A9 AP0 S5k 3G 58, 20 00 348 i 1 7K A
XHHFUE, H, 76 As/Cd 1594y 3 g s —
K348 PR OHE LA R s/ D /K A R As/Cd IR R,
HE KIS Cd 25 A AR, I&ﬁ‘@k/amﬂ@/%x%
AL FR A K BRI 4608, Cd SR WiTh & B As &
TR AIG , 7EHE 7K/ 12 VR 45 PR 3SR 1Y) T3 7J<67\
B JKAR& I As/Cd AR BN T H A
KA E PR X 5 Honma 551 AU ST 45 R — 30
Jite ik JE K R AL Cd AR R IRER (K 4) , B

25 RTFPRL Cd 2 it BRI R 3 R AR . J A —
T2 T 3 pH FhE A AGE Cd & TR, Cd 1Y
WA SRR, 53— T A0 R & A BT R
B, L7 R AT BESKr Cd® " DR TR 30 4 it B v | 0
> Cd )b b3 A9 I A B AR RS AT FORF R B AR
B (EAG— IR A 9T R 5 pH BT A
It Rk As A (HERE S 3 pH AT
RGBT As SR X AT RERE i T HAPL Y
FEAEXT As A5 RCHE B MBI 7R A T 4 pH B9 T 25
Xt As A Rk Pk I A AR . Ma ZPVTR BIF 5R 48
As( ) 5 REH: F/K i 38 25 11, TIRE 5 *—Txﬁﬂﬂ Hilet
S TE, i*ﬁ*ﬁ;z%ff%ﬂ*xf As 1B 4 TR T
R AT D T KA ASTO R ARG
o ﬁf_ﬁ,ﬁl:%zké%ﬂu% DCB-As ﬁﬁiﬁm {1k
%ﬁ%iﬁu As /a‘%l?‘ﬁ( Kl5), HH@@X}WJ@H Wk
A TR . g 1, mi;_%im A
HE pH RT3 A 4L Cd &% N s
HEROER PR R B X As TS, ) 2 5 i
WESRAR R RS As (15 SIS 58 As 19
B R 2k AR K R A BB R R, R IE it
AU — T AR B Cd $5 5, S — T R B As
it

4 it

(1) EFWWKABE T KEEY R EST
K8 P T rE RBAE HE K R 2 AR 1 AR
KANFEI IR ZR > 25 > kehr > i,

(2) AN[EZK A48 B R) £ 18 pH 25 53 35, it ek
Ji 3 pH FHE ARS As/Cd i FEAIK.

(3) T AT ] VB TR A Ak 3 P 7K 8 A K
A P — YA 7K T O TR R AR R R B A i, L
DCB-As/Cd &5 B DCB-Fe & & b i Jh . 778
IR T R G 3 T AR RERBEXT Cd 1 E 4 FE A
T Y R 114 7K 43 A AR AR X Cd 1Y AR 8
Jita ik T SR AR AR AT As 105 B A IR T K>
AR

(4) 24T KL KRE cd FE R KD,

As B 2. i 456 B A1 2T = 5 WK,
Tﬁﬁﬁﬂ%fﬁ}::ﬁ%@ﬂ(,,\éﬁfﬂiﬁ/ﬂﬂﬂ{é/ﬂ%ﬁﬁﬂ(/\
(EBLiV W @t S TROR RS
SE k.

[1] YuHY, LiuCP, Zhu J

paddy fields from a mining area: the effects of soil properties

/\/ \iﬂi/]\-

S, et al. Cadmium availability in rice

highlighting iron fractions and pH value [ J]. Environmental
Pollution, 2016, 209 38-45.

[ 2] Carré F, Caudeville J, Bonnard R, et al. Soil contamination and
human health: a major challenge for global soil security[ A]. In:
Field D J, Morgan C L. S, McBratney A B (Eds. ). Global Soil
Security[ M]. Cham: Springer, 2017. 275-295.

