rhiE RS AR 2019 (1)

doi:

(LTI BRI RIS, T

10.11838/sfsc.1673-6257.18151
SHEEKERNBEXERLTR
WL B B, BRI T, UK, REARS

. 2241365 2. p MO KRR, 19
3. I EImYE AR A S B AERE, TR B 476000 )

Wiz SEEER

ZES, X
Bt 210037;

OE. XTSI RRE RS ATIR A PR A T O ARG, ST AS [ 3 DR I Ao R G AR B AR TR 2
Sk, AT TARRER S IR S AR Z RS . A5 REW . (1) BRI 4 AR FHE . miE
W, BRIRIIARREN, BemiBE AR 74.20 € SUKRSETE, RIS, REBETRE; (2) R EESHRE
BN R, R N R (3) AR B TE R S AR = R 25 R IR B K (P<0.01) 5 (4) 45
b AR S R I AR K/ NIBUT R . 3 540 >2 S48 >1 S48 >4 54, FEHER TN 0.11%/min, 1 LIMENHEAD
MBI ARR, 3 SRFE AR AR 5 S KRS R B B K (P<0.01 ), 438 KUK 1.00 m'/h B,
HERR IS 3L 16 d, EREMERK (6 d), |AWE ML 17%, FEEHERREK (0.75%/Mmin ), HiEE 75 R IFEHEAD
K

KR WG WPEMEIE; X RAUREE; FERER

WEE T SRR R bR, SRETS T AL RIS, WSS A A AL S A P L

TEARWIE I, PEE A, 2016 430 E WA 35 15 U8
PR 3.95x 1071, Tt 2020 4K 15 S BRI
4.6x 10" t. Higlkr=miEssiEsy, REG
T T HEAANHERARIRALT , Rai5K) RIE LI
ML, HE EEE I, AT E R RIS
g, GIMAN B R EA g . sk EA KR
N, PHENLE, s ek e s 12 2
UFAHEEAL B AR M AR R, A A
THFEXTRUE DR TETE . HEAREE . A LA 0 R ik
RATE 7, RENS P E 15 R AR & R HEAR
FIACRE B . NN A = E IR . KA
S E R BVALEE ST U, DR R i
TEAE R, (B NS AR T AR R
SRR R A A A AN PR - 2 [A] N TR FR Y
SR A i

AHFFE LARE SRE R VR EEF] A6 A R 3m RU

WFmEHA: 2018-04-23; FRAHK: 2018-08-11

E2WAB: B{EEL LT (2016YFC0502704 ) ;5 ¥ R 4 B
Fr ORI H (172102310443 ) 5 R4 H AR Bl 24 3L 4 100 H
(182300410071 ),

EEEN: LR (1986-), H, VLIRERBRA, mg TR,
+o, FENFERE S G IRACA I 5 ARFSE, E-mail : lanjingling
200@163.com,

EHUESE: 5kJE, E-mail: yongbowu0920@163.com,

— 128 —

RIYVEARFE , RIS R s 300 480 B A8 A R
25, T R AR ANRE 5 S ACRZ IR,
IR AAE KR, $r s LSRR R A s o

1 #RERZE

HERE LG

ARt PVC ORI PR IR TR AR s (1),
FERNER T 2 45 em x 40 em, 5 47 em, FAARJE
LT TN S em WY PVC i FLARL, L ELFR
910 mm, HATIEIGRT, 26 EICHHIEEG, %
B, PREASERT, DU/NRIEE RIS, 38 RG]
P (R 2k R i 42 i

ESTES I

1.1

¥

sEyL  FTuiEl oL

! H

ZEisat

1 RIS E



rhE SR 2019 (1)

1.2 5k

IS U N HENE I BEA AR, K AEFS AT HENE I
A, V5 e B A ERITT IR pE T K AR B K AEFE AT
KIRTER IR RBAAT, A B ML 52 RS FT, 28
PEHLIEA TR0 . WS, KBE/NT 2 eme HENEJEURHEY
FEARPERILER 1,

&1 R

fkETOC ™
. ol CIN
WEBPRE pHAE (%) (mglg)

