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A FR R B IF S Be il B 1A T o Bl FE
FIRXIX T s TORREFFI A R X 2 SCE A
JABIARH, S BHLIIEY lem 224 1/MN 4
PR ¥ T i =R A w AR, AR b

1.1 i F SRR AT B A WA SRR SR
I T 2013 4 7 HAEdbRti RN E = RILE 1.
F1 e ER
Table 1 Physical and chemical characteristics of compost materials
=AY K K =AY
N Sk%E RBREAN  BEUREAR AL Cu )ﬁgn\?ﬁ( Pb )T‘tlg/{%( Zn )ﬁgﬂ-%( cd )ﬁgn\%ﬁ(
L/E S . Mass fraction Mass fraction Mass fraction Mass fraction
. Water  Total carbon mass Total nitrogen C/N
Material R . R of Cu/ of Pb/ of Zn/ of Cd/
content/% fraction/% mass fraction/%  Ratio - - -1 -1
(mgkg™) (mgkg™) (mgkg') (mgkg™)
J#% 3% Pig manure 66.33 8.22 0.57 14.42 89.28 64.13 214.64 0.44
FEFF Straw 13.37 42.43 0.82 51.74 4.15 3.42 12.22 0.07
K IE 4’ Wood biochar 7.53 58.42 0.60 97.37 0.12 0.14 0.17 0.01
FKFEF R Corn stalks biochar 7.33 40.79 1.22 33.43 0.159 0.179 0.287 0.01
Iz 7 )
Eini%& 9.98 61.38 1.82 33.73 0.15 0.14 0.24 0.01
Peanut shell biochar
- . NPT
Hid (Fujian, F1) LI 43.83 1.93 2273 22.39 2.50 61.10 0.15
Fujian biological humic acid
S SC (Jiabowen, JBW)
AW S FE TR 7.83 43.63 1.93 22.61 12.39 1.50 52.00 0.10
Jiabowen biological humic acid
i Peat 13.49 22.80 1.34 16.96 15.12 116.72 47.84 0.18
1.2 Rt WA FEPIREE R, T H, VA NAE 39 em,

TRIG LG 0 JFORE, BRI Tem K FORFEFF N
WELR, AATYRE C/N A 25:1, BlALR BRI
T YIRET 2.5%, FKEEHITE 65%~70%
1E2506 25°C FHER 30d. iR IL# 7 MabFE, 45
Kz Fl: AR F2: JEFHRF+HTOK
FEFFRs F3: BEIAFEAT-AEE5TR; Fa: JEIE+FS
M+t (Fujian) FJAEY)EHEIR; FS5: JE3S+F5FF
+5E1 30 (Jiabowen) JBW LW JE MG F6: I8+
FEFFHOR s CK: JEFEHREAT . 25 A2 JsUR M FH &
W 2 iR

x2 REMERMRE
Table 2 Quality of raw material for experiment
kg
b LS F&FT BiALA
Treatment Pig manure Straw Passivation material

F1 26.00 4.76 0.54

F2 23.90 4.64 0.45

F3 24.00 1.64 0.45

F4 23.60 2.04 0.45

F5 23.60 2.04 0.45

F6 23.60 2.04 0.45

CK 23.50 2.14 -

E: F1. F2. F3. F4. F5. F6 7}l 0BRIMARE =, TRREFR, {E4
FeU, LRGSR, TBW /EWIAHIG, BRAb B, CK AR INEiTL
MRS, TR,

Note: F1, F2, F3, F4, F5, F6 were added wood biochar, corn stalks biochar,
peanut shell biochar, FJ biological humic acid, JBW biological humic acid
and peat treatments, CK was not added passivation material treatment, the
same below.

1.3 REEE

HENE L2 b 2 A HENE S s, Ha ANER A 1 1

71 46 cm, FFEEJE 5cm, BFK 60 Lo AR K H
SXHLEA T A4, 3 KU I 0.1 m’/ (min'm)
Jid, BEANAE P AT AR B i A B 1 S e
PRI . ARPR L0 SO R P E AT W
() B AT AR e, R N ) S i il a4 e,
1 7.

g EERE oY
el INRVRIN %) Q—19 13 16

L.Hi/ll§ Computer 2.3 5 KAE 4% Temperature collector 3.7 LB
Temperature probe interface 4.2 (¥Rk¥: 1 Exhaust probe interface
5.565F Cover 6.UF:I0 Sampling port 7.{4/Z Insulating layer 8.f
JKAL Drainage port 9.2’ <Ab# Exhaust gas treatment 10.723E4E
Leachate collected 11.73E##] ! I Leachate discharge outlet 12.ffi#i
Sieve plate 13.3E 1 Air inlet 14351 Flowmeter 15, HLf i
Electromagnetic valve 16.”X7K Gas mercury 17.) 2 4E Exhaust
collection 184} = Material layer 19.5¢T Wheel
wz = =

B{1 R ERBERRREEETEH
Sketch map of static pile composting reactor with
mandatory ventilation

Fig.1
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1.4 Hm*EE

HE IR, R IR R i Bl 4 ) R R B
15 min {3k AR AL, 0 AEHEE TR ah . THR
B (1~3d) .« AT (4~10 D miEE I (1~
20d) . BRIEM (21~29d) . HEAELER (30 d) 6
Ao BRI HEAL R T pH B LRI AR A S
RE&5 oK e 0 N F A HUIE = S i1~ e 2, M
AR HT 5 RAEEARFE A 200 g, FESEG 2 4, 1
HEEREAEAE 4 CUKFETRR L, 55— BT,
SEFELJE Cus Zn. Pb. Cd & fm MEALML. ©
B EAFEARI E 508 3 IREH .
1.5 SthAE

1) HENEIRJE
N 1 I 5 5

2)pH 18 H 5% (electrical conductivity, EC) .
PhFk 2F %540 (germination index, GI) : H/K¥E
PlErt, [ mEte ol 1010, HuEEEB R T

T I s I 2 i A S s

4°C VKA AR . pH {E A BBy RAAEs ) HiliE
PHS-3C %4 pH i}, EC JT] DDS-307A %4 i, 5 54X ([F]
— TR AE) MSE . G R E 5 BRI R
8 mL T EA JE4CH IR, B 20 KL/ [ SR T
7E(20+1)°C HELERET FRAA T REFE 72 h PWoE K 2F
R, HRZERRE GV HEIE#E M, GI(%)H Rt

e,
oy _ LR TR R
Xt HERE T R A R

3) G & B AR WM L R4 225 DL
(European Communities Bureau of Reference) {1t
() B HRHOAIE, Pk BCRIEM (£3) , B4
JB T B ZSAE b [ B2 B b BB} 27 55 08 YR ST B
Bz b0k, Cd SRR 7 WOk E
(ContrAA700 M 7O , Cu. Pb. Zn
K L HJBORE A 45 B AR LT R SO VR D
(Optima 5300DV EEHEAL)

x100%

# 3 AT BCR IRFIREN T %

Table 3 Modified BCR (European Communities Bureau of Reference) sequential extraction method

e

RINE
Morphology U Extractant

48 J57): Operation method

LIRS

Exchangeable state 0-11 mol/L HAe

0.50 mol/L NH,OH Fl HCl, HNO; if47 pH
HE 1.5

8.8 mol/LH,0,, pH f& 2~3; 1mol/L NH,Ac,
HNO; #745 pH {HZ 2

I8 )51 Reduction state

A7 Oxidation state

R4S Residual state 5 mL 16mol/L HNO5+1 mL 12mol/L HCIO4

LG 1 1 40(g/mL), (22+5)°C, &% 16 h, 3 000 r/min 25,055 25 20 min

[ EE 1 2 40(g/mL), (22+5)°C, %% 16h, 3 000 r/min 50455 20 min

W LE 1 40 (g/mL), A 8.8 mol/L H,O,, 85°C /KB 75T 4L 2 IR /R )

FHEEWEE 1250 (@/mL)IIA 1 mI/L NHzAc, (22+5)°C, ¥&% 16 h, 3 000 r/min
B2 20 min

TR AR A, LIRS 2

4) JE Ty IR E 5% AT R RS R,
i GSV-2 MEAT TR, mds s Wk 4.

x4 REEHRE
Table 4 Data of quality control

¥l Samples cd Cu Pb Zn
FRUERE S 1 S5
Standard samplel mass 0.33 6.56 46.97 55.25

fraction/(mg-kg™)
BRHERE i 2 i 2 4L

Standard sample 2 mass ~ 0.33 6.55 47.81 55.97
fraction/(mg-kg™)
IR 86.8 99.3 100.8 101.1

Standard recovery/%
SEATRERRUE S 72
Parallel sample standard 0.30~9.00 0.50~3.70 1.10~3.20 0.31~5.80
deviation/%

5) BCR MR T 4 I s,
B, Sieds. ik, ToRARLE S RE
o VT T B T 0 0 T )
(RILEAEL, AR K T A B SR
BR RIS, 4L RSLIRCRA B T
it
i A R R M

T e T A

x100%

HERT /3 EC 2 — HE )G L%
HEHIT 73 i %
x100%

AT AP HOR =

1.6 HiEaE

KH Origin8.0 B A Xf AN [ HEJIE Ak 2 1) BEAY 1
JRAEP 43 #7, K] SPSS Statistics 17.0 A4 AN ]
4@ [ A W AT LSD Z E K.

