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Effects of Long-term Straw Returning on Heavy Metals of Soil and
Agricultural Products in the Polluted Farmland
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Abstract: In this study, a polluted farmland in eastern Zhejiang province was selected. Four treatments,
including straw returning, straw non-returned, straw returning+lime, and straw non-returned+ lime were
set up. The dynamic monitoring of heavy metals in soil, straw, cereals, and vegetables was carried out for
nine years. The results showed that the accumulation of heavy metals in rice straw, grain, and vegetable was
significantly reduced by applying lime in polluted farmland, but the effect of applying lime on the content of
total heavy metals in soil was not obvious. The effect of applying lime on the reduction of heavy metals in rice
straw, grain, and vegetable was gradually weakened with the experimental time. Compared with straw
non-returned, straw returning had less effect on the accumulation of heavy metals in soil, rice straw, and
vegetable in a short time. However, the accumulation of cadmium and mercury in soil and the accumulation
of cadmium, lead, and mercury in rice straw and vegetable after 4~5 years were significantly lower in straw
non-returned farmland than that in straw returning farmland, and the effect on the accumulation of lead in
soil was less. With the increase of test time, the difference of heavy metal accumulation in soil, rice grain,
and vegetable between straw returning farmland and straw non-returned farmland gradually increased. The
content of soil organic matter and available potassium in straw returning farmland was higher than that in
straw non-returned farmland. It was concluded that long-term application of straw returning in cadmium and
mercury polluted farmland was not conducive to the improvement of agricultural product quality, and the

heavy-polluted rice straw returning should be controlled.
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Fili A3 EH 2 >4 A A 1 8 g i A ) — 0042 T
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Dige B A AL R B R RDYT,
WO R BRIk . K Y I A A R B
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- A HL BT AT FOE I L i AR R R B At
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FEFHAEHE T Cu Cd IR 5 /7 #E55 d Ag  A AP b
7] 8 R Y5 e 13 Cu Cd B IR M 5 5 ] ik 250
WF5E 4R th . DOC 7] I 2 AR 3 xF Cd iy W B [ 16 B
3 N B R W Cd Bk . BT, A OCHS
FF 3 X - 3 o 455 T 52 Wl 1) 0T 50 22l S S LG8 45 28,
WRNFHZ AT A MR, EEEE TG
RHE PR D EE S ARG ESES
I X SR AR A TR A 4y AR A T A HE 4
JaR ) - A K 5 W AR 7 it il BT B F ST D S L A BF
FEUABERE TR — 15 e I, D\ 2008 4F FF 45 #4714
9 AF P RS AR A H 5O E HOXT 38 RS OB LB R A
A7 it 4 Jm AR AR X LG A AT L SR TR AT A XS
Yo M T 4 7 5 A R R
1 #etS 5k
L1 X5 R

WG AR Ay — Py sk i 3 52 4 K 75 HE i A 1 R
WA RS2 07 K B 52 . A R A R A A AT Y
HEfl BT 1A E AR TS JoKOE R — AR
9 434 m® R AT AR H A3 4 SN X A
W T REFR A B RS A AN 6 H RS AR A+ A K RS A
A A K 4 A, R A SRR R T /)
DO HEAN 3 g A B A, i AR HBEE 2
R KA L B O S 4, 0% pH 5,54, A ALR
& 28.35 g/kg,Cd & & 0.82 mg/kg,Pb & & 134.73
mg/kg, Hg & i 0.44 mg/kg, Cr & & 137.14 mg/
kg, Ni & & 57.28 mg/kg.Zn & & 168.41 mg/kg.Cu

i 42.57 mg/kg, 3 Cr.Ni,Zn,Cu KNiBF5.
. S0 F ST Cd.Pb Hg 3 FiE 48 .

