$374% 3 E7 A = Vol. 37, No. 3
2018 4E 3 A ENVIRONMENTAL CHEMISTRY March 2018

DOI:10.7524/j.issn.0254- 6108.2017070801

JAFA B, B R, F AV HIE IR B R [ 1] 855 102% 2018,37(3) :534-543.

ZHOU Yujie, ZHAO Wen, LUO Chunyan, et al. Effects of organic manure on Pb speciation in soil[ J].Environmental Chemistry,2018,37(3) .
534-543.

BN HAELERESTENZIE
AFAS R X RS SR REE

(1. ¥R R AR, W0, 570228; 2. R RFPG DR BTSRRGS0 2R IR 0 20 =8, g 100, 570228)
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Effects of organic manure on Pb speciation in soil

ZHOU Yujie'>  ZHAQ Wen' LUO Chunyan' XU Yujiao' WU Weidong' ™
(1. Institute of Tropical Agriculture and Forestry,Hainan University, Haikou,570228,China;
2. Key Laboratory. of Protection and Development Utilization of Tropical Crop Germplasm Resources,

Ministry of Education,Hainan University, Haikou,570228,China)

Abstract; Four types of commercial organic manures collected from Hainan Province were used in
the incubation experiment of organic manure with lead contaminated soil in order to investigate the
effects of commereial organic manures on lead (Pb) speciation in high and low concentration Ph
contaminated soil. Results show that the major lead fractions in the original control soil were
exchangeable fraction (33.43%) and residual fraction (30.03% ). The exchangeable fraction of lead
in high concentration Pb contaminated soils was significantly decreased with the increasing amount of
algae organic manure (HKO1) and sheep-manure ( DFO1) , while the organic matter bound lead was
increased from 9.56% to 22.05%. The main lead fractions in soils contaminated at 250 mg-kg™' Pb
were exchangeable fraction (36.21% ), Fe-Mn oxides bound pool (27.03% ) and carbonates bound
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pool (23.54%).With increased contents of BT06 and BTO3, the exchangeable fraction of Pb in the
contaminated soil was reduced, and reduced the lowest rate (27.8% ) when treated with 10% BTO6.
Proportions of organic bound and residual lead increased and were the highest (13.66%, 13.35%,
respectively) at 20%. Exchangeable and carbonate bound fractions of Pb treated by 20% BT03 were
decreased by 11.75%, 11.89%, respectively while the ratio of Fe-Mn oxides bound lead did not
change significantly (P<0.05). Lead forms in soil were mainly organic bound and residual fractions
at average growth rates of 8.42%, 3.03% , respectively. Available Pb in soil transformed into stable
phases. Therefore, organic fertilizer had a greater effect on the remediation of contaminated soil after
a long period of aging.

Keywords : organic fertilizer, heavy metal pollution, lead(Pb) form, distribution, soil.
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PUAE AR 45 SRR , 3t AT MLAE A T 3 4 75 G A il A R U () I D I 5 B8 4 1Y
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1 #E5S 77 ( Materials and methods)
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FIPEAG " AT 5 Ve PR 4 Fh B — 2 AR AR TR JEURE I IR A B A MILIE , JH v D A JORMVE Ay
SR EZEA HLUIE (DFOL) FS Bt Je A HLACKEE( BTO6 ) LA K LK A= JEURHYE Sy 5k 8 A it A ALAE ( HKO1 )
R A R IR BTO3) b 3 AR AT i 2 mm 55 28 A AR A AILIE B Ak o 2 TR
ZHTREEE Y I 1.

&1 PR A EEA TR

Table 1 Basic properties of fertilizers studied

FEARSE bR HHA DL FIA P i e A HLAL HA AL
Basic properties HKO1 DFO1 BT06 BTO03
W5y Ash/% 49.59 61.75 50.61 24.92
JEFER Humic acid/(g-kg™) 176.44 175.26 134.4 252.63
Mn/(g-kg™") 0.35 0.88 0.19 0.24
Ca/(g-kg™") 1.25 1.15 0.35 0.16
Mg/ (g-kg™") 0.15 0.11 0.08 0.23
Fe/(g-kg™") 8.4 9.76 3.35 1.12
N/% 2.08 1.13 3 10.16
C/N 14.46 22.89 9.7 2.85
N+P+K/% 4.74 4.25 451 13.13

1.2 LRIt

ARG 7E W R KA S R K VR & 1 AT, DA MU e L R A e R, ik & 4 4
AR L(T, ) AEFE2(T,) 43 5 R SR e b AR i s A HUIE  F 2 A HUIE  Ab 3 3(T,) AbBE 4(T,) K
AMNEATTE G P A NS B e A HUIERL A 1 SR AHLAE R R R AL B 5 A TERRES K-S, 43000k 0
(CKO )54, CK1 HAMNEATE S 4) (1% 5% 10% .20% (A HLUIES TR B b)) , K 3 A E
5. DA V%R AT 2 B A HILAC K02 ARG @ el v I A 38 1% 5% . 10% \20% 45 Bl
BB, BRI 14,5 47,10 47,20 4R ) F I EHLAC A FL R A

Hor G e e A AR - S BRSNS 0w FR A A TR, (L O 250 mg kg, 1A F 1
05 PR fE (GB15618—2008 ) , il A KB oK, i it A7 &b 38 i - 380K 433k B [R]RE K 5 1Y) 95%—
100% , SR A A /NBERHE T o BT 30 CFERIENR (PR4F7K 376 T RREK B 1 70% ) K555 40 d, K
et 20 B, % H.

