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Table 1 Basic characteristics of maize straw, pig farm wastewater
and pig manure
JEE 24 Hfl
Materials Parameters Values
LK %
AT EIKE % 12.01+0.38
Maize BANRR/ (g ke") 435.12£9.26
straw BEN gke) 6.29+0.02
=g -l
Bk B%/(mg L) 1250+10.13
Pig farm SR E A/ (mg L) 4950+4.11
wastewater 2 A R (mg L) 8 65046.56
EIKE Y 55.05+1.01
%4& BAHE (ke 242.40+2.88
1
manﬁre BE(gke™) 16.50+0.11
C/N 14.69

1.2 KWt 5H*®
1.2.1 X%t

TS 73 ARG AT Ao 8 37 P K A e R RS A Rk 5 0 38
FEGENEIRL 2 &y, BERAH BT RO R E,
AEEWE 1 . SEENERANEEE, KT
P 2 JZEHAN, IR KKEEE ER B B
TR PR FTIE R . HENE RN 2R AR 80 L,
Fr 2 Bat DL R BRI 7, AN T5 L, &
7 % R8P I 2 3 A ORI 2 AR R R R, ORI
BEA 10 mm JEEFERRACRIREMR, R EA R YRR G
) PP R, HSHREREN 0.21~0.26 W/(m'K).

RS IR K R, JERAE, REFE.
FERLAR I A2 56 DR 22 2 o MR 8 R 7K A [ A

AIE LR BB BT KRB HAES E
B, NGRS, BT OA SR ORI A A AR
PR/ IR RCR AR BT, EHE AR AR e e T R
filt, KifEA 1~3 em BHEARSY. Hik, ARIGAEFHRE
[l E N 1~3 cm, EWIEZERE (4, 0.13. 0.14 Fl
0.15 g/em®) . SUEER (B, 8. 9 A 10 cm) . I
% (C, 30, 40 150 cm) NFEMEFE R, KH 3 FE 3K
PIEAZ RS, 8RR K S A (Total Nitrogen, TN
MBI MK (Total Suspended Solids, TSS) HfkZ#7E4A
# (Chemical Oxygen Demand, COD) AP #ats, 1E
ACIG TR W 2 Fis.

WK

Pig farm wastewater

18
Pig manure REFTERE
Straw filt¢r residue

LEEPEAR A 20808 3. FLIEIA T IR

4.2045
102 IE AR 2%

SIEE 6. E KA 7R
FEfLRRE: 8RR 9.0 IR TLREEE 128500
HiFOBEAR 14 ISR 165K 17D 18 HFH
1.Mixing vessel 2.Propeller 3.Direct control valve 4.Gauzes 5.Filter pipe
6.Maize straw 7.Temperature sensor 8.Heat insulator 9.Dividing panel
10.Leachate collector 11.Roller carrier 12.Air flow meter 13.Throttle valve
14.Air pump 15.Composting reactor 16.Cover plate 17.Sampling port
18.Exhaust port

B 1 RHTERGRKSFEREELETER
Structural diagram of straw filtering pig farm wastewater
and aerobic composting device

Fig.1

F2 FEFEEBEIAEKL (3) EXRWILITRER

Table 2 Design and results of Lo(3*) orthogonal experiment on maize straw filtering pig farm wastewater

IEEARE R EES R oy Jo¥SSEATIELN 5 FEE
R 9w S Densities of ﬁlte‘:,r layer 4 Filter diam?ters B Filling hei‘ght C Totall ‘;\‘Iﬁ\r‘ogen Totall Suspended Chemical Oxygen
Test No. K il R IKF EAgIE K ol (TN)/(mg-L™) Solids .(T-§S)/ Demand' (gOD)/
Level Value/(g-em™)  Level Value/cm Level  Value/cm (mg'L7) (mgL")
1 1 0.13 1 8 1 30 1 006.08+8.15 2 631.23£2.18 2 165.56+1.64
2 1 0.13 2 9 2 40 1 060.64+8.71 2 688.36+2.37 2 532.12+£1.98
3 1 0.13 3 10 3 50 1014.01+£8.39 2920.96+£2.09 2 675.05£1.79
4 2 0.14 1 8 2 40 1 050.02+8.59 2 583.2542.23  2195.63+2.20
5 2 0.14 2 9 3 50 1 075.99+£8.01 2599.36+2.14  2621.25+1.92
6 2 0.14 3 10 1 30 988.02+7.88 2 865.65+2.41  2363.25+1.98
7 3 0.15 1 8 3 50 1 024.95+8.50 2526.05£2.15 2901.124£2.11
8 3 0.15 2 9 1 30 973.05+8.22 2444424242 2 675.13£2.02
9 3 0.15 3 10 2 40 1036.01+£8.29 2906.09£2.09 2 012.53+£2.20
B IS 0.15 2 9 2 40 965.63+7.48 2396.47£2.08 2 006.02+1.42