2 FER5SH

2.1 BEERRENSHTHLH

HAEFEF 4 JE Cus Pb. Zn. Cd FiE/r 5484k
WL 5 Pros, RS, T A HURRAE, CO,
KAERMED TS, YRR RN, 4 o)
WoThen, R “HIIRg 50 B, FEART
thE 48 Cus Pb. Zn. Cd HI5TE D E0H RIS,
I A I Hp 30 (1) IR A8 5N, 3 A PRI A 7 A
RSB A Y, SN ESEBE R
&y PRI AT Sl RE 5 4 U 20 Sl 2 SRk D I
%, H R BURESHREAK, X 8 i Al
WL R —3
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Table 5 Changes of total heavy mental changes in different passive material treatments before and after composting

Ab3 IBURE IS 3 Cu it /341 Pb i 14 Zn JFis 54 Cd JFis o5
Treatment Sampling period Mass fraction/(mg-kg™) Mass fraction/(mgkg™) Mass fraction/(mg-kg™) Mass fraction/(mg-kg™)

- HETT 16122 31.95 332.65 0.10
HeJm 148.45 30.04 380.43 0.10
- MR 615.64 23.44 510.97 0.12
5 612.39 26.67 719.93 0.12
- HEHi 391.53 15.31 451.35 0.13
Hef5 393.96 16.02 471.36 0.13
- HETT 522.84 20.06 611.20 0.11
Hef5 518.80 19.32 604.74 0.12
HETT 158.96 18.68 637.62 0.17
s HeJm 183.13 18.46 647.82 0.16
F6 MR 103.61 29.95 586.51 0.11
5 105.92 26.19 511.72 0.11
HEHi 172.65 8.10 508.23 0.14
x Hef5 157.99 11.28 562.19 0.14

2.2 FEUMBIHERSEFESE Cu I

XK 6 AAFAHEHELRHT G EL)E Cu HEER
o WNESEJE Cu MEESTE ST KE, HE
NERT G AL FE v ZE e Cu R 2> BOYE A RIFLE
HIREAR, o F3 ALER ) FEIRIA 65.59%, 1 CK F#
WA 4.95%; FAbFE F3 46, HARMPE A Cu

M B B BB, X aTREE H T F3 AP
FEESE RN AT ATHRZS Cu R 58 ZU AL 2%
R, AT A A 1w Al 3 MR SEACITE &b
B Cu TR BIYATHEIN ; H 3 Cu RS
WA WA I

Fo6 ARFHAMBAIEHEEEERE Cu FRSEL

Table 6 Morphological changes of Cu in different passive material treatments before and after composting

IREmS 3

AT Exchangeable speciation

775 Reduction state

%A 7 Oxidation state

KR 75 Residual state

WAL Gompling  DOEABL  ARE  BRACR  mEAE ARE  REAR SRR REAR ARE
Treatment period  Mass fraction/ Distribution Passivation ~Mass fraction/ Distribution Mass fraction/ Distribution Mass fraction/ Distribution
(mg-kg™") ratio/% effect/% (mg-kg™") ratio/% (mg-kg") ratio/% (mg-kg ") ratio/%
- HiEHY 18.51 11.48 91.72 56.89 36.95 22.92 3.50 2.17
HEJ5 17.04 11.48 of 85.96 57.90 48.00 32.33 3.98 2.68
- HETT 102.56 16.66 232.80 37.82 210.08 34.13 33.15 5.39
5 77.20 12.61 24.31cd 97.52 15.92 366.56 59.86 32.89 5.37
HET 163.20 41.68 166.92 42.63 79.88 20.40 2.57 0.66
B = 56.16 14.26 65.79a 203.08 51.55 165.92 42.12 2.65 0.67
4 HiEHY 160.44 30.69 176.84 33.82 123.32 23.59 36.44 6.97
HE 5 135.80 26.18 14.70de 158.96 30.64 231.52 44.63 8.80 1.70
e HETT 18.64 11.72 80.36 50.55 36.22 22.79 7.16 4.50
HeJe 11.21 6.12 47.78b 21.47 11.72 143.36 78.28 8.36 457
F6 HETT 8.87 8.56 66.24 63.93 22.19 21.41 8.03 7.75
5 6.77 6.39 25.35bc 45.68 43.13 63.64 60.08 4.95 4.67
HET 13.34 7.73 60.92 35.29 87.95 50.94 8.98 5.20
K = 12.68 8.02 -3.75¢ef 35.66 22.57 96.28 60.94 9.32 5.90

