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IR0 AN TR I A2 9 SR HE AT A AR T AR R AT Bez — o F R 0 3R A 4 R PR AR
D711 RSN 5 | RN k=227 | B R DY @8 o 7/ 711 | AR/ N S 778 i 711 B [ SR B o 18 s
HEAR pH LA 5 K A ZE MK . B =08 (NTA) & —Fh &A@ =ohsmig?”, NIk, aen
Tk, KM E A T 5 NH, 45 &3 TE BINH;, /b &S LR MR FZBA, HEA R0 AT
REfgbES, KA SERAESTEY, TAESKE . 54, NTABREE U A —RERA
FA TR) B, 3 AT DA b 70 M A 1 e T A R0 5 R 2 T R R0 R AR A R R0 R NH oA B A A o s
Sy SRBINE/N, MAEEL . T, AU NTA FERAME RG], 0 58 ok > i S HE e
SRR R A B S BRAUR s RN, G BFSY NTA G800 A AL B AL 5 5 e B A T 2
JER M, FE— 25 o A HOG G AR HE RO R AR R R s, DU Ok e O R AR R T 2 A SR I 25
5%,

1 #MR5E%
1.1 LI

S PRI A T P S A B B 1 OERERIEULILR
KEFFWETF I RESE, R=2RBEAILE Table 1 . Physicochemical properties of raw materials
FEM L3 BB BRI M BT AN 1 B PR FOKE%  TOCKmgg!)  TKNAmgg!) CON
12 SSXE 51 85.24 575.62 79.40 7.24
HENE S 0 2% A i B 2%, AR RN FRERFE - 856 435.24 8.92 48.78
5 K6 R (700 mm=330 mm*330 mm), &AL H=zm 004 37636 73.24 5.13
K TSL, FARIMNFALEE 3 em RIBH, BARES
PR ARAIIE | I8 T S 1 B R S —T— |
H TR, UK I ] RS min 1 T s eon

25 min, BRESE M 0.2 L-(L-min)t, T9 #0382 4K
G R 3 2 AT T TR V5 AN NaOH. 4 YRR ) 4 T
e BfosBEEWE 1R,
1.3 ZWHE

PR AR5 EORTE AP H R L 6:4 7R
&, WIRIRG YN &K ER 55%~60%, kA .
H20~25; RT3, B E L 15 ke. E1 ERREETEE

ey

. Fig. 1 h ic di f i
/H\ '43 2 {53\5}51"] Fﬁj]l] 2.5% il 5.0%(5 %*4 q: 1g Schematic diagrams of composting reactor

) INTA, 08 T1 A T2, %6 3 RIRIE Y5, Bk CK, IREHSE, PR,
FEHEARZE 0 3, 7. 14, 21, 28, 35, 42, 49, 56 KHUKE, [RIEFHEAT AT BIME . 43 500 2 B &
B pH. 7 K% (MC). # & & (NH}-N). fif & & (NO;-N). A #L A (organic nitrogen). A&k Hl K A
(TKN). A HLEK (TOC), C/N. HL 5% (EC) MFh T & 248 %L (GD).
1.4 SHMRTE 55%
HERE DAL, AR T 08:00 FTHE 1 20:00 Xt HEARGEAT 22 000, SFIEC O Y KRR, &
K R LR T8 s 2 O fd 1 2 mol' L™ (19 KCLYAWE , ¢ 1:10(m:v) (14 HE 51 DT B 3] 44 AE 5 v 42
BURRM T i HEB TR, 3 1:100m:v) 0 E ] DB B B ARRE & 4R BOR 4R 1Y, REUR 2
WOIE, 5 S A 4 IR A W FE R B L 150 romin T (9ES AR YS 1 h, SRJE1E 4 000 r-min ! A9 45 1F R B
O 10 min, FeJa L B BT W . B T H T NH-N FINO-N A9l 22 , NH;-N F1NO;-N 43 51 H
Berthelot 32 1 45 b 436 6 B kU2 i 2 5 B4R 1T AT pH. EC Al GI {9l %€ . pH i F§ DELTA-320