RIS T 2008 4F 4 H IFR, i B S AFA 1 (B4R 23
IKFERSFEIR HD FEFFASIE H OKFE RS FF 23RBS RS FF
M F it A K A R RIS FEAS 6 F -+ it A KA A 4 4k
B, A K AT R LA 300 kg/667 m® FE I K /i — U A
At A A5 L 5 4 2 B 2 > LA T 5 R AR 2R K
1 5 B S AR B ORI Hi 45 G F5 AR 30 TG 38 gk Ay
FABE. AR FNEE 28 (R 22 JC s Gy 43 591 Sk < 1 Rl
IS7HI“ TR M E ) REE LI FEF W) B S G4 i
FESL AT L 4 8 & i . FEA /N XOCR A B
Xk 3 ANEERE, B—FEH 10 Do s ARG
WHZEREEREES — N 0—15 cm. [, 5% JH R AL O
BRI /N X8 7K R A A FAE A 7 o AT A
1.2 SHAHE

3 pH SR A E B TR e s A PR A
iR Vario. EL JC R 43 B A & 5 46 90 4 & ok e
AR A A S — 8 OB 35 2 0 Cd
P Fik 2Ot AN E He i, HHESD
4R A R FH ARy g e o, Cd A
ERR— A R — R TH A o A S 4P I MR W 43 Dl O i
P s He 2 R RS B2 — /5 i R B0 0 M % Jit F
WO 1% 2 0 7 5 P & BECoR R R i MR — AL
i — e TR T i L A 3 T IROMAC 3 D6 016 B T
4 R I 3R FH AR THE ) SO R AT M R RORS 8 R MR A
5 H 4 O 2 WEORS 56 FEAE 500 /2 A 5 H 52 A B)AH X
RZEEHIAE SK LT,

A MBI R A Microsoft Excel 2003 43, 2 %
i E MG M #E DPS 3.0 B4R SEEE
2 RS0
2.1 RFTHSHEAKRMKETES TEENRENE

AN TR AF A7 PR A 5 DR 3R 1 28 Ak /K RS e 4 RLRR AT
i SN A S e 8 07 N [ B el 11 S s
BN B it A R A it FE AR R R AR RS AT
7 AT B R T A FH A B R A RS AT 7 o g
e PREFEAN A AL B, F5FF 6 B RS FEAR R H RS FF 8
FH 1 I RS FF A I8 H A+ A3 0K 4 A4 BRI ARG 48 °F- 24 7
BIrHN 7 018,6 732,7 284,6 933 kg/hm’ , FEFF P44 7%
HM914 7 900,7 313,8 168,7 477 kg/hm’,

it AT BT 8 i L pHL S 52 i) A 1 6 D AR
W . AE R IR R A RN it A AL BRSO T A
JRACPEZ 8]+ 4 pH (22 BE 2T TR RIS 19285 ik
ATHL RS FF IR HOG 598 pH -t mT = A 52 5 A 5 M L e ) 2
PRS0 5 RS AT IE T Y 1558 pH W& &5 3 AH L 0 RS FF AN
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FFAR I A0 R SRS FFANE [+ 1 0K 4 A~ Ab B 44 pH
439k 5.47,5.28.,5.82,5.63, FEIRIAII it A1 K AT 5]
AT R AL 52 ) i 3 565 B ) 7 1 0328
/N, FEFRE A AT A AL R T e it
FHA R FEFF 4 1 IR A LT & 2 TR A 1
b B -4 IR B R B[R] f 1S . PR A 25 S A K,
T2 30 235 OB A AT A T S RS R S A AL T+ A K
JeFEFEANIE A+ A K 4 Ak B - A L2 & 40
Wk 29.44,28.02,29.33,27.76 g/kg.

Fili FF 348 T AT 52 o) = 398 50 A5 BIR WO , — M 3 T
- A SRR TR AN I A X R R ) B 5
P [F0) 348 i 2% 37 B 4 5 R A FH X A A R 1 R i
N A2 Al B RS FT IS 3 T ORIE B A 4,
TR0 245 PR S AR I 1 RS AT AN I RS A A 4 A K
FAGEFFAIE B A 5K 4 A4 B3 - 38 85030 15 1 40
Hh118.85.124,83 mg/kg. Hifi KE5EX HIEAH
Rl 9 52 T 58 /0N o AL A S8 S50 — M it A AR Ak B
W 1 AN il A A Ak B ) 330 X6 F [ AT R FE A H Ak
PR O W