[ 3] Abedin MJ, Feldmann J, Meharg A A, et al. Uptake kinetics of
arsenic species in rice plants[ J]. Plant Physiology, 2002, 128
(3):1120-1128.

[4] HuPJ, Huang J X, Ouyang Y N, et al. Water management
affects arsenic and cadmium accumulation in different rice
cultivars[ J]. Environmental Geochemistry and Heallh 2013, 35
(6):767-778. = - =-

[ 5] Irshad M K, Noman' A, Alhaithloul H A S, et‘.,-a'f (Jeelhlle
modified biochar.ameliorates the growth of rice ( Orjzu sativa L. )
plants by suppressmg Cd dnd As-induced Odedl}VC bt;,ess in Cd
and As cb contammated [ﬁaddy soil [ J].
Env1r0nment 2020 "717, doi: 10. 1016/j. %c1toteuy 20_2'0
137086 4 i o -]

[6] Wang H Y Wen'S L, Chen P et al. Mitigation of ca(lmlum and L.
arsenic m rice[ grain b&/ applymg different silicon fertilizers™ m
contan}lnat fields [ J J. Environmental Smence and Pollutlon
Resedrch | 3016 23(4)} 3781-3788.

(7] fhxes, TEE, #52%, 4. 7J<$a$§i’%ﬁﬂ%ﬁxﬁimﬁﬁﬂ-&,ﬁ\
EASERBEMON ()], MR S IR, 2010, 16(6)
1527-1534. :

FuY Q, YuZ W, Cai K Z, et al. Mechanisms of iron plaque

formation on root surface of rice plants and their ecological and

gclen(‘e .mf the Tntal

o

environmental effects: a review[ J]. Plant Nutrition and Fertilizer
Science, 2010, 16(6) ; 1527-1534.
[ 8] Lux A, Martinka M, Vaculik M, et al.

cadmium in the rhizosphere:

Root responses to

a review [ J |]. Journal of
Experimental Botany, 2011, 62(1) . 21-37.

[9] LiuW/J, Zhu Y G, Smith F A, et al. Do iron plaque and
genotypes affect arsenate uptake and translocation by rice
seedlings ( Oryza sativa L. ) grown in solution culture? [ J].
Journal of Experimental Botany, 2004, 55(403) . 1707-1713.

[10]  XBAk, Z=k, Rpte, % K R TR Bx HiEE & EE
ML), 13, 2014, 46(6) : 1045-1051.

Deng L, Li Z, Wu L H, et al. Influence of moisture and drying
process on soil heavy metal availability [ J]. Soils, 2014, 46
(6):1045-1051.

(117 BRIE. -3 RARPREREE YR8 i AL DT 52 [ D).
JERT: R ER B AR IR B T L, 2005,

[12] Uraguchi S, Fujiwara T. Cadmium transport and tolerance in
rice; perspectives for reducing grain cadmium accumulation[ J].
Rice, 2012, 5(1), doi: 10.1186/1939-8433-5-5.

[13] Takahashi Y, Minamikawa R, Hattori K H, et al. Arsenic
behavior in paddy fields during the cycle of flooded and non-
flooded periods [ J].
2004, 38(4): 1038-1044.

[14] kﬁ LUMENE , BRAE, A KSR 0N K A T W 3 1

WLT]). A TR, 2018, 37(7) : 1427-1434,
Wu J, Ji X H, Wei W, et al. Effect of water levels on cadmium

Environmental Science & Technology,



3

WREESE 7K o087 TS Tt ek 0 7K R AR R R i 5 A A ) 2 )

1543

[15]

[16]

[17]

[18]

[19]

[20]

'3

[21F

and arsenic absorption and transportation in rice[ J]. Journal of
Agro-Environment Science, 2018, 37(7) . 1427-1434.