¥
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pH i SE 5 EC i 1 AL S 3 5 05 mL SRR T, K/ P 50—~ ol 21 Bl A 0B 498 Y 15 5% 1L
e, BN ERIR I 10 R0/ R 1 o 5 3 0 58 BUAY 5 3R LA 30 °CIE R G IR A8 h 197 72 h, I E
TR RAMR . AHEE R 3K, RN HZEARES I, 715 GUED; TKN G i Bl
EFETIE 5 TOC i B A% PR A8 IRV e 5 BRI E CO, 1 NH, 1935 i, 7005 A 100 mL

i) 35%NaOH ¥ ¥ F1 100 mL /Y 20% B R A W W, I 1.0 B¢ 0.1 mol- L™ 'HCI I MR AT 1R i 7 17
2 GBRE5SH

2.1 HEFRIBEMERBIT R

1) e E AR Ak o 3 A IR SR s 7 4 SE HE B ik R rh o AL A A Sk A 0 T A 1 R B R AR 2
— o ELFEHEAR T R, A ALY B A W DR R i O R R R, SO A T A AT A A PRk T
U, H B 2(a) FTD, CK AN T1HE(RF 3 d N EIE &R (>55 C), T2 HEAR T45 4 X35 m R,
R LT E] 43 0 R 8. 9 RN 3.d, 25 dJE HERIR BE W N RE . IS 3 A HE AR Y SR i 43 i
67. 64 157 °C. [0, 4 NTA BRI H 2.5% i, HERA SR FRZE R B K, A ) e85 20 &%
TE.

2) HEMAR pH B9 784k . el HE AR SRR e, 5 pH & S NH, Rt 4% & i R E Y, 40K 2(b)
AN, NTA ZINREHER ) 46 pH B9 K . NTA 2 H s RyE A LR, FEE NTA 30 0958,
CK. T1 I T2 HeAK 8900 5 pH AW FEAR, 4391 J97.07.5.42 Fl 3.87, BEBEMEIC B AHEAT, Hefkh
4 HLER AL 5 NTA B B i, A LR Z 8 6 W 240 O NH-N, R pH AW T = 205 kA
FE 21 dWF, CK M TLHERE pH 40 57 = 2 81481 8.15, ME WA MK, X v] 85 NH-N [ fis L=
A HA SRR U TR S MERR B R I A 0 RS A TS PR T LR R

5 CK AT HEMRAH LG, T2 HEARH NTA B9 & s, RE NTA (5%, pH #r2iAbm, 542K
W pH ik 7.47. 1iiJ5, pH JFUA FRE, ULHH NTA A PR E I FEFR L, SR TP NH-N /9 s AL /E F T
WA . HWERRE ARG, AR pH AT, YRE7E 7.04~7.39, £5 4 3 B A VUERT L bR E (NY
525-2012) iy pH ZE3K . MHEAR pH &, WS 2.5% A9 NTA BIVA] U RO .

3) MR H TR ARk o HEAR FE 5% (EC) 1Y K/INRB I8 S Bt Bk 7 46 8 R DFAk HE RE 7= X A 4
AR R AR B A B B PRI MR L R o A HE R Y EC AR AN & 2(c) i, BEE NTA VSN2 3
fn, B HERE I B EC /> B h 236.2.63, 3.06 mS-em™', FTA ALK EC 7E 56 d PN 5 B % ) T
() a$s . HT ARG IR A, EHEAE L B b BE S A WL A TR A, R SR [RIET, MEAE R &
Rk, FEER WY DmEHEAL B EC Fhm . MENRSS RS, 4 HEMR I BEC 23018 3.05. 3.35,
371 mS-em ', GEAIAK, HEAEH EC /DT 4.00 mS-em ' I, XAEYAE K EEEEMER, U EERE
B, WSIINNTA A @ HE AL 7= 5 9 EC BT A7 b B 5 ZHE L 19 EC Y FE bR vfESE I N o

70 ¢ 9 5
60 —=— CK 8 4
L ——T1 7 o~
o 50 ——T2 .g 3
E< r Z 6 ©
240 | = E
L 5 -—=a-CK O —m—CK
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20 3l s g
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Fig. 2 Changes in physicochemical properties of piles
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22 HREZEFENESREETK