1 BFREMNETENEBEFPESESE

22 HEHEHMBAKRMNTIEESENZIE

f e 1 Al A o 3 3 AR &R T R
BN RS AR T s -k 3 A
4 B 1A . 0 IR R it A K A 3 A T A SR AN i
A1 RAE B A H L 7R 50 RS AR AL B 5 R 34 Ak B
ZHMESESTEEZRYARE, RAYEXK 4~5
M JG R AF AN I B AL B ) + 3 4 R i O B KT
FEFFIE A 458, el 58 5 48, ANl fr K 5 il A1 K
Ab R A B R FE N I8 AL B A 4 Cd # & o il He A
AT 34 F A B A 4 398 B — 16,25 % Al —14.81 % , -4
Pb &84 I N RE—0.66% F1—1.47%, 13 Hg & &4
B FRE—7.32% 1 —9.30 % FEIR I EE 9 4F . ANjiti 1 K 5
Jith A7 A B A B A AT S 38 B AL PR 438 Cd B 4 il
FURE A4 HH AL+ 38R % — 28.00 %6 Fil — 28.57 %, - 1
Pb &850 R Y% —3.70 F1—3.46 %, 13 Hg &5
BIFRE—17.07 % —16.67% . FEFFAS I X 138 3 Fp
4 R B PR AL SR S Cd=>>Hg™>Ph, W\ A 07 B A4 %k
ERFE A AL X REAR 18 Cd A Hg BRCR Ak
LB X P AR &N,
Hf/ . mg/kg

AR D | | 1 ‘ ‘ | ‘ i \ ‘
iz At BH+AK AEE+AK il A & H+ 1K AER+AK
2008 0.78+0.03a 0.810.02a 0.79£0.03a 0.8240.03a 1.4320.11a 1.4840.12ab 1.2840.08¢ 1.3240.07hc
2009 0.79%0.02a 0.79%0.03a 0.81£0.04a 0.82£0.03a 1.38£0.07a 1.4310.08a 1.1840.06b 1.2840.06ah
2010 0.76£0.03a 0.74£0.02a 0.7510.02a 0.7540.02a 1.360.06a 1.3820.06a 1.23£0.05ab 1.19£0.06b
2011 0.780.01a 0.710.03b 0.80£0.03a 0.71£0.03b 1.560.05a 1.21£0.05¢ 1.4140.04b L17£0.07¢
Cd 2012 0.80£0.02a 0.67£0.04b 0.8140.03a 0.6940.03b 1.43£0.07a 1.2820.07b 1.34£0.06ab 1.29£0.05h
2013 0.7740.02a 0.66£0.03b 0.7610.03a 0.6440.04b 1.3520.08a 1.1720.06b 1.36£0.07a 1.13£0.06b
2014 0.79£0.03a 0.610.04b 0.81£0.04a 0.61£0.02b 1.4210.07a 1.2970.05hc 1.3740.06ab L14£0.04c
2015 0.81£0.02a 0.62£0.02b 0.80£0.02a 0.6310.03b 1.39%0.06a 1.2420.04b 1.37£0.05a 1.08£0.05¢
2016 0.75+0.03a 0.54%0.03b 0.77£0.03a 0.55%0.04b 1.4620.07a 1.1520.06b 1.4240.07a 1.0740.06b
2008 134,744 2.01a 134.561+2.14a 136.4542.07a 136.7442.33a 1.7710.11a 1.79£0.09a 1.3440.04b 1.3540.03b
2009 135,45+ 1.74a 133,67+ 1.65a 134,87+ 1.28a 134,52+ 1.54a 1.680.06a 1.72£0.07a 1.2540.05h 1.2140.03b
2010 133,54+ 1.67ab  132.89£2.51ab  135.25£2.33a 131.5842.87h 1.7320.08a 1.6810.05a 1.4340.03b 1.3840.04b
2011 134,25£2,04a 133.65£1.87a 136.74£2.23a 134.25£1.97a 1.6220.05a 1.5720.06a 1.39£0.04b 1.26£0.03¢
Pb 2012 132,56+ 1.66ab 131,69 1.45b 134,52+ 1.65a 132.54+1.32a 1.5920.06a 1.4820.05b 1.4240.05b 1.2340.04c
2013 131.56£1.42ab  129.54£1.56b 132.18£1.68a 130,18 £1.78ab 1.6620.05a 1.59£0.06a LA1£0.04b 1.32£0.03¢
2014 133,65 1.64a 130,98 £1.45h 135.41£1.98a 129.87£1.74h 1.6720.06a 1.560.04b 1.37£0.03¢ 1.24£0.04d
2015 134,65+ 1.67a 127.2642.01h 135,62+ 1.54a 128.5442.24h 1.6220.05a 1.48%0.06b 1.4540.03b 1.3440.04¢
2016 135.14£1.98a 130,14 £1.76b 136.25%2.11a 131,54 £1.87h 1.8420.06a 1.4970.05b 1.54£0.04b 1.28£0.03¢
2008 0.43%0,02a 0.42%0,02a 0.44£0.02a 0.43£0.02a 0.1420.02a 0.15x0.03a 0.08240.012b  0.091£0.011b
2009 0.4440,03a 0.40%0,03a 0.45£0.03a 0.41£0.03a 0.12+0.01a 0.1320.02a 0.0734£0.011b  0.068£0.007b
2010 0.41%0.02a 0.41%0,03a 0.40£0.03a 0.43£0.01a 0.140.02a 0.1320.02a 0.06840.008b  0.058£0.005b
2011 0.43%0.02a 0.39%0.02ab 0.42£0.02a 0.38£0.02b 0.1320.02a 0.1120.01ab 0.082£0.006b  0.052£0.004c
Hg 2012 0.41£0.03ab 0.38£0.03b 0.43£0.02a 0.39£0.02 0.1220.02a 0.11x0.03a 0.0650.003b  0.053£0.005b
2013 0.42%0,02a 0.39%0.03a 0.41£0.03a 0.39£0.03a 0.1520.03a 0.0920.02¢ 0.13040.006b  0.052£0.004d
2014 0.41£0.03a 0.37£0.03b 0.41£0.04a 0.3610.02b 0.1320.02a 0.08x0.02¢ 0.11£0.008h 0.051£0.003d
2015 0.44£0.04a 0.36£0.02b 0.4310.04a 0.3740.02b 0.11x0.03a 0.0920.01b 0.087£0.007b  0.043£0.004¢
2016 0.4140,03a 0.34%0.03b 0.42£0.02a 0.35£0.03b 0.160.03a 0.0840.01b 0.13+0,011a 0.05240.005¢