WG 62~6.7 837 ~863 21.6~245 144 ~ 153 148 ~ 168

FEEREFE — 108 ~ 125 843 ~857 3.8~42 942~956

BAEHERL 6.8 ~ 7.2 636~672 302 ~321 112~ 128 234~ 275

5 e I EE 4 R 0T B X AR AR R G 1 OB EfE
F,ORYEIAT E RS AT AR, AL
JE @ (Cd) . 5 (Pb) . 4% (Cr). 7K (Hg).
fift (As) 5FhE 4 Jm nyfm & wmE T E . A
ORI A R S s AT, BT T S T
oS AP E A R S EVE I 51.39 ~ 58.35 mgkg, 45
04 R Y B I G I T [ bR AT Ol AR U
T 2 V5 e & B AE A LIS 2ok, ELAR T8 45 I
# 2,

K2 HHSREEHTRESBLENER (mgks)

bR Cd Pb Cr Hg As

GB/T23349- <10 <200 <500 <5 <50
2009 AEELH
WL AR
K, mhAAS
Ei=(7
NY525-2012 <3 <50 < 150 <2 <15
AR

WIS 0.32~0.61 12.23 ~ 14.51 3748~41.37 0.11~0.23125~1.63

1.3 it

R 4 AL HPEEFT, 1. 20 3. 4 SR
W XESr 9 0.25. 0.50, 1.00 F1 1.50 m*/h, &4
WhEE3ANE R, B3 AEE T IEE A
PRI BOSE S, B EA MR 24 40 ke, Hop
1598 30 kg, FEFLAEFT 10 kg SR S a) 20K B, 42
B0 KL XU R ERE ] (3% KBLFF 20 min, ¢
40 min ), X HEOR AT [A) BGE XL, sXUE IR S
0 ~ 40min P, £FF S min MEE TS, HRIE

2. ANAEE N BIRELE 30.7 ~ 33.37 JEFIN .

R RE T, R IC A 30 h [ Bhid s
HEPRIR R, W IRE RIS ARIZ LU 15 em AL,
SRR, IR SR R . AR &
Bt FEh, RERE—ME, REEE NS 1 ~ 16d,
SKEERF R ETERE R 9: 00, SRAE 5y AT R F
JIHHEVER, BRITERZLT 15 em &b, BUCR
L300 go HTEEFEAIRAEAE 4 CUKARIN, 24 h 53
Brockl; Fa i T4/ e h A B BT s s
s H
L4 KGO B i

K F RC-30B 52 10 5% {300 52 ME AR R BE, #
Fi i — FCA Z K5 % pH TN pH (E, 4% R #1 1
e HERC AP & &, YL AR 2/ & &,
CY-12C A=A 2 U<k B, HNO,—HF-HCIO, H1
PO . PE Optima 4300DV ICP 52 V58 h 4>
JaR i, AR Ry A U v ROV B Tl
FIFE S BT RE ST ] ) LR A
1.5 BB rE S oHr

K H Excel 2013 #f 17 £ ¥ %% #, R H SPSS
21.0 X £ FE bR g EAT AR 2 7 22937 ( One—way
ANOVA ), HHIAES MR H Pearson AHOCHR %L, W
MRS 56 AH S M, P<0.05 R i 35 A &, P<0.01 F 1k
R

2 HBRESH

2.1 EAENHR AR
I AR 2 X S U 3 A e R R R B 7K R 11
A A . AFEREREE T, MR A
TR A LI 2. HEMAREE T 46 TR 3 % 2
WEIRE () MM RSt 16 d, R
BT T 4 A FHEST . SR, %
MRTRIRRE . HERERII, S R A AR o3
%oy ALY, AR ENIE, REURE
P B, 1, 20 3 S AR B, Rk
HEEE 2 d HE AR (550°C), e I 4 Wil ik
] 61.03. 7420, 63.13°C ; 4 S4HIRE I SE1E,
FEHENL 2R 4 d 35 B 5 R 55.70°C 2 S AE HEAR
) e g TR B R 70°C, TR I v el S R AR e SR
AEYFET, SEMENCHRA/N, RS 3
SAAMEARIREE 1 S, miRrSiER K (6d),
B 3 5 38 R B N B AR W Bl AR
TR, TEULIREE N BEAS A &30 JOHE R 2 U
— 129 —



rhiE RS AR 2019 (1)

