EwEFeM
2012 F 11 H

FREHEREHFR
Agricultural Research in the Arid Areas

MERIEEFFEAHETRES
MM ERSHNEL
FREK W5 OEKSAE A FRE RER

(FELRAH SR IR0, B B3k 712100)

OB UEBAREEME UEARARAAEN FANTRERHN 0%.2.5%.5.0%.7.5%F 10% B
BREAATOIFERE, FRTTRAABRBEAAELAEREIEY Un R B FRASGE LEHARMEER
RTFREHNDN, SRRV AR ANEL BRI EEHREATEAN Y MM, EDTPARRE Cufe
IERLEREAPEHENLANESRER, EUBm SR ERR AP E. Sposito 5B AL E T, EHKRF
Cutf % # 45 W % Cu- NaOH> Cu- HNO, > Cu— EDTA > Cu - Residue > Cu - KNO; > Cu - Hy0,Zn £ # H & k. )
% Zn - HNO; > Zn - EDTA > Zn — NaOH > Zn ~ Residue > Zn ~ KNO; > Zn - H,0, B # 3 & b} j&@ #9 & K , Cu - KNO; ,Cu -
H,0.Zn-KNO, M Zn-H,0 B X EF W AU EHR K, ECu M Zn WARBIN ERAEFRLAEZHEE
RAK, EERATHRKEXU MR BAAEANGERH THR AL WH AR IR EARERALS%
HEZmh, AR AN BRABLEARERTFEARETURK CuZn WA A RR, EXREABB KM ELER

Vol.30 No.6
Nov. 2012

FHRFEWH B SOBREREIREGENF LT

KA MHEKGER FERE R 8 LERS
hE SIS Si41 .4 XERRES: A

REEEFH M 5 8UE 5 m KA £ A1k
KEFAEMER, ~FTHAIFBAEEFREGHAMN
REIRTEMER  ERTHREAEDRTKEES,
MET LHABEEAgwEHY, B—FE,.BES
ER VERER MR E AT ZEA BEE S RE
TELRSBLAREY. ESEAEELRBRNE
BRESHEEFYRBEEEHTREBA, WK
AR L BEEZM T KELBIERFIRER
B, EEEX T HERLE, HEEERC,

HTB/MEFILERY SR EER
BRE, FEEESAMBREERREMNARKE
BT, A KD A KRS R
KU-8 g +10% | DU/ B YA R A SR B K
B, HBRETAKEEABNANARER. BXNES
KEPESRIFTHEYARMEL L, BRE
U NmBEXRTRMA R AE 0L RG B
WK B B EERIE ST, SR EX
Cu.Pb.Zn MIEHLEE 1. XIMERZEUIBFSE T % ok
AOsRARERENERIFEEELEPEEE
ERMEW, RULKEIELRE E2RBEYE N
FEAK, B4 /8 Cd.Pb F1 Cr ROB (L& 1L K it &

W 54 B X8 :2012-06-15
B ETE : PeTEH WL B % B (2010K01-01)

X RS : 1000-7601(2012)06-0186-08

AR 2.5%8AT.5% AL T.5%BHREA,
B EHRERTR, BRMAR M HEETHE
SRBABRE /e, 2858 0 s s as
BB AR B 10%, BREPRLEEE TR P
BELBHABREL, FRAGEM LR —Mék
7RI VR I L 451 B 5 ), X R 4 A R U o E W E
AYFEURETENTRERSY . BAREKREN—
MILVERY ASEKENEHE, FAECETE—E
BHELR . ZHRMIEREPHERER, NATRESS
HREERESBREREEEYFH FREE >4
Hl4S80 s RAZBIMMBRKESBEWA R
HHFEE, DABELS BN REZ—,

R b, ABE I AN 36 R AR JE A R, LA ERFE#F
o g VR, 3R R B LE B B4 b B R AT S S AR
it A F BRI B LB CulZn
MEE ARERRAELSTLNER, FNFF
HRBHRENARE, e nEKERRT
FHESBIHBEMES, BEXNSERELFER
FEREMEEAMANESLERIEIRESR
Btk AR A F ALK .