Honma T, Ohba H, Kaneko-Kadokura A, et al.
Eh, pH,
arsenic and cadmium concentrations in Ttice grains [ J ].
Environmental Science & Technology, 2016, 50 (8). 4178-
4185.

B, BRAE , TR0, AE. iR D 20 A K A B I v ) F 5T
[J]. EERL%, 2014, 35(7) ; 2762-2770.

Chen Z, Tie B Q, Lei M, et al. Phytoexclusion potential studies

Optimal soil

and water management for simultaneously minimizing

of si fertilization modes on rice cadmium [ J]. Environmental
Science, 2014, 35(7) : 2762-2770.
Kim Y H, Khan A L, Kim D H,

metal stress by regulating P-type heavy metal ATPases,

et al. Silicon mitigates heavy
Oryza
and endogenous phytohormones [ J].

10. 1186/1471-2229-

sativa low silicon genes,
BMC Plant Biology, 2014, 14(1), doi:
14-13.

LiR Y, Stroud J L, Ma J F,

accumulation in rice with water

et al. Mitigation of arsenic

management and silicon
fertilization[ J . Environmental Science & Technology, 2009, 43
(10) : 3778-3783.

FHEZS. T R RE X AR RS A K RS S AL R (D ]

B RBHAl K2, 2019, 10-12. (F !
Arao T, Kawasaki A, Baba K, et al. Effects of water
management on cadmium and arsenit a('('umdiation and

dlmethylar%lnl(‘ amd concentrations 1nH Japanese |rice [ §77"

_~Fnvironmental science & Technology, 2009 43 (24-): 936*}' z
9387. S 1 b LY T o

Meharg Cy 'M'PharguA A. Silicon, the_silver 'B'L‘lllet for mlpgaUgg

bigtic and abiotid stress, and improving grain quahty, in Hce‘7

A [J1 Envm)nmenlal and Experimental Botany, 2015 .-JIZO 8-

[22] i Iﬁa T EU&/K%P‘I%W)\QQF”*

[23]

[27]

[28]

17.' ™

ﬂﬁﬁ SHEFIID . dbs. s E R R (JE), 201-6"
23 3. .
%lE‘F'* IR, XIER, & BN A K S I 2 A

V5 LA H 58 As-Cd AEWIARME KRR BRHE(T]. 5T
‘ﬂ? 2018, 39(2) : 944-952.
LIYXL, YeCC, Liu Y L,

fertilizer coupled water management on soil bioavailability and

et al. Bioavailability of silicon
cumulative control of rice in compound contaminated Paddy Soils
[J]. Environmental Science, 2018, 39(2) : 944-952.

GB 5009.15-2014, B % 4z R ARHE B P ERIGINES].
GB/T 5009.11-2003 , i G Bif L ToHLER I [ S ] .

NY/T 1121.2-2006, el 25 2 #853. L4 pH A9 E

[S].

GB/T 23739-2009, e ARG FaR I 2 J5 ik
Bs].

NY/T 1121.7-2014, EHERI 55 7 354y 586 30 I &
[S].

GB 2762-2017, B &R RIRME B P Is R iR S].
Jek e, Ko E BB TR AR LR BT [ D], K
W hEARLRHE R, 2014, 13-34.

PP, T2, BRER, . K& R KRS R Ay A
P EAT AR AR J]. IR, 2018, 55(1) ; 1-17.
Zhong S X, He HF, Chen Z L, et al. Advancement in study on
biochemical behavior of arsenic in flooded paddy soil[ J]. Acta
Pedologica Sinica, 2018, 55(1): 1-17.

