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Accumulation of Heavy Metals in Different Pig Bio—Beds
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(LInstitute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Circular Agri—

culture Research Center, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China )

Abstract: Bio—bed is a novel ecological system for pig raising. Its impacts on the environment are arousing concerns. This study was de—
signed to examine accumulation of Zn, Cu and As in three different bio—beds: 40% rice husk+60% mushroom bran(FJ), 40% rice husk+

60% sawdust(FD) and 40% rice husk+60% Vinasse(FW ) using material flow analysis(MFA ). The profile distribution of Zn, Cu and As in

bio—beds and their activities in the soil underneath were also investigated. The potential ecological risk index of Hakanson was applied to e—
valuate the potential ecological risk to the area. After one production cycle, contents of Cu and Zn decreased, but As increased with the bio—
bed depth. Most of three heavy metals were detained in the bio—-beds, with only a very small part leaked into the soil underneath through

eluviations. Different bio—beds were different in absorption and activities of heavy metals. Zn, Cu and As did not exceed the minimal eco—
logical risk threshold(RI<150) in three bio—beds. Three years of life span for a bio—bed were recommended to control Cu, Zn and As pol-
lution and retain nutrients in organic fertilizers.

Keywords : bio—bed; heavy metal accumulation; available heavy metals; potential ecological risk; material flow analysis(MFA )

KWERI i H AR R, AT 1970 S, AMEA R TR AR 0 H S & A& W B

SREESL T — UK AR R BEIR RS, Ja s
ZUHEIAL, B IR R B th A A AR
7C B TR S ADRIC He— € B 2 B0 W T b IR

We#s H#A:2013-07-30

BB : AR ATRES S A RN S TRYRIE(201203050-2)

PEE R KM (1983—), 2, INZRIIN , T, B, HETM W
WY 5 1 R Al g2 i 5 F) FH . E—mail : Ip. zhang@hotmail. com

*BIEEE PEY)  E-mail: zhengjianchu@hotmail. com

BT R R E SR OCR W B S ATl VR A L
R T4 T it L T P R SR A A R A5
Gl R, Bz ST AL, SR TR 4
T P RURE RS BT L HE(E 25 S DR AN Rl S it 2 (i e
A ) (=B Zn  Cu As )i B 7R SR, ik
i 12 e VR TR 2R R iR )= 58 (0~20
em)o ARFTFEAL, IR B ARPME R RE R, SR
Al A7 F EE R AR GTIR . R B A I LA



RATE, 45 st e R R T BB AR 601

J& & w0 2026 H SR A AUIE it A /=
He— B PR, 30 T R R A 7 i O SR TR 28 4

H T, & R IR IEVE R 26 A S FR e =, Hoxd
RS A5 M T 4 BRI Ak R R 7 £ ik
K14 o Tiquia 1% B 2 B B) A 3RS, UK JE M I
BHE R BERSE T Cu Zn S RI & , WiKus
P Cu Zn 25 R WA I, b6 S 1) RS 5 AR a2
FAR L AEA DAl e T R Al R R T 1 H 4 5
JRUBE , W02 R A AT e 1 DR S ok 4 R
Cu Zn & Wi 432 SR W, Bt 25 Bkl fof F At
ALK, okl 48 A e i BEES, R
R A7 A} rh B 4 S AR . B R DA K
T PR SR R A HLIE B 22 4, 43 343l 2 T
i 18 A~ A fil 24 A A gkl h & Bk, &
KR K Zn As SR B, (HZ 28 A1 a K
X PRI S E S HUE R e, [FRE, 135
4 JE 15 YA o A A R I A i B AR
Z— 32 5 [ N AMF A S R AR A L
BEPRBE IS Yo n) L, A 3 AT A 25 XU B B 17
£ BE VA 3 4 R A IR BE SRR . A g 2 45
DIV R RG], AFE 7RI =M Y X 1 e
RIS YLERE , L FRFE X Cu . Zn As WIS TEAESSE
FERBRI UK 2665, i/ M RMASEEIR A (RIS
150). 534 EANEE N e 4 SR i5 ey IR
YLV Y YRR 0 A ()43 A R A T E
SRR