TE « 3% PBUHE S - 35 {8 A o 22 5 IR AT RS AN TR) 57 R 3R R[] — S0 3 A () Ak B ] 22 53 1 35 (<<0.05) . T Tl



% 2

R 22 26 - A ARG AT 38 X35 Gk I 4 38 5 ™ il T <6 s ) 52 TR 357

23 EHITHMEAKRMKEEFMKTRFES
Er#m
2.3.1 MAEWFHG RN KBREAFGYH HE
2 AL RS AT R R A K K RS RS FE R 3 R 4R
& A R, FEANHE A K S B0 R A I H G
WIH 3 AERA T HEE B S REWE /N, 5 E
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FEFF 3 A 48 & i 0 W B A T RS FF I8 H AL B, IF Bl
T2 30 B 8] 15 0 PR 3 25 RO . FEIKIR A 4 AR, K
FEREFE Cd & 2 70 B He X BRCR B — 22,44 %, KRG S FF
HE Pb & it 43 5 X R B — 3,09 %, KRS #E AT He
Er A WA IR R B —15.38 % s 7RI IR 45 9 4F . N
AR AE B A L K RE RS FF Cd B 43 1) L X B R
—21.23% K FEREFT Pb & 5430 HL X BER B —19.02 %0,
IKAEREFF He & 84350 X B8 R % —50.00% , Bk
e REFF I R KRS S A v 4 045 e B G A B4R
Oy 49 T 4 S BE S B
Jiti A7 R K RE RS FE o 3 B 4 JE B 5 I 4K
REH . FEMEA K BT L TGS R AT R S A L 7E
IR 0148 S B W R OK AR RS A 3 R R G R
R d TR B RS FF ) B AS I8 H A1 00 R L KA
FEFFH 3 A R 4 8 Y 7 o B I g0 e ) 28 52 80N B Y
e GRS H A A RA B A 7RI 56 1 4F
8 A AEFNEE 9 AR K AERE AT Cd & & 3 N R 7.69%,
25.00%,26.71% , K FE A5 FF Pb 7% 43 3 T B# 23.73% .,
22.22%,30.43% , K RIS AT Hg & 843 % F B 35.00%
60.00%6,67.50 %, AFGFFFEHtA7 K AFEFF R A H A1
LT, BAR RS A s O i W WA T RS ARl H A AN
it A A AR FF b i 4 o i X0 1) ) 3 Gk
5 3~5 AFJE) A PTG R, 76 1080 5 1 LR A o
LIRS EAN R, 5 E R A KA H L
BRI S 148 5 4 AR RIS 9 4F K RERSFT Cd &5y
W R 10.49%,9.62% ,2.74 % , JK R #&5 FF Pb & 24>
B R B 24.29%,14.20% ,16.30 % . K FEFS AT Hg & &
39 TR 41.43%6,36.92%,18.7% .
2.3.2 AT EAELEMNESHOG YA HEIA
HU, R FE I8 BRI A3 XA v 3 Pl e 4 i i 3
R, SRR AL 3 LR B AT AN A | RS AT S
A K S A AN IS B+ A K 3 A B A BRI A P
AR IS . XTSRS Y 4
J& WA A B A — W Bl R 2 R
56 B[] ) A2 A B, 0 T RS FE R 38 HRIRS #F AN ik B
A AR IR B A R 6 R R B A b E 4R
SHEHHERTEES ERXRSE 4F, 859 % Cd &
M 12.50 % F1 56.25% . 5910 Pb & 443 51
TR 15.38% F1 70.77% , H ¥ He & & 50 T %