RN E doE, RIEMEIE AR IR G 4%, 45
A KR TR, O R R UK, THEBCR
B2,

80 -
70
60
50
40

30 4

e (C)

20 -
10 -

T Y I IO IO SO SO N
0123456 78910I1112131
iE) (d)

0

4 1‘5 1‘6
M2 TR

2.2 AR IKRAL AR

B KR S AL RE S AR HE R AR B, (R
PEXP R R R L AR, 4% b R
VIR B KRR 64.65%., HEI3TFTLIEW, 1, 2,
3. 45 FEN S KR AR A S BT BRI
P EACRTE R AR H FE R R T RE YR A
SEA N R, TR AE R K Sy, B HENE Y
15, 2. 3SFME/KEFZE L MBI TR, JLH
S IR A B TR DV, R 2 R A HE AT
155 K R0 5k 46.51% . 43.89%., 15 4 i KL &
b/, HEAR N A SR EE RN, e As, A
L2 R, MUK & AR R, 3 SR
HeRE B T K Ok S 22, R Tl G R
Ak i TR 2% & R A KUY A 7K 43 W 2 SR [RIAE

SAEHRE (%)

O—=NWhWn

4 S5 IKER TR 482%, TIEHAEA 3 24
BT

—— 155

ERE (%)

B3 #iEdREhEkENENL

2.3 FAMREM SR

T o A 7 ) A R DR A A 2 T Y
HEEN . ME 4 FTLUE W, R SR Y
AR T BT T R, & H T HER Ay
S P 1) B AR R BT AR AR TR AU I
BF, 1 ~ 4548 f MR A5 11.5% ., 13.8%.
17.8% . 192%, HAG 3454 h & e A HkE
Bt 17%, 7T DMRIESEAAE P 2B am i S S
SR 10 1 SRR T R v R AR M
MIREZE 4% 1 4.3%, 3 SHT7E RN A IR R 2
43%, PR T U A HENE BARE W (5% ), It
IR HE RO R AR GRS 1, T S XL 1] B )
o, T3 A 4 [ s () e ORI R T o AR rh <Y
HER

—>—45F - E
[ FaE
(4510d) (%5144d)

0 10 20 30 40 O

10 20 30 40
HfTE) (min)

0 10 20 30 40 0 10 20 30 40

4 FAEMEBESIKEZL

— 130 —



rhE SR 2019 (1)

XU )5 0 ~ 40 min N, AS[A] I 0 ARY
THFERA X, I BRI R, FHER AR
Wz, R/, 1 ~ 4 S A IR
FAB e/ MBS 3R 7.5% F1 2.6% . 7.3% Fl 2.4%
13.5% M1 3% . 8.3% 1 1.5%; H 33 5 & < W
FEERR, | SAEE SNBSS/, RE RGN
1.00 m*/h {4 903 shis R RS, 38 XURA 0.25 m'/h fi
A=W Sl o

1 45 b BAE N [ B3 ) SO B AT 25 Sk
T, GERULER 3. HABRRTHEM SEE .
T3 55 RS 0 Y ARV B 25 S S A B KO
(P<0.05) ; il 58808 1 22 PR IR B W& /K
(P<0.01 ). 1 F1 3546 ) i 1L 01 5 8 00 10 2 S ik ik
F 5 E KT (P<0.05) ;5 3 5400 THRI 5w a1
25 A IR B 0 KO (P<0.01), Horp 3 548
WA 22 (B AU AR B () 22 5 TR B B, 15 2 X
R 1.00 m¥/h B, SR YT R AT S R
K, FEEEFDE.