AHIEH:FSZ AT BRI ARBGE 2 mm F R £ (b 1.2 R)E L, AbBE 3 4
FiE g +)0.5 kg, SRR TR A G 2EA 750 mL B R PP S8R4T B Ab PR 2 d 258 1K
#0740 K 43, (3 F (R R K S R R AR T 60%—70% , K537 6 A~ A . H3ER pH A HLE AN
RTINS AR 2 R,

&2 A SR A AR

Table 2 Basic properties of the soil and fertilizers studied

FEALER J 4 AL FIAHE R B A HLAE AR
Basic properties Original soil HKO1 DFO1 BT06 BT03
FAHLET OM/ % 0.55 51.77 44.53 50.18 49.89
pH 5.06 7.52 7.51 5.21 3.41
Pb/(mg-kg™") 14.67 68.01 70.86 19.33 14.91

1.3 P KOy ik

W5 4 AT BILIE B 3505 R () pH B AT WL 5 J5k PR 35 1) S B A5 T A5 Y 4 B pHL (B
FHFLAS 5 (K LG 2.501) 40 A5 HLICR P 3  Be - A B A T 0052 2 5 7T A8 s (1)
BRFRARE A7 (F2) BRI A5 G A5 (F3) AT HLEE G35 (F4) FISRIEZS (FS) BB Y Tessier 3% 2%
BRI SR SR WM S 06 e R 5. B 3 - R RE it KT WO 43 3% BBORE: | B9F 35 U
2 mmffi, BT 1R (A7 46 . Tessier FESRHRIU 1 LI B4 BN 4% 3.
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R 3 Tessier i ZLHRIUE Y BARSZ RN A 45 1
Table 3 Extraction reagent and conditions of Tessier sequential extracted approach

PEHOP PR FEBOEDS TR K A58

Steps Fractions Reagent and conditions

PRI 2 g BEAH, IMA 16 mL 19 1 mg- L™ MgCl, i ¥ ( F Mg(OH), ¥4 pH=7) , Fi&IEH 1 h,

1 F1
4500 remin~' B0 10 min, FEAERGEIE, AR

) - # b — R B LR K BEJE A 16 mL B9 1 mol - L™ ZERGNVE (pH=5) , EIRIEH 5 h,
4500 r+min~" B 10 mm,L{‘Ht(g(rﬁlﬂ{E,f#{M

3 - B TR B RE KBRS A 40 mL B 0.04 mol - L™ MR R I IE W, 95 C /K HE T 6 h,
4500 remin~' B0 10 min, FEAERGEIE, AR
B — 2B AR PESINA 6 mL 9 0.02 mol - L™ fiERIA A 16 mL 30% H, 0, (pH=2) ,

4 F4 85 CAKEIRD 5 h, WHS A 10 mL £ 3.2 mol - L™ Z R 4% 9 20% HNO, % ¥, E R IR %

30 min, 4500 remin” B0 10 mln,i(ﬁ(ﬁ'@ﬂ(lﬁﬁ,fﬁ(}”ﬂ

TR B KPR 2FR RS & 50 mL AR PUIR Z A T, A 10 mL 382, 15 mL 7H
5 F5 2,10 mL 2968, 5 mL &40, T 300 CHIM (140 C—160 C) KL ZEW A FH 2 A5

I G g A BRI

L4 RIS o3 BT B Jr ik

FREUE 48 & X A AR B 7 S A LB ARG 1.0000+£0.0005 g 205 BN Ph (1) FE S ARER R, 70
1R 0.5 mg, WES H XHR R 3 AT HEIE NY/T1978-2010 FrifE L () 7k Ab B IE | R 1
WAy e ERE RN Ph A i, ST 4 Jm A0 TR A B A R — SR S B I E 10 WK, TR A X b o
T2, 6 47 oo w45 SR 3R W], A& )8 Ph B9 AR L TR 819%—110% Z [4], AH X A i 22 76
0.65%—1.34% 2 [8] , i J I 5 oK
1.5 Fdusbr

FHI Excel 8 JUMP 7 #4748 A FL543 Mey 2Kk M Graphpad 6.02 1R[]

2 R 51718 (Results and discussion)

2.1 BVIS YA UL XS R A AR A A 1

% 4 R N R ARG R HUIB (B S0 5900 68.01.70.86 mg-kg ™) TRANT T H AL B &7
Ji - e 4 R A R DL AN (30.43% ) FIERIE S (30.03% ) A4 (B 1) & 1a v A HLIE A9 F AN
], 35 7% LI AE PR SAC LA 22 5, FHIERUARTR], BEAE Rkt FH £ i 38 in , F1 285 5% - b Ay ic L
B A BABAS [T T AR Bl A HUIERRHAR e i 38, F 1R AT 20 L L 22 T R a3 FE iR
TN 5% 10% 2091 AH HL X R AL CKO(33.43% ) , 85 7E F1 A Y HL 1) B 35 B AR ( P<0.05) , B Y 6L
2.33%—8.93%.1fi T2 AbBEr  F1 1% 23 B L 5] 5 0T HEAH b 222 d 2 R AR, TR B 7 109 JERHAR i & Bisf 4
Bt EL Bl 51K (25.029% ), F 54 8.90 mg-kg ™.