DL EFTE o3 B E X R & R B 48 CuZn As
(1) BRI TIFSY, X R TR R PR R
SRTAN [v] JEURH ) 2 T2 DR 77 AR I & TR DR T 3 4
HeE 4 g RBVIRGL S A S KSR e A 438 AR SCL
W IR N, LA M 16 i 9 1R R
BH R R B T 8 428 Cu Zn As (19 BF8E, 3
X ik e Rl JZ IX 3R 2 T 5 Cu Zn As 2RI
FEA 25 S AR R TEA , LADPA £ 3 4 s il Oy 1
PRI fe LA AR

I #R5FE

1.1 KBt

T3 G, G X AT 4 28 B A IS AR
AR KRB NIRRT MRE T 3 M I 3ok p kL
40%FE5c+60% 17 (FT ) (40%F85¢+60%5E A JE (FD) |
40%FE5E+60% R (FW ) . BEAMFERL TR 3T m?, f7
FAFHE 15 S AFRERI IR IR E 430 h FI(28.75+1.21)

kg FD(28.09+2.01 kg FW (27.91+1.49 kg, 75 K4 E
TElkkRA 25 kgo L TYIRHOFLBRES | LR S S FANSAH
7], 8 TR R IR R 35 8] 50 em, C/N $2i25:1,3
Tl R B AL 235120 FJ 11 800 kg FD 6000
kg .FW 9700 kg,

1.2 HEmRESHH

SRR 150 d, 2 BITEFRFERT A SR G 45
R REEFES . TR A TE M BRI K] 4 4
A RAE DK IX FEHEE X R X 353 X CR
22 i B 38 2L AN RN 22 300 8 S 45 XS
TAIAR) 5 42 BREOREZ R RS, B A/ INX I 0 2 BURE (0~20
em 20~50 ecm) , BEANFEM B 3AEE BN EEN
FESH BRI 172 TSGR GFE . ARSI T S 100
H i 25 1

FE ft 43 i e BE R 3 358 & A1 ) NY/T 1613—
2008 1l s R H =2 (HCl-HNOs—HCIO, ) 1A A
i, FH ICP P E AR S R 1 4 it Cu Zn Fi BEFR [ A S
FRAT NY/T 1121.11—2006 47V A5 % i 7K 3 i
FEA B G55 B TR R S5 (ICP-AES)
WSEREA TS As 15 i ARGSE 48 0.1 mol - L
#) HCLZ AR, ICP e & . Bula 73/ ] SPSSV
17.0 Fi1 Excel HA453¥r o
1.3 i MmAiE

D A SBT3t 53 B 149 %, R A 4 T b Sz Be— o
sl SN EE 4 J8 7E R T R 5 B el A v 45 A W B i
ARSI Wy o g A Jo e SR A, AR
Py 5% () s A £ (Inputs ) =4 52 B9 i 2 (Outputs ) + /4
fAH R (NAS)Ue,

AR Fi R 2258 Hakanson 42 H BT 7EA4E 28
foFIREQE T APEM R 2 L E S BB EAES
JKUBSE o 1384 Hakanson HR 40 5 43 J@ i e A5G 1 TR
R, DU 22 B R R i) L B s e AR Hh e 4
JE G YA TR I s . BAR A -

RI=YE;E=TixC;;Ci=C4 | C.

K CHPNFEGRIG I RE Codon B ES
J& AR ST Co S HUE, AR S U ER Y
S S fi T R 5 4 A s 1o, R 4, F B
G JR BV A B R 4 R Vs G i U B
Hakanson %70 2% = & J5 ) 5 50 25 B 2 i DU b v b
F4 BT RE B As=10 ,.Cu=5 Zn=1"%; £ HE T 4>
JEBIE B E REGRI A ZFEEBEEAESE
TR AR T YR A E T RBCRAE B e F R AUy
WArES T3 1,