T AIRRTILFNE FREE RN E RIS T 5% REKF, T E
Note: Values followed by different letters are statistically significantly different (p<0.05), the same below.

73 B 2 VP T 4 i P B XU 1 — T o 22 4
B W 6 TTLLE Y, TR ISRl A R AL B i
HERTSS, FIAC#A Cu MM BLRIAHT PR R
A Cu B FL. F3 b, HRAEIA IR, AMS
Cu B PN, a4 Cu 4 F2 A FERG A PR AP
SALFRIAIA TN 5 HE R A B BEAT R PR S R

TLE Cu iGMERAE S, HEmm A Rk

A AL R A B AL R /T U Y, CK
AEFENT Cu IEEAL R 9—3.75%, F3 AbFEXS nf 47
A Cu MBI SR B (65.79%) , Hk ok F5 kb3
(47.78%) , Ut WG ISl AL A4 R b 11 5 2 HE AR
XESE Co BAWAEN . WX #Ha& Cu
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FIEEAL R R 4T SPSS 4ttt LSD K46 v 411, F2. F3.
F5 filF6 5 CK ZRE# (P<<0.05) , Ui F2.
F3. F5. F6 4 ML 428 Cu MBI R 4T,
HAlBE M IR Ky F3>F5>F6>F2, LSD J7 27y M4
KB, F3 Bl 2 =T F5 (P<0.05)
WA INAE A T2 R 1) F3 AL XS T4 i Cu R ILH T A
X AL BE
2.3 AR HITHREZEZEPESRE Pb BN
TERESEAE S B AR 2 ] A2 4675 Pb, #A IR
AR SRR B Ol Ph B
HIEJEAS, Po AR LU IR &R . N 7
g, MESE Pb IR ESBRKRE, I
[t AR A HE LSS RS, IB)EZS P AT R
R, LSRR RS DR RIS I K a#, it
BN I A R B S, wI A IAJ5ES P ) X
WA KA B AN S R SR
MELJE Pb MR E, HENLG %A HIL 5

A Pb I FCH R F4 A1, HAR A B AN RIFE )
R, X ATRES F4 REERAS NG FI A SR 1 L
KA BT MAEIH R, MR RS, F2 48
(RIS A% 40 T Ak 3] 75.58%, 17 CK Ab B ME I 4 o
Ja BTN 28.44%;

MR RZS Po MBS A, WA RS
RO, HA F2. F3. F5 ABHIIE JEA R4l
AR T CK FLBEAL R K Ch F2>F5>F3>CK,
Fl. F4. F6 AEERIEIAL R IR =T CK, XAl FE
S5O A LA B (R B R . 2 T AC R BE ) Je
HAEHE AR FE p T e 5 R i A i A e, i
XA AZ #As Po B HEAT SPSS it LSD £
AT, F3. F5 5 CK ZalBlifb i i = AN B3,
F2 5 CK 2 ZEREZE (P<0.05) , H F2 14l
R B E ST CK (P<0.05) , W EXKF;
FFoR (/) F2 Ab BT H 4 8 Pb 0 H AH XS 55 58 (1) B
1k RE

RT FRSEAMBCIEERNEEEZE P (IS ETL

Table 7 Morphological changes of Pb in different passive material treatments before and after composting

\ WA - B J5 A Reduction state 4k 4 Oxidation state 545 Residual state
e HUFE Hﬂfﬁﬂ Exchangeable speciation
Treatment SATPINE [T FRAK AR WRER REAR ARE | BEAR HRE
period Mass fraction/ Mass fraction/  Distribution Passivation Mass fraction/ Distribution Mass fraction/  Distribution
(mg'kg™") (mg'kg ™) ratio/% effect/% (mgkg™h) ratio/% (mgkg™h) ratio/%
- HERT N.D 6.32 19.78 7.31 22.88 20.18 63.15
HE S5 N.D 5.16 17.19 13.09¢ 7.16 23.82 18.82 62.66
- HET N.D 4.42 18.88 4.64 19.81 16.36 69.8
= N.D 2.16 8.08 57.20a 3.75 14.07 20.16 75.58
HE N.D 4.48 29.24 - 3.59 23.44 8.26 53.96
B HE 5 N.D 2.52 15.73 46.20ab 5.46 34.08 7.45 46.52
HERT N.D 451 22.47 - 3.06 15.25 10.89 54.29
e 5 N.D 4.40 22.75 -1.25¢ 5.89 30.47 11.17 57.81
HER N.D 3.80 20.36 5.05 27.02 1115 59.67
5 HE S5 N.D 1.97 10.68 47.54ab 5.45 29.51 12.13 65.72
HET N.D 6.01 20.57 6.52 21.77 17.82 59.5
Fo = N.D 5.17 19.73 4.08¢c 6.79 2593 16.95 64.72
HEH N.D 3.39 47.63 2.39 33.63 1.72 24.18
K HE 5 N.D 2.21 27.25 42.79b 4.59 56.63 2.30 28.44

VE: N.D Fon AR ZIE A
Note: N.D represents the shape was not detected.
2.4 FRSEEHRITHERZEZEPESRE Zn B
AR EE A FHEERT S A8 Zn MIEER
TR (K8 « NEEE Zn MHTEERR
EOHRWE, FIAHRES Zn R SR MERE 45
Ja A, F2. F4. CK AL iR HmsH LT+,
WA 15.34%. 15.90%. 10.84%; FHA4b#
B p A%, Horp F5. F6 BlEik 3] 50%LL E, 7>
BIPEAK 64.45% 56.63%. M Zn [N BLESE, A
ACFEHENEHT I, WA Zn I TEER (BR F4. CK
A8 AT R R mERZ IR Zn (AL HR
FRTHEIN; AT A B

&M B A A Zn (AL OR G, HEACZ:
WG, W FI AEY)EFERR 1) F4 ARBEAT CK b X
Zn ANEAEACVE R, AR B ARE B vl AT e s
Zn RILHASF R B RR, Hi FI. F5. Fé6
ASFENE Zn FEIAL R IE 50% A _E, 43510k 55.42%
64.94%. 50.28%; JHILXTAIAZH A Zn B RUR
HEAT SPSS vl LSD KBl %0, B F4 4h, HAR%
MPEE CK 2 MR EE (P<0.05) o L5508
LA, SOOI IBW B8 RS 1F) FS AbFEX B
S8 Zn RILH AR R Bk e



210 Al TR 2A 3R

2014 4F

RS FRAMBALIEEENEEERE Zn MESEK

Table 8 Morphological changes of Zn in different passive material treatments before and after composting

T AZ 4 Exchangeable speciation

)5 Reduction state

44k 2 Oxidation state B2 Residual state

SR Zﬁ:ﬁfg ik v id S BECR i Vil it v M 74 I3
Treatment period  Mass fraction/ Distribution Passivation ~Mass fraction/ Distribution Mass fraction/ Distribution Mass fraction/ Distribution
(mg'kgh) ratio/%  effect/% (mg'kg") ratio/% (mg'kgh) ratio/% (mgkg") ratio/%
F1 bin) 84.16 25.30 - 199.60 60.03 26.54 7.98 20.22 6.08
5 42.92 11.28 55.42ab 247.36 65.02 43.40 11.41 18.82 4.95
m HERT 36.17 7.08 - 309.56 60.58 40.56 7.94 78.48 15.36
HEJ5 41.72 5.80 18.08¢c 445.60 61.90 99.44 13.81 79.36 11.02
3 HiH 156.32 34.63 - 208.76 46.25 32.26 7.15 29.42 6.52
5 140.96 29.90 13.66¢ 289.48 61.41 57.36 12.17 22.17 4.70
F4 HEFT 133.12 21.78 - 314.08 51.39 103.66 16.96 34.89 5.71
iS5 154.28 25.51 -17.13d 378.40 62.57 77.16 12.76 43.02 7.11
Fs i 56.60 8.87 - 318.12 49.89 119.40 18.73 70.33 11.03
He 5 20.12 3.11 64.94a 492.00 75.59 125.00 19.30 48.15 7.43
F6 HEFT 31.75 5.41 - 324.88 55.39 85.64 14.60 57.82 9.86
iS5 13.77 2.69 50.28b 380.96 74.45 65.08 12.72 56.95 11.13
HETT 28.41 5.59 - 299.88 59.00 76.67 15.09 65.69 12.92
cK iS5 31.49 5.60 -0.18d 356.32 63.38 114.24 20.32 39.94 7.10
2.5 AEsEUMBIAERSREPESRE CIHEE  SOEAH L.