M b AT LAE T AR F2 23 B H ) BE ARG N ) AR fh fa A e RIS T, Bl 5%
T 109%HF F2 T He 6] i 25 AR ( P<0.05) | 7F 5% IR Jin it b2 5 B A% (4.97 me kg™ ), 43 C 4] 2
11.419% ;T2 ZEFRIY F2 4y 2 B B9 i A T REAI, (R R AT LR A 35 R (R 3

Bl 1c Fzn, bR T1 B 5% K T2 19 1% 5%5h, B U it A 38 5 XT B (13.78% ) AH L AR AL AN Bk 3
(P<0.05) , H¥RALE 5% MERBHA I i) F3 A9 45 % 0 fe s, 43 Be L 43 i) & 16.77% (7.31 mg-kg™) |
17.53%(6.25 mg-kg™").

F 1d v BEE A HUERRAS I Y38, T1 T2 A B R BV F4 A9 43 BC HL B2 S S i b Thia 3, H
T2 B T1 P22, T1 A B EYHE F4 1953 BC LLBIZE R T 1% (T2 "R T 5% ) B i 2 (P<
0.05) . HH7E 20% i L, T1 AbPEH F4 3B He il B s, 3551 22.05% (10.91 mg-kg™") |, i LA T2 Ab
P4} 17.77%(6.34 mg-kg™').
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R4 TS YAHUEAL B A AR S

Table 4 Contents of lead-forms in soil treated by contaminated organic fertilizers

Qb3 T1 #5JEZ4S Pb-forms in T1/(mg-kg ') T2 A Pb-forms in T2/ (mg-kg™")
Treatment Fl F2 F3 F4 F5 F1 F2 F3 F4 F5
CKO 13.13a 5.19b 5.41c 3.75d 11.80b 13.13a 5.19a 5.41ab 3.75¢ 11.80a
1% 12.35a 5.10b 5.93bc 4,09d 12.24ab  10.76b 4.83ab 6.32a 4.04¢ 10.50a
5% 11.99a 4.97b 7.31a 5.89¢ 13.41a 9.53bc 4.58b 6.25a 4.47be 10.82a
10% 12.18a 5.18b 6.26abc 7.21b 13.45a 8.90¢ 4.56h 4.90b 5.83ab 11.38a
20% 12.12a 6.16a 6.92ab 10.91a 13.36a 9.51¢ 4.45h 4.53b 6.34a 10.86a

VTG WA HUEAL B 138 T2 SE 3G HUICAL I 38 T3 A8 e A HUICAL 3 3 T4 0 2R A SORIA HUIC AL 21 1358 s /NG R 3R
7 0.05 7K1 [7]— 88 5 A [ b 3422 ] 1) 22 55
Notes: T1, T2, T3, T4. Samples treated by HKO; DFO1; BT06; BTO3, respectively; different lowercase letters in the same column indicate

significant differences between treatments (P = 0.05).

Kl le 1, T1 ACBEESE FS 09 LB AR T0A BT I EAS 35, B A 5% 2 S AH FO IR 3 in i 3%
(P<0.05).T2 AbF 44 FS spAs & BB 1 3 20 e LI BR 19 B A% (28079% ) , Hedx A 31T #4444
T, 7E 10% G E 5K, 43 B L9 R 32.01%.

DL ERFFRES R nT LIE H T ACBR -3 rp Y DL FL A FS O 3, T, A3+ 39 Hh %18 4540 e SF- 241386 1
Fe R IR g =5.77% (F1) . ~1.10%(F2) .1.18%(F3) .5.98% (F4) .—0.29% (F5).T, T &S0 F 14
W54 K . —6.45% (F1) . —0.36% (F2) .1.55%(F3) 4.90% (F4) .0.36%(F5). BAKIE AR AL, T1 . T2
LB TE FLFD F2 HTE A F4, LR F3, TXTETAE FS o Be el ma 8 /0, 2 B 4G hn{H 34 i
ENTE S

Ji Y FEELL FLFFS PR 6 T8 G i s IS BIE 25A LIS AR R Y 1358 B A A DU T
T B3GR, g T B A I B AT I T S A A A LA AR R AR Ak 6T T AR R A R
B, B EYEE R FL 1A F3 O R4 S5l IOT2 kb3S F1OF2 A F3 TR YY) F4 S ik
Ak, A b A PR R A TR 25 1 35 M 55 AT TS A R A 2T T R AR (15 4 5E 7 ) X 2R+
48 BRI, 45 R BR, HIER AT PLRIE S N | SIS AR E S S SA AaE A >
LA A>3, A HUE AL FE + e e S A & B>, A LA A S HT S IR R X AR5
B 25 A , A ST b 3c e A 0 L ABTS SRAR o 1 i R T B AL S RS2, A B9 5, 1 40 g F
A e T ke s LA - S PR A )RR BE ) S O IR A rp & PR, B AL R 22, 52
BSHBRIRER 45 & S RE B ERRIC, AL A S E L BUEAWTHE Y A 40, AR5 o i + 35 2 7%
CIIE  E A I A RS A P - A AR R 22 5 1 R T IR S A 2 AR Z R RS, 0 1 4
TEIRE pH (A T2 A HUE & AR JF A PHES A e i 4 IS i i R e R A S
BN R