Wan Y N, Camara A Y, Yu Y, et al. Cadmium dynamics in soil
pore water and uptake by rice: influences of soil-applied selenite

with different water managements[ J]. Environmental Pollution,

S fg@mm% &

[35]

[36]

[37]

[38]

[41]

[42]

[43]

[44]

2018, 240, 523-533.
ETH, R, MOCRE, AF. SEERE AL AR AR WA R
FOKREGR R R [J]. BRERLEE, 2017, 38(12):
5299-5307.
Gao Z X, Zhou H, Yang W T, et al. Impacts of silicon fertilizer
as base manure on cadmium bioavailability in soil and on
cadmium accumulation in rice plants [ J ]. Environmental
Science, 2017, 38(12) : 5299-5307.
B, EE, AU WK SRR L SR R R T
HRAT R [J]. HERE 20, 2009, 29(2): 373-
380.
Huang D D, Ge Y, Zhou Q S. Effect of redox processes on soil
Cd activity under submerged conditions [ J].
Circumstantiae, 2009, 29(2) . 373-380.

R, BRAANE , XIZER], % MR-RELEG

Acta Scientiae

i T 7K IR A

BURMAYRZNA[ )] A FFEERF2A4, 2013, 32(7) « 1302-
1308.
Chen Z, Tie B Q, Liu X L, et al. Impacts of optimized

agronomic regulation management on cadmium dbsorptiun and
accumulation by late_rice [ J]. Journal of Agre Envuronment
Science, 2013, 32(7) ; 1302-1308. { '{ ¥
KPR, AHENE, HEiE, A 7K$HFH$E“’@1£E#HEE
XPROR & B 09 30 L1, LSRR 2550 2016, 35
(10): 186741872, | iy e
Zhang Z"‘X. Ji X*T, Xie Y H, et al. Effects jof qu’akli-l;le
apph(’allon at .i‘dlff?l"eilt rl('e growing stage on" the e,:tdmlum
contenls I’n rice l_greun[ 1. Joumal of Agro-Environment S('lence
2016, 55(10) 1867448751 o~
HZ g UM, T, R, ORI Cd KH’n’t?E/FHHﬂﬁEFH%‘E
TR BURCH IR )]. 3R TR, 2017,
11(2) : 1242-1250. F

Xie Y H, Ji X'H, Tian F X,
uptaking of rice in different Cd pollution characteristics paddy

et al. Effect of passivator on Cd
soils[ J]. Chinese Journal of Environmental Engineering, 2017,
11(2) : 1242-1250.

TRIE, BRAONG, SRAR, S FORFEAT AW S0 Bl A G TS G
TP RERIE SR AT W BN JE G R IS g A &
RIS 2 [ C]. BT PR 24y | 2016. 268-
276.

XUARH. pH X4 A= 9 A R 10 52 R F 50
2%, 2020, 8(1): 23-28.

Liu C X. Research progress in the effect of pH on Pb
bioavailability[ J]. Hans Journal of Soil Science, 2020, 8(1) .
23-28.

BT, ARFK 538 B0 L 38 i RO KoK RS ol 1 4
BERIREAWTSE[ D], Jba: R EFBREBERE, 2015, 3-15.
XY B 35 kb AP O AR R IR P J B T i i e i L

JE[)]. AR

WD), ME: BEKY, 2015. 1-8.
SRHHE. KM BT K RRAR SR BB B SOK R AR R A R

[D]. BtH. SR, 2016. 11-23.
ki, IL0E, APBRR, % KRR #7206 580k
ARG SIPERTRE [ AT, L. 2019 4F [ L e 2 +

b 3780 e A k- ko AR S Ry N R A s i
SCEAE[C]. ER: PE RS S TIERR LR AL,
2019. 183.
A, W, PR, R TR AR PR IR AR R AR
%KH%TBEQE‘J*EE%@H%J[J] HW) A= B2 4R, 2017, 53
(12) . 2167-2180.
Fu Y Q, Shen H, Yang X J.
stimulated formation of reddish-brown iron plaque on rice root

Plant

Root-based mechanism of

surface by moderate alternate wetting and drying [ J].



1544 2D 53

42 5

e

[46]

[47]

(48]

Physiology Journal, 2017, 53(12) ; 2167-2180.