MR R, ARSI R E — A A0 R, X 5 A R 3E AR B B 11 1 2E P i
WA K, BRARAMRZHIES, HAEMRESRE P EZL NH,-N, NH-N, NO;-N, NO;-N 1A HLE
MIE RAFAE o ARWFSE 8 SEE T R o NH-N BJ NH, 7245, 374075 7[R NTA I IS0 # NH,
Rt RN, IRA T iR RE rh BB K& AR AL, B0 M T NTA TG 45 A ol 72
FIRZ, & BT NH-N, NO;-N, TKN FlA HLE & &= AR IE 0 .

1) HE1A& NH, # & f2 0972840 . NH, #8 K 2 8 0 A HE S T B AR BRI E LR N, B
B AR HETE 7= i A S T, RIS 27 AR R, 15 Qe R, HENE o 72 i HE 4R NH, B 4% & i i A8
fean & 3(a) frs, EHERCHIHT, Bl E A DL 09 RE AR, HE R IR B A pH VB T B (A 2(a) FITEL 2(b)),
CK Il T1 MR NH, H 4% % 250 BIFE 2 4 RAEE 9 RIKEIE K, h'843.20 Fll 453.73 mg-d™, %4
SR AS L —50, NTA 7] 2 0508 NH, 4 k&, BUNRRIUK o e BE G 25 HE A B A il
W B ACAE B 5, RS ACAE T A 15, NH, % & B BA WS, HE SRR A b
11l T2 HEAR A NH; R SR AAET 73 mg-d™, X 50K pH I8 IA ¢ . X5 PAN S5P9 fE 474
HEAE 2o 8 v R R 1 SR 5 I 3R ) B 9 4 R — B

HE AR L 7R 45 HE R NH, BT & AR L an & 3(b) Bt . 5 NH, H# & m AR, HBEUE L
SETEHE SR R B I, B HEIR S R A 6T, KON TUHEIRAY NH, R & it 2t n, e
225 REFREFRL, 43510 6.62 Fi15.12 g ik — B4k 35 JIANG 4% 7258 2547 A R N0 1 A2 1)
WA R —5, 25d )5, 2 PDHERD) NH, BB 8RR R, EHIRGRE, 2508 6.71 F15.69 .
XTI S, NTAR MR 5.0% 87, NH, 2REL dde /N, 155 25 RMHE S ) w400k
0.10 #1 0.49 g.

900 - r
—&—CK

8
750 | T —e—TI
) o O
o 600f R s
< 450 2 4
s 300 = 3
o= r ?
z = 2
150 | |
0 0 “w ;
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HE R i)/ d HEE ]/
(a) HEIRNH, H 15 & = 17251k (b) HEANH, B[4 % "1k

B3 WENHELENTK
Fig. 3 Changes in NH, emission of piles

2) HERNH;-N FINO;-N & J 254k . Wil 4(a) rzn, 5 NH, ¥ % = (928 L AL, HERE 9730,
WUE YA E R, HEAR TP T NHG-N B & Bl B [FIRE, S0 NTA 7] i 2 52 & HE A NH-N
S, MEAEZRLS 21 KAF, CK. T1 M1 T2 HEARAINH-N & =051°8 6.37. 11.35 1 12.59 mg-g'. NTA
VE R ——FhREa s, HoK M BT 5 NH, 454, NHj=NH, 7 8 7] 5 T IE AR, ik ik
NH, DINH;-N I8 2 @ e AR v, AT/ NH, 8 % , B E S, BEMNH-N 8L, A

FERUR N, HS NH, T RE M RN LR (1)~ (3)-
H; (NTA) = H,(NTA)* + 3—x)H" (x=1,2,3) (1)

PR+ AED) - 2K+ JHER + 2 (NH,) 2
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H* +NH; — NH; 3)

21d )5, Bl AR B A pH A REAR S RS AL T0 R B9 PK A2, S B NHE-N &5 5 s A7 IR el b T4

BT M AE A, A HE R A NHL-N & i B0 2,14, 731 F1 11.65 mgg . 5 CK MR A L,
T1 AN T2 HERAGNH-N 520 B3R T 2.5 501 4.5 5, NTA XFNH-N [8 52 SRR I .