K2 Ry OF A LIRS R 38 pH E, i i A AU AR 2EA DUIE AL B0 1 584 1) pH (E AR
S B2 Tt P A A B Bt b TR — Bk, TE PR A0 A B S PR A B e B pH (B A e
e pH R A R OB EL B R BRI S AR A R AR S A L 4R O pHL (X T S R
M P D PRI 1338 pH(ELAY 8S CH i  3 v ) 7K B S AR P FORS i Py 0k A BB 3R T AU I SE A,
Ao 3 I e 1% [P AR R R385 [ P 2 A 8 A B S R T SR AR i AT 5 e R R R
JREAR , pH A T 4R A0 4 2 1 ) B0 FL A 2 0, 4 i WG R e D B v, DRI LR R 4 B A S ORI
A LB REE A VUIE AR R0, A LA & Fh e BT (R AL AL RS ) TR I L R i AR
A LGAE S E SR SRS R-AHLE G R T xR 48 AW, R B 40 i
N TR E R SR SRR S HE T4 5. 4R S AV E A DAL M Sl A, fR
FE VR 4 S R S s A 0 2R IR B, R RS S BT LARE S A AL S BB, AL
SE GRS R 3 0. AR AR A PSR AR S R AN S A R RE A 22 5, N UL I A
HUIEFN 2 HUAE AL B A 38 v [] — R 285 9 45 1) 22 Ak A DO A HLIE 2 i AS [RDF - 3E  fy
RSB R R AN ]
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—
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Percentage of Fe/Mn oxides Pb/%
[
(=]

0
CKO 1% 5% 10%  20% CKO CKl1 1%
Amount of organic fertilizer Amount of organic fertilizer
30 - (d) 30 (@)
a.,
20 be be 20 E

cd
de (%e

Percentage of Organic
matter bound Pb/%

Percentage of Organic
matter bound Pb/%

10 10
0 & % % % 0 = = = =
CKO 1% 5% 10% 20% CKO CKl1 1% 5% 10% 20%
Amount of organic fertilizer Amount of organic fertilizer
40 (e) 40 ()
ab a ab
ab ab abab a
30 e 30

20 20

Percentage of residual Pb/%
Percentage of residual Pb/%

CKO 1% 5% 10%  20% CKO CKI 1% 5% 10% 20%
Amount of organic fertilizer Amount of organic fertilizer
Bl 1 R U IR AL B 55 35 P DR 2553 L Y 5 1
(VELT, /T, BIRHIEY CK, Ty T, ORI CK, /NG FREeR 0.05 K7 i 8.)
Fig.1 Effect of different organic fertilizers addition on the distribution of lead content in soil

(Notes: The control group of T,/T, and T;/T, were CK,, CK,, respectively; lower-case letter shows significantly different at P =0.05)

2.2 KA HLAE XTSI G TS ) 1= h I 28 152

PRI S A ML (19.33 .14.91 mg-kg™ ") XFHTG Y H AL AT & 5 L3 5405 YL 458 (CK1)
AR A (36.21% ) ERERAS (27.03% ) Flfk FRER 25 6 4T (23.54%) HE (K 2) . Bl 1f T X T T3 Ab
P, Bt it A A3 0, B AE FL BG4 IC OB B AR TR F L AR A3 E H A9 5 v 9 A B 1% i AE
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Y A TC LB (47.46% ) AR (P<0.05) , B R 135.96 mg-kg ™1 10% it IE fE BHEVFE F1 953
e Lo 451 55 %oF REZELAH LE 58 25 B A, Ry 27.8% (67.87 mg-kg ™) ,HRU IR N FI i AR 0 B 35 X T T4
ARFRE -3 BVAE FL 0BG B A9 B 2 e RS 8 1% 398 0 2 5 s/, He 7R TR R 10% A1 20% s A8 Ak

B REIE N 27.53% 24.46%.

Ba4b
k)
175 -
—o—TI T3
2 - -T2 T4
0 1 1 | 1 ]
CK 1% 5% 10% 20%

Amount of organic fertilizer

2 A[EAHLUIEAL2E 43 pH (B

Fig.2 Soil pH value treated by different organic fertilizer samples

x5 ARETADUICAE IS I R Eh TR S B

Table 5 Contents of lead-forms in contaminated soil treated by organic fertilizers

b T3 #5E 45 Pb-forms in T3/ (mg-kg™") T4 45K 25 Pb-forms in T4/ (mg-kg™!)
Treatment F1 F2 F3 F4 F5 Fl F2 F3 F4 F5
CK1 83.57bc  54.34a  62.38a 13.70d 16.80d 83.57a  54.34a  62.38a  13.70cd  16.80bc
1% 135.96a  55.54a  59.98a 16.51d 18.46d ) 50.88b  45.39b  43.29h 10.57d 15.26¢
5% 112.37ab  56.22a  62.59a  24.82c 25.32¢7 50.47b  41.49b  40.97b 18.72c  18.38ab
10% 67.87¢ 5220a  63.42a  30.81b . 29.85b  44.88b  30.13¢c  43.31b  26.96b  17.74abc
20% 113.47ab  36.22b  59.29a  39.18a 38.22a  47.73b  22.72d  58.68a  45.82a 20.16a

T NG FEEFRIR 0.05 K1 ] — 1% 31 A [6) kb 3 2 8] i 22 5. Notes: Different lowercase letters in the same column indicate significant

differences between treatments (P = 0.05).