EEBA - FRE(1977), 8, Iﬁéﬂﬁiﬁﬁ)& PEOH, 4 FENESRAEBE H EAPIR . E-mail:rh.lee@ nwsuaf . edu. cn.

* i {EEH 5K IM IR, E-mail : zhangzqS8 @ 126. com,



Eo $§§$%:ﬂﬁﬁﬂiﬁ%ﬁi&'i?ﬁ%ﬁﬂﬂﬂﬁ*ﬁﬁﬁk%%?&ﬂ@'}%k 187
1 M5 FE SYE TR EIEFR YRR < 1.0 om, FET
. etk A K% 65% 247, 4 HHEARAL S 1 b HE 2 Ab TR

MR R Ie % B | SO, w AT IR B R
BEERFEBERNE. HRABRKEXRAD
MEKEH, BBREBRRZ <5 mm B R ERFHE
M EFEGERTLERFEEMEDWH XS
RT PP s , B3 R (w/w, L TEI)
H12 B HTHES, FETERR LFNAR
H#(0.2.5% .5.0% .7.5%F 10% ) KB K, K iR

3 4MLES, REEBEYH ERHEALER
BLa% , AT HHE 90 d BRI, & LB T HEH 1.30,
60 d 190 d J& KA BURF AT SE B IR R E Y LR
5, RG & SB, REBBKA 1 kgo HaniT LA
%, —HF4CAHE: R BT HOCKREBRTE. &
BBk P BEEE L 100 BE MG &R, AR
YR OMBERRRE 1.

#1 MICREWRDBEER
Table 1 Properties of composting materials

EREOH BKE/ % HFHE/% 2%/(gkg™) 2R/ (gkg™) H Cu In
Composting materials Moisture Organic matter Total P Total N P 7(mg-kg™") /(mg-kg™")
¥%% Swine manure 78.89 73.01 15.13 29.82 8.37 1175.22 2173.56
EXHEH Com stalk 10.07 94.18 1.14 1.14 6.75 3.27 22.02
B K Flyash 0.52 E 3 k] 1.698 E3 8] 1t.67 11.03 66.39

1.2 U\asE

H3r Z - 5000 B4 By — KGR F R W5 N0k
Bt ;B pHS - 3C M it; F# DDS) - 318 &
1 5 #{Y ; FOSS TECATOR2300 %! & & 1% ; SCQ - €52
AR D 8847 ;SP2 - 2100 & UV - VIS 43 366 3t
6500A %4 K 48 Y6 B 11 s Milestone 1 T 450k 1 @ 0 o
1.3 EHERMEHE

&K% EC.pH. W R . 2B M LB €
SECR AL ERASH T ED H#T BTFR
ERMEFERB(CHMEN , EERNBLE RN
—EERERSERE R REW L 1:3 B HBImA X
BFK,ZE25+05CTFHRFHA4RGEL, B LEHR
i 0.45 ymBEE, BREBEH, REEELE
SEBERKENEBERLD, FE—KETKEH
EHEEEE, WOHBA0KEREERT,.RE
FEEAE E/NCIMA S mL W, EEFHEP 25+
0.5CHi# 9% h W EHBESEEMNTFREFRA,H
AR, BRI R DA 2 B KA HE AT BB MRAR D R

B, #FEAFRB(HBHRAKXN:
REHLB(C =

HERE AL TR I R AP T F A x FHRK (mm)
st BB & F R FFHEE x FHRK(mm)

Cu.Zn B8 2 JR 7 W W 53 Y6 6 B ¥, DTPA $#2 8L
A Cu.Zn WIRES WX, Cu # Zn BERAT
B ¥ HNO, + HCIO, ¥, CuZn MIBE B K M
Sposito LTI MM E ALK 2. AT RRHE
Rt ESRNFERSTL AESRPES
WESSRER DELZR XESERAERE=(X~
N/ BERBRE) x100, HP: X -28HH8 X -
KNO,.X - H,0, X — NaOH. X - EDTA. X - HNO; I
X - Residue; BRI BRI EH W AR, R
MEHRE=RFT. AITREEZESRHIE
GR, AELBAEARESGABRARY, BHX
FATHERMEW LR ETHTEEOER, A
BB EIW R A 98.72% ~ 101.09% Z 8l F§ Spss
18.0 MR A TREMEEHTEERRE,

$£2 EERESIED Sposito RIWHMIERH

Table 2 Experimental conditions of Sposito’ s procedure used to determine various extractable forms
pe po p

$B] B REEN ES 31

Procedure Reagents Extractl condition Forms Labeled
1 0.5 mol/L KNO, 16 h A #: % Exchangeable X - KNO,
H,0 2h, 3K BB & Adsorbed X - H,0

2 0.5 mol/L NaOH 16 h B HLE A Organic bounded X - NaOH

3 0.05 mol/L EDTA 6h WML 4 &% Carbonated X - EDTA

4 4 mol/L HNO, 16 h,85C 7K ¥ Water bath HALY LS 87 Sulfide bounded | X - HNO,

5 # HNO,;/HCl/HF i Degistion H#EZ Residues X - Residue
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Fig.1 Temperature change during composting
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EYIIE T R E LD, SRR AR, FBOR AR E
W F+ 2 70C, HHERFE SOCUA ERA—FF, H
Bl THIER, K EREE, FEXREAR, &

B R IR W T MR, A 7E 35 d Ja AR IR BE B ST
RER HELBEAER, AHAREN, 1
Bt HEAE AR TR S| S0, RURIH K, BENBRT X
BHAGRKAGKHERNREA EE™ G ERHRRL
HRaENSH. XRVINBEKRAEXEFRARSE
HE o BRI #E4T

B3 I, R K T e S
KEXALHBE W, —BAN BELERPES
MEMEKNRE pHEEES.5~8.0 ZEM,
43R 1 ik R pH BEE M SR EI AR M 8.35 BRI
B 7.74, 10 H A I 0 7R 5] b 4] 83 42 K B A 3 o, pH
ERHEBRMYE, £8.82~9.172ZH ., XS
BB EERERAERE R, SLEST ECHER
HEme s, /N 2ERBRERNES . REEHR,
U] RE 2 1 FREE AL B B M AT, AR PR
VYIS ZEB LYY b, AT R ECH R,
C/N FRARUS-171, 55 5F o T B8 o F 4 48 JK bL 41138 Jn
YRR GE, H ALY ERERE
0 K L A0 388 hn i 18 , L X R 4R A BE B B K
RARBMmMAEMARE, X—-HRERLE5K#
IR 4.09% A 5K T AL B B9 4% o 347 3 AR i 72
i EC M —B,

543 1 HET R, FIRERKE, ERERMNT
K ZF 48 BB B KO B K % 3% T BRI, X B
B 5% 338 IR b AR I Y R O K R RS ) &%
BT & — R RS R R SR
MATESHEERMAENE.
2.2 CuZn 2% DTPA RSN EL

BEFEP CuZn 2B M DTPA #RREH T/
W 2. BB 2 915, BEA S AT K,
K CuZn EBZ W, ¥ K B 0 1 hn 2
10%,% & Zn 2B H BW B 739. 17.722. 81,
707.16 692 .06 mg/kg 1 678.08 mg/kg 3% N %] 90 d
JG B9 871.78.775.81.747 .88.737.88 mg/kg #1722.59
mg/kg; K Cu 2 B B B #I 1Y 393. 87.384. 51,
375.20.367.21 mg/kg 1 359.13 mg/kg 3 I B) 90 d
J5 B 427 .83 ,422 .47 414 .07 ,404 .08 mg/ kg 1384 .67
mg/kgo MK Cu Fl Zn S EZEWH MK FEEZHE T
BiE R R R, ALY EEEHRY LR Co,
KT BB, FEEE DS Cu 1 Zn B “EE"
s8] {H BE % % H) ) B9 RE K, DTPA R EBUE
Cu.Zn JT &5 W9 LU B 0 B W o /> o BB B B 1L K LG 391
¥, H 4k DTPA $RELE Zn HE VA 20.82% .
19.38% .18.74% \17.72% F1 18.82% MK %) 90 d /5
f) 18.89% .17.34% .15.17% .16.96% 1 18.19% ;
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Sk DTPA #BUE Cu BB 33.93% .36.27% .
39.47%.47.38% F 45.52% B 21 90 d J5 &
22.29% .24.63% .8.54% \17.70% 7 21.28% . X
R TRBFAERELLE, BEESBBHL, Bl
DTPA # B 7 Cu M Zn A7 5 B 1 &) W & ¥ W

JNLSTL19] s b R R 4 K L 4 3 4 R DTPA R IR
Z CuZn Br 589 HL B, BT 0L LAGR N 5% B 4% 3K & 4k
3 3 o, DTPA A Cu.Zn FF & B9 LB B0, RO
RN 5% B3 HE K X K R g S it iR o B P g
& Cu 1 Zn MBI BOR BEF o

%3 EEIRNEGCBAEROETL

Table 3 Physico-chemical properties of compost mixture at different treatments

giig::] x¥sd BKE/ % H EC AULB/% P -
Treatment Duration Moisture P /(mS+cm™1') Organic matter

i B 1 66.47 8.35 2.11 76.26 24.50 0.02
Treatment 1 % 22.78 7.74 3.74 69.00 17.64 1.12

i 2 1 60.43 8.84 1.90 73.45 25.42 —
Treatment 2 20 44.92 .82 2.13 62.46 21.46 0.48

4h78 3 1 62.55 8.90 2.1 70.31 27.93 —
Treatment 3 90 49.33 9.17 2.13 49.43 20.26 0.48

4hEE 4 1 64.86 8.91 1.80 67.64 30.26 —
Treatment 4 % 36.22 9.01 2.60 51.05 20.99 0.19

b s 1 57.13 9.14 1.69 66.45 38.04 —
Treatment 5 %0 34.51 9.10 2.38 47.17 34.17 0.16

W RPHERGIAARELS KA IREL. “—"RABATERBTHER.

Note: GI was repeated 4 times and other indexes were triplicated in the experiment, and “—" means no germination was found.
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Fig.2 The change of DTPA extractable and total Zn and Cu during composting
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ME3ZAIUESL, ERESES ., ZIn FHES
EeB R Zn - HNOy > Zn - EDTA > Zn — NaOH > Zn -
Residue > Zn — KNO; > Zn ~ H,0, # B3 F B} Zn
- KNO; 1 Zn - H,0 LIS HERZ A Z MER
FIAL 3R & 5 #E 95% LA L, Zn - KNO, il Zn - H,0 &
BT GBI /N T 2:5% , H BEE HE AR X B0 A4 5 i
I Z# T B, AR AP ZE Zn - KNO; #1 Zn -
HOMHKEIARHE, BN SE T, 48 1% Zn-
KNO; # Zn - H,0 W W B M XT38, 43 51 7E 0.78%
~2.45% 28], MEHALES Zn - H,0 KM HH
PIETF 1.17% . AR ZE Zn - NaOH 1 Zn -
EDTA S LA EMERF AR, EEANHEELE P
4+ HHE 10.11% ~ 10.77 % F1 52.48 % ~ 50.88 % Z [H]
Bsh, A — @RS FfE R BT,
Zn - HNO; 75 BT o5 L B 3% #i BE 4K , Zn - Residue 75 F
oy Lo A — e BRI,

BEME, SFABEA R G, B Zn - KNO,
MZn-HOo SIS HAESHHAES Inth &
BERMLE, BB 89% Ll b, 2 In FEMNEE
A SHEERAL, ¥R E Zn - KNO; . Zn - H,0
Zn - HNO, 25 B Lb 61l 2975 B F B, T LR B A5 60 L 4
WA m, 83 2 Zn - Residue &5, R H & 5
In SEBEHH 1.39% ~3.13% , RGN 3.18%
~4.08%, GAKE, KRFEMEARN 5T, HEE
BR{E Zn A B EH T BREOTES K.