9.76 %0 39.02% s TEIR I 5 9 4F, AW Cd & & 4)
SRR 33.33% M1 61.11% . 59 Pb & 543 5 F %
40.74 %581 72.96 Y0 . - W Hg & 24300 F B 42.59 %6 il
55.56 % X T HREFF A H A A K AL HL A Y 4 )R
i e B0 A0 309 45 ARG L i 3 0 ) A1) 384 o S B A
MaR . SREFT A M AL A A BB, 7R 5 148,
A Cd.Pb.Hg & &t 43 3 T K& 47.06%, 47.22%
23.81%0 : 7EIRAER 2R 4 4. A9 Cd.Pb.Hg & & 35 T
[ 50.00%6,63.46 % 1 31.71% ; fEIR B S 9 4E. W
Cd.Pb, Hg % 43 9 T B 36.11% ,44.44% F1 22.22%,
SRS RS FFAS I B A 1 Ak B A 5
2.3.3 RAFZWERELAMNELNYH BETE
& JE AR AL 5 R AR BE i A 1 v R I AR AR ARl (R 2)
R kY R L A o B N % SN S R )
TR FERFARTE 447 K 3 ARk B3 ] BRAIG % S5 vh 2 4
R E R, SRS FE S I B RRS FF R 38 [+ A K Ab
BB R B R R B, SR E AR SRR
TR EIRR S 4 48,80 Cd =00
R 4.47% F1 39.43% . Pb & &0 5 T —2.27% M
59.74% ,Hg & & 43 5 T B 34.48 %0 F1 48.28 %6 5 7R ik
B8 9 4R, B3 Cd &4 ) R [ 28.90 %0 F 35.74 %4
Pb & &8 57 5 T [ 18.45% 1 53.48% . Hg % &t 73 %l
TF% 50.00 % F1 42,11 % . X FHREFF S H 41 KA HE
LR S b 4w it A R0 A {E i 3 1) ]
A3 I S B s B 5 R AT A A B Y R LE
BRI AR 14, B8 Cd Pb. He & 5 3 F [%
36.60%,62.10% F1 21.43% ; 76X IRZE 4 4F. B
Cd.Pb.Hg & 409I F ¥ 34.15%.58.12 % Fl 44.83 % 5 1
RIS 9 4F .55 38 T Cd.Pb.Hg & 4 3 F % 22.05%,
35.03 % F1 18.42% . RARBCR LLFE FFAS 16 B it A1
TR AL FR Y f 4
3 W

A R 40 v o 4 1Al 5 4 R RS A Ok i
TR RGE T 4R 2 E A KT ERHEA
T FFIA RN A PP 9% B A o 3 42 S 1 S 32 283
I REVGRI R 1 AR AE R — & B it f7, +
B A Jm A IS (B A ], AR — 35, MRk 2 F
AR A — 5 180 A K v 4w S A X
BEE LSRR WA S, KL, A FE AP E N X E 4
Ja& 0P 2 5 A L P OIR SRS FR IR A G,
3 AT LLE KRR A R A 4 R RS
i N AR E LAY RER SRR RS Ak R 4
£ AR A /0N L R AT A FHRRS FF 38 B+ B A B =
&)@ Rt o U AR TR AR IR AR FEOR iR
A K AL B, 3 — 45 5 3 B 5 A1 i T2 52 3k
B Ab IR 8] H A E SR AR R R A,
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F2 RESNMNEAYNEXPESENRER

A :mg/kg

iLE  Fh , - 7‘_}%, - \ : - - ﬁi‘ - - -
| Ak H wHHAK AERE+HAK wH AiE H wH+AK  ARE+AK
2008 0.3440.02a  0.36£0.02a  0.18£0.01b  0.17£0.01b 0.26+0.01a  0.2740.02a  0.17£0.01b  0.15£0.01b
2009 0.3140.0la  0.324£0.0la  0.15£0.01b  0.1620.02b 0.23+0.0la  0.23+0.0la  0.14£0.01b  0.13£0.01b
2010 0.3540.03a  0.33£0.03a  0.16£0.02b  0.15£0.01b 0.2940.02a  0.31+0.02a  0.16£0.01b  0.1740.01b
2011 0.3240.02a  0.28+0.02b  0.16£0.0lc  0.14£0.01c 0.25+0.01a  0.24+0.0la  0.16£0.01b  0.15£0.01b
Cd 2012 0.2940.0la  0.27£0.02a  0.14£0.01b  0.12£0.01c 0.23+0.01a  0.21£0.01b  0.16£0.0lc  0.13£0.01d
2013 0.3340.03a  0.26+0.01b  0.18£0.02¢c  0.11£0.01d 0.3140.02a  0.28£0.03b  0.1940.02¢c  0.14£0.01d
2014 0.3140.02a  0.2440.01b  0.21£0.02¢  0.15£0.02d 0.2740.02a  0.2240.02b  0.1740.0lc  0.16%0.01¢
2015 0.3440.02a  0.2620.02b  0.25£0.03b  0.13£0.01c 0.2740.01a  0.22£0.01b  0.26£0.02a  0.17£0.02¢
2016 0.3640.03a  0.244+0.01b  0.23£0.02b  0.1440.02¢ 0.26+0.01a  0.1940.01b  0.20£0.01b  0.1740.01¢
2008 0.184+0.01b  0.2240.0la  0.09540.023¢  0.087£0.005¢c  0.31£0.03a  0.33£0.03a  0.1240.01b  0.1340.02h
2009 0.3240.03a  0.3420.03a  0.087£0.014b  0.091£0.006b  0.40£0.03a  0.42£0.04a  0,13£0.02b  0.13£0.02b
2010 0.2540.02a  0.26+0.02a  0.110+0.022b  0.098+0.007b  0.42+0.03a  0.40+0.03a  0.1440.01b  0.1440.01b
2011 0.2640.02a  0.2240.01b  0.09540.012c  0.076+0.005d  0.31£0.02a  0.3240.03a  0.13+0.01b  0.1240.02h
Ph 2012 0.2140.0la  0.19£0.01b  0.13£0.013¢c  0.083£0.003d  0.41£0.03a  0.38£0.03a  0.1520.02b  0.1340.02b
2013 0.2640.02a  0.2140.02b  0.15£0.005¢  0.063+0.005d  0.37+0.03a  0.3240.02b  0.174+0.0lc  0.1540.02¢
2014 0.1940.0la  0.15£0.01b  0.14£0.006c  0.074+0.005d  0.31£0.02a  0.2640.02b  0.23£0.02b  0.17£0.03¢
2015 0.25+0.03a  0.18£0.01b  0.17£0.021b  0.058+0.003c  0.37£0.04a  0.34£0.03a  0.19£0.01b  0.14£0.02¢
2016 0.2740.03a  0.16+0.01b  0.15£0.004b  0.073+0.00dc  0.37+£0.04a  0.30+0.02b  0.2440.02c  0.1740.02d
2008 0.04240.004a  0.041£0.002a  0.03240.002b  0.035+0.003ab  0.02840.002a  0.03340.003a  0.022£0.002b  0.021£0.002b
2009 0.054£0.003a  0.05620.003a  0.038+0.003b  0.042+0.004b  0.03540.003a  0.03410.003a  0.02620.003b  0.02820.003b
2010 0.03840.003a  0.04340.003a  0.023+0.004b  0.031+0.005ab  0.019+0.003a  0.024+0.002a  0.02140.002a  0.02340.003a
2011 0.04140.002a  0.037£0.003b  0.02840.002¢  0.02540.002c  0.02940.002a  0.01940.003b  0.0162:0.002bc  0.01540.002¢
Hg 2012 0,037£0.003a  0.033£0.002a  0.03240.003be  0.028£0.002¢  0.0340.003a  0.0240.003b  0,02420,002b  0.021£0.002¢
2013 0.036£0.004a  0.031£0.003a  0.033£0,002a  0.023£0,003b  0.0134:0.004ab 0.01540,002a  0.011£0.001b  0.0132:0.001ab
2014 0.04140.003a  0.032£0.002b  0.03240.002b  0.021£0.003c  0.028+0.003a  0.01840.003be 0.02140.002b  0.016£0.002¢
2015 0.037£0.002a  0.031£0.002b  0.029£0.003be  0.027£0.002¢  0.03740.004a  0.021£0.004b  0.03430.003a  0.02440.002b
2016 0.05440.003a  0.03140.003¢  0.042+0.002b  0.024+0.003d  0.038+0.004a  0.01940.003c  0.03140.003b  0.02240.003¢
x3 IFRBHEENRURDFHNESEERITE BAfi:g/hm’
e B3 B i FF R 3 AT
Cd Pb Hg Cd Pb Hg Cd Pb Hg Cd Pb Hg
7 7.29 10.06 0.80 20.64  15.39 2.66 0 0 0 27.93 2545 3.46
AN H 6.21 8.79 0.60 17.19 13.00 2.26 84.93  104.92 7.08 108.33  126.71 9.94
A+ AR 5.19 4.83 0.66 12.02 8.17 2.10 0 0 0 17.21 13.00 2.76
Rk H+F K 4.25 3.96 0.57 8.80 4.88 1.77 79.75  86.74 3.87  79.75 9558 6.21