M 1g ] LU AN AE A B T3 AP Y7 F2 g4 BE EL il 2 T R R 3 bR 10% 78 0
TEFRIRAS 2 W IRAE 1%.,5% F1 20% B +-3E R AE F2 19 53 L i3 2 2 B AR ( P<0.05 ), B 4331
H 4.15% 3.56% F1010.89% . XFF T4 Zb PR, 55 %1 AR FL BT TE F2 o i 7 500 S FEAIG 8.95,12.85 ,24.21
31.62 mg-kg ™" M4 e B ) R AE RS R I 3, 10% A HLIE AL FLAE F2 s i o &5 2% T, 10% .20% B 1)
L f51) i 25 A R S AR Y.5.06% F11 11.89%.

Bl Th s BT B INAE S AN 50T, T3 AR BRAY 13 Hh 4 & m AR AN I, B 10% s it st Eb
BFAARA 12 (25.98% ) , Hoe it A 1t 34 i MK ( P<0.05) |, 209% il AR F AR P Y 358 F3 Hp 4% 14 40 B EL 1)
FEMR R, E R 20.70%. T4 AR 38 rh R E A AUIEMEAE EEXT F3 FR 8 A% 20 Be L 471152 e AN k28, T %
R 20% B9 AL B, AR A O S B B FEAL (W AR 5), 7E 5% it AR & B F3 R B S i S A
(40.97 mg-kg™").

M 13 FPa] LA B A HUIR BRI B934, T3 T4 b3+ 38 A 47 FA Tl 23 B L 491 24032 i
TFiE , 20% it A0 G B 3k 3 5 &, 3 0 13.68% . 23.48% , 5% BRAH A 1L, I8 19% W i 88 A 8.3 (P<
0.05) , e A HLES A A HT B 4 Be L 3 e 2 2 .

1 R Tt F A HUAE AL B 5, T3 b #8552 8 rh Y HE FS 09 43 e L 491380 s, e 7
109% F1 209% it AT 2 155430 491 5 35 78 T 0 IR ( P<0.05) |, 78 20% B He 3k 35 K (13.35% ) .1 T4 Ab B rp
HETE FS B9 ELBIAE 10% 0 AL f A0 PR 0 35 2 050 , 40 BC LR 10.88% , 7 20% B 43 B L 481 5 10% B AH F 25
FRRE A FS PHYE 209 0 & e (20.16 mg-kg ™).

PR 45 SR T 0, K B f A HLAE ( BTOG ) 0B -+ 38 P g 45 T A5 ) A 0 3 T -5 08 BB P 2308 K
BHIR H:2.50% (F1) \=5.19% (F2) .-4.56% (F3) 4.29% (F4) .2.97% (F5) , EZ VL F1 il F3 Jy 3. 1M
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08 1 M MUAE (BTO3 ) A B 4 3 i B A8 38 1K LU R . -8.10% (F1) . -3.05% (F2) . —0.30% (F3) |
8.42%(F4) 3.03%(F5) , ELILA LLBIFE R /IMKIR N 28.11% (F1) \26.73% (F3) \20.49% (F2) . 84k I,
T3 FI T4 AP 34 F2 & F3 [ F4 1 F5 H4L, 1A T4 ZbBRIAGE F1 [ F4 FFS 54k

K& B oA HUIE AN 828 1 ORI A HUIE R & 8 B FE T A R bR s i S5 AN AR U I AR
Bifi o NERAS I A 3 N AR 22 G LA X 35 77 T3 rh £ R 8 09 43 T A S IR FE AR 1, B h e 32
BPLFL F2 M F3 7E7E. BB A WU A E T3 A Fh B S 2k F2 M F3 (/A F4 A1 FS 544k,
1M T4 A PRE R EIEA EZEH F1LAF2 [0 F4 A1 FS F ik, ASBF o8 5 Hoth 2 5 A 58 b 45 0 G Ak i 4
oL, inZ= 5 ARG, B A HLAE (B 25) BRI A 35 K, 28 #e A5 4 I 28 R AR, 1T A L4855 A R ke s A8
ECA U ST B P R B, VR A AL (38 393 AR fR A P sc A iR R b 4 A
N EID A RIS A AN LA A SRIEA SRR, LR R — e B LA
HUAEAE A 398 v % b A= 08 RO SR I T 25 1 48 R0E 58 TR 8 55 Ak 56 TR HLIE oh 5 & TR A & & 5
HRZ, EEMNA VTN pH (AR R HLEE, 0 078 HLIE 8 FH ) 35 Y 38 vh By LT, fifi 5 4
JaAE I BRAR I R AR AR | 7 A — R R AT 4 S A A R R T Sl 8 B, A i TR
Pt B FacHe EALIE RS AL AR A TS Y i e vhoits A A HILAE LA AR G T R G R
PR b SR Y 7 LT, W R 4B P B 10T 2 5 B 284 S 0, RS 4 o v () g it R B SR iR T
SIERAEBA NS AL E A, 13 v iy A DL B A 8 A T, D A RS e R BRI
WFFEA L B, S5 R AT DA RIS - S rh A4 5 B IR h ANk S b &5 S B 1 & i M A LSS 548
FBR I 24T Y A i LB BN 22 8 A A HLTGA R ARk - SR A, W i) 25 ok 2 o 4 R AE S R IR
Aoy aEH, HARTE pH (AR I A TEYE T 58, AT & B B e A LR AN 0 8 SORE AL
ALFRAY e pH ([EAE TRRIE S5 0F T HARA i 25 (B 2) 53 S5 HLIE A B M B A G, [l i 02 52
M) AR S0 6 398 v S8 e 20 S A 1 — N BRUER . pHL 32 0 i el 7 o 4 Ja A 9 b ) IR A S O o
T PR 1 DA R B o7 1 R i 7 4 TR A, AN TR A + 38 P 19470 55 AP AR TR HLIE Hh A HILRR Y
S RCRN B i 2500, S S I SO AR B A [ A WL FH 2 19 25 S it P 18328 25 R R ) - 4 rh A 3k