2.4 CufLERESHEL

ME3HELAEW X Cu T E BRI RES, Cu
BI% FTE 2 Bl 4 Cu — NaOH > Cu — HNO; > Cu -
EDTA > Cu - Residue > Cu - KNO; > Cu - H,0, 7E %
A 3R B P B BX, Cu - KNO; 1 Cu - H,0 2/ EL &
ZFHARRE 10%,18 Cu- KNO; Fl Cu - H,0 SH L
51 343 5 B B 3 A B[R] E K T % 87 b B &, I
AR 3 SR, XA AENE, Cu - HNO; &
i) H 3T L 7E 24.01% ~ 28.13% Z 18] , 75 Bl HE AR
RF (8] ZE K T 2 BT /D I #a 2, Cu — NaOH 5 5 1E
B B A, B ATE 48 .54% ~ 52.86% Z 18] ; ifii Cu — ED-
TASK LB NE 7.64% ~9.30%, ~ & B M Cu-
Residue 5 — B EH R BIMERK, A —EBE
fI3 0, 1878 4k 8 B 55 VR A K B LG B 22 18] Y O
EAREE,

B E NBEE Cu B Cu LBIEE, £ 4L
BALHERAG, A Cu TEDRL Cu- NaOH &,
Cu- HNO; K Cu-EDTA BN F, =ZHZ ML &
Cu [ A 35 35 909% LA L 5 3k JE J5 45 Ak 38 vp R B 5 70
AR Cu HM Cu LB AT M. Ak

BAEAS Cu kB2 E B KRBT,
REGHERESHEARER FEEANNKR
& RIS A BB RS RN E,

3 W ®

M L, A—KEERFEELRBEKER
HINEEN ZAHR, BLFEREEPEERBEKER
R EFRAR, BEART S, ARHEEKZ
] &%) 388 (HE ] 1 d)DTPA 2B Zn F1 Cu MI¥E BE K
FERBEA, HEHKHWAIKMELRANE , TEERH
T o200 Aoty AR L 35 A0 1B 50 e AR TIE B 2% P
(R 0 d), HEFT5E% 1 d PEFHRIE RER G H
THME. 7E5X 1 d FHREF IR RS, BE YR
HER EEAEEARAEHEL, EE2RETEKX
#8210 B DTPA LA Zn M Cu W E R4
T—EBEYE, FBUR KM (MR 1 d) K DTPA
REE Zn 1 Cu W EKTFERB K, 7o, %BF
FAPMEHEIRA YN — B R, S
FIFp K RIS IKE B, 0] GE & 2 v AL A
By AFAE P PR R SLBRE AKKY
BEE FHIYNRERERERRR ANTIIBEES
BRI DTPA BERAKRE N TILEES - £
S0 EAAAE EHREHIBPHERLES
JB Cu F1 Zn B 5 ¥ 55 4R35 38 TH 355 B9 A X 3 45 800"
A RS LI R R g [0 100,

HAREPNES R ISHABABERER
R Ak 2FE AL T R AT R4 i S R LA R L2
BE, E€ENAENEER T 5SHAEA XN,
EAREFRRFHEREN RSP OIS,
HrEcEEBEARBEPHEB LT N BERE
HRAEYFEED, FREEACIRPESRES
WARAL, T AER EM AR N B SR AEVA K
HwEE?, ERBESROESHISE 8F X -
KNO; Af1 X - ,O0 AR B EBEYRKMWIES, /K
SERREAYERER KR, PEYWEEMEER
K X - EDTA &%+ pH {H 8975 {42 U , TE R Y /A4

