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Bioavailability Dynamics of Heavy Metals in Livestock and Poultry Manure Added to Different Farmland Soils
ZHANG Yun—qing, ZHANG Tao, LI Yang, SU De—chun”

(College of Resources and Environment Sciences, China Agricultural University, Beijing 100193, China )

Abstract : In this study, chicken manure and pig manure were applied to calcareous and acid soils to investigate the bioavailability dynamics
of heavy metals in manure after 0, 1, 2, 4, and 6 months. The results showed that the concentrations of heavy metals in Chinese cabbage
treated with the manure were lower than those with same amount of inorganic salts of heavy metals. The bioavailability of Cu, Zn, and Cd in
both manures and Pb in chicken manure was less than that of inorganic salts of heavy metals with same amount within 0~6 months, whereas
Pb in pig manure was less than that of the inorganic salt in 0~5 months but greater in 6th month. The dynamics of metal bioavailability over
time showed similar trend in both soil types. The heavy metals in Chinese cabbages displayed initial decrease then increase with culture
time and were the lowest in 2 months after application. The concentrations of Cu, Zn, Cd and Pb in Chinese cabbage in organic manure were
3.4%~47% of those in heavy metal inorganic salts.
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HERLE L 3EA R Cd FEIR T 5%~15%, 121
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FEEEAAS Cd 800, 1 Cd A 3ERRAR, WK 4%
™, RIS MG T A A LR
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)5, Cu Zn B8 HHERZMEE S X EE
ZE(EH Cd AEYIA SPERFR R, IR
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e S FEK AR L i PR 5 A 380 Cd ATk E|
0.14 mg kg™, (/KRR AK P Cd & 2 & 0L 2
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FAEAHLAC | FRARAAE D % T 42 J AR B2
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1.1 iXIeH 4

I 35 518 R A WA A AR ARRL B
FI IR Bk (AL 2F 38°07732", 7R 45 114°23700") By 47
TRAEME L CRRTFR A7 JPE 38 ) FoR A s 4 ) 2% B
(dt4 38°07'32", 7R 4 114°23'00") B R w5 e 1 (i
PRt 38, WIS XSS SE2E s R AWdbE A

FE T TR AL IR G I MR i S . I 4
G HE JEFE R FEAAL AL BN Cu Zn (Pb (Cd 54
W 1, LR g2 A YL AT i 4 mm
i 5 FH o
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Table 1 Physical and chemical properties and heavy metal

contents of tested soils and manures

Besthtl o iﬁl}ﬁ : mgc'lli/g" mgz'rli/g" m;};/g" mgc'(li/g"
AL 72 18.1 22.9 68.0 30.0 0.15
@t 5.1 31.6 21.7 48.0 47.1 0.16
e 7.1 3129 1066 44850 144.8 2.53

¥ 8.6 317.7 236.0 522.0 25.1 3.48

i

1.2 5t
ST 22 0 8 A A SR 1 48 v 43 il it A
2% (WIW ) IS5 EE 2% (WIW ) RS T 2% 5% 3
RGP E 4w B A 4 1 A CuS0,4.ZnS0,.CdSO,.
C4H604Pb Eﬂﬁkﬂ@iﬁz‘ﬁ%ﬂﬁ&%ﬁ,ﬁﬁﬁéﬁ 15 cm
(R P A TR RIS Rl ik %, 4t 1 ke,
B 7 3 5t A A WL B EE 4 R L3R R A4y
TRAT, G A [m] I [a] i TR 33 I () i) O d 904 7 2Rk
5o BRAD LB BB 13 AR, S50
(L)X} R it HLAE AN 848 TeHLER (CK) 5
()15 2%X9 3G B HE R KEHTIHEEY);
(3) XS 2% (W/W ), Fiks3E 0 d(JO);
(4)tiRSZE 2% (W/W ), Wik 1 S H 1)
(5)tiRSFE 2% (W/W ), FikEsE 2 N (J2);
(6)JitiRSZE 2% (W/W ), WikssE 4 ™~ H(J4);
(T)HERSZE 2% (W/IW ), FikEsE 6 1~ J1(J6);
(8)fiti 5 29 K52 5 & TR /KA TR TCHIER (Z2Y )5
(9SG 2% (WIW ), ik 5% 0 K(Z0);
(10)sE 2 2% (W/IW ), FikE 35 1 A (Z1);5
(D)% 2% (WIW ), k5358 2 A~ (72);5
(2)iis 2 2% (WIW ), Fiiki 3% 4 A~ A (74) 5
(13)i%4 2 2% (WIW ), Tk 3% 6 4~ 1 (Z6) .
AL PR A et AR ZE (KCL A CaHLPO,, A
439N 0.15 g-kg™, K,0 0.15 g-kg™,P,05 0.1 g-kg™,
BN 3 RE A, X BEFN4S T 5% )5 i 3 E [ ast
MG 32 (Brassica campestris SSP. Chinensis ) , 3¢ /it
FloAALICRSE S R R AR 5 bR, W SR
T2 A K R4 = 385 K H RLHRR K 2 1Y 60%~
70% , i3 % FE TR 20~28 °C,
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1.3 HmRE FISERUERE

R IR ZE | JEFEH Zn Cu . Cd P &
FHFEAKI S, RIERR 555 B 1 Bk L (L 4E4E 1ICP-MS
7700 )% Zn .Cu .Pb.Cd By &,

AR 60 d SRSk . B bR SRR )
FH BRI TN B 7K P, 90 CCR T 1 /N, 65 CHit
T2, FRTE G MR AR b P T A (56
[ CEM A W], MARSS )i i 18 ff , FJEHA A& 55 2 1A
AN (25 E 2 HEE 2N /] ICP-MS7700) M 5E Zn Cu.,
Cd.Pb & i o W & o 2 B & br 9 A
(GBW 10046 )4 T4 kit 43 #r B i s il
L4 HESEITFDTHIE

I B R ST 25 S 0 2k 43 B Af ] Excel
2003 1 SAS V8 /22 57 @ & VIt o

2 FHRESH

21 ERESEEFVRBMNESELNAIHIKE
KEIR

2 AR s by i A 8 A A UL A
o453 A JCAILER TR IR AN [ I B 5, i b oo fif B
TH . AT LUE A KV b, TSR AN R 1)
REFENE BH5 TCHLER AL BR 22 [A] 3l SR b 30 T o 2 S 1
ARE AR B E S TR I HERTUE IR 6 4

®2 AAEEEEEGIIENEEE RN M
M EREM R (-2
Table 2 Aboveground biomass of Chinese cabbages grown in soils

applied with manure and heavy metal salts(g*pot™)

b ARYE L PR+
i T T3 fif T T3
YFEALFE CK 113.8452b  5.6£0.3b  167.4+0.1bc  10.3x0.4a
JY  95.3%0.4c 8.0£0.5a  200.4+3.0a  10.4+0.1a
JO 111.9+52b  8.7+#0.8a  140.6+1.1d 9.2+0.2ab
J1 1203+3.8ab 8.9+0.1a  137.2+5.8d 9.3+0.6ab
J2 92.6+3.8¢ 7.9+0.2a  160.8+11.5¢  8.7+0.6ab
J4  127.7£#33a  8.8+0.2a 173.0+10.7b 11.0£0.1a
J6  112.0£69b  8.5+04a  132.6+8.1d 7.3+x0.2b
AL CK 113.845.2b  5.6£04b  167.4£0.1a  10.3x0.4a
ZY 84.9+4.2c 5.9+0.1b  183.7+54a 10.3x0.4a
70  89.8+0.3c 5.7+0.2b  124.8+2.7b  8.9+0.2a
71 66.6x15.6d 5.8+0.8b  133.3£5.1b  9.4+0.6a
72 84.4+3.8c 6.5£04b  127.3+1.7b  9.3x1.4a
74 922+27c 6.5£02b  174.1+21.1a  9.3x1.6a
76 127.8+39a  8.6x0.2a  125.7#3.0b  10.8+0.6a