SH WA .
3 %51 ( Conclusion)

(1) BT R i it A ALIE AR PR SRk Az i i 26 TR SR A 3% 9 ¥ G HLIE (HKO1 ) A= 28 HILAE
(DFOL) ,jifis FH 5 - 438 P B A 22 D A8 36 85 ok s A A7 A, Bl A AEORL IS I &2 i 385 in , HKO1 Ak 34 v 52 6 25
(-5.77%) FRIRERZE AEH(=1.10% ) M BEG EAL S (+1.18%) FIH LA & S8 AL (+5.98%) , DFOL
b P A 4 R AR AN (-6.45% ) [V BR R AL (+1.55% ) I HLES B85 (4.9%) etk

(2) TEANBEASINETE S50, it ks B e A HLIE ( BTO6 ) 1 4 28 1 M1 ( BTO3) A ALIE 1) -4 rh i
& IR E B DRSO AL S A A, BTO6 A FR Y + 38 ip 4 £ R IR IR TR 25 5 725 (-5.19% ) ML A
A (-4.56%) A WL B (+4.29% ) FIFRIE LS (+2.97% ) 5 4k. BTO3 Ab B iy A 38 b B D) 32 22 phy 5 46
B(-8.10%) FIBRFRERLE G5 (-3.05% ) [AIA HLLE A 25 (+8.42% ) FIFR 5 (+3.03%) ¥4k, ¥ A A
RCPE R AR 25 ) AR WA S50k 559 TR 8 6 4.

5% LR ( References)

[ 1] HUANGZY, LIJ, CAOY L, et al. Behaviors of exogenous Ph in P-based amended soil investigated with isotopic labeling method coupled
with Tessier approach[ J]. Geoderma, 2016, 264, 126-131.

[2] & BRPESEATGRIVRISHRT]. ASEKIMTE B8R, 2009, 21(3) : 27-31.
HUO X. The heavy metal ( Pb)lead pollution studies in the vegetables[ J]. Journal of Liupanshui Teachers College, 2009, 21(3) . 27-31
(in Chinese) .

[ 3] CHEN H, TENG Y, LU S, et al. Contamination features and health risk of soil heavy metals in China[ J]. Science of the Total
Environment, 2015, 512-513. 143-153.

[ 4] ZE. AHTCHLE AN L0 h aUE S R A YA AR [ D], Aot @ik, 2010 28-33.

LI X. The effects of several amendments on forms of lead and its uptake by two cultivars of Brassica Chinensis in an acid red soil[ D ].



542 B2 5% 1k

pS

37 %

Hangzhou: Zhejiang University, 2010; 28-33 (in Chinese).

[5] Z¥, HKA, JHIER, & CR P RS FA PUTT 138 48 52 Saais R [T]. SERMEERRA, 2000, 22(6) : 37-40.
LI B, QING C L, ZHOU Z B, et al. Influence of N, P and organie matter of fertilizers on heavy metals in soil and its application[ J].
Chongqing Environmental Science, 2000, 22(6) : 37-40 (in Chinese).

[6] WmNE, D%, IAH, % WilE & S A PUILESE IR S BARERTTE [ 1], WLRk-#4%, 2015, 27(4) : 604-610.

TAN L X, MA J W, SUN W C, et al. Characteristics of heavy metal and nutrient contents in livestock manure in Zhejiang Province[ J .
Acta Agriculturae Zhejiangensis, 2015, 27(4) : 604-610 (in Chinese).

[ 7] Bk, 2005, ERSE, 5. KWGHA P fErh 2 E SRR B M )], EBHE, 2009, 18(6) : 2177-2182.

LIU H, LIS Y, WANG J K, et al. Effects of long-term application of organic manure on accumulation of main heavy metals in brown earthl
[J]. Ecology and Environmental Sciences, 2009, 18(6) ; 2177-2182 (in Chinese).

[8] E&, ®fk, WEFR, & AKX EEEA I P EERE SR 1]). AL TR, 2013, 29(19) : 202-208.
WANG F, ZHAO L X, SHEN Y J, et al. Analysis of heavy metal contents and source tracing in organic fertilizer from livestock manure in
North China[ J]. Transactions of the Chinese Society of Agricultural Engineering, 2013, 29(19) ; 202-208 (in Chinese).

[9] M3, Wiz, 2K, & M ayUE b ESEAPUER SRR S0 1], 5L, 2017, 36(2) : 408-419.

ZHAO W, PAN Y Z, LAN T, et al. Analysis of heavy metals and antibiotics content in Hainan commercial organic fertilizers [ ] ].
Environmental Science & Technology, 2017, 36(2) : 408-419 (in Chinese).

[10] ZEpKHE, R, X3, 5 REEALEEFRAGILELIA AR KRB ]]. L ABERHF3:4, 2000, 19(4) : 251-254.
LI Q K, WU L, LIU H Q, et al. The status and outlook of treatment on excreta from intensive animal farming in China[J ]. Journal of Agro-
Environment Science, 2000, 19(4) : 251-254 (in Chinese).

