€550

Eco-Environmental
Knowledge Web

£

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

PM2s5 3 K E {2 B fa 18 F0 255 R BRI

x5, FF, pF@E, 85, MR

PM. .12 | SR
R Z T

B =5 PENFRESHRHFTRC

2021548

$B42% F4H
Vol.42 No.4




W % B 3 a2 % B4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 4E 4 H 15 H

H e
B I SR L X B R TS e M HE A AL R BT - ovverevereeeee e EE, %ﬁﬁ}, gg;‘(ﬁh ® g;g % (1591)
BRVT = fa R SO0 E AR ( x)'ﬁpMz_sEAﬁﬁ@ AT TS LIS ovveeveneesenrenen e
................................................... FEs, R, ¥, EE, AAM, 4HE, £HE HEE, IS8, A#EFE (1600)
VN T LR TS e %ﬂc}ﬁggﬁHjlmjc%ﬁ@&@ﬂg?mh\*ﬁ .......................................................................................
........................................................................ ERE, $/j_[jj k¥wE, WIEE, MR, EAL, THER, ZRM (1615)
BRI T LA AR E BORIRAEAT - RE, Z44, #, K2, M, WA, BT, EE, FXI, UHE (1626)
g YN D N A1 L =P BEE NEA, VEE, TFE (1636)
B F DM, TR B v Bh, FRE, RN, AR, HE KA AR (1642)
BT AL R EAT LI HE BN B ovvvvvesssssnnvccnnnnes BH, BHE, A, 2EF, Shk, k%, Bif, S (1649)
RO RIS IR T HABE P TR R ZF SRR ERERE IR woovvvvreoon A, TEA, &k, K7 (1660)
R = G IR T R AT [ X S Bi, B8, B, KA, TTH (1668)
KA TEYAETRG AT TL L] o vevvevmerennenmennenin e R, ERYE, BRI, KA, B, ERE (1679)
PM, 75 e X J0 B BE SR RIZE R MBI ooovveeseeessme e £5 BE KFHE, 5, BHE (1688)
e S VR YN R TS o3 Sl S e LRE, AB, REB, S, L, S 2 (1696)
%ﬁ%m%ﬂmﬁﬂi**%%ﬁﬁ&%ﬁﬂ% --------------------------------------- KA, ek, BUHE, kb, ZRE, BIE, Bk (1706)
NN o ST e 193 S 3 HER, BA, TR, BAY, BEA, THA, 2HE (1714)
3 20 4EA BB AIRIZ U ST BB TC 2 8 T Y oo EE, BF, B, AT, Ak, REA, R (1724)
PN SR T K KA 22 R R S [ BT B AT 8L vveveerrereeeseerie st X&, Ak, A& (1739)
SUEHLH T K BB TR RIS o ovvvovoneesssns B ABE, B, HEH, REL, BRE, KR, AEA (1750)
SN LT BRI T KK AR BHUBGE R AG T -oeeoveereeomeeeeesee e EEE, %%%, Wi, AW, EXE (1761)
LTI R AR AT S SR - 8, B, B EWH, 22 0, 24%, K (1772)
TS ) R B FE ORI oo BT, B, BTR, BEE, BEE, BET (1781)
VBT b X SR B R PAHs TSV TR ANT  woeoeveverereeeseermnnnananes Bm s A FE EBRET, BT, B (1791)
AR B AR A BB TR TR 015 YL R TE XU BEAT ooeeeereeeeeeeeenns KU, KIRE, HEME, BER, FEE, KE, RE (1801)
KW BRI RS2 AR RVEZS KU T «oeeeeeremmememe, Tolth, X4, AW, BRY, G4, #4E (1811)
0T 2 0 DU T4 R A L 5 e BT T KU STy v veeeeermemmenmereeeeneeieeieene s BEH, GNE, 28, 28 ﬁ% £ (1820)
=IETTARY) PAHs Fl PCBs (534 SRISRBE TR «overeereeremremmmemnnninnnns Bk, HEE, HILW, i, KUE, HiE (1830)
gﬂgftﬁ;[jliu{)?(g wagkﬁﬁﬂj gﬂ:&/ﬁ\:;’g{)ﬁﬁg*ﬁ ................................................ HfUE Eﬂg{ﬂ, 5 iﬁk %%‘fﬁ ??}]E)—L (1839)