R S ity 33 E5FE3H

602
&1 EF RI 15> RtmrE
Table 1 Grading criteria of E; and R/
1Y RELE; YRR RI TR

<40 <150 RS EE
40~79 150~299 A S f

80~159 300~600 WA TS f
160~320 >600 A HE
>320 WS A S G H

2 HBREHGH

21 FESELZEBRERERETESESRE RIS

T I BRI 3 2 IORE , 23 5N E T ok 3 il
AR SR ARES TR E BRNZ RN, 3
Fidfokl e CuZn &t HRJZ M FBUGER . FI 5
FW T FERE B FL A F) A9 2 CuZn &40
22.89 .32.46 mg-kg™ TF#% 18.83,22.88 mg kg ; FW
B4 CuZn S9N 20.49 33.29 mg kg™ FR&
F| 17.21.26 mg ke, [AlFE 3 FPEORHAA R CuZn
U HORHZ R I TZE #s b KT 5 FW
AR Co 5 PR S FD & (HA RS Zn &
R TC B 2200 . I HERT, 5 CuZn

BES

FJ FD FW
AR & B AR R
451
I

_‘_ao 35+ _P
£l 1 i
! 25+
<ﬂ 20-

N
i
< 10fF

F) FD FW
AR K R

FARES Cu7E FI 5 FW PR OBt £ 25 i 7E 0~
20 em R JZ (& 1), 7E FD Hop A & s A 8Gs
Zn 1E 3 PR Y S AT B 2] 0 SRS L3 AR
BHRRIRSF 1Y Cu Zn S3H R AEHE, 25 RS 1
e E )R Cu Zn B2 AT,

AT R E T 5B As B A RS
i, HIE 2 AT BEE HORHZ IR , a4 As it
HRJZ ) TSR ; FFEARES As & R di
BHEZRIMGEEES 2, s RB S LI E 4
As B)ZUIATIER—E, Hrb FJ e A Rcs
As i FTHEEECR, 43 0.67.0.09 mg kg™ I
F+31 0.79.0.10 mg-keg™, £ A REiZ K& BEREELH As
FLEVIPHERRYETE, ZETRGA KT As BINFIE
23— 200 T FD 5 FW IR
At As FIARS As & i BAR B HORHZ R B35 m
MBI | AEJZ B 14 MR B/ AR R U AT B4 5 o

LR FE A3 BT, B TEAN R 5 ) B PR X 3
PSR ARG T] . B3R 2 WA, FRAE 45 s Bk}
th Cu.Zn As (5 B 2 5 THOBHS S, A
[l AR 2H A BB Cu Zn As 19 2R A, 3
FfggoRb e, DL FT B Cu SRy , 1K 183.86 g, HiK

8-
L H T
E fe |
g
= St -

4 4
3
%
& ook
T
1_
0 FJ FD FW
RV bR R AR
10
- or —E—
B o8f e
é” T =
B o6f
< st
S 4
' o2t
1_
0 FJ FD FW
RIFBHE & R

[10~20 em [120~50 cm
B 1 #REARZEERER Cu F Zn 53 F4HHE

Figure 1 Profile distribution of Cu and Zn in different bio—beds
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Table 2 Total concentrations of heavy metals in three bio—beds

before and after pig raising

B Zn BB SHE RN 1.96, B &5 T FI Y 1.74
5 FW (1 1.86, 3 F ALK E 48 Zn (W SHA L
FHRINFFH FDSFWSFE], AT 2B =# % Zn 190%
NBE ST ERITTE A FDSFWSFY, IEESEE  FD 44
MHRE As R 2.71g, BE R T FI 5 FW 451
R EIR (P<0.05); R 1M 5 Z AR A S, st 15 S L
FORAE 3 PR S R R A B 2
F(P>0.05) , 3 IR A, 0] B ST SRS Al U