(1] Hwing, X203y, £, FE LIRS a F TR M &S SN I]. hE LR SIE, 2009(4):44-47.

FENG Z H, LIU H F, WANG X, et al. Toxic substances contents in fertilizers and its environmental risk assessment in China[ J]. Soils
and Fertilizers Sciences in China, 2009(4) : 44-47 (in Chinese).

[12] AHMAD M, HASHIMOTO Y, MOON D H, et al. Immobilization of lead in a Korean military shooting range soil using eggshell waste: An
integrated mechanistic approach.[J]. Journal of Hazardous Materials, 2012, 209-210(4) . 392-401.

[13] ADRIANO D C, WENZEL W W, VANGRONSVELD J, et al. Role of assisted natural remediation in environmental cleanup [ J].
Geoderma, 2004, 122(2) . 121-142.

[14] AHUMAD I, MENDOZA J, NAVARRETE E, et al. Sequential extraction of heavy metals in soils irrigated with wastewater [ J ].
Communications in Soil Science & Plant Analysis, 1999, 30(9-10) : 150741519.

[15] NIAZI N K, SINGH B, SHAH P. Arsenic Speciation and phytoavailability in contaminated soils using a sequential extraction procedure and
XANES spectroscopy[ J]. Environmental Science & Technologys 2011, 45(17) : 7135-7142.

[16] OKY S, USMAN AR A, LEE S S, et al. Effects of rapeseed residie on lead and cadmium availability and uptake by rice plants in heavy
metal contaminated paddy soil[ J]. Chemosphere, 2011, 85(4) . 677-682.

[17] BRANZINI A, ZUBILLAGA M S. Comparativesuse of soil-otganic and inorganic amendments in heavy metals stabilization[ J]. Applied &
Environmental Soil Science, 2012, 2012(3) : 277-283.

(18] ZE4R, 3%, WOLHI, 4. LY RGP TR AL R R BE T H#E R [ J]. ZReR R, 2008, 36(16) : 6953-6955.
SU Y, YUAN X Z, ZENG G M, et-al; Study on influence factors of transport and transformation of pb in soil-plant system[ J]. Journal of
Anhui Agricultural Sciences, 2008, 36(16) :6953-6955 (in Chinese).

[19] #isSr, 22K, B3G5 EME R A UL RS FDIRBEIIFE 1], PRIAOLAER, 2017, 30(4) : 853-860.

PAN Y Z, LAN T, ZHAO W, et al. Research on composition and nutrient status of commercial organic fertilizer in Hainan Province[ J].
Southwest China Journal of Agriculitural Sciences, 2017, 30(4) . 853-860 (in Chinese).

[20] ZRIETE, DM Zmil, & XOIEMBIA PR TS E K K L E SRR m )], Rl HER# 240, 2010, 29(7) -
1302-1309.

WU Q Q,MA J W,JANG L Njet al. Effect of poultry and household garbage manure on the growth of amaranth Tricolor L. and heavy metal
accumulation in soils[ J]. Journal of Agro-Environment Science, 2010, 29(7) ; 1302-1309 (in Chinese).

[21]  EWE0. AIUIAEAL T T [ e A 2T e MK A ME D SRR IE S RFEE A I D). JEst . rEAROPRLERE, 2012 15-20.

WANG S N. Evolution characteristies of reddish paddy soil fertility under long-term fertilization and its sustainable utilization in southern
China[ D]. Beijing: Chinese Academy of Agricultural Sciences, 2012; 15-20 (in Chinese).

[22] bR, #hmesl, ZRHME, 55, AR TIPS ASEm [ ], A BB, 2008, 17(3) : 1053-1057.

GAO Y, HAN X K, LI'Y H, et al. Effects of humic acid on lead fractions in soil[ J]. Ecology and Environment Sciences, 2008, 17(3) :
1053-1057 (in Chinese).

[23] CRARH. =M HUIETE L3 b i Ak XA DLER e A KRRV IS [ D] 8% IR AL 2, 2008:20-25.
SONG D T. Transformation of Manure in Soil and effect on the growth of organic vegetable. Taian: Shandong Agricultural University, 2008 ;
20-25 (in Chinese).

[24] G, gl (A Hr ik [ M]. deat. s R RHE R, 2000.
LU R K. Soil Chemical Analysis Methods[ M]. Beijing: China Agriculture Scientech Press, 2000 (in Chinese).

[25] K=, SCHOENAU JJ, ZERE, %, TEAPURBEE M EEARDITERE L], LA, 2004, 15(4) : 717-722.

WU Y T, SCHOENAU J J, LI A M, et al. Concepts and relative analytical techniques of soil organic matter[ J]. Chinese Journal of Applied
Ecology, 2004, 15(4); 717-722 (in Chinese) .

[26] GLEYZES C, TELLIER S, ASTRUC M. Fractionation studies of trace elements in contaminated soils and sediments: A review of sequential

extraction procedures[ J]. Trac Trends in Analytical Chemistry, 2002, 21(6) ; 451-467.



3

JE AR ATHUAEXT A A 3 I 25 2 FE A3 1R 543

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

. RIEACXT 6 - — Y E SR SR D). EK. RS, 2008; 17-18.

GAO H M. Effects of long—term fertilization on heavy metal content in the purple soil and crop[ D].Chongqging: Southwest University,
2008 17-18 (in Chinese).