®3 AEMBESIKEZSMESF
1544
T R e 0] B

t p t P t p t P

T

iR 7.187  0.296

Pl 4942 0367 -5.480° 0.022

FEW -6.203" 0.018 -7.0367 0.008 -5.899°  0.025

[=

2 SFH

PiR(TEL!

i 6511 0325

Pl 4.405 0579 -6.479  0.086

FEM -6.193" 0.035 -6.966" 0.007 -5.885"  0.026
354

FHE]

I 7.3227 0.047

MR 6.985" 0.044 -6.526" 0.037

FaEl] -5.083" 0.025 -6.816" 0.007 -6.190"  0.018

(S

4 544

THEL

R 4229 0.684

M 3357 0.064 —4.508 0.087

e —4.126" 0.034 —4.3237 0.009 -3.750"  0.028

T TRk B EKFE (P<0.05), ¢ FRikih ik & /KF (P<0.01),
ENGB

2.4 FEEAECRIY B ERIE
FEAAH RIS AR HENL A A rh S B I AR SR
R, EWMEY SRR LA PR R L A

T 5 Fh AR AR AR 3 XU 1 S 15 min 2 Y/ dx
%2, HASKHEENS73% ~ 84.6% (K 5), fr
P 3 B s ] ) A 480 SRk 6 38 | A TH AE RO DL
TR,

16
B 155
o255
12 - @ 35
o 45

—_
(=]
T

SRR (%)

—_
N
T
e e e e e e |
Q IEEIENEEEEEEEEEEEEEEEEEEEEEE ==
B 1 |

B5 ARBESHERZE

H & 6 AT DLE Y, AR A0 AR 1 B B
Them, R, SREETRE, X552
(K 2) B E—5 ERIE, 5 R A L
VEEES, MAEYEREHEER, FHEARREK
1o, A5 AL BERE AR 3R ) e KA P FE HE AT el (5
5d), 1 ~ 4556 FE S 2 i KAE 50 5 R 0.42%/
min. 0.45%/min. 0.75%/min. 0.33%/min . Bt & HE
RERGFEAT, R T v T B O S RO A HILIET RE R
VB s D, AR TE R AR, R SR R A T
W, ML B 3SR ERRKR, 15
M2 SR, 4 SFMFE AR E RN, T
SRS, 1 ~ 45 5 FE A HU R 5 58 0.10%/min
0.12%/min. 0.11%/min. 0.11%/min, I, A&
EHE AR FN 0.11%/min 7] DLAVE Sy HiE B 5 2
F5¥5 o

0.8 |
0.7 -
0.6 +
0.5 +
0.4 +
03

FEABE (%/min )

8 9 10 11 12 13 14 15 16
(d)

0 L L L L L L L
01 2 3 4 5 6 7
I} ]

Eo HEZREPRIERHENL
— 131 —



rhiE RS AR 2019 (1)

A5 A 3P G SR 5 B R B KR 2 R AE G
PEVEFT AT, 25 0LER 4, S Ab BRAE A R S5
ZIE R IEA S R, 1h B R S R AR A 7 A
TR, Horh 1, 2 f1 4 SH AR B2
IKAFE (P<0.05), 3“5 F B AH PR I8 2 B 5 20K
(P<0.01 ), #SAFAEA A S KFZ AW 5 A
KRR, RWEFERBLK, AFF ARG
THFEHCRAD /N, AT EHACRIEAL, X S5HEwR
W IR 2 . Hd 1 S8 AR MR 2]
E K (P<0.05), 2 F13 558k 24k i 2 KF
(P<0.01), 4 SFMFHCHERIES] B EKT,

T4 FEERRGEREMEKER Pearson HHEREL

1 e (=N (=N

TRbR 158 298 394 454

W Pearson HIEREL  0.538° 0.681°  0.8057 0.611°

p 0.048  0.018  0.008  0.034
FKE  Pearson HIEEAK  1.262° 08147  0.796"  1.835
P 0.035  0.004 0005 0219