A FIREVER, R R ARk P B4R 2B TR E
PR 22 e ik fr BA X X34 14 (0~20 em)
1) 3 Pl 4 @ S UE T AT S AR SR A S
KR T HRZTED 3 MES RN ERLES 1
B S bt B B 25 7 (R 3) . wiE 4R Cu
M5, FJ R RZ L5 Co iSRRI, #9.56 g,
HJE FD Y 6.54 g, 1 FW FH#)2 1 HE Cu # %
ANy T S E RO E L FT I 5 Cu BN
1.38, @& T FD 5 FW, RIZA AL A A Hok 5558
WP B R Co iR E . HIL S5 % 25
3 MMESL, AT ARG A58 7EX 3 Rl R L&
HR RS, StHXTE 4R Cu TR RCR IS, FW
HE oY A T R R B 428 Cu (W ZNBE ) 385
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Table 3 Total concentrations of heavy metals in the soil underneath

bio—beds before and after pig raising

EalE AR WR(Eg R Wiy ETRERR
Cu FJ 97.32c  183.86c  86.54b 1.89a
FD 78.17a 154352 76.18a 1.98b
FW 80.37b  162.49b  82.12b 2.02b
Zn FJ 185.01c  321.07¢  136.06b 1.74a
FD 127.19a  249.69a 122.50a 1.96¢
FW 14423 268.39b  124.16a 1.86h
As FJ 3822 6.03a  22la 1.58a
FD 508b 7795 2.71b 1.54a
FW 376 6.07a  23la 1.61a

Vi PR FNG R TE P<0.05 K2R 2%, R

S FW i 162.49 ¢ 5 FD 14 154.35 g, WIS &S FD
W Cu ol 76.18 g, WEMLT FI 5 FW AL LA &
TR s SRR S HRORE L FI H Cu (P35 06
BB SELR N 1.89, B KT FD 19 1.98 5 FW
() 2.02, W #IAE B DL FD 5 FW R b4k % B2 R
HOBEXT Cu WA 1] AR R B LS A K HORHY)
Zn N 136.06 g, & F T FD 5 FW H G 8 LB
PR 5 SR MASP-34) 6 R 1 S LU O R, FD 214 (3R

Halm R WEMEe G W BERHILE

Cu FJ 25.50b  35.05b 9.56¢ 1.38b
FD 34.60c 41.14¢ 6.54b 1.19a
FW 18.87a 22.33a 3.46a 1.18a
Zn FJ 79.05b  84.88b 5.83a 1.07a
FD 87.88¢ 94.75¢ 6.87a 1.08a
FW 69.19a  75.38a 6.19a 1.09a
As FJ 12.55b 13.90b 1.36b I.11a
FD 6.50a 7.54a 1.04a 1.16b
FW 6.57a 7.86a 1.29b 1.20c

FIGEE ARG 3 FR IR T k)2 £3Erh Zn 13
390 F15.83 ¢ FD 6.87 ¢ FW 6.19 g, Giit2#40#r
WIR,3 PR TEIRIY Zn 3651 G B 822 5 ; IRl
MR SE LR RE WA B S22 458
2 538 3,FD RRIHORLEL Zn (TS So(E LR R &
MBS 3 Zn 5 HAD BRI EORAT R H
A2 5 T R4S hasie, 76X 3 Ml
B REERT, s HXTE 48 Zn BN RS  FD
BC, Eb 114 2 TR R R AL G 42 S8 Zn (W)W A BE T ik o
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Table 4 Material flow analysis of heavy metal accumulation
in bio—beds
BB gl e wan A i
Cu FJ 57.49 96.10 193.42 183.86 9.56
FD 51.71 82.72 160.89 154.35 6.54
FW 51.47 85.58 165.95 162.49 3.46
Zn FJ 57.49 141.89 326.90 321.07 5.83
FD 51.71 129.37 256.56 249.69 6.87
FW 51.47 130.35 274.58 268.39 6.19

As FJ 57.49 3.57 7.39 6.03 1.36
FD 5171 3.75 8.83 7.79 1.04
FW 51.47 3.60 7.36 6.07 1.29

I SRR e, T 4R ) RN, #opk
Cu.Zn As [ B A7 s KT Bk i 3 Fh &
PREEL R Cu 1 BVEEAF =40 I S th i 19.23 %
(FJ).23.60 f%(FD) F1 46.96 1 (FW ), Fi ik £ & 4
J& Cu HA R —IB0 23 i DTS R 2 -5
b, KRS R AR OB Ho FW R R A R AR T
TR RO R, N Cu B AN R T R, 3 Fh
R R OB Zn 1 B0 A o 43 ) 2 S T
55.07 f5(FJ) .36.34 15 (FD ) i1 43.36 % (FW ), £ &