TR E5 FEF I R AT I FH 78 S 300 P o = R A 7=
P 4 R BRI R e S B (L BRSO R AT 20
FEFFAH 4~5 42 )5, + I E 4R & & SR ™= 5 h B 4
i A B B A v TR AN A FH ) A L 5 1) e A 7
TERFRI R N B, AR/ T REESE
& TR s AP E S R BB EA LR T
HRK. FEmr S R AR E A R TS YR
A K KRS LS T X 4 1 SR BLRR ) O = TR S
SroHiHEEGE S E R NEEN 5~10 £, X T H
4 @ 15 YL B ol 7 EE R AR L KRS R AT T R TS G 1

F IR SRR RO B R, 6T T A R S e YA T KRR
FEFF g Jm 5 i Tk 2] 10 mg/kg VA B HT5 G
VEIRG AT i T T 4 8 5 i 00 BR 8 L34 7™ i 1Y
SO 2 RH Y FDULEY o BRI X T e o 2 RS
B A FT 7 sl B TR A7 A AT A A S el i T

TR Al HAE by — o G P P 0F 1 1 it T 494 o 1 33
AP S e BE - SR AR W 3 R -
Fr 03 W F A AR AR ) T 7 25 e i 4 3 A 25 F
75 1o A . AT S A0 4 2R L X A
it 22 AR UL it A7 B AT I G PRLRS AT 38 Tl R B A 7



% 2

R 22 26 - A ARG AT 38 X35 Gk I 4 38 5 ™ il T <6 s ) 52 TR 359

sty T 45 Ja B A R EL it P A K R AR A ™ it P B
R A R0 AT i P 8] 6 18 g o s o PR AU

3 FH A7 T 6 A e - 8 T 4 A A L T O A
Kz it
4 45w

HESE 9 AR I R, 5 A AT AN AL R, A
i PR JE 300 P 0o b 38 L RORE R T A i S o < T AR R 1
S AN WL s H R (4~ 5 4R DL D) RS FFAS I8 AR
b SRR R AR B RO R AT R 2 P R B L R B R ]
AR T FEAT I8 A, W75 ek 1 rps 20 5 AT 3 H
AT R AR e T G B AR R R IR ™ B TS
AR S % S IR R S A S S WA ER S W RTAE i
KRR A RS 1 B s e v B 4 Jm i AR (R P 4 K
X K R AR R RS ) B S P < R I IR A A B
FIF 1] 2% 3 555

SE

(1] oo, 44 B0/ 5 A1 28 R 5 aF JRe (T 1. 301 ARl
Bl2£,2006(1) :46-48.

(2] BB, = I5dE, x0m BH, 55, o E R 4R 2 R FF %R &%
FIRBARLT ] Ak TR 22 4z, 2002,18(3) : 87-91.

[3] B/haR,SB/RE4H, RV, % 38 E /AL B8 AR IR
5k i s [T B A O, 2004 (9) 41-42.

(4] RER.EEZ. EARBFEHEECH LR ] E
K Bl2£,2004,12(3) :106-108.