3 WSS

S A FE T LARCAS SR A o g,
TR R A A E L L LA LB A A
SFTREEE, HEARR AR T BN, HER
W TR, xatas Y pr gk, AR AUE
R BOANTR], SR AR T TR 50 3 R0 e v R A T DX
EHVITEE R HEARI, A s T RE AR
e K G, ARG T, SRR
s — BB, MUEYITE e, HEAREE
Wi R, X5 LR R —E FKR
SeTtE Ja BRAK, — 7 i A ML R Ao AR K
gy, FOKETE; T3 — 7 TR KA K AR,
FrRERRAL, PR S AR A R 2 w2 L RIVE FH I
SEHLU AR R R 1.00 mh B, HEAAR Y R
KE6d, BKETFHER45% LT, HEAE TR 45
FK Ay SR S A HUE R s

HERE o A v 7 A AR DRI A AL R Y
FELA ., A T BRI, YA AR
WeRE AR, KAy SRRy, HEAE IR S 1k
NPREARZS . BRFEDREE T O, FE RS
AR UERA & 3, R 2tk R, AR
LA JE AT SO NEARR e I = AR B . AF
FELA IR AN I AR Y A Ak 3 5 LA
— 132 —

TR, mE A EFER R, R AR
FER RN, XSRS WPt R —8L AR
WA R SR B B R, R T
A v TR A AR B B, e AR LSS . MEAE
SUN L S A RE = Woa L SR ST R =k i R PN S
A7, L A 3038 KR I LADRIE S S AR

FE SRR I W 7 BT ) e i 2 R M S A T
FOERE, 2 DT S A 75 s — AN T B AR 0
Vb A Y RS R 5 T R R i 4 SRR
AR AR I HE AR AR R, E IS
AR . Sl 2y, REAER AL T
Tk FE AR AT AR DG, R AU 3R (1 W 1 IR 1Y
i 1) 5 3 8 i 2R A W (R AR X R . 2B B I gT A5 R R
W, FERERMAE LT RERIE, RGBT
FogE, ABEGE AT LK FE R A F 0.11%/min 7E R
S I JE 2P I AR AR P AR R A e TR AR R
B, RUAMAEDES RS ; el is/IME, £
WA P TE PR R FBAA R SRS KR E
FHORCR, RUFETGTRIF AN A FE B4R
SRS OGRS AALL, P nT DA A
T B KR IEA TSR W, She A T R R A A
FEAFIE

ZE TR, UURSRRSFEO IR BN, 2m Ry
1.00 m'/h B, HERHESIRE T 17%, Siliiss
AR (6 d), FEEHEHRREA (0.75%/min ) ,
T AT P SR R . AT 3R R R
0.11%/min W] LIE R HENE IS 2GR bR 2B 98 T i
A o WAILAE R R g (R R [, SR THE . BE
TSRS B A ] B R AR MENE T 28, ReZah
ST L RE USRI (= HEAE T 1 () 0 H Y

S 3k -

(0] 259, mEMe, PMER. BT IS Je AL Xt e p A e o
KR =t [1]. dbntbkoll K224, 2013, 35
(1): 127-131.

[2] Wilshusena J H, Hettiaratchi J P A, Visscherb A D, et al.
Methane oxidation and formation of EPS in compost: effect of
oxygen concentration [J]. Environmental Pollution, 2004, 129
(2): 305-314.

[3] Ekinci K, Keener H M, Akbolat D. Effects of feedstock,
airflow rate, and recirculation ratio on performance of composting
systems with air recirculation [J7l.
2006, 97 (7): 922-932.

(4] sk, skiUA. ST U Sk NS R (e [ ],
B TR, 2017, 11 (7): 4343-4348.

Bioresource Technology,



rhE SR 2019 (1)

[5]

[6]

[10]

[11]

[12]

[13]

[14]

IR, MR, B, S Gr SRR S Mt MR NE XS U
IS Je s R R ()], SR E S HR, 2015, 38

IS SAAC S AR ()],
968-973.

SR, 2009, 29(5):

(4): 79-83. [15]  BiFe, skgam, skokiE. SRR P ARIEENZL
Lakhdar A, Slatni T, lannelli M A, et al. Risk of municipal [T]. EEREFAR, 2008, 28 (11): 2269-2276.

solid waste compost and sewage sludge use on photosynthetic [16] BRI, &R T, 2 IR A RLRD S B MR AR B I A v
performance in common crop ( Triticum duru) [J]. Acta [M]. dbxt: fezeToliiet, 2008.