ARV ARG A T HEE AT S B4R Cd
TR TN (£ 9) o« I Cd IR
BAKE, IR EE S CK RIBLH K
HOH R AR LSS, WIHEARSS R, mIac#ids Cd
M Hbk Fo AMLRMEISH T PR, 524
MR A B FRIEA Cd e Hus ik L
HPTHEm.

METER Cd M FCRE, HALERAE, B F6
HNHA B AL IR 2SR Cd A3 Bl R4 AL, Horp
F1 AbFE MR, 5 32.7 ANE 40 F2 AbFEY)
W JEA P ECR BTG 12.79 DN . AALA. Rl

MRz Cd B A, R FL. F5 1
AL (O30 94.67%- 87.36%) T CK AbFE
(73.07%) , 1 F6 ALFXrf A2z Cd B8R
H-6.90%, LIS NG ) F6 AN ] A2 #7s Cd
HAFEWAER o ik ) ] 28 #2584k 2 R gk 47
SPSS Ziil LSD ¥, F1 5 F5 20 ZRBALE,
HFl5CKZEZRE¥E, F5 5 CK ZR-AEE (P
<0.05) , HAtbRE I IX N FI>F5>CK. LSD J7
ZOMTaE RN, F1 W SCREE ST CK (P
<0.05) , WASIMAE R F1 BN B4R Cd %
TR AEDC R i () A

F9 TEHAMREHEFEEERE Cd BIESTL

Table 9 Morphological changes of Cd in different passive material treatments before and after composting

A E R S BRIt A
e HURE Hﬂf}i}] Exchangeablg speciation Reduction state Oxidation state Re}sidual state
Treatment SATPHNE  RHEAE  RCE  WREOE  REAB  ARE  BEAK ARE  REAK HRE
period  Mass fraction/ Distribution Passivation Mass fraction/ Distribution Mass fraction/ Distribution Mass fraction/ Distribution
(mg'kg ™) ratio/% effect/% (mg'kg™") ratio/% (mg'kg™") ratio/% (mgkg ™) ratio/%
- HER 0.035 34.54 - 0.03 31.22 0.01 10.76 0.02 18.19
5 0.002 1.84 94.67a 0.06 62.43 0.02 16.69 0.03 25.01
HERT 0.008 7.43 - 0.07 56.67 0.02 13.37 0.02 14.37
F2 HE 5 0.004 3.72 49.93¢ 0.05 43.88 0.03 28.84 0.02 15.09
HiEHY 0.082 61.78 - 0.04 33.32 0.01 6.20 0.01 4.68
3 5 0.060 46.28 25.09d 0.07 51.70 0.01 6.36 0 3.52
- HERT 0.030 27.39 - 0.04 38.54 0.01 11.70 0.02 16.87
HEJ5 0.018 14.41 47.39¢ 0.07 53.53 0.03 25.50 0.02 14.36
Fs HERT 0.028 16.69 - 0.08 45.74 0.03 16.38 0.03 15.24
5 0.003 2.11 87.36ab 0.08 48.79 0.05 33.90 0.03 17.24
HERT 0.004 4.06 - 0.05 50.21 0.02 20.19 0.03 27.04
F6 HE S5 0.005 4.34 -6.90e 0.07 63.73 0.03 28.70 0.03 28.31
HiEHY 0.011 8.17 - 0.06 45.93 0.03 20.12 0.02 15.86
K 5 0.003 2.20 73.07b 0.08 57.62 0.04 28.78 0.03 18.30
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2.6 RIS HEARIR L M R A9 S0