FEHENE R, YRR pH W, R A R R AR K Z B, A HERNON i
AP, & 4b) Frs, MEAE R 7 K, A HERAINOG-N % 5t 70 i B B Jefik, 43512 0.08. 0.11
0.0l mgg'. 7dJ5, WALVEJTBWIHTE, NO-N & & ZEW F I, HEMZS dE . & MK INOS-N
RS 079, 0.87 A10.71 mg-g™', NTA MK HERAINO-N & A o 2202, ek
NO;-N &k, B ARg .

[ —=—CK
14k ——T1
——T2
°
: 0
E! =
z %
e 6 e
jusi ]
Z
4 4l
2
0 1 1 1 1 1 1 1 1 1 1 1 J 04_ II 1 1 I 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
Hi AL T ) /d HENE S i)/d
(a) HEARNH,-NE 1925 1L (b) HEFANO;-NE& HAEAL

4 HANH;-NFINO,-NEEMNTK
Fig.4 Changesin NH;-N and NO;-N content of piles

3) HEfR TKN AT HLA & BAZS AL, MR TKN AU HLAE & B A28 4 LR 5. BE 5 HE AR o 7 0 i3k
17, A HEMKAY TRN & &84 500 AR 5 18 i 28 1kt 3 (] 5(a)). FEERE I, HEMR T i HLAZ
AR, TKN &2 R REIG . HE 256 7 Kat, BEE VLY A0 A Wi, AR 90 R ) 5T 12 AS W7 [
&, fEAS A AL PR TKN A A< 4a 200>, M 2 £ 40 FE ) TKN & &8 & %0 FFHCY, B+ T1 4k
ALY ORI T CK A T2 Ab 3R, MEARZE WS, & MEMRAY TKN & & 40 5 ok 43.93, 48.60 FlI
33.54mg-g!; MEARZE AT, SMEMRTKN S S58AWESEML, 2R E T 61.87%. 71.05% F1
7.43%. UNDINGE i NTA Gefealf TKN & a8 S m3g i, H AR B S A 35 S v HE AR B2
50 50
451
40}
35+

30
25

40

30

TKN/(mg - g™
AHLE/(mg - g

20 —=— CK 151k
——TI1
—a—T2 10 b

10 s
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60
AR ) /d I ARl d
(a) HEARTKN G 517k (b) HEMRA PR A RN L

&5 #HETKNFMEHNASENTK

Fig. 5 Changes in TKN and organic nitrogen content of piles
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FEHERR A, A ALES R AR LA (K] S(b)) 5 TN & i (28 AL 3 (1K 5(a)) A 1R = A9 Al
It BEEHEE SR IET, SHEGIATEERNE THRE LTHWEH . maIaEsET
B, 3220 RO R T 0 A HLE B A W o e i A o TEHLASY . R A MLA S & LI, — R
[ Ry 7E S R A S A 0 VE R NHG-N $ A0 A HLR ;s 5 — & R o Wi s i . HEARSS R 5, 4%
HER A DA S B 5k 41.80, 41.29, 21.89 mgg's HEARZE AT, SMEARAIASTESA AV
SEAEL, CKFITI AP 53R T 59.18% Fl 54.11%, 1 T2 FEAK T 26.75%,

2.3 HERREFED TOC & CO, R ET L

FEHENE LR b, il 26 S 0 BT AR AR 5 S B PR o AR HE XS A W 3 sl 1 -2
SEERTTAL, WUEMA L R, BRI 4 Gy Rk VRN B8 B ARG AT SURREECY M MR bR K T S
TCALER AN A LB o JC ALK 7E e IR N B i b, FE ik W0 VR L 8 DL 8 5% 4L 1 CO,. HCO; f
CO;, IAHCO;FICO; Ak CO, MR . EAMFE T, 43 5HRFE T Hedk €O, M1 TOC & & 148
AR