CFHEEBR, MR YA R Ak X -

HNO; B R X -NaOH S F EQBRELRBRHALYN
EESEMENESEANELSR, BB ENE
;X - Residue SREGHETFIVYREBPIHNELR.Z
MK MR BB AR S BN AP &, A
PR B BB, BMET A, X - EDTA, X -
HNO; &% & X - NaOH I HEtE R B KK K, X
- Residue AR BE EEHEMEER, 250
2238 3 17 HE 3% P A IR [ B 4 ol R BEAT i IR
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ARELE  ZRABEPESRE Cu M Zn HESE
ok S0 B At 2 3 112180 g 47 0 2 aR 35 R 0 R AR
KR REREA B, ERELEP, Cu BN
Cu- HNO; % .Cu - NaOH & & Cu - EDTA H X £,
Zn LA Zn - Residue 7 .Zn — HNO,; & .Zn -~ NaOH & K&
In- EDTA AR ¥, BEFEEELIBRPR, X -
NaOH &M X - HNO; W AN Zn > Cu, 1T X -
NaOH M X - EDTA A HBW K Cu> Zn, X5
Amir OHT WG RIFEBMWBF IS RA -
AEPFF X - KNO; BHIHHHR Cu>Zn, T X - H,0
A A K Cu > Zn, 355 5 3 AE I [E] ) HE K 2 ¥
B, X—HIRERANE SR NHALERAY
&, Hsu U B47 0 G 3R IE BT 18 SR B 2
# Zn - KNO, 21 Zn - H,0 ZRE(FE 3%) , X H
ARG R —BH Heu 0% Cu - KNO, B
Cu- b0 BRI HLAIMBR (FAMNARS5%M 16%),
XEAWRERAE —EER. RHFEHE, TEEH
FREXOERBERTHR. BRESED HHRMT
ARG HITHMEI TR, AR,
HELRWESNERBEK(Co- KNO; B7E 8.9% ~
18.9% Z [8] ,Zn - KNO; 7 0.16% ~ 4.8% 2Z [i]),
{8 Hsu ZUS B Setu 2 0, AR B Zn A1 Cu 3
U X-EDTAZF AR E (A 70%),X— K
5XAMRE—EER. EMREA EELTRP Cu
) X - NaOH BT G BB B, X - KNO, BT
WAL, T Zn MEEPL X - HNO, B X -EDTA B K
E,X - NaOH BT G HBIR/D. AREERMES
FD Amir SN RLERA—B. ERAEHR
ZRA Hu BRI RERFE—ELERNEH
A SHEERN pH A XY, ANBELRPE
SREENTAVELBE R, HP,pH HFMKH
KANERBK, HERERZREFEEEN
HEHEXER. B pHMNABERAZHRESESERR
e S # 4k, T pH MR 5 2 A K™, Hsu
U I ARIK R pH £ 7.38 - 7.85 &4, i A BF 5T
hlFHEMTRBEABREMELR pH £ 8.85
~9.17 2, 2R BBRFE. 5, B HRIKB
BHOESENSRR ELRRFEHRR,AHR
R HERE  H AR ES B EERE
1 B AR O F A pH T I B AR R A K
BEEMUZHBRESSERE WHESBRAELE. FH
B RRERERTUREERE pHE, REESRAE
RALRREL (B AR Eh ST R AR LA 1,
FEMWREP2HAN Zn HREMATIN 5.0% 8
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Change of Cu and Zn chemical speciation and fractions during the
swine manure co-composting with flyash under aerobic conditions

LI Rong-hua, ZHANG Meng, QIN Rui, ZHANG Guang-jie, XIAO Ran, LI Xiao-long, ZHANG Zeng-giang"
( College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: In order to evaluate the effect of flyash on chemical speciation, total content, DTPA extractable content
of Cu and Zn, and potherb mustard seed germination during aerobic composting, a composting study was conducted in a
pilot reactor. Swine manure was mixed with com stalk powder as a bulking agent, and the mixtures were amended with
flyash at 0% , 2.5%, 5.0%, 7.5% and 10% (w/w) and composted for 90 days in the experiment. The results
showed that total Cu and Zn concentration in compost piles increased during the composting process, while the percent-
ages of DTPA extractable Zn and Cu in compost piles decreased and showed more significant in treatment with 5% fly-
ash. The Sposito’ s chemical speciation analysis showed that the fractionation was in the order of Cu — NaOH > Cu -
HNO; > Cu — EDTA > Cu — Residue > Cu — KNO; > Cu - H,0 and Zn - HNO; > Zn - EDTA > Zn - NaOH > Zn -
Residue > Zn — KNO; > Zn — H,0 for Cu and Zn respectively. The Cu -~ KNOs, Cu- H,0, Zn - KNO; and Zn - H,0
content decreased with the composting time prolong, while there was no significant difference among the treatments. The
potherb mustard seed germination was strongly influced by the flyash adding, especially when the addition amount ex-
ceeded 5% . The results implicated that the DTPA extractable Zn and Cu could be greatly decreased by adding flyash
during the swine manure composting and the suitable addition would be 5% of flyash, according to the potherb mustard
seed germination test results.

Keywords: flyash; swine manure; aerobic compost; Cu; Zn; chemical speciation