SR AT R R B B 0 TR X IR D8 h A A4 e AL 0 5 o SR 2 R UR B DRAy v eveemeeneenenes FHY MEME, Y (1847)
BRI A I E RS A B R B EIRAKIR oo ZWE, FES, Ravi Naidu, B R, HKE, BEE (1861)
FWITE W AT AU B TLE MIIEAIR  +eeeveeeereereereee ettt e s ;&rgﬁﬁ IME, HBEH JUNT (1870)
TR e TR A B A SR SRR R LIRS R F o - R, Fubsk, R, Tk, EE, BWE, BF, ke K (1879)
T EEMs 5 UV-vis 2087 70 TR 2000 18 7 DOM it %ﬁlﬁ;@ﬁ .................................................................................
.................................................................................... WA, REE, B, 22% Fak, Ak, Ak, T (1889)
AR RIS BB 5 A BRI BRI Sy vovveessssssssssnen AR, S GIPE, 22 AR, (1901
R O RS LA D7 X 1 T -1 < RSN IEE, ZERE, BH, BIUF, B, BAE, L4 (1913)
U S T O A DR AV R G AU AU out 3 71 ST FE, EF, BRE, BH, KAF, KET (1923)
HT R MBI B R B TS TR S MU E M SRR AIHT v erveerrereeree ettt FwE, HE (1930)
CIO, T8 T A5 K AL HH KB ZRTTZGHED AR +eevevereseessss sttt
...................................................... BEE, Zhd, BAE, AW, BEH, %, 98, G-, 2EX, 44 (1939)
1@@3@*"_ PES iﬁz 4-DCP EA(E XTBE%/H(JEH@&I\%A*J %1‘%@5#]%%%? I'] .....................................................................
................................................................................. %ﬁ@a}] ﬁ;&@’ %jﬁ@, %ﬁ?ﬂ, ;[3':1:5', %éﬂu ﬁ—ﬁ’ 7’%,%7}* (1946)
SRELTE KA 5 TR R W B TR KR T cvvevererermereesmeenme et B EhE, ﬁ;]gzﬂ% (1956)
SR IR VR 2 BB LT SRR oo EFA, AE, EUF, FHE, R (1967)
SRR FFIBE 56 2 P S 2 JAE S B A PRI 00000000000 T, HEH, Had, B, BEE (1979)
B RS T S MR AL 22 T 1 s LAMEZE T I I R ] -+ vereevermersermen ettt
............................................................ BT &, BEE, A%, s4, L4, REL, WEE, 9%, THHA, A (1989)
ST A LB PP R T A U S BICOREAT 5%, 5, B A, EAC, %, R, 51548 (200)
W RS T RTFDK B B Cd 1) BB SR oo RTE, 7k, Ik, HEH, A%, $HE, &7 (2016)
NGl e TR L NSl i G L iy T T L e O P
.......................................... ;(M% %[ﬂf]g E@( ;(|JWW Pornplmol Kleawsampan]al Hg’g %ﬁ Eﬂg;ﬂ’ T{IW 7'7%;4—“” (2024)
N R ISR B A2 BB LB ZE v eovvereeee oo st Wik, T8, THE, B E, H/EL (2031)
Cd W3t R AR FISMEAE A AR RS AL R I Cd SRR RE IR v Wi, F%, 20, RFA, FAE (2040)
TR I UL X 7K R MR 2 R TSR S B TE (M «evee e eeeemmermenmmeie e Rt HiElE, HE, ;\;@—L (2047)
BB I R B0 H I B S S INEE SR E e [s;]t\g;‘(’ g&ﬂ ?gbl x| B (2056)
{0 I TEVE IR AM ZLT RIS B A T B VDAL T AR T T ++eeevereereermemsen ettt
.................................................................. %*ﬁi@ )@Kﬁ]’ ﬁﬁﬁ%, ﬁr’ﬂjg ?1&fﬁ ?rg" jj’u% ‘%ﬁ 5, g[g,% (2066)
e G e TR I e A 1€ SR K, #55%, ALk, %%ﬁ %%m,%ﬁﬁ(mm)
UK 2 25 SO BB B BRI B R BT ST oo FRM, HEE, HEE, £EF (2089)

(REREEVEITIRE (1738)  (IRERLE)VERIMMI(1790)  fZE.(1860, 1878, 1900)



)
IET-HDFE‘ In BB R = 55424 5410 20214747

Eco-Environmental

Knowledge Web Environmental Science Vol42,No4 Apr.,2021

BREFHKAMNESEREHTIESESSEITRRAEST
1 8922

T, A, s, R Rl
(1 B R R AR Y S PRI 24 BE , B AT 2100375 2. B UMk 2% g 7 B B Rl QR P, FEAT 2100375 3. P
B ARAE, R 224200)
R P s RS AT IE BRI T TR0 A2 RURE it X - 38 v o 5 Ja P50 XU B S ), AR S LAV A3 5 T L Y ) B A T (i
Fet) Joxh g, BB A BB AN RS AT (CK) IE A IRSAT (B) IFSAFEA AR (S) ANTA RS AT (BS) i 4 A4k
TR ] /N DS, W AN TR 2 7P 3 Cu, Zn | Cd L Ph BOIE RS BOU AR ARRHAE DR ITAG HEREE IR 25 2R 9] DBS b2
THEAZ FFJZE (0 ~20 em) L3 Zn F1 Pb (Y8 B TRE(P <0.05) . 75 H -4 4 ﬂii)%m%%}%'mqﬂfﬁé(m ~60 cm)
HAX LR 6% ~ 1%, 2 1 13 Cu, Cd Al Pb AFRJZ 0] T I 25% ~33% . iX W], TR FFIE A 17 2 )22 4 vh o 42 J 11
Hefn] F A2 @BS AL BT, A H R 2 LM Cu #9355 BREZ UGS B (5 i 72 BOR % 8. 8%, Zn . Cd il Pb B9 5R i S FEAK 7. 0% ~
14.2% . iX3EW] Cu Higlfl 1 Zn | Cd A Ph A TG A AR LLERIT &, &2 22 S rh Cu bR 5 0 255 i Ay 5383 T i B 2. 8
%, R Cu Bl AL, 5L, Cd (5% A5 TH i, Ph (955 FRFE IS KEAIR, Cd I Ph Bk ik, )T 4 Ei*ﬂ[ﬁ%ﬂ#ﬁ%ﬁﬁ BS 4k
PN SRR R B AR A KU O L AU E RO AR T B A S AR (P <0, 05). Pk, m*ﬂlﬁéﬁﬁﬁﬂﬂ?ﬁ
2 WA T ] B P 1 T 4 S 3 e XU {7 “ ' ;
SRV T PR hHE BRR { *
HESES . X53 Scﬁﬂ,ﬁ,'%ﬁ:%. A XERS. 0250-3301(2021)04-1979-10 DOI: 10.‘13227/j_'“}'ijk£. 202007207

4 A
Effects of. Combmed Appllcatlopr O,f Blogas Slurry and Straw on the Mlgratlon
and Fractrons of Soil Heavy Metals ‘in Rice- wheat ﬁ.«Rotatlon System in Coastal

o

Reclamatlon Areas i J

WANG We1 ZHOU Jun- nan' TANG Yl fdn 2 SHEN J1an hua®, HAN Jian-gang' ">

(1. College of Bldlogy and Environment, Nanjmg Forestry Unlve'rsny, Nan]lng 210037, China; 2. Collaborative Innovation Center of
@ustalnal_)le Forestry in Southern China of Jiangsu Pr0v1nce, Nanjing Forestry University, Nanjing 210037, China; 3. COFCO Meat
(Jiangsit) Co., Ltd., Dongtai 224200, China)

Abstract: In order to reveal the impact of the application of biogas slurry instead of chemical nitrogen fertilizer on the environmental
risk of heavy metals in the soil by returning straw to the field, four treatments, without biogas slurry and without straw applications
(CK), biogas slurry application without straw (B), straw application without biogas slurry (S), and biogas slurry combined with
straw applications (BS) , were applied in a typical coastal reclaimed farmland ( rice-wheat rotation) in Jiangsu province. The migration
and morphological characteristics of Cu, Zn, Cd, and Pb in different soil layers were observed, and the potential environmental risks
were estimated. The results showed that: (D The total amounts of Zn and Pb in the surface soils (0-20 ¢m) in the rice and wheat fields
under the BS treatment decreased significantly (P <0.05). The four heavy metals in the paddy soils migrated 6% -11% from the
surface to the middle and lower layers (20-60 c¢m), and Cu, Cd, and Pb in the wheat soils migrate down from the surface by 25% to
33% . This indicated that the combined use of biogas slurry and straw accelerates the vertical downward movement of heavy metals in
the surface soil. @ Under the BS treatment, the contents of the weak acid extraction of Cu in the surface soil of the paddy field
decreased by 8. 8%, and the residual state of Zn, Cd, and Pb decreased by 7. 0% to 14.2% . This revealed that Cu was passivated
but Zn, Cd, and Pb tended to be activated. In comparison, the reduction in Cu residues in wheat field surface soil was 2. 8 times that
of the weak acid extraction, indicating that Cu was activated. Furthermore, the residue state of Cd increased, the weak acid extraction
state of Pb decreased, and Cd and Pb were passivated. 3 The ecological risk assessment of heavy metals showed that there is no
ecological risk in the soils under the BS treatment, and the risk indices were significantly lower than those of the B and S treatments (P
<0.05). Therefore, the combined use of biogas slurry and straw helps to significantly reduce the risk of heavy metal pollution in the
soils in the coastal reclamation areas.

Key words : biogas slurry; straw; rice-wheat double cropping field; soil; heavy metal

s HHA: 2020-07-22; &7 BHA: 2020-09-24

BEEWH.: BFEESHATTRIE(2017YFC0505803 ) ; FE% H AR FR4 T H (41977354)

YEE® N £45(1994 ~) 55 8L, FERSE I 10 R 53 IEAL A E-mail : wangwei940224@ 163. com
# JB{5E1E# , E-mail ; hanjiangang76 @ 126. com



1980 7D 53

B 42 %

VLI PR B FRT 620 km® | 2 5 4 [ e 4
T FRAY 174" K 301 BBl B i A Y R B AR R
TR DR B ORI 00 B 28 J A8 i Tl AR T, VR i i 58V
DX 38, 1 5 4 i A0 IR B8 KU 45 A2 SE R Y Bl
U, s DRI SE ) O BIF ST I A R bk Bl R A TH - 3 o 4
JE S . WA RS R A B AN
Wit R AR A, XL X Y b A kR A T 0
KIAFAETE 4 8 s . L, B R HE 4R
IR P T g i (R X R B2 2 HA
HEEXL

hflﬁizliéﬂﬁ% N2 RIBER 2940546, 18
W o E R . BIRE S SR HEBREE M
SRR RS AR E R 1 k. SR
T, A AR B T Wit P A 18 v 81 4 s ) A58 KL
Sy, BN, P LA RIS 2 IR T WU 5
alg, M#FE M8 Cu f1 Zn & B0 21.50% ~
30.35% . Duan 45" ARITFE 5 B WIHGE AT 2
SN ST R B AR AR, B — T FEAT IR
Eﬂ%‘iﬁ‘i’&i’%E%%ﬂ’JﬂVE%ﬁ@,ﬁluﬁiﬁ i+
A BB [ A7 SN 95 3 e, B B ﬁﬂzﬁ?%

ttf” M ﬁﬁﬁxji“@iimﬂzﬁﬂﬁﬁﬁ%m;ﬁ%ﬁ

A BRG] RS X - e v i e B Rk
fiados 340 1§Jﬁn Ty 2 2] E’Jﬁﬁnﬁiﬂﬁﬂ‘ﬂ
HITEE B3 5 M B, fH 3 T v ) I R g A
R BT 2 . L T8
it JH T VRS AT X 5 A B RS (TR S BT
SR SR, A G — I AR S H AT IE R
DLARIE.

AR SC AT ] B A IX B RU R 22 Y sk H A Ao
X4 B EAINE R AA IS FF (CK) B AEA

(BS) X 4 b FE A H ) /N X3 56, SR 4 0 ~ 20, 20
~40 F140 ~60 cm 1 )2 +3E, 437 Cu, Zn, Cd FI
Pb [ B AR AL, IR F BCR DU A5 42 Bk il 5+ 4
W A A TS B 5 a3 B YRR R I X
39 T A R AR A R KU S I, LA R VE R A B
Jit FH R e b ] B P - 398 o i 4 T 42 (R B OE 5 S ER
A

1 BRI

1.1 B8 IXAR

WFFE XA FVLIE 7R 6 Tl BV Rl R R
(32°38'23"N, 120°53'59"E) , J& T V. A 1 g i HF
1P X . 4 H B 2100 ~ 2400 h, 45 SEN
14 ~15°C , /K521 000 ~ 1 100 mm , PUZE43H] 7‘6
o . ZU’ED%IEFEE 25 a LA b, BRAEH
FAAZ IR, [ BT 4 RLE “lfﬂf
1.2 AR g

ﬁhEi%kﬁﬁ@ﬁ%f%lﬁ;ﬁ%
HRYRDBUIE -, B SR AL El:l:ﬁw'lﬁ
37%. 52% il 1%, 251 ST HER AR aap H g
8.7 %E’;ﬁ(]ﬂc’jp@ I, 3¢mS-cm ' ﬁﬂﬁﬁzﬁ‘%ﬁf}
5.1 g-kg U “
1.3 /Bﬁ%flx MR . ‘

HEEWGEA AR A& (L )ﬁﬁﬁ/\jﬁﬁ’q’:

PR 2 I U ST TR UK R I H R R

RUK L ZE T 2008 BT W & N 2875, i ) K0
(AR B P 0 7E 2. 0% ~ 3. 0% ) IRA THE AL ¥ 5
WA K EEHE, 36 ~ 38°C By &R & K& X W 7%
(CSTR) A EE 15 ~20 d. F=A IHS R &, UL
TE LA JE A TE IR ISR A TR . TR RS A

JNFSFE(B) JNFSFHEAINAR (S) IR eIk |, B RS E 2.
F1 HIBREREBEUMER
Table 1  Basic physical and chemical properties of the biogas slurry
T H pH EC/mS-cm ! TN/g-L~! NH, -N/g-L~! NO; -N/mg-1.~! Cl=/g-L™!
2R 8.4+0.4 10.2 £2.0 1.1+0.1 0.8+0.0 33.0+4.0 0.9+0.1

F2 HIABREELERE/mg L'
Table 2 Concentration of heavy metals in the biogas slurry/mg+L ™!
WH Cu Zn Cd Ph

28 2.920.6 10.3 £2.7 0.0+0.0 0.2+0.2

1.4 {5t

BE 4 A B AL O i VE W AR hn S A
(CK) JMEWABA A FF (B) JnASFHEAINE
(S) MBS FFEE ] (BS). A 3 W, 3 12 ik
B /NX . B /NX AN 60 m* (6 m x 10 m) |, 45/
DX REBLHREAT , /N T] FH 7 92 A B O i FF 3 H 4 Y

i A& e Al 4 i ik R BBERLA AR B BE 15 cm
KA.

JKAG FN /N 22 AR I 7 R A aE Sy Ol Ol 225
kg+hm 1 150 kg-hm ~*. 38 i3 {8l R R SRR E
B A A VE Y FhoRE 2 it fin 0 260 o A 4. e HIA
VORI PR 220 FH 4301 204, 5 m® <hm ~* i1 484. 9
kg-hm %, 433 A0 S BERC FBEAC A 2: 1: 2 HL Bt FH
27 H VR ORI PR it FH B B 43 512 136.4 m’ ~hm 72 Al
323.3 kg-hm ™ 43 3EAEFIIE AEHE 10 1 HL @i . 2
ATt AT 5 DL 2% 3.



4 39 TR TR BOREATIR TGS (66 R B FH ST 4 Jm ot 4% S AL 5 e 1981

x3 BHEERE

Table 3 Amount of fertilizer applied in each treatment

JRE (CK TR (B JRE (S AW (BS
A AL /ifilm ’2) /m;{- me ’)2 /lfgih(m ’)2 /m{’?l-ilm ’)2
AL 194.0 81.8 194.0 81.8
fE SrEENE 96.9 40.9 96.9 40.9
AL 194.0 81.8 194.0 81.8
S A 161.6 68.2 161.6 68.2
iBE 161.6 68.2 161.6 68.2

FEWEAK pH 2 7 2o Ay, HE K S (] 4% >4 M B AR >
PR S K BCHE R 10 4 4540 B R HE K B AR TR]
G TR XA [ b 3 4 i 1) R R A AL 1 s ). B
B HH RS ELA 4 B Y M B VE AL 8. /N2 FUK R A
JEI 510 2017 411 H 4 H ~2018 426 H 10 H
2018 456 H 10 H ~2018 4 11 A 16 H  /E¥ i
FioAUERE 5 S A4 16 5.

1.5 FEACRESESRNE

FEA R SHTA L 43 5]F 2018 4 6 H (/J\i%
W) A1 11 H KRR ) Tﬁﬂlﬁjﬁ# KAt
FHMAETE AT 1 ﬁﬁﬁ 20 em 45 ERAE, t/\/J\l:
430 ~20, 20 ~40 F140 ~60 cm %3 A A5 afﬁxe
3 /\'Jj{tb/jji:‘ 1 /\‘#un *HEH*H%EH%K%{%A(#
i ﬂiﬁaéﬂ“ﬁ:}: WFEE 11 100 5(0 149 mmj
JTZJZJ% ZH.  F J

o H B TG AR HI766- 2015 [ 5

DU K SR T HNOg-HF-HCI0, T |

%Elﬂné]%“g o] %UFH%W%%A#FE&?MK}%%‘N
(ICP-MS, NexION 300X %!, 3¢ [ ) Wl 5# Cu. Zn. Cd
H1 Ph Ay B
T G R 4 RS & R H BCR PP 4 K
P RIS A BN 4 Bl FL, SRR
PGS (] 22 e B MR R R 455 38, AR B HE I H 2
Him) s B2, AT RS (B E AR A A TR R
MR, TR A ALY ) 5 F3, AR
1&?&(%&%&@%1&%%6* TESRE AR T AT
BRI, IR A S 4y ) 5 F45RIE S (fE1E
T amtsrh, e, EYM AR . A5

PIARIE 43 GBW-07451 JRA7 g, ra iR 5 ik
B2 A BRAPEA TS, FISCR 85.3% ~ 112. 2% .
1.6 AR+‘ZEHESEBHAGE
R T J W EE 4 AE A [R] A )2 ] Y i T RS
E,ASCEX T HEPELSRBRELE[M,, K
(1) ]:

. =C, xp; xdx10._, .--""-“_(1)
Kb, M, RS iFﬁHEiEB’J;’ii %"kg “Hm %5
C. N LiF*ﬁﬂiﬁ%EiEdﬂ)]

s p A i LR, 0 4 20h 20 40
140 ~60 ¢m HEEIOF AT L1567 W
F1.79 g*cm_z:d %j‘i}?%{’%&*“, 20 em; 10 ﬁ‘]‘%{i
wmEn S (19 € o
1.7 i&@?%iﬁﬂﬁﬂw ‘

X% Hakanson ﬁﬁﬁﬁﬁfﬁiﬁnﬁﬁ*
[(2) ]

RI= > E = > (T, xCp) = Z[Tﬁxg;’]
i=1 L L

(2)
A RICVIEGRE 2 W + 38 h 8 4 8 B e RS
RS E A ERAS 4 W T 3R T 2 KU R 5L
T0 N PR 4 e 2w I B 2R 0, AR SOk [ 22 ]
W EAJE Cu, Zn, Cd I Pb FEPER R R B 9E K
5.1.30 f15; C; WA EEBITRIGRERE; C,
HPEAFEE B IR S EENE; C, NESEITER
ZHAH,Cu, Zn, Cd 1 Pb (9 H AR SLE M 35,
100, 0.2 135 mg-kg "'/ RI{E MK, Ak 25 KUK
. PP o AR MES FEOSCHR [ 24 ] IR 4.

mg-kg

s

x4 BEESREITENEERXS

Table 4  Classification of potential ecological risk assessment method

5iH AR
‘ L (B 2H(P%) 3 Q) 4 9L 5 G(HR)
E; <30 30 ~60 60 ~ 120 120 ~240 >240
RI <50 50 ~ 100 100 ~200 >200 —

1.8 b orpr
iz FH Excel 2019 F1 Origin 2017 X % dE 17 %%
ST R SPSS 19. 0 Gei T o R a4 T

AR I 25381 (one-way ANOVA) , F]H Duncan 7
M ZERI TR N RI AL B 0 ~ 20, 20 ~40
40 ~60 em T2 HIEPE LR D ENES T ENE



1982 H

i

B 42 %

(P<0.05).
2 HER5H5H

2.1 +HEEhESENHES N
2.1.1 FIH LRSS SRR
S Il BS AbFER ARG H -3 Zn 7E 0 ~20 em +
JE )RR BT CK A B 43 (P <0.05); 20 ~
40 em 2% B AL B 3 F CK A1 BS,H =41
W Cu fit/mg kg™

g o
e
S )

§
o
¥ 20-40
= .
+ R e
k——+——4a [:::] CK
40-60 | - ) B
a S
B2 BS
M+ Cd At mg kg
0 004 008 012 016 020 024 028
H——{———ﬂab
| a

0-20

b i
e
R

2040 -

i
T
AR R
[Salatuteteteletatatitete ettt e e et e ettt |

M fem

40-60 o

L
e e el bl et ey
B ]
B S S

BEETSAME1). BAFT, 0~20 cm 20
~40 em 12 Cd R B & T S Ml BS 4bHL.
FIHC#E T 75, CK A1 BS 4bFH R | 40 ~60 em + )2 H
Cd B B E R T S. 760 ~20 cm )27, BS Ab B
T Pb (s B FET CK A1S, [FRF B Al S 4bH iR
ZLT CK(P <0.05) 5 20 ~40 cm 140 ~60 em +
JZ S, BS AP EL T CK,{HmF B AEE. Cu 1Y
SIS )R 4 AR R AR E.

B2 t/mg k™!
0 10 20 30 40 50 60 70

20-40 |-

IR em

40~60

0 1 2 3 4 5 6 7 8 9
Fa
be -
0-20 2 p [
Ketbtn it 4 ;:-"'
s c
E
2
= Ha
+ B b
Hia
4060 | b
R

E1 BEHELEARLIETEVFESELE

Fig. 1

2.1.2 FHEHERERSE SRS MEE

F MO0 ~20 cm +3E Cu, Zn Al Cd BB R 5
AR ] B >CK >S >BS(K 2). S4BT, 20 ~ 40
em T2 Cu A1 Cd B9 R BEIRTHE 3 AMbHE,
B AP Zn MY S W3 = T B AR, CK S 4
PR, 40 ~60 cm +JZH Cu, Zn F1 Cd (R B F
f&F B F1 BS 4bBH, B 4bFH R Cd W EE B E ST
BS. BS 4b ¥ T, Pb (Y B TE 0 ~20 cm L2 3
WECT B A S 4b¥R H —F B KT CK; 1£ 20
~40 em +JZH B A S AbHEE F LT CK Al BS; 40
~60 cm 12 B ACFH AR T CK A1 S, [ A i 3
fi&F BS.
2.2 ELEBEELZNEE

BS AbFE R FEH +3Eh Cu., Zn, Cd F Pb 7+
TIZ(20 ~60 cm) BLREA & Hol & R 2 (0 ~
20 ¢cm)6%. 10%., 8% M1 11% (£ 5); Zn 1E B Fl S
WEFR R R R Z 0 5% 8% 5 Cu, Cd

Total amount of heavy metals in different soil layers of the paddy field

1 Pb 7E B Fll S AbPRF LRI 25N T 5% . %
6 NI L, Z [ -3 Cu, Cd Al Ph #E BS AbFE R A R
SRR G R Z B E H 25% ., 33% F 25%

HAAEAIY/INT 5% (BR S AbFH Cd 3 8% ).
£5 BESLETESREFRTRIEFHRESH %
Table 5 Proportion of heavy metal accumulation in three soil layers

under different treatments in the paddy field/%

Qb TR/ em Cu Zn cd Pb
0~20 34 31 33 34

CK 20 ~40 34 34 32 32
40 ~ 60 33 35 35 34

0~20 33 30 35 32

B 20 ~40 36 38 34 32
40 ~ 60 32 32 31 35

0~20 31 28 32 32

S 20 ~40 35 33 32 33
40 ~ 60 35 39 36 34

0~20 30 27 28 28

BS 20 ~40 37 36 34 36
40 ~60 34 37 38 36
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Table 7 Potential ecological risk factor and index of heavy metals in the coastal farmland soil
5 .
b3 Cu In Cd Pb
EL FH e H #H i #H i H #H e H #H
CK 1.92 1.16 0.47 0.37 27.62 10. 19 1. 09 1.34 31.10 13. 06
1.99 1.41 0.50 0.53 32.48 13.91 0.75 0.82 35.72 16. 66
S 1.69 0.92 0.39 0.28 23.70 7.21 0.85 0.90 26. 63 9.31
BS 1. 60 0.53 0.39 0.12 21. 66 2.74 0.68 0.64 24.34 4.02

1) VETE A S KU R85 2) TP AR 28 U5 2L

24.34 ~35.72 1 4.02 ~ 16. 66, ¥ Jo 4 25 KU K. RI
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