McGeehan S L, Naylor D V. Sorption and redox transformation of
arsenite and arsenate in two flooded soils [ J]. Soil Science
Society of America Journal, 1994, 58(2) : 337-342.

Onken B M, Hossner L R. Determination of arsenic species in
soil solution under flooded conditions[ J]. Soil Science Society of
America Journal, 1996, 60(5) : 1385-1392.

BB, B WA AT LI N 55 1 ] 29
PLEERTRFTEE ], H3E, 2009, 41(2) : 160-164.

LiY C, Ge Y. Influence of iron oxides on activity of Cd in soils
under reductive conditions: a review[ J]. Soils, 2009, 41(2) .

160-164.

TAREE, XIS, HaEr, . REXTKRE &2 030 il 500 BF
FE[J]. AN, 2016, 25(11) . 1822-1827.
Wang Y X, LiuJ, Tang Y S, et al. Inhibitory effect of silicon on
cadmium accumulation and transportation in rice [ J ]. Ecology
! e
L
|“I f
" i
r | |
— & i |
i '«'f P §
A L ¢ J
i = f [
| 1} A |
I i'f | |
J} [ | -
- o |
s I/ e ;
"I l‘ [ - | .Hn‘;."a
J SRV N B
| # .-'-"F -t

[50]

[51]

and Environment Sciences, 2016, 25(11) ; 1822-1827.

A, MUK, BRREDR. N[t DX 3 v o3 T K R AR 2 Bk
A ATE OB X R s [ 7], BRI, 2010,
31(2) : 496-502.

Guo W, Lin X Y, Cheng W D. Effect of iron plaque formation of
root surface on As uptake by rice seedlings grown on different
types of soils[ J]. Environmental Science, 2010, 31(2) ; 496-
502.

Seyfferth A L, Fendorf S. Silicate mineral impacts on the uptake
and storage of arsenic and plant nutrients in rice ( Oryza sativa
L. ) [J]. Environmental Science & Technology, 2012, 46(24) .
13176-13183.

Ma J F, Yamaji N, Mitani N, et al. Transporters of arsenite in
rice and their role in arsenic accumulation in rice grain[J].
Proceedings of the National Academy of Sciences of the United
States of America, 2008, 105(29) ; 9931-9935.

-"'-l
- o e
r j
e -
f—=1 i
f F o
j 8 7 1
| I o 'y
f & e & a i
F) Fa =~
i W | =
J- v U 2,
] o \
’rl‘l P .-'_":"-"'# [ ¥ - i