ANTR) b B ME O3 P AR AL T ] 2a T, Bk F3 4b,
HARKAE RS EdE (=501C) , HElRrg:
R AE 5d B L, MEARRTIA T bbeiE. H RN
S5, F3 10 pH (HIG A A THR/KY, 5 5
JE = T . AL F4 1) pH EAE RS 6 KITUh L
Th, BRFBEEEFRI ETHAE 8.5, HABANTE pH {1 7r HE
NEgh A 2] 8.0~9.0 2 i (K 2b) o MIE 2¢ 1]
LA H, AEEF3. F4 SR —HA TR KT,
39k 9.48, 7.02 mS/em, AFTHENEE R, (HIL

iR
Composting temperature/ C

---F3 —CK
10 w4
5
0 1 1 1 1 1 1 J
5 10 15 20 25 30 35
1} ) Time/d
a. HEALIR L

a. Composting temperature

IS
Electrical conductivity/(mS-cm™)

10 15 20 25 30 35
I 1) Time/d
c. HiiF#
c. Electrical conductivity

RAAE PR HE ARG RIS FRETE 1.72~3.24 mS/ecm 2
TR N 15 w1 K a7 B2 S S O S E S < R
4.0 mS/em™ . IR JE B HE IS A R R
ST ER R B EAN RN, R FR
GLIAE| 80%~85%M], IXFPHEAL I 1 LA A 2 BT
W PE 2 U HE AT A 5 SR AU AR S e
F2. F3. F4 4t (F 2d) , HAAPER ZERIGHIA
F]95.11%~131.49% [a], KK AN F6>CK>F5>F1,
U4 MR ) 2 AN B (P<0.05) .

95
9.0
85 |m
q_) ::
=2 80 Y
T 2 e
GRS

5.0 1 1 L 1 L L )
0 5 10 15 20 25 30 35
I 1) Time/d
b. pHAi
b. pH value
180 ~
160 +
140 + abI ‘
£ :
E 10t l a
= £ ab
£ =100 _abT
X2 J b l
K= 80 H
=
5
o 60 H
40 H
c
20 H
c
0

Fl1 F2 F3 F4 F5 F6 CK
Ah B Treatment
d. KEFFREL

d. Germination index

H: Fl. F2. F3. F4. F5. F6 ARG 3%, TORREFFR, TefE7eik, FIAEWIETERR, JBW AEWETHIR, SORMIE, CK AANRIEHRIEEE.
Note: F1, F2, F3, F4, F5, F6 were added wood biochar, corn stalks biochar, peanut shell biochar, FJ biological humic acid, JBW biological humic acid and peat

treatments, CK was not added passivation material treatment.

B2 TRRESEACHBHL 322 3 JR 32 AL R 8 %o

Table 2  Effect of different passive materials compost on its physical and chemical characteristics

3 it it

I 3 A Ak B A T 1) AR A VA HE AR
JEAEEES% . W, MR EE Ik
£ 50°C Lh_I HFpLEm R AE 5~7 d, HEARZE R pH {4
FUETE 8.0~9.0, AEEH FHME 4.0 mS/em, H

Tl 7% 28 R IEH0L 80%, BIIA Ky HEAEIA i BubrvEl 7,
AR F3 A RA s, S AN
45.14°C, H pH HZKIFEHR N 5.41;: F3, F4 b3
P PR RN WA EAE 7.02~9.48 mS/cm Z
(), SRR ARE F2. F3. F4 IR K
ERIFHARILT] 80%LL L, o F3 AbHALH



212 Al TR 2A 3R

2014 4F

0.47%, UtHIt 3 Flid BEHEADSS A5 05 a4 B A
Bk, PIHIREIERK . SRR FHIERE, WNINAFEEL
M RHME B S, F1. F5. F6 FI CK AbBE A A S HEAE
J&§ bR .

HENE G g AR R S LB S % )
IO, KR AP AR R BN, 5%
Wi 2 4 IO RENE . SRS MLAE AR AL RAL 200,
4 B AR — 5 4 8 70 RAE BT DL Fp
BT B TARAE RS2 b TP, BN 2548 7 Jmke
FEEBERD N 4 B, WIS CInmRIR & 45