L@ Zn L HA R 2B IRIERTTRRRIRZ -
e RS B A SRR T F) (R B A T
S AR R, N BT 43 BT AR BE R, BT X Zn
W2 f I [RIRE R4S As 2 W 3R E IR %
Wi A As OFLAE B /b HOBH R As (18R
At T A . 3 AR EEREEL A As 1Y
JEAF A B S Y 4.43 £ (F)).7.49 £%(FD)
AT AE(FW), L RHE SR As B 085 %
BImIE VTR R R 2 L3, R i e ok
o, HiA FD B RFE AR AT T R R AR R,
Rl FD X} As (I AR e s«
22 FHEEEEABRERMRRETEGUSESRE
S S

TP ES R NA RS TR, AR
Z NG SR A R PR 2 B AR A
S G WA E YIS E A BB , W IRBE N &
WfEE . P, T 4 R A RS ) B LT 4
AR S5 R 6) X THIFZ UM T - 1EHE 4
IERCE | i

W 5 FroR, £6 3 PRl BAR Cu A 80
P AN ] (EEAE 3 FhoRb b T & R BITEPE
INFEAR EAT B2 (P>0.05) , 26 W] 5X 3 Rk
JAE ARG T A G, E4JE Cu 78 15T R
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Table 5 Available contents of heavy metals in three bio—beds

HOpHC WiH w(Cu) w(Zn) w(As)
FJ Y /mg - ke 6.85 6.69 0.097
F% 1% 30.10a  19.35h  14.25b

FD S /mg - ke 5.41 8.63 0.069
L% 1% 32352 25.0lc 7.06a

FW A5 /mg kg™ 6.59 5.51 0.032

Fe 1% 32.41a 17.76a 7.41a

e B A=A B P S/ A P4 X100%

*ko6 REITEESRAYSRE
Table 6 Available concentrations of heavy metals in the soil

underneath bio—beds

HORHEC WiH w(Cu) w(Zn) w(As)
FJ S /mg - kg 0.42 1.24 0.095

b %1% 16.86¢ 18.23a 8.68¢

FD SER i /mg - kg 0.27 1.36 0.025
L% /% 8.37a 17.67a 4.12a

FW SEA4{E /mg kg™ 0.19 1.05 0.037
H% /% 11.39h 18.07a 5.98b

T =R ARG AP E/RZ i {EX100%.



RATSE, 45 Jst e R R T BB AR 605
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23 AREKBHERRETEESESLITINREE
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I AORHA F S LT 514 R 1 3 TS e PR
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Table 7 Assessments of heavy metal potential ecological

risk in bio—beds

PR b kI
Cu Zn As
HupHie b FJ 9.45a 1.74a 15.80a 26.99a
¥D 9.89h 1.96¢ 15.36a 27.21a
FW 10.11b 1.86b 16.15a 28.12a

RS ITEESRSREEESREIINEGR
Table 8 Assessments of heavy metal potential ecological risk

in soil underneath bio—beds

E,

PEN DR - RI
Cu Zn As
B FJ 6.88b 1.07a 11.08a 19.03a
FD 5.96a 1.08a 11.60b 18.64a
FW 5.92a 1.09a 11.97¢ 18.98a

A ZHEAESY B0 9.89.10.11, B EHKF FJ 1 9.45;
Wife L3 F) (4 E{E N 6.88, B ERKTF FD 5 FW,
SR JCIE S R T RS SR IR T2 13, Cu 1
TEAE AR A RS A s /N TR U E S I A
<40), 3 Pkl Zn VARG E BB EAE 0N
1.74 .1.96 .1.86, & E Mm% M FD>FW >FJ ; i 76 1 3
HHAE B2 5 SR IGIE e A TR R RA IR
TR E L Zn A AR A KU 3 G /N TR
ASAEFERIRAE . [FFE, 3 FhEobtr As a4 SE
FEREEEIFARR BEN2ZR(P>0.05); MifERZ
T W R A B ES  Hh FW W E;
{E A, M 11.97, FHZ R R R EBR)Z L1 As 19
A S EERE R T FI1 5 FD. SR IS R HRA
SER)E A3 PR KR IR E - P I Cu,
Zn As [0 A A 25 AU #0 A 35 B 4 il A A8 18 35 i I
BHE, BIET A FEFE I, PR E 48 CuZn As 1Y
SRRSO Y b - 39855 A A S T 3 R E 4R 1Y)
RIMEABZE/NT 150, A CuZn As FYEELDL
Cu.Zn As BIRTE 1 DM REIEE UG A 20 i 1
b Sl ety o