MR -4 AR A WL AN R CHLER e, ToFL R A R 22
SikE| R % (a=0.05),

F A SE 1T R A, FAth A B %
HEANJCHLER AL P 2 i) 22 S5 B AS Wb 2 Yl S e J S [ Ak
P2 [A)A7 16 25 22 SRR O R AU . 7EmRbE 4 I
TR FRAS [ Bsf [0 e 4 2 AL B JCAILER Ab BEFN X R 2 i)
T EZ R E SR FPRHUEFE 6 A~ H 1Y
AL PRI ST BRSO , o b PR 5 TCHLER Ab PR
ZIENIEETEERARE . [FFE, Bt 3% FOR R A
PRAGI R B A 22 5 (A JC I . TR
KRR 95% 2247, ANIRIALBE 2 [ fif B A7 7F 22
5 T R K A S R R B, T E R AA D)
WY A R . MR E 4R S RN L%
TR A R o i o e R R, A b N2
SRR P 4 o e A BRI, BRI 2 A
ARSI o AIRIE 2T BRAN B FE 77 6 A H 1Y
A HUELL RSN FLADAS R HLAE 4D B 5 25 5 5 4 R G
HLERAD PRI 25 5248 8.3, DRI UL I S (R N T 48 A e 1
2% 5207 DA e LA 4 W A 4 BE O R - S b A
A RS
22 EEEFEENRPESEEEARLEREYE
BTN
2.2.1 AR A g A R E B AR AR L

B 1R bE 3 F it & 8 20 HLAE I 1
B FRAN [ e Ji) 4k 0 45 i X6k 7 o 4 i TG HILER Ak B
ST ERERRNESRE SR, EYEILES M
T R TRI AN BRSNS R S AR R e T
JItiiti & & A MR R 4R A R 22 5 .

M 1a BT LIE Y, it -5 00 3% 8 4 8 1 i A
Iv] ) K 5 1k 4 JEHLER A PGS SR Y Cu 75 it
i o WSS 43 iR 5 0.1.2.4.6 A~ H 14k
B R A ISR Cu B 6 Bl T35 77 B[] 17 S K 2
PSE T B JE Thm R L BiE AR 2 S A M4 A A
AEFRIHEAR A Cu % i KT 45 i Cu TCHLEh b s
FGE B X & T Cu A HILL 25 4 RE AR 5, it
XS FESHEIESE N T AP, BARA MUIEAS Bty
T Cu (HAERE IR S LE B B AT RE (- b Cu 94
BRCERAR . FEAHE Cu A0 XS IS
FURE FRAS RIS ) A A PRI SR AR N Cu & & 6 i Cu
TCHLERALBRIK) 299%~87% , ks 2 A~ H YL BRI sE
TR Cu Ak, A X JOALER AL B 29% ., A
Bl la i8] LA H it RG2S A0 B TSR Y Cu it
AR St PRS2SR, Bl 5% SR ) ) AR A S 5T B
Je T LA R JCHLER AL B AR Y Cu 75
B, BUREFE 2 A A AR BRI Cu & BRIk,
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Different letters for the same manure represent significant difference(a=0.05)
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Figure 1 Effects of different treatments on heavy metal uptake by Chinese cabbages in calcareous soil
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SRS T ICHLER AL BRI 41% , 2N [ 5% 5 15F i)
AR FH SE AR DY Cu 57 5 2 AH W TEHLER Ab FE Y 419%~
84%, WiksEFE 2.4.6 A ALBREEIRN Cu B33
FAR T ICHLER AL BTN R o 33 & I 7 A R - 48 13
FERBEZETD Co MAEDA MRS/ TS5 & Cu TTHL
£ it e AN Rl ] B ALAE H Cu 2E W0 S5 A7
P 2252 A H A SR AR