(5] bk, BL4ha:, M, 5 R FF 2 & o 300 /o 4 o
JE 3 B A A 25 B0 58 Y 52w BIF 9 L] W7 V0 K 2 22 3 Ok
5 2R A B D 2 2003,29(6) :627-633.

(6] WuH4e, RAEE  ERE,F ARREELH TR T - 5%
T P45 FR A8 B AF o [T . b B R 2% 4, 2011,27(30) »
77-81.

(7] Bt ¥, 4ok k. 2 R, 45 90V Jr U #F 32 | B
A fat P e R - MR [ A R [T ] VD IR ARl A 4
2009,25(3) :706-708.

(8]  Bhu, ARGV, 8 4 1 8 22 S RS FF 42 138 FHOXS R 9 )™ 1
A S8 A e [T VAR 2 3, 2002, 14.(6) £ 344-347.

(9] HheE, g, T, 55/ 2 F6 FF 38 H X KRG A4 K &+
JAE sz LT ] e 43, 2003(5) £ 37-38.

[10] 0l SCHE L ARBE, 948, 5. FFE M5 AZUCHEA X4/
FAEF M R EIERMEm]] h EES R
#,2007,15(1) :42-44,

(117 AR 3% S5 FF 30 H X VB 9 7= R0 4 198 5% 43 14 5% i
L] Wil 2%, 2003 (1) : 35-36.

[12] ZYEH, EHLR W/, 55 KB 5% 18 5 A8 5 E H O+

HEft R Bk RE = i S [ ] [ 4 5 8k 2007
(4):40-43,48.

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

RIS INEE S A DL R SR A RO 1 R
WA B e 4R R () ] A2 A 2 4R . 2002, 22(5)  T70-776.
3Ot M/ T A KR W BEE 5 #5 AT 6 H
A IEFR RS K E A8 Cd BysZ i [T 0 A 5 %
#,2015,26(1):168-171.

W SR S TR AT X 95 g - M8 TR 4 A T BE A R W K % K
1A 4 @ Y IR BFEONE [ DL I5 M - 35 M K24, 2008.
X A% A L R IR L A5 TS R R R X T 4 e T i
FEML AR R 2 515K, 2012,35(12) :41-44,

KR BT RSN RE AT A g &
&8 Cu W B Y 52 0 [T ] VL5 RO R 2%, 2016, 44 (1)
326-328.

TR A, AR SR SR K W R oK R LY
14 2l 285 B b 3 v F 4 U I 1 1 5 T < P () A DX U 3R
(I 3R B R 224 4R, 2004, 24(5) 1 158-161.

W TR B 25 2. 398 v O A A AL BT B X3S e i
BRI A WA 7 S 1) S e L) ] AR A0 8 3 55 AR R 25 41, 1998 .4
(3):201-210.

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 En-
vironment, 1998,209(1) :27-39.

PR, E T BRIR S5 RS FF T K 1 5 L A
e (] A4 52 24 75, 2008, 27(8) 1 1362-1366.
JEHE LR ARE AIRES SR AE T XA R SV R P
PR A HLBT IR R L) . 3382441 . 2006,43(5) . 736-741.
R AR R, O AR A AL T X 5 Y5 YA H A i
58 A )R RO s e [ A Mk PR B B2 2 4]k 2010, 29
(10):1992-1998.

W ] 4 R FF 26 H X 438 Cd 36 B KK RS Cd BLE 1 52
W [D1LH M M . 2012

TR 75 TN 4 T e K v Y AR T it P X A 5 B A B
B FEL DA < 307 R Tolk K22 . 2012,

o [ B} 22 e o SRS . - AL A LML B
R Y RAE L 1978,

Spark D L. Methods of soil analysis, Part 3: Chemical
methods[ M].Madison: SSSA and ASA, 1996:703-919.
3Ot BN FE L AF KR W BEHE 5 #5 IS H
A IEFR RS K E AR Cd By 52 [T 1.0 A= 5 4
#,2015,26(1):168-176.

Peng C, Wang M E, Chen W P. Modelling cadmium
contamination in paddy soils under long-term remediation
measures: Model development and stochastic simulations
[J].Environmental Pollution,2016,216:146-155.

Yada S, Arao T. Kawasaki A, et al. Natural cadmium
loading and balance in a non-polluted rice paddy field in
Japan[ ] ]. Water Science and Technology, 2008, 58:
2243-2249.