Supplemental experiment
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C/N & G S HE AR I R Hp () SRR R 36, R A= 1E o %
FIAE HUIE & T A S B, ON LS B E R KRR
T BFEAR AR K, C/N e WA ATLDE 3 iAo P2 FAIR, ZE A HE IR B
Ho 1 HAFERREENEE T ON BEER, — BN
Witk C/N 1 25~35 BHELRC). bk, FREER L. 3@ XA
FARFM AWM EERE. HTATRERER
FRUERIFE R A SRR, AFH O/N JE B IER
AR R ER . I, ARIE R 526 = = H A,
292 fn W IR FEVE Y 22.32~32.05 °C, HEAER I EELE
SRR, I XGEFRA 0.2 m/h, WIS KRN 65%,
WILAHEAR ST 8N 30 kg, HATHEN 10.50 kg, WF5T
¥IUH C/N N 20, 25, 30, 35, RIS (O FS AT P8R 5 4%
FKMEFREL BN 1:2.46. 1:1.13. 1.49:1. 2.31:1
iF, C/N X HEREIR B . pH { P+ K 2 5%k ( Germination
Index, GI) . &AM (Total Organic Carbon, TOC) .
TN. #&% (NH,-N) . SR (NOs-N) & CHy.
CO,+ NHj. N,O HEJBs 1 R A HE R 52 m . ek
TEFEMER NHyy N,O. CO,. CH, SARFE i RS AERER
47 08:00—09:00 47, HEAEFE S 3 d REE 1 K, HEARLE
FEAHAT B ME, R0 3 IRE
1.2.2 $84RmE 7 ik

COD R P bR 25 P i 2 TSS SR H ik
I U0, IR R RN PR B IR S SR P R I TR
(XMT-00-8) i ; pH {EXHHEAENE (PHS-25)
HENERE S 528K R R N 1:2.5; GLIE S B EFR (NY
525-2021) Fr#ETTE, BEEIIE pH B HEIRRE fKIR 32
W (5 mL) IIATCE R TR P 2 u8akr, 35500k
B 10 R/NESERT, 7820 CEFFFEEBERFE 48 h, A
Ja e R ZERF RO R K, B AKIE IR,
mAR (1) Frst TOC FHBA WL B (Vario
TOC) ll5E; CHyw CO, N,O KA M A (Agilent
GC-6890A) WlI5E, 2 A4 B 2 280N 5 78 (i v
A (2) FR: TN RHILKER GBRE K9860) i
5€: NHy -N Al NOy-N RH Ui /41X (Skalar San++)
M5E ;s NHs KB OE, FH B9 50N 2%KI R
AR T 7~ 77 SO AR HECY) NH;, RIS 24 5 ming;
TOC. TN #iRZiHHM A (3) .

GI=M><IOO% (D

1772
W Fy OAMERERE SOKIZIRBG M TR R, % F,
N HENERE S KIR BRI FE R TP IRR K, mm; w7y xt

RRZRTK R TR M TR ZF 3, %: W, Jnt BEZRIRK I 77
T BPF R, mm.
EP=YEP,=) [0, -EF] (2>

o BP v AR FEHEBGR 5 AR 1 I 2 RS 9
kg/t (LL CO, M) ; EP, AMEAREFRHENES i FHE=
SRR RN B, kg/t (BL CO, NEE) & ©;
RHEREEFE S MR E SR BRI R, ket MEAY)
GEETER N 30 kg EF NS @ AR = SRR = RON 52
HEAH, kgkg, Hl CHy. CO,w N,O 73514 250 1.

298 kg/kg.
Toