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e g BT R, A HLAL AT B
I APy, AEALHE N T /)N SR S i 04 Il
okt

KT AHUERERE M0 L i R L e ALY I
I, BN Al S A R A HLIE R AR B 41 0 1Y
SLORME XL BT, (A L HEA xS + 3
GRS TRERE I, A X2 3]
VA A o 22 S B R ) AT BILIE BEAT X FEBIF ST . 9K
17, AT SG T 45 P oL 22 S A R A A HLAE X
b BRI A A R B 2E PSR, R
e K TAFEFEAHACK G154 55T HE R
AR B IS WL ARE . Rk, ATk iR
8 H AN TR AR A2 7 B 6 Bl A LI,

WFGE X H . M — R BTG YT, 1R ik 21 4
H1Ph, Cu BRI, B T X HAH L
X EHEF Ph, Cu T2 W52 HLAEE, X 0 28 fL
FE A R E S R s e E AV A HER
B, NIREAH I L &R Ty e Z SRR
el

1 #REFZE

L1 gk

A YU i 4 WL RA URIERY 6 TRy
A A UL, FLEORRIEC RS . 2, M98 &%
MR . SRR A HUE K 5 2 mm b,
BT PR KR S A UL AL
SRSk 7 B HUIR R Y
HAY A AT 1,

x 1 BHXEVIEEARYEL PR

FHHLIE C H 0 N FHLE AR ) CEC Ky Pb Cu
B () (%) () (e TC Y e M k) () (mgke) (meke)
T 25.45 3.25 67.10 2.53 1.53 1.98 53.67 180.98 7.85 6.75 45.35 18.29 40.83
EEE 10.05 1.53 86.95 091 1.83 6.49 24.13 170.09 8.73 3.78 77.20 8.67 15.29
Pk 15.77 2.19 78.83 2.01 1.67 3.75 25.95 159.56 9.15 6.93 64.80 14.66 53.19

IR 16.17 2.20 78.20 1.56 1.63 3.63 26.89 181.65 7.48 10.44 61.08 46.37 30.16
5% ¢ 20.67 5.10 52.95 10.98 2.96 1.92 79.89 252.63 3.41 2.70 24.82 14.91 7.55
A 12.43 2.60 80.43 1.07 2.51 4.85 24.82 104.29 7.38 11.07 68.31 51.01 39.94

B TR 17V R A T e RSP P A IX S
HZRFEd, R0 ~ 20 em 2 HKE, KA it 2 mm
o TR R B B 21, B ol %
9, AP AN 14.03 gkg, pHEN 571, BHES
FA& il 4.45 cmol/kg, BV w430 14.67 A1
11.32 mg/kg.

1.2 it

% 5% 1 o3t LU A A3 I A TR ok R R (16
ORI O M. EM. ) AL
JIE RS Al 4 1L 500 ¢ BT RRHREAR R, TR
A1 HUIE A58, Jehn 100 mL 581K, HUCE 1
d, SRJGIA 50 mL BV 2 500 me/L 1) il FR 4
VSR EY 500 me/L (1) I S V5 W T e 3 5, CEAE
25 CIREE P #£ 30 d, Bigfid b AEbm 3 d fin—
W25 B Tk 2 L3 H K 2 1 70%, Bk PR

A3 WFRGHRE, W HIEXT I 2 mm 5
#H.
1.3 WMEDH &5k

L 4 R A SR EDTA 212 (0.5 mol/L
NH,Ac+0.5 mol/l. HAc+0.02 mol/L. NaEDTA, pH {H
4.65) $HCYL L 4 R S R Tessier i
SEHRBGEIRI Y, 5 Bl 4 R B SR ] S A
(F1). BRREZEAEE (F2) . BEEMAD S A A
(F3)., AULEEE (F4) FFEHELE (F5), Tessier
HESARBCLIRING 2, RT3 6 G A
EEEE TR,
L4 BARGEthir ik

Fr AR IR ¥ 1T 3 IR E &, SR Excel 2010,
SPSS 20 FAFREAT R AL BE 5 7047, SR Origin 8.0
BAHER,
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T2 Tessier HEERBGER BEKIZEFIF &4

RECPEE RIBUEAS

LGS

1 F1 FREL 2 g BER, FILA 16 mL 1Y 1 mg/L MgCL, ¥4 [ 1] Mg (OH) , ¥ pH=7 1, Z5iE4E% 1 h, 4500 r/min #5.0> 10 min, |
THEWLIE, FF,

2 F2 A PR LR IOR S A 16 mL 19 1 mg/L ZRRENFER (pH=5) , ZE IR 5h, 4500 r/min .0 10 min, IEH
W, R

3 F3 1 E—2 5k HHOKIEE A 40 mL (9 0.04 mol/L FhBRFZMAATL, 95°C /K #&% 6 h, 4 500 r/min B.L> 10 min, i
W, AR

4 F4 B bR KBS A 6 mL (1) 0.02 mol/L AR 16 mL 30% H,0, i (pH=2), 85C/KIFIRY 5h, &
HJFIMA 10 mL (1 3.2 mol/L ZTR%% (1% 20% HNO, A, 2 4R 30 min, 4 500 v/min B0 10 min, LIEERGTIE)S
SR

5 F5 15— 2HR B ROK IR 25 2 50 mL R IUGRMEH T, A 10 mL #hA2 . 15 mL AR . 10 mL SRR, 5mL
EERR, T 300°CHINFA (140 ~ 160°C ) SN EWEIRZEEIR, VAGNUKER . S8, E%, BRI,

) EEEN HY T ARG A, HrpifEpe, x93 J5R .

2.1 AFERR IR A HUIEXS B —F15 515 58 4
Ay B EDTA $2HGS 5 = AR

A Te) SR A Y5 A A AILHE XS B — N A2 5 95 Gt -
b gy, W EDTA R BUS S R mILE3, 5
XFRRZAAR LY, A AL AL 2 1t 3 B AR T o — 4%

SRR PR A S R R TR R A
g PR B SR E . AT
PN, AREEE. MRS TR
FUF N ARCEH . W& s, RUPAHUCX B35
Pt b E R B ELSCR I T E AT %
T

®3 FARARPSRERAEERRATLEHBR EDTA RS S E (mg/kg)
—a G ZaTh IR
AR AT AR AR
T 177.15+ 1536 ¢ 20.15+0.67 ¢ 210.90 + 14.64 abe 2095+ 1.67d
EE 221.80 + 16.59 ab 25.15+1.04b 22840+ 18.35a 2595+ 1.43b
RLES 194.35 £ 13.85 be 16.75 £ 0.76 de 218.75 + 15.35 ab 2170+ 1.05d
IR 194.65 +20.24 be 1640 0.83 e 20475+ 1843 ¢ 1570 £0.85
T 199.40 + 14.36 be 7.55+0.71f 197.10 £10.79 1635093 e
A 205.45+16.43 b 17.70 £0.94 d 206.85 +20.61 be 2405+ 1.54 ¢
Xt I 234.15+21.66 a 2760+ 1.19a 237.25+2642a 2895+ 1.39a

TE: FASUARIFERFRZE S B (P<0.05), FREARFMF R ZRARE (P>0.05), T,

2.2 AN[EJFURR VR A7 HLAE X B — 5 Y 4= e 4t |
HE 2SR 50

ANT] JFOR IR A A HLAE X BA— V5 Yt R AR
SEEMEMUZE 4w, ANEIE YU IRAL,
FRIRAPIRAS Hh = BRI B ZS B > IRIRERSS
BESTHRESRIEE > AIGEEE. B 1 AAR
SRR A HUAEAN T A5 Y 3 P YIRS 1 53
R BE AL, R 6 FONE R A
MRS, PPk S L T AR L, T
A=) 5 TR AR ASE , LIXSIEA HUIEAL R
Bl DIGHADUIEA S R 22, SCHAsashn
TS BRIRERES A A o KIS N A
WS R A R LS A AT o R s, o

BRI AT R A USSR Eo  R; SXREAH L,
VB GO BRAH PR SR I 25 A ARG, FHiftAd
PR T, BA—HTTS Y T A ER R S T HIL
SEEBEETRINIT R MEE 22%> W2 18%>
LR 17%> TH1 16%> HAM 14%> 3 11%.

AN TR JECRE K VB A AT HILAE X B — 5 e + 38 rp 4
TEAE BN ANER 5 IR, ANERINA UL X R
A, HMRAFIRAS B BRI S R 25 A 7S > 5%
A > IR A > AL S > s, K2
KA TR JFORR VR A AT LA AL B B — 5 4t - 1 ]
AW AR, hE 2 /IAL, 435I 6 FoRE R
BERIRPAYUIES, P NIRAAIRES 24 T A
[FARAE . X TAE 2 T A 34, LA A
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x4 ARABERSKREBEHNENENTE—TETIERAESSER LM
s F1 F2 F3 F4 F5

it (mgke) kb (%) & (mgkg) S (%) &E (mgke) S (%) & (mgkg) S (%) & (mgke) S (%)

TR 6.65+0.8¢e 3 59.10+2.1b 24 12445 +10.8 ¢ 51 40.10+4.5a 16 1595+3b 6

¥ 1065+1.0c¢ 4 56.45 + 6.5 be 23 15435+ 10.6 b 62 1690 +23 ¢ 7 975+ 15¢cd 4

P 6.15+1.0e 3 4545+40c 19 146.45 + 12.6 be 61 26.70+2.8b 11 16.10+2.1b 7

AR 8.60+04d 3 36.80 +5.1 cd 15 159.30 + 10.1 ab 64 2745+25b 11 15.10+2.5b 6

Tl 22.65+3.6a 9 6130+7.1b 25 12090 + 123 ¢ 50 18.10+1.2¢ 7 20.85+2.1a 9

K 6.90+03e 3 3455+42d 14 17245+7.0a 69 2380+22a 10 1045+15¢ 4

CK 1285+ 1.1b 5 77.65+79a 31 145.05 + 15.2 be 59 455+2.5d 2 765+1.1d 3
100 i = g e W[ WU AL BE AR R R, DA KA ML b B SR
80} X%, SEAMRRER T BRIRER LS &S H o Rk
= o) W R s A W R ) A L85 25 B 25 24
2 ) RGN, Hrb i s HUIE AL A oA HLGE A RS
E SR R A, R ML A B e g A G
M ORI, B 5 Y A i B i
A F T Wk AN A S A RO NIUT Y . GK 829 1
fﬁﬁﬁ;ﬁ%ﬁg’i@ SEISFRE RS P 73%> IR 63% = MHM 63%> M3 62%> 3

50%
E1 FARERMRENEVELETRE—
SRt EREESHNS G
K5 AEEFKEHNEVIEN E—SR T ERRARASSER G
i F1 F2 F3 F4 F5

S (mgke) S (%) &8 (mgkg) G (%) &8 (mgkg) ditb (%) &8 (mgke) At (%) &8 (mgkg) kb (%)

s 0.10+£0.01 e 0 3.45+02d 7 10.35+0.8d 20 1845+2.1a 36 19.10+1.1b 37

I 0.15+0.02d 0 485+04b 10 18.85+25b 40 520+0.2d 11 18.25+ 1.3 be 39

MWH 0.15+0.06d 0 405+02c¢ 8 1525+ 1.9 be 30 13.05+1.1b 26 18.30 + 1.3 be 36

AR 025+0.02¢ 0 3.80+0.5¢cd 7 1540+ 1.2 be 30 1495+09hb 29 17.80 £ 1.7 be 34

T 045+0.05a 1 3.40+0.3d 7 480+02e 10 1425+05b 29 257517 a 53

K 0.30+0.04 b 1 3.85+0.2cd 8 1345+12¢ 28 10.05+0.7 ¢ 21 2040+12b 42

CK 0.32+0.06 b 1 6.20+0.8a 12 24.10+2.1a 47 3.75+0.7e 7 1735+0.5¢ 34
= F [ T 2.3 REER R HUIE AL B 5 475 Y+ e

FEXT L (%)

[

WM Ede Mt GUER OM
Bl RIRRAEATS ORI AT
wHHLEETS oS

B2 AREERKENEVELET S

— iR LERARESHNS 5
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W25

AN T JEORE A R A AT AILIE X 5245 75 G 3 b %
PSRN 6 o, ANEIA UL IR
2, BYRAPIRAS e BRI R B A 5 2 >
MRERAE B > LHE > AN B E > KA. K
3 AR EOR A PR A HLAC AL PR 52595 e e v
HORSR AL, B& 3 Al 4 BIasn 6 FAs[E
JERSRIERAPUL)S , ey IR R T
AR X T Y 5 T WA S zs g, PLa

SR LA PR ARROCR B by, LRI HLAC AL
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HUSCR B 22, SCHRASHYIGIN 7O 1 4% RRERAs &
AET A ORME R R AR MR Y B i S AT 1
A B, Ferb DUEDHA HUIE AR B iR e K, 5
— o A X I WA A B AT S o IR A A L 2
A TGN, DU B AT AL AL B A R R 0k

WEAH L, T A EORIAL BRAH O BRER 25 5 ARG, 1
AL T . B ARV YT A e A A A v
AMA NG GBS ERDT Hy: 5 20%> &
¥ 17%> 2, 55 12 14%> W 2% 11%> “F 2% 10%> 11 i
7%

x6 AEEREFSEEREHAVENESSRIENAEESEER SILHTIT

Fl F2 I3 F4 F5
Ak
Tt (mghkg) Al (%) Fft (mghkg) G (%) ik (mghkg) Atk (%) OdE (mghg) HLL (%) 9t (mgkg) Lk (%)
MEHE 11.55+£09b 5 5495+4.0c 22 131.60£11.7cd 53 44.55+19a 18 6.55=0.8d 2
¥ 1135£09¢ 5 66.30+6.7b 27 14415109 ¢ 59 13.85+25d 6 875+ 1.1hc 4
X2E 1110208 cd 4 42.05+4.6d 16 17410+ 12.1ab 68 2005+ 13¢ 8 895+1.2h 3
AR 9.75+05d 4 43.90£4.0d 18 160.20 7.2 b 64 2465+12h 10 10.15£15h 4
M 2295+3.6a 9 65.60+5.1b 27 11390+ 10.1d 47 13452.6d 6 2720264 11
JAM 10.35£0.2 ¢d 4 43.1035d 17 18445584 73 9.10«1.1e 4 720+07c 3
CK  1285+05b 5 89.85+64a 36 13640 6.2 c 54 6.850.5f 3 635+ 1.6cd 3

I

100-iﬁﬁﬁ

ARXS G E (%)
5 3 8

[
(=}
T

(=]

HIEM N M CK
= el © RS A O B A

BEYL AT O RS
B3 ARERRENEIELET
AiTRTERERESNS T
AR FERSIEIR AN AT 5 HIE P iE A
TREANER 7 R, AGHIAHUIERIXT IR, i

TRAAIRAS FH = BRI 2R RS A > JRIEAS > ik
REG AR > AU EE > s, K 4 AR
BORIERA UL EE T B 5155 1 P HDE S50
Bl FHE 4718, SrBlashn 6 PO R R IR AT HL
MBS, TP RAAIRAS R T AR, X TR
WG T AR, LAESAT HUIEAL BEREARAICR
wAF, VIRMAPUIEA RO s, SeHeSassm T
I AS; BRIRERSS A AR B KR TR A
W ERIE A A BTN, b DL GO AU A B
R, D3P A A BILAS 5 284 5 0T i
FHLCYIA Fekg i, DAZAEEIR A HIE AL 32 38 5 K
ARG Y ™ AR ) AR AR BLAS 5 2AE
TEIUNIF R T 71%> FIER 64%> 15 58%>
& 54%> M 51%> 3% 49% .,

x7T AEEFSEEHAVENESSRIENEARSEER SLHFIT

F1 F2 F3 F4 F5
b F
T (mgkeg) S (%) & (mgke) S (%) &8 (mgkg) S (%) & (mgke) S (%) && (mgkg) S (%)
W 1.05+02¢ 2 4.60+0.24d 10 1425+ 1.1 cd 30 11.95+0.5h 25 1540+ 1.1 d 33
FF 1.25+05be 3 595+03Dh 13 1645+£1.0b 36 490+04d 11 17.75+0.9 be 38
M 125203 be 3 495402 cd 10 16.30 1.5 be 33 10.55 £ 04 ¢ 21 16.15£0.8 cd 33
BIEER 145202 b 3 49003 cd 10 1255+2.0d 24 1410+ 1.1a 28 18.25+0.9 ab 36
TH 1.90£02a 4 5.5520.5 be 12 545+06e 12 103007 ¢ 23 2145+15a 48
JAH 125203 be 3 5.80+0.7 be 12 16.60 0.8 b 35 9.05+0.6¢ 19 1540+ 0.4 od 32
CK 150%0.1b 3 6.95+0.6a 15 19.80+0.8 a 42 330£07e 7 15.10+0.8d 32
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XA, AHAEA PR TR EDTA #2507
By B S EMCT R, BOIHA MR AR T+
Herp gy BNEYE, XATREEH TAVUEEAE KK
R, M. FERAERA, Bg515%E
SR IE S G UTTE, IMFER T EDTA $2 S
FEomaE L AYUEN R —i5 Y - b 4R
By BIREERCRIE TR AT 8, X ATREREH
T WP MM &E TR, EEAEIWS AR
R E—E MR 0

— B, AR S e AS MR R R4 & AT 2UAF
MRS B EAGE T, DRSS SIEA
FEEME R A DR RS T, AL
YA & SRS ST AR & @ WA AR e . A
ot el R, SXTRAAMEL, BrREMAHEI 4,
Jite FH A AL AT 247 A [i) A 5 b R AP T T 58 o 2 R iR T
AP, Co &, BT AL S S MR
A Pb, CufiiE, X—4RSMALTHIIEH E
SRETIEE B ELE S Y L, EIE I L
NE RS {1 AR Hh 1E PSR A TE S (T ACH S
RIREREEAA) MG IES CHILES A S
A FeAk, HENHR P AT G R A ALIEA A HLE
SraiE, i HEAERAFRmL, AR
AR RER, WA VUL AE Y T 5 L
J, BT R, R RARRINE S
JEAE YA SR AT G s M B RO, AN R . TR
Y. BT, AALIE RS RL S 2, R Y
W, A HUE S ™ A 1 58 5T B e AR S
T ey, W E AR T IS S8 T ac i
RN, JEFE T E S . REEGIE T S E AR &
BANSA, BN, 5 ma IR A 5 A

ARFVER, WOAMEESRE . A, Al
JoT i T DLk - Ak R, DT MR el AR 5 4 R A
SR TR AED T BRI, TORIAL PR B T A
B Pb. Cu &t Fm TXH a4, JE AT fE 2 ok
FHLUIE N FREA ML (pH=3.41), F&MKT 14 pH
B, A5 - SPE0 R b A  o0 Bk TR h AE R VR I A S
TIBE s, IR A AN e IR 4
BT, L ] s

By, B —RE ST g, XA A
A Ph & K/NIFE R : F3>F25FI>F5 = F4, &IE
A Cu S BEIU/NIFE N : F3>F5>F25F4SFL, D45
HERE TP IS B U B 58N
F, X VTRE S G LU E SRR A A G, SR,
S R T AR Ph, Cd 1R A
FE LR IR SR, 45 R R E 5 Ph B
B RNT R > AR S A > B A
LEOR S RIRERAE AR > AT Ag 8 > KIRA, JH
FAREE P T A LR SNBSS Y 13 h R
BOYBCHEm, 25 R IR 3 b 4 SR AT 222D
Al R A (33.43% ) Fsk#EZ (30.03% ) X A7
o AREG Y. AR A S BT S5 ETALE R A
—E, WREE T AR SRR D A TR
RS NCE

H—H R ARG YT, I ECE LR
RUES (AL ASHIRES ) 8 b b HE RS —
B, RIS ACR , AN,
15 Y T A HUIE AL B (0 R S5 & 8l 73%,
FEEAEVITG Y RO R FE 2 58%, RITER G4
FGYT, W SH S T TG, T
PIER IR T4 3k —E5 50T e R R 1 B A7 1E
AL AR B 7 5, SRR FR S 8 RS R Wit
B HUIE LA AT AR A Ph? IR R s B AL 75 4R
B REHA I (A .