1) K TOC Fi ik, EHENL A FE T, & HEARR) TOC i 4 2B WA iy A2t e (18] 6(a)).
TERE YR BEMRAE T, A HEIR B TOC & = 2 Wi %, MENE 2 28 d i, £ HEMRAY TOC & 2 5 3
hy 480.87, 484.89, 522.12 mg-g ', ZARAk 5 X I 108 A5 O TR SN IS 0 8 B ) Mk RE B 4 43 K6
Bl T o SO S W T R T R — 3, 28 d S5, TIHEMKR) TOC [ M %8 ok CK; [RImF, T1 MRy
CO, ZRHEIT & K T CK(& 6(c)). HENEZE ARG AHEAR B TOC & 53 5y 435.75. 429.72. 487.40
mg-g”, ARG TR T 18.89% . 20.62%, 10.05%:

2) CO, ¥ K 728 Ak, CO, H HEjil it BE % S Bt ok M ok 2 v 45 HE AR AT ML 04 43 ik 1 50 B L 1 A=
WG PERO, 4 HEAR B CO, H HERT = an &l 6(b) AT, HE B 3 BE & A WL P R, 45 e R 4 TR
JEHGE T (B 2(a)), #5HEIARR CO, HHEMCR 2 Pt Tt s, JE7ESE 2 RAIEE S RikBli RME; 10d
ZJa, ORI REAR, AR B R R R, CO, HHE e 2 2 i F R BB K O, 453k
&1 CO, H HEM i 22 AR IAESS 1~9 K, AR EAT 25 . 9 19 X, £HIKMW COo, 1
HHERCR 235 11.23, 11.38..935g:d"',

HERE R AR, &MY CO, BRI & WK 6(c) fix, HEAEZS AR, & HEfA CO, RAHEM &
I35 A 215.62, 244.66, 19331 g, T1HEIAAY CO, B FUHE i & M X T CK Al T2 #2785 T 13.47% Al
26.56%. Z5FFW, UWSIN 2.5% B9 NTA FEASM GG PR A UL R fg, Somi A fe sEER .

550 18 275
16 250
525 o 20 225
= o 14 % 200
= 500 o012 = CK H 175
on = 10 —-T1 = 150
£ 475 ”41@ 8 -+ T2 o' 125
(@) 450 B 6 O 100

o = CK =, Eé 75 -+ CK

~ 45 =1 ST B 50 ~ Tl
400 0 0

0 10 20 /30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
AR a)/d HERE S E]/d HEAE s E]/d
(a)TOCH AL (b) HERCO, H # & =171k (c) HEfARCO, B4 & w7k

Bl 6 HATOCEEMCO, RiItELENTN
Fig. 6 Changes in TOC content of piles and CO, cumulative emission of piles
24 HEFBAERNTL
1) MR CN AR, AEHERE S R b, A HER ON AL 7(a) BT o AT, 45 HEAR I C/N
AR —B, BTN N, K2R (& 3(), M CO/NESEERY 2 LT it E
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W, HF TOC &z R (E 6(a)) F1 TKN 75 5% 87 T+ (Bl 5(a)), B C/N B& HEE B 2175
R X — PG 5 2 Yk A5 O 26 e S M O A A v ) D R R S SR S 1 A S R A I 9
—H. M C/N FREE15~20 LRE, ATCHERFER, /N T 10 B0 0 8 2E SUE LB, HE R 45
FF, £ AbFE C/N Zp510 9.92, 8.84., 14.53, Z5JFRW, VRN 2.5% (1) NTA REAR JE M B 2

2) HEAR GL A h o GI 2 I 5 M AR 9 25 Mk 09 BRI A R i, 24 GI=80% I, AT Ak HE
HE5E 4 g, BB A A R Y, ZEME AR R, &R R GLAS AL 18 7(b) BT, Bl
NTA BANEIEI, BUE - HERP)bh GL A0 65.81%., 46.45% . 24.82%. Wi el A2 UEAT, HEAD
R FE B W RS, GLIZWI T, 2 HEARRY GL 2 BIFESE 3. 14, 14 KikF 80% . NHI-N & 5l
SR A KO HERAS 21 K, & MEKNHI-N 2 i3k 3 05 KR8 BLAR 78 i K7 (8] 4(a)), PRI,
GLTEH 21 KJG, JHHA TR Etas, MRS dnl, &k GL4r9h 121.76%.. 95.46% . 71.30%.

30 200
180
25+ 160
140
z % & 120
S =

Ish S 100
- CK 80
10} ——T1 60
-T2 40

sL 04 o L L

0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20 25 30 35 40 45 50 55 60

HEAE R[] /d HEAERT R/
(a) HEMRC/NIARAE, (b) HERGI 1L

& 7 HE{F C/NEEFIGIBIZS &
Fig. 7. Changes in C/N ratio and GI of piles

25 HWREZRESRHEANEBECERSSHIRZ B TER S

DL NH, # & . NH-N FINO;-N by i i A8 55, HE AR 09 LA AL E BT B (7). pH. TOC. TKN,
CO, EAE M R AL &, B TR/ M B T NH, 5 4 S SHEREb R Z M ik &, 458
&8 fft s o 2 WL PR AR 4 X KT T2 SRS A i i B 3 23 501 o8 98.9% . 95.7% 11 92.2%, %
HH 356 B IR A8 £ T DU AU R A HE i AR b . 7E CKo, B R S HE AR b Y B T B R AT i
file e T 83.8%, H.RJE TKN, MR T 9.2%. pH #l TOC & T1 &b PR HF 21k iy F E g A8 &, 43
M fFERE T 68.8% I 20.0%. FF T2 AbHE[E] T1 Ab P —2, pH Al TOC /2 2 HEHCAS 1 1 = B A B AR &,
Iy T 83.5% F13.5%.

Lor & Lor TOC 101 o
TOC I co, r 0
§ NO;-N § T §. NH;-N
= NH, o NH, < |pH TOC
: S 2
T NH, 5~
I~ [~ [~ 3 NO—-N
TKN pH oH s
NO;-N . TKN
NH,-N ) TKN NH;-N
-10— ; ; — o= ; ; — 0= ; ; —
1.2 12 -1.2 12 -1.2 1.2
RDAI 96.8% RDAI 92.9% RDAI 88.8%
(a) CKEMEAE B -5 2 HE R DA e (b) TIHAEME BT 5 2 HERDA S A (c) T2HMETE 5 2 HFRDA M

8 HWREIREFENMRSRAMZERITTR S (RDA)

Fig. 8 Redundancy analysis (RDA) of physicochemical properties and ammonia emissions during the composting
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1) Bifi %5 HE RO 3 AR A BEAT, CKORT T1 HEAR T 3 d (NI ], T2 4R T55 4 KRBk R,
o U S I TR )RR S 8. 9 AT 3 d. MENEZE AT, &AL IR pH Y TE 7.04~7.39, AR TR US IATES
5.0% I NTA, FHN2.5% f) NTA 75 F) T e R B M R A 2l 3 .
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Abstract The waste activated sludge from wastewater treatment of food industry and corn stalks were used as
raw composting materials, and the nitrogen retention efficiency of nitrilotriacetic acid (NTA) during aerobic
composting was studied. The results showed that the addition of NTA improved the efficiency of nitrogen
retention and organic matter degradation during aerobic composting. When the dosage of NTA added was 2.5%,
a high temperature period was reached within 3 days, and lasted 9 days. Compared with the control, the
cumulative NH; volatilization decreased by 15.20%, and the contents of ammonium, nitrate, and Kjeldahl
nitrogen increased by 242%, 10.54% and 10.62%, respectively, at the end of composting. At the same time, the
cumulative carbon dioxide emissions increased by 13.47 %, and the total organic carbon content was reduced by
1.4%. The C/N ratio and seed germination index for the compost product were 8.84 and 95.46%, respectively,
which met the requirements of maturity, at the end of composting. During the composting, NTA was hydrolyzed
to produce H', which was combined with NH; produced by the ammoniation reaction. It was conducive to the
preservation of nitrogen in the heap and improved the fertilizer efficiency of the compost products. The research
result provided a useful reference for the optimization of the nitrogen retention during aerobic composting.

Keywords resource utilization of agricultural waste; nitrilotriacetic acid; aerobic composting; nitrogen loss