M b FTUAE 1, it 582 i 48 & A
I (R 7 1 B 4 S JE LR A B AT SEAR I Zn i i
Fo XS ZEAL RIS N Zn B R RE TS 55 0 )
HIER P A8 AL, (B 5 ANTRG SR BRI N Zn 7
T IO LER AL B AR A Zn iR AT,
Jita FHXS 3 5 RS SR AN [RI B TE] Ab B SR N Zn 55 5k
i Zn TCHLERALFRIY 24%~T7% , Hip Wik 5% 2 A~ H
FIAE ISR N Zn &SR, R AR JCHLER Ak B
1) 24%. F35b, SR 2.4 D SR N Zn
T B ERT AT FRAAI (SR 0d), Bk
1A BRI Y Zn 55 6 D0 I 2 1 TR Tl 5%
FIAbIE ., M 1b iR T LU Y it P 2 A 3, i =2k
N Zn i Bl A 55 R B ) A8 At 52 08 TR R R R
Ay, TCHLERAE BRI SRR N Zn 5 15 Ay o it FH A 2 70
B3R 2 A A WA B SR N Zn Bk, HAS T
TCHLER AL BRI 18% , AR Tl 77 B[R] 4 2 Ab PRIHI 5
RN Zn a0 Zn TOHLER AL PRI 18%~84% , 1
T IOHLER AL, o TG 5% 2 A T Ab B S i
W Zn S B E R T AT IR (FRESE 0 d)ByAb3,
R RN I EXGZEFEEE T Zn AP0 R
PEY /NS Zn TOHLER, S A R HE B ALAIE
i Zn YA RAEE B E 2= R 2 DA B AEYA
B RAR

M e ATLVE Y, iSSP E 4R & A
] () TEHLER AL BRI RN Cd B f o PG E
b FEIH S AR P Cd 8 B T 55 % B ) 7 4 2 B
WA b, Wik FE 1A A A B SEAAR ) Cd R AR
FREFERAL P (kS 3% 0 d) B A0, Hom sk i
Cd Fr B TG TR fka s, (H4dh 5 A~
FRAL PRI SEAAR N Cd & 23 B R T O AR 40 BE A
XTHE . FEARA Cd AR Z50EF | it S 28 ) s 5%
AN[E]ES [E] Ab PRV SRR N Cd £ i A 484 Cd G
HLERALFEAY 11%~29%, HAfikEs: 2 A1 i Ab B
KRN Cd Fra e fit, RAHRNICHLEA P 11%.
M Lo B AT LA il A 20 38 IS Cd %
SR TR SR A AR RS T RS TR A, oL

AR PRI AR Cd 5 i, FEEE TR % 2 A i ab
PEIISEAA N Cd i, B Cd TEHIE B 7%,
AN [R) U5 35 Bsf 8] (19 5 2 A BRI SE AR ) Cd B 2 X
N TCHLER AL BRI 7%~37% , TikESE 1.2 .4 4 4B
RN Cd & BT A SR B (FiE R 0 d)
AR X BT AT IR E 45 E AR Cd (1)
YA YN TR Cd JCHLEL , it A TR s
[ B HLAE o Cd A WA Rt i e B 5 25 5% .2 4
F B A A B e i o

M 1d FTUAE it 52 rh S 42| Ph it
AR TCALER AL BRATIISEAR N Ph & it iR o il NG
FEADFRA T RAA PN Ph 5 8 Bl S SR 5] [ 1 4B 4 52 2R
SR RE THE LA, 2358 5 AT FRACFRIM AR N
Pb i i AR T IO LER AL BRI BE . ZEAHTR] Pb i
AT it PRS2 5 TG SR A R ) A 2 7 S 4
P Pb A% Pb TOHLERAbFRR 28%0~61%, Thik
7 2T AL B SR P Frin i fit, HA oL
AbHY 28% . M 1d BT LIE H iR AE A0 B, i
SR Ph 5 i B TR SR ) ] AR AL R 5 e P g 26 2%
o1, S5 T R T i B3 6 S H (1 Ab B i
SEURN Ph i 2 BTE R CHLER AL FRAY 1.82 £%,
PRS2 A~ 1 MBS Ph St ik, HATK
PLERAL PRI 3.4% , Tk 3% 1.2.4 4 H AL Fh AN
Pb &1 i AR T AFUIE IR H (FiEFR 0d), X
FEERAEA e 38 X8R Ph (AR /N T
S Pb JCHLER , it S AR TR Rl BEE LR H P A: %)
AR AEE 25 G 2 A H AR
ik, JEFErh Ph AR YA AR TR 5% 6 A b 28
AMBY/NTSER P oL, RIS 2 4~ H
A A
2.2.2 MRtk 3R A YA RS AL

Bl 2 St + 8 bt & S S A HLIE Bk %
AN [ st [ia] Ak 3 0 25 2 of o7 B 4 i TG ALk Ak B i S AR
TR MR N E SR .