B RE GRS YA, SRR PR
R A4 7 LE I HELESE 0, R B B A AR
BOR, RGBS S EFIT8 G, T
PRI SE R KT8, RIS TE Z RIiEoe
WA, KEEES 2 W5 T 6 Fia HLAE X4
(W BRHRRAE , 253200, MRt Cu™ BE T R &
K> SEFE S JHE > F IR > XY 2E > s, AT REMY
JE PR —J7 T2 A A P TP S A5 R H TR i L
(5.10% ) FITH/C{H (2.96), HEEHAVIESA
FoE o AU RE A AUk, 4RI TR R IS AR B
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Mo Sy 7 T PTREE T SRS A B T AR IR
i (252.63 g/kg ), REMGIRHE ORI MM RR >
SXTREAAAL, FF2E, W93 ZIERR . Wtk
PR TR A S B AT ETHE, X4 ME
PLIERE A K 53 KT 50%, FTRE R 7%
A2 A iy, WNmtm T e Ems &
BV SR, AR Cu BA—5Y4A 2 Ph, Cu
AT, AN BANPESE A Cu &
wAMEEA LT, ROmPE R IR RE, R R
T RE R R AL 45 S AR RE T R 0 A
Y SR E AL, B AAES A P T
WA LTF, Cu S EISA FRERIESE T X — Bk .

4 Z5ig

SAHEA HLAEA B AR, A ARG AR TR
TR FRAK T 3 b EDTA $2 B0 Ph. Cu 19 & &,
VMR A3 SITE 3.73% ~ 24.19% H1 8.88% ~ 72.64%.

Jits A HLIE BRI iE % 2138 b Ph. Cu JE S H
AT I ] 28 4 25 R PR 3k 285 A8 ) B 1 ik T
BHANG G A F B IE 0 A LR XT
M FE AT Y A4 P, Cu TE S AL AE
Z5, P50 T, 6 M PUIEXT IR AT L
ORI e W3 22%> X9 2% 18%> 4 8 17%>
M 16%> M i 14%> 2K 11%; K4 Y TS G
T, R A U 20%> HOKT 17%> E HE R
14%> 39 26 11%> 26 10%> 1 M 7%, B — 4 15
P, XHEIE AR BCRIT . TR 82%> 1
B T3%> 54 H TR 63%> M M 63%> X5 3 62%> F 3¢
50%; BATGHTRERT N GH 71%> FILR
64%> T 58%> W92 54%> M 51%> F-4% 49% .,

SE Wk
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Impact of different organic fertilizers on the form and transformation of lead and copper in soil

LUO Chun—yan, ZHANG Jia-wei, WANG Yu-yang, WU Wei-dong, ZHAO Qing-jie ( Institute of Tropical Agriculture and
Forestry, Hainan University, Haikou Hainan 570228 )

Abstract: The purpose of this study was to investigate the effects of organic fertilizers from different materials on the form and
transformation of lead and copper in the laterite of Hainan province. In this study, organic fertilizers made from seaweed,
sheep dung, chicken dung, amino acids, soybean meal and tobacco leaves were added to single or combined contaminated
soil with Pb and Cu. After 30 days of soil culture, the contents of Pbh and Cu in the soil were determined by tessier continuous
extraction method. Results showed that application of organic fertilizer reduced the contents of bioavailable Pb and Cu in
soil by 3.73% ~ 24.19% and 8.88% ~ 72.64% respectively. The content of residual lead and copper in soil increased
by 1.03 ~ 4.28 times and 1.02 ~ 1.48 times respectively, and the content of organic bound lead and copper increased by
1.33 ~ 8.81 times and 1.39 ~ 4.92 times, respectively, and the content of carbonate bound lead and copper decreased
by 21.06% ~ 55.51% and 14.39% ~ 45.16% respectively by adding organic fertilizer. The application of different organic
fertilizers led to different of transformation characteristics of lead and copper. For the single or combined contaminated soil
transformation effect of lead form, the sequence ranked as seaweed>chicken manure>amino acid>soybean meal>tobacco
leaf>sheep manure, and seaweed>soybean meal>amino acid>chicken manure>sheep manure>tobacco leaf, respectively.
For the single or combined contaminated soil transformation effect of cooper form, the sequence ranked as soybean
meal>seaweed>amino acid=tobacco leaf>chicken manure>sheep manure, soybean meal>amino acid>seaweed>chicken
manure>tobacco leaf>sheep manure, respectively. Generally speaking, immobilization effect of organic fertilizer on heavy
metal lead and copper in single contaminated soil is better than that of combined contaminated soil, and different kinds of
organic fertilizers have different effects on the transformation of lead and copper forms.

Key words: organic fertilizer; heavy metal; lead; copper; transformation of form