HUANJING KEXUE Vol.42  No.3

Environmental Science (monthly) Mar. 15, 2021

CONTENTS

Industrial Emission Characteristics and Control Countermeasures of VOCs in Chinese Rapid Economic Development Areas —-«+:«+sesseseeeeess MENG Bo-wen, LI Yong-bo, MENG Jing, et al. (1023)
VOCs Emission Inventory and Variation Characteristics of Artificial Sources in Hubei Province in the Yanglze River Economic Belt = +++++++ DAI Ling-wen, MENG Jing, LI Qian-gian, et al. (1039)
Sources and Distribution Characteristics of HCBD in Rapid Economic Development Areas ««+s«seseereereessemenensinieneneininenneeenes TAO Yu-ming, MENG Jing, LI Qian-gian, et al. (1053)
Polyeyclic Aromatic Hydrocarbons in Surface Soil of China (2000-2020) : Temporal and Spatial Distribution, Influencing Factors +«++++++++-- MA Yan, CHENG Lu, RUAN Zi-yuan, et al. (1065)
Relationships Between Microplastic and Surrounding Soil in an E-Waste Zone of China «+«+«sseseersessesesenenenseiinensnsnininsneineenes CHAI Bing-wen, YIN Hua, WEI Qiang, et al. (1073)
Analysis of the Spatial Distribution of Heavy Metals in Soil from a Coking Plant and Its Driving Factors GU Gao-quan, WAN Xiao-ming, ZENG Wei-bin, et al. (1081)
Source Apportionment and Spatial Distribution Simulation of Heavy Metals in a Typical Petrochemical Industrial City SUN Xue-fei, ZHANG Li-xia, DONG Yu-long, et al. (1093)
Heavy Metal Contents of Soil and Surface Dust and Its Ecological Risk Analysis in a Multifunctional Industrial Park ««-«c-eeeeeeeeereess ZENG Wei-bin, GU Gao-quan, WAN Xiao-ming, et al. (1105)
Geochemical Patterns and Source Analysis of Soil Heavy Metals in an Iron and Manganese Ore Area of Longyan City «+r+eseeseereerereseeeeeens WANG Rui, CHEN Nan, ZHANG Er-xi, et al. (1114)
Application Case of Accurate Site Investigation with Life-Cycle Conceptual Site Model Development «+:esxteveeeessesessesesinseneneiinienens LI Pei-zhong, WU Nai-jin, WANG Hai-jian, et al. (1123)
Levels and Risk Assessment of Short and Medium-Chain Chlorinated Paraffins in Soil from Paper Mill Area =«+«eeeeeerevereeesennenee ZHANG Pei-xuan, GAO Li-rong, SONG Shi-jie, et al. (1131)
Characterization and Health Risks of PCDD/Fs, PCBs, and PCNs in the Soil Around a Typical Secondary Copper Smelter «+«+s=sseseerereeness HU Ji-cheng, WU Jing, XU Chen-yang, et al. (1141)
Effect of Citric Acid and Phosphorus Coexistence on Cadmium Adsorption hy Soil «+s+sssessessessesssssnsinimniniinisie SONG Zi-teng, ZUO Ji-chao, HU Hong-qing ( 1152)
Uptake and Accumulation of Cadmium and Zinc by Two Energy Grasses; A Field Experiment —«eoveeeseeesessrvsimmsnineininininen ZHENG Rui-lun, SHI Dong, LIU Wen-ju, et al. (1158)

Bioaccumulation and Translocation Characteristics of Heavy Metals in a Soil-Maize System in Reclaimed Land and Surrounding Areas of Typical Vanadium-Titanium Magnetite Tailings

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SUN Hou-yun, WEI Xiao-feng, SUN Xiao-ming, et al. (1166 )
Cd Accumulation Characteristics in Different Populations of Hylotelephium spectabile Under Salt Stress GUO Jun-mei, YANG Jun-xing, YANG Jun, et al. (1177)
Effect of Water Regimes on Pb and Cd Immobilization by Biochar in Contaminated Paddy Soil =~ +:+sxereereeeseserersinenieniinnenn: TANG Jia-qing, ZHANG Xu, HUANG Guo-yong, et al. (1185)
Effects of Chitosan-modified Biochar on Formation of Methylmercury in Paddy Soils and Its Accumulation in Rice *+ YANG Xue-ling, WANG Ming-xing, XU Guo-min, et al. (1191)
Effects of Chromium Pollution on Soil Bacterial Community Structure and Assembly Processes «««seeseeesserserseeeencnenees YU Hao, AN Yi-jun, JIN De-cai, et al. (1197)
Analysis of Changes and Factors Influencing Air Pollutants in the Beijing-Tianjin-Hebei Region During the COVID-19 Pandemic «++++++ve+e+ ZHAO Xue, SHEN Nan-chi, LI Ling-jun, et al. (1205)
Impact of Pollutant Emission Reduction on Air Quality During the COVID-19 Pandemic Control in Early 2020 Based on RAMS-CMAQ ++ LIU Hou-feng, XU Wei, WEI Min, et al. (1215)
Light-absorbing Properties and Sources of PM, 5 Organic Components at a Suburban Site in Northern Nanjing «++++vesteseseeresresoenscnennenens SHANG Yue, YU Huan, MAO Yu-hao, et al. (1228)
Pollution Characteristics and Chromophore Types of Brown Carbon in Xi'an CHEN Qian, CHEN Qing-cai ( 1236 )
Source and Health Risk Assessment of PM, 5-Bound Metallic Elements in Road Dust in Zibo City - GUO Qing-yuan, BAI Wen-yu, ZHAO Xue-yan, et al. (1245)
Health Benefit Assessment of PM, 5 Pollution Control in Beijing DU Pei, WANG Jian-zhou (1255 )
Seasonal Characteristics of Air Pollutant Sources and Transport Pathways in Xining City * LIU Na, YU Ye, MA Xue-qian ( 1268 )
Concentrations and Patterns of Atmospheric Particulate Nitrogen and Phosphorus During Different Weather Conditions in Qingdao Coastal Region -+ YUAN Gang, QI Jian-hua, DING Xue ( 1280 )
Characterization of Volatile Organic Compounds (VOCs) Using Mobile Monitoring Around the Industrial Parks in the Yangzte River Delta Region of China »«+serereesesereeerenensinnscnennnnens

............................................................................................................................................................ WANG Hong i, GAO Ya-gin, JING Sheng-ao, et al. (1298)
Characteristics and Cause Analysis of Heavy Air Pollution in a Mountainous City During Winter ««+sesseseesesseserenenemenenensnencnenes LIU Zhuo-cheng, NIU Yue-yuan, WU Jing, et al.

Gridded Emission Inventories of Major Criteria Air Pollutants and Source Contributions in Lan-Bai Metropolitan Area, Northwest China -
...................................................................................................................................................... WANG Wen-peng, WANG Zhan-xiang, LI Ji-xiang, et al. (
VOCs Removal and Emission Monitoring of Beijing Bulk Gasoline Terminals in 2012-2019 HUA Lan-ying, CUI Tong, LI Jin-xiang, et al. (1328

Emission Tnventory of Air pollutants for the Harmless Treatment of Municipal Solid Waste MA Zhan-yun, JIANG Yu-cong, REN Jia-xue, et al. (
Response of Bacteriohopanepolyols to Hypoxic Conditions in the Surface Sediments of the Yangtze Estuary and Its Adjacent Areas -+-+ YIN Mei-ling, DUAN Li-gin, SONG Jin-ming, et al. (1343
Human Health Risk Assessment of Phenol in Poyang Lake Basin +++ XU Qian-yun, Al Shun-hao, GAO Xiang-yun, et al. (1354
Spatial-Temporal Variation of Water Environment Quality and Pollution Source Analysis in Hengshui Lake — «+reeeeeesereereesemienenneennes LIU Wei-wei, GUO Zi-liang, WANG Da-an, et al. (1361
PAN Xiong, LIN Li, ZHANG Sheng, et al. (1372
HUANG Cheng, HUANG Ting-lin, LI Yang, et al. (1380
Influence of Storm Runoff on the Spectral Characteristics of Dissolved Organic Matter (DOM) in a Drinking Water Reservoir During the Flood Season «+:++sesserersereessenenesinnncninnnens
Bt : ++ LI Cheng-yao, HUANG Ting-lin, WEN Cheng-cheng, et al. (
Distribution Characteristics of Carbon, Nitrogen, and Phosphorus Bearing Pollutants in the Ancient Town Rivers of Suzhou «+:«+s=sseseeeeeeee BAI Dong-rui, ZHANG Tao, CHEN Tan, et al. (1403
(
(

Composition and Distribution Characteristics of Microplastics in Danjiangkou Reservoir and Its Tributaries «+++++++++

Temporal and Spatial Evolution of Storm Runoff and Water Quality Assessment in Jinpen Reservoir

Chemical Characteristics and Causes of Groups Water in Niangziguan Spring TANG Chun-lei, ZHAO Chun-hong, SHEN Hao-yong, et al.
Adsorption Behavior of Phosphate by Ca0, Remolded Sediment XU Chu-tian, LI Da-peng, WANG Zi-liang, et al.
Nitrogen and Phosphorus Removal in Surface Flow Constructed Wetland Planted with Myriophyllum elatinoides Treating Swine Wastewater in Subtropical Central China —++«-+esseseeressesseseenees
-+ WANG Li-sha, LI Xi, LI Yu-yuan, et al. (1433
Accelerated Degradation of Aqueous Recalcitrant lodinated Contrasting Media Using a UV/S03 = Advanced Reduction Process — +++++e++e+sseveeer LIU Zi-qi, QIU Fu-guo, LAI Man-ting, et al. (1443
Degradation of Dye Rhodamine B by Solar Thermally Activated Persulfate MA Meng, XU Lu, JIN Xin, et al. (1451
One-step Preparation of Lanthanum-Magnesium Ferrite and Its Phosphate Adsorption Capacity in Aqueous Solutions +++++++++++++- BAT Run-ying, SONG Bo-wen, ZHANG Yu, et al. (1461
Pollutant Removal Efficiency of Different Units Along a Mature Landfill Leachate Treatment Process in a Membrane Biological Reactor-Nanofiliration Combined Facility «+:«+«+ssseesereereeseeees
SHAO Li-ming, DENG Ying-tao, QIU Jun-jie, et al. (1469
BI Zhen, DONG Shi-yu, HUANG Yong ( 1477
HE Yun, LI Kui-xiao, WANG Jia-wei, et al. (1488
Organ-Specific Accumulation and Toxicokinetics of Ephedrine in Adult Zebrafish ( Danio rerio) YIN Xing-xing, GUO Chang-sheng, DENG Yang-hut, et al. (1496
Characteristics and Evaluation of Soil Rare Earth Element Pollution in the Bayan Obo Mining Region of Inner Mongolia  ++++:+svesveseesesees WANG Zhe, ZHAO Ying-chen, LUO Yi-fei, et al. ( 1503
Factors Affecting the Translocation and Accumulation of Cadmium in a Soil-Crop System in a Typical Karst Area of Guangxi Province, China :
..................................................................................................................................................................... MA Hong-hong, PENG Min, GUO Tei, et al. (1514
FANG Dan-dan, ZHANG Li-zhi, WANG Qiang ( 1523
(
(

Biological Conversion Mechanism of Sulfate Reduction Ammonium Oxidation in ANAMMOX Consortia

Microbial Community Structure of Waste Water Treatment Plants in Different Seasons +-«-vereereesessessereeeeees

Effects of Superparamagnetic Nanomaterials on Soil Microorganisms and Enzymes in Cadmium-Contaminated Paddy Fields

CHEN Jia, ZHAO Xiu-lan (1535
WANG Wei-zhong, CHI Sun-lin, XU Wei-hong ( 1545

Effects of Water Management and Silicon Application on Iron Plaque Formation and Uptake of Arsenic and Cadmium by Rice

Biological Effect of Tetracycline Antibiotics on a Soil-Lettuce System and Its Migration Degradation Characteristics
Effect of Plastic Film Mulching on Methane and Nitrous Oxide Emissions from the Ridges and Furrows of a Vegetable Field -+ :

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIONG Wei-xia, JIANG Chang sheng, ZHAO Zhong-jing, et al. (1559)
TANG Zhan-ming, LIU Xing-ren, ZHANG Qing-wen, et al. (1569)
YIN Kun, LIU Hai-jiang, WANG Guang, et al. (1581)

Effects of Biochar and Straw on Soil N,O Emission from a Wheat Maize Rotation System

Overview on Habitat Monitoring Methods Under Watershed Ecological Space Management



	1
	1
	zml

	20210353
	2