M 2a AT LLE i Cu ToHLER LIRS (4
P Cu £ 5t F A FER TS SR 0 AL B (Fi85 9% 0 d)
T E 25 o AR AL BRI SRR Cu 5 Rl il
REFRF IR K, SIS B 5 T B R, i
B 1.2.4 4 J AL SRR Y Cu & it i E IR T8
MLERALEE, Tk 5% 2 A~ H AP AT X IR, 7EARTA]
Cu Jiti FHESAET i FRS 28 J5 P85 95 S () ek i) 4k 2L
MR Cu & % & Cu TOHLER 2 B 23%~
116%, Horit F A% 26 5 AN TS 37 i A0 B R JCHLER b
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) A HUALAS [ S5 T )Xo b JGATLER e of B 22 18] e, o [ P 3R 28 ik 3 .3 (0=0.05)

Different letters for the same manure represent significant difference(a=0.05)

B 2 BT EAEENHER G EES R

Figure 2 Effects of different treatments on heavy metal uptake by Chinese cabbages in acid soil
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TR 116%, 3535 2 D WAL BHERAR N Cu & i i
1%, S AR TCHLER AL BRI 23% . e A 2SR 38, IS4
N Cu 75 it Bl S5 SR ()28 1 355 it FH XS 282540, 2
SE TR TR AL, Cu TEHLER AL PRI SEAR N Cu 7
T, MR FERE SR 2 N AL SEIA N Cu
TR, RO BRAY 38% , AN [R] T d% 7R [A] ()
B A AL B SRR Y Cu 57 52 A N JC AL R b BRI
38%~94% , Wik FE 0.1.2 .4 AL B SEAAN Cu &
B EMT Cu TP, X RNy
FEREEE T Co MAEYA BN/ N TS T4 Cu
BLER , it F 5 A [l st ) BEA AILIE o Cu AR 9 A 80bE
FETER 225 it 2 D B Co A St eIk

MK 2b AT LA, i S ASEEh E A R A
] () TCHLER AL FR ISR N Zn & 1 8 25 T 5 AT
BE AR B [R] (XS 28 b B it A 26 b B 4 Tl S A4 7Y
Zn 7 ik B R 77 I () A SE 4 2 B R B S TR R R
At FEARIF] Zn it P 25 0F T il XS 2S5 s AN R
B ] b SR A Zn 5 hy Zn TCHLER AR 6.2%
~28%, WiKEFE 1A H B PEIZAR DY Zn 5 Rk,
B AN TCALER AL BRI 6.2% ., it FIAEZEAbEE sk ik
N Zn &bl BE R B ) AR AL SXG AR, R
S TCHLER AL BTSRRI Zn B i fy, PSSR 2 4
A BRI N Zn Sk, HA TCHLIEAA T
24% , AR TG SR 0] A 2 AR BRI SRR N Zn 5
SRR TCALER VS AL BRI 24%~55% ,5 A>T K: 37 Ak
SRR Zn G LT IOEh A, Hd i
AR 2.4 A H AR BRI SEAR N Zn 5 B A B AR 0
W X R IATERRYE + b XS B AE e Zn YA
SRR IN TS R JOAILER , it FH S AN TR] s 1] B A MLAE A
In EYPPE WA E R E 2R, G 2 D HAEY
AR

MKl 2¢ RILIE W, it 5382 b E 4 )8 2 Al
[F] ) TCAILER AL PR VAR Cd & i ey o it FHIXG 2
A FRATIHSEAAR Y Cd P i Bl 5 75 B[] A SE 4 S B
TREE TR, 8 5 TR IR AL B R AR N
Cd =35 B LT IOHLER AL B A BRAL BE . FEAHTA]
it A5 it PN 288 J T % AN () s [1] Ak B 9 =52
KN Cd & A Cd TCHLER ALY 6.2%~27% , Filki 5+
2 AN B B SEAAR N Cd B, HA A Tl
ERALFRAY 6.2% it G ZEAL TR ISR Cd 7% bl
Br SR B (a] AAL LA S5 XS S AH ], JCHLER b 3R ) Th A
N Cd e, WSR2 D B2 sk
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