3 #ig

(RSO 8 5 T R AR AR = L R
Cu.Zn As ZEBUELT TYIBGH0HT, 8550, 3 Mk
BEREE R, Cu Zn (2 5 ARG SR B TR
JERBIRITE 2B, T As (4 S5 808 S
PG RARZ RN 22183 . B /D i Ca,
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Zn As IR VE B IR EIR TR0 2R)2 -5 4R
MM 95%~98% ) Cu.Zn F1 81%~88% ] As #l it 4 &
BUESRHZ .

(2)AN[FIHREXT Cu 15 PE RN I 22 57 K i 2
(P>0.05); T2 F b Co HRCSIETE R #
= T AhWIAP (P<0.05), it 5 L9l 35 16.86% , HAk
FEFWSFD, AFEHOBLENT Zn {GPHER/IN A —E 52
Wi, FD H Zn BA RGE T G He i, oA 25.01%, 3
YR ERE T FI 5 FW (P<0.05); MiE/Z5Eh,3
Pl SRR RS Zn MR R BEAS BETEE S .
BRI 2 X As 3G PR/ — 8 Bs2 IR FJ H As
HIA RS T & FE Bl B, A 14.25% , Had vk 3w T
FD 5 FW(P<0.05); [FlFEZ )2 L3 FT i As 3L
AR E S TR 4RI (P<0.05), T i Ll ik
8.68%,3 Ff 1- 45 rh As BIEYER/NHR FISFWSFD, (i
A 4 JE X T BRI A E YR TE S F R, S ARG
FEEEEEMHNEARZE X 3 Fhdfolehii—F o F) 1
HEJENEA S, BTFHEAM

()1 ANFRIEFSS dUR 3 Bk BEIR RN 2
H RG2S 5 AT CuZn As A 81%LA | i ¥R fE k)
W I B e 22 AR R A TR
o IR KRR R 2 I T R T
LB fEA ST TN, RM&H 1 MR RMNE
(150 d), Bk} 5 L3 Cu Zn As 153 5 A 5165
P NF M S G F WG S (5 Y45 8 RI< 150),
BB B RS 3R 2 3 HAA) Cu Zn As AN
I SRR fEE . SRR A A AR
RAEFREWALR R, RKEERBOBL KA 20t 2.7 4F
Cu.Zn As ZRER RS FE IR AE; 0
MZRIZ LNl R 4 FHE SRS Rk
UESfEE, N TERIESE CuZn As 55, #iL
RIER A AERR S 3 4

(4)ERTEIRAL B AL, A SR 3 Fpdoebr
FD(40%F57¢+60% 85 A E )X} Cu NG I fEH , B W
F ) Cu i K EEY, WA SES Cu IGTEH
/N, LI Cu 15 9 A B & IR BE L3RG
T FI 5 FW; 45 FI(40%FE5¢+60% 8 )X Zn W 4)
fe1mlN, BB LR Zn B 5 ARESEES
PRI EOBA 3 = I, AT HIE 7R TS Y R 8RN,
HEIEA> Zn TS5 YA RE R R, AL A HREHMET FD
5 FW; FD(40% K556 +60% 58 A JE )%t As W48 6E )1 i
U, BT e As TG MEIRAIG, #ORHZ K 3R Z 5 As 1978
EAEBGEERBUET, IR As 1550 R H

KA EBRMET FI 5 FW, 8505, wtfs il
4R CuZn As {5 YK UL, FD J& 3 Fpdfol) ip Bl
ArHRE SR AE SR A 77 o 45 b DR e B gl s B
M IFEE G IR AL AR
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