Physiologiae Plantarum, 2012, 34 (3): 1017-1026. [17] 4l S0NE, RAVS, S S5 R-S RS HEE R4l
GB/T 23349-2009, JEKHPfm. Br. 8. R, WA T HERNE (PAEs) MYBESE [T, RiHAEZAH, 2003, 14
[s]. (11): 1993-1996.

NY525-2012, AHUCHE [S]. (18]  BRREb, MEH, mE, & IO m AR BB
fridileh, WRGAR, RegfiWl, 4% ANIalid WU R hr SR i ARRRRIE [T ], WA ZS 2240, 2004, 15 (11), 2179-
HPERRIE A L (1], WiVLR224 (R 528 Rl 2183.

JZ), 2005, 31 (5): 603-607. [19]  BRE, SRR, BRBEAN, A5 SailAr AL A R B B R R
Sk A, EREAL BT RBOR T (M. dea: fb2E T A RIS AR CR [T, Al FRERAEH, 2009,
A REAE, 2000, 538-539. 28 (1): 189-193.

FE, BRI, BEE R TS YA AR B shil e R S K [20] GBI, BRI, moE, 55 WU SRR P E Rk
HR LT]. hEgRHK, 2005, 21 (4): 17-19. JERIFE SR I T B RAAE [J ). BRIERL, 2004, 25
VRRUR, BIRAR, w0, 45 s K75 Ve HE N 42 i 1 (2): 134-139.

RABEASETM [T]. R 548, 2008, 33 (10): (20]  WREH, 2R, T, 55 B HERE LRSI KO
191-194. MABITE [1]. REGRESHR, 2011, 34 (11): 171-175.
FLEERS, KBEIE, BRIEDR, 5 Ukt R b R R [22]  Hh), ARG, XUk, 4 Brisssn CTB-2 f5iektm

JeHEI (7], AEASIREE, 2003, 12 (2): 232-236.
Xk, BRI, AEEAR, 25 To e A A B R AR T R

AR SRR [ 1], AEASIREEAR, 2012, 21(5):
929-932.

The research of optimal ventilation: the oxygen consumption study of urban sewage sludge composting with rice
straw

AN Yu-ting', LIU Bin', XUE Dan-dan', WANG Li-bo', JIA Yuan-yuan', WU Yong-bo”", YUAN Bao-dong’
(1. Jiangsu Dafeng Milu National Nature Reserve, Yancheng Jiangsu 224136; 2. Nanjing Forestry University, Jiangsu
Nanjing 210037; 3. College of Biology and Food, Henan Shangqiu Normal University, Shangqiu Henan 476000 )
Abstract: In order to analyze the correlation between oxygen consumption rate with temperature and water content in
the aerobic composting of urban sewage sludge with rice straw, the oxygen concentration variation and fluctuation were
analyzed in different aeration rates of composting process. Our results indicated that: (1) The change of temperature in
each treatment showed four periods: raising-temperature period, high-temperature period, cooling-temperature period
and constant-temperature period, and the maximum temperature was 74.20 °C. The water content was increased at
first, then decreased and trended to stable at last. (2) The oxygen concentration decreased gradually in different periods
and descended obviously in the high-temperature period. (3 ) The difference of oxygen concentration between the high-
temperature period and the constant-temperature period had significant difference ( P<0.01). (4 ) The regularities of the
maximum oxygen consumption rate was treatment 3>treatment 2>treatment 1>treatment >4 treatment. The compost would
be matured when the oxygen consumption rate dropped to 0.11%/min. The correlation between oxygen consumption rate with
temperature and moisture content of treatment 3 had significant difference ( P<0.01 ). In addition, when the aeration flow-
rate was 1.00 m*/h, the oxygen concentration exceed 17%, the high-temperature stage (6 d) was the longest in the whole
composting stage ( 16 d ) and the maximum oxygen consumption rate was able to achieve ( 0.75%/min ). The aeration rate of
1.00 m’/h was the best flow—rate for urban sewage sludge composting.

Key words: urban sewage sludge; aerobic composting; aeration; oxygen concentration; oxygen consumption rate
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