B RS EBREEAYS AN
APED MRS, BB SIS
PR s AT A R A A A>Tkl AP
WHRRY], EEEESEE2IH, W2 MEEE
SERIE TR, BB, 2 MRS

WIFEERSS, 1E ARICIE R &M A GRE, REK
WRCELETTRRIT, A S s>,

AR, AV RUE R RIS T RE o) 2%
o I h S B TR AT AT AP, YR A
ECRFLBR R LR AR, SR &FP I (A R i 2 7
Yo ON LA O ARG s 9 = < | 411
Mfe S, PR L RS R ST &, K%
RE SR A SR, R & H 2 Mahe
B, WORIE, BERAL. MyFRIL. AL, BE. M.
M, DR EAIR S R NS, Rt S E
LR E T RAEWM . SEEEH, FRRRA -
4 B4 SO B 1 R ) T 4 B IR
WAL BT BAT IR K™, AR F B R
FRIXIAF E 4w A A FREE s, e fEBiiets
BRI RS BRI E . AT, WIngE A7 5 1)
F3 AbE 48 Cu MBI RO R UT, 1% 65.79%:
TSI T K FEFT R 1 F2 4b BEX 5 4 Pb I BIAL 25 R
U, 3k 57.2%; ¥ IBW AR F5 AbFE X}
)& Zn MBI SCR B, 18 64.94%; SIS %
1 F1 %) Cd BRIk 94.67%.

SERRA RIS R, BR T 2 AR HEAE
JE% 0 B 4 SR A R R A, BEARE R R B
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RNV RBERE . SR B 3 75 e, AWk
Bl HLAEE N 38 )5 e 3s n L 3EE p . $e et
HEAE Sy AEAVEYIIE S, TR I T FRAR 35 T 4 A
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AR SRR, 2 (e AR R T e
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P I R PR ISR 2 RA G VG Y ). A 8,
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Passivating effect of biochar and humic acid materials on heavy
metals during composting of pig manure

1,2

, Cheng Hongsheng'
(1. Chinese Academy of Agricultural Engineering, Beijing 100125, China; 2. China Key Laboratory of Energy Resource Utilization

Hou Yueging'*?, Zhao Lixin'?, Meng Haibo', Shen Yujun

From Agriculture Residue, Ministry of Agriculture, Beijing 100125, China; 3. Agricultural University of Hebei, College of

Resources and Environment Science , Baoding 071000, China)

Abstract: With the rapid development of animal husbandry in China, proportion of large-scale farms is increasing.
At the same time, animal manure has largely produced. The soil heavy metal pollution caused by use of manure
as organic fertilizer, has seriously affected the quality of the soil and agricultural products. Some of the
passivation materials can play a role to immobilize heavy metals. But, issues on use of the passivation material
exist, those such as relatively high cost, difficult to obtain, low passivation rate. To better use animal manure as a
resource and reduce its environmental impact, and to explore different passivation materials on the influence of
passivation effect of heavy metals during manure composting process, a series of composting tests were
conducted to study the effect of passivating agents including biochar (wood biochar, corn stalks charcoal, peanut
shell biochar) and humic acid (FJ biological humic acid, JBW biological humic acid, peat) on the status of heavy
metals through composting. Seven manure mixtures (including a blank) were composted over a 30-day period in
an aerobic composting tank using the same source of pig manure but with different bulking agents. Parameters
monitored over this period included temperature, pH, electric conductivity (EC) and germination index (GI) to
evaluation the compost maturity. The content of heavy metals in various forms before and after the composting
was also determined. The results showed that peanut shell biochar (F3), corn stalks charcoal (F2), JBW biological
humic acid (F5) and wood biochar (F1) were the best passivation for Cu, Pb, Zn and Cd, respectively when
exchangeable heavy metals were used as an indicator. The passivation effect on exchangeable heavy metals (Cu,
Pb, Zn and Cd) as compared with the control was reduced 65.79%, 57.2%, 64.94%, 94.67%, respectively. The
effect of these four passivation treatments on exchangeable heavy metals was significantly better than the control
treatment (p<0.05). On the other hand, the treatment of peanut shell biochar as a passivation material (F3) did not
reach the standard of compost maturity. The value of highest temperature in the compost file of peanut shell
biochar treatment (F3) was 45.14°C, and at the end of the composting, the value of pH was 5.41, EC was 9.48
mS/cm, GI was 0.47%. The low germination index indicated that immature compost may contain phytotoxic
materials preventing seed from germination. In this experiment, JBW biological humic acid treatment (F5) not
only showed better passivation effect on Zn, but also exhibited good passivation effect on Cu. Pb. Cd (47.78%,
47.54%, 87.36%, respectively). In all, taking into account of the effects of compost maturity, compost quality, and
different heavy metals, wood biochar, corn stalks charcoal, and JBW biological humic acid can be used as heavy
metal passivation material for pig manure composting. The use of these passivation materials created conditions
for use of the manure as a resource. This will help to reduce the environmental risks of heavy metal pollution
when using the manure as a source of organic fertilizer.

Key words: composting; passivation; heavy metals; pig manure; biochar; humic acid
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