ALEXANDER M. Aging, bioavailability, and overestimation of risk from environmental pollutants [ J]. Environmental Science &
Technology, 2000, 34(20) ;:4259-4265.

JONER E, LEYVAL C. Time-course of heavy metal uptake in maize and clover as affected by root density and different mycorrhizal
inoculation regimes[ J]. Biology & Fertility of Soils, 2001, 33(5): 351-357.

PEDERSEN M B, KJAER C, ELMEGAARD N. Toxicity and Bioaccumulation of copper to black bindweed ( fallopia convolvulus) in
relation to bioavailability and the age of soil contamination[ J]. Archives of Environmental Contamination & Toxicology, 2000, 39(4) :
431-439.

g, FEE, BE, % HAEJE Cu Pb Zn Cr Cd 7L HEPROIE SN AT RIEALL ] AW FRER 2740, 2002, 21(1) : 9-12.

MO Z, WANG C X, CHEN Q, et al. Form distribution and transformation of heavy metals of Cu, Pb, Zn, Cr and Cd in soils[ J |. Journal
of Agro-Environment Science, 2002, 21(1);: 9-12 (in Chinese).

XIR¥, Foo, LIErhEEG IS RITRIVIBE S LHAYARIE)]. ZRRIFE, 2006, 34(3) : 6-9.

LIU E L, WANG L. Distribution of different heavy metal forms in soil and their bio-availability[ J ]. Journal of Anhui Agricultural Sciences,
2006, 34(3): 6-9 (in Chinese).

Wmis, 220k, AP, A KBRS H R M e A R [T, A E IR SR 2006, 12(4) @ 549-553.
YANG L J, LITL, FUSF, et al. Effects of long-term fertilization on availability of micro-elements in'vegetable soil{ J ]. Plant Nutrition
and Fertilizer Science, 2006, 12(4) : 549-553 (in Chinese).

FEHIAS, ZEEGR, B, SF. S RITALHL X e A R IE SRR KA AT [T ] FRERRAAESE 2014, 27(1) ¢ 64-70.
Yan M S, Li W B, Yang L. C, et al. Speciation characteristics and effectiveness assessment of heavy metals in soils in Yubei District,
Chongging[ J]. Research of Environmental Sciences, 2014, 27(1) : 64-70 (in Chinese).

LU K, YANG X, GIELEN G, et al. Effect of bamboo and rice straw biochars on the/mobility and redistribution of heavy metals (Cd, Cu,
Pb and Zn) in contaminated soil.[ J]. Journal of Environmental Management, 2017, 186(2): 285-292.

EFE, XA, E435, 5. T3 pH EXTRRLR L H 4R Cd MAPESRZm T AR ABER =24k, 2008, 27(2) : 163-167.
WANG Y, LIU J S, WANG J D, et al. Effects of pH on the fraction transformations of Cd in phaiozem soil at the condition of freeze/thaw
cycles[ J]. Journal of Agro-Environment Science, 2008, 27(2) : 163=167 (in Chinese).

SINGHA B R, MYHRB K. Cadmium uptake by barley as affected by Gd soutces and pH levels[ J]. Geoderma, 1998, 84(1-3) ; 185-194.
O'DELL R, SILK W, GRREN P, et al. Compost amendment-of Gu-Zn minespoil reduces toxic bioavailable heavy metal concentrations and
promotes establishment and biomass production of Bromus carinatus) ( Hook and Arm.) [ J]. Environmental Pollution, 2007, 148 (1) :
115-124.

BRANZINI A, ZUBILLAGA M S. Assessing phytotoxicity of heavy metals in remediated soil[ J]. International Journal of Phytoremediation,
2010, 12(4) . 335-342.

W, EWIML, BB, 5. B CERFBO) TR R A BN IBSFIE[ 1], HEERHARFT, 2001, 14(5) : 20-22.
YANG H W, WANG M S, XU A J, et al. Study on the chemical speciation on manganese, cobalt and nickel in sediments from Yellow
River ( Qingshuihe Section) [ J]. Research of Environmental Sciences, 2001, 14(5) ; 20-22 (in Chinese).

3030, XS, Ed. AL RRER LT SR Zn IAPES W )], hEASRAR, 2010, 18(1) : 147-151.

GAO W W, LIU J S,” WANG Y. Effect of organic matter on fractional transformation of Zn in black soils under freeze-thaw cycle[ J].
Chinese Journal of Eco-Agriculture, 2010, 18( 1) : 147-151 (in Chinese).

s, It H MU A3 5 37 T 8 S0 25k Bl M i) R e R R 22 At A [ D] BUMT WK 2%, 2011 35-36.

DAI T. Effects of long-term application of scale farm animal manure on soil properties of the tea garden and safety analysis for agricultural
application of the manure[.D ]. Hangzhou: Zhejiang University, 2011: 35-36 (in Chinese).

BIPV, A5, XMHRAE. AHUIERIRT S S DB S XA YA B M T]. hEfRAE R, 2014, 30(8) : 162-166.
TONG F P, LI G, LIU Z H. Effects of the forms and bioavailability of Pb in Pb-contaminated soil by different organic fertilizer treatments
[J]. Chinese Agricultural Science Bulletin, 2014, 30(8) : 162-166 (in Chinese).

DIELS L, LELIE N V D, BASTIAENS L. New developments in treatment of heavy metal contaminated soils[ J ]. Reviews in Environmental
Science & Biotechnology, 2002, 1(1) . 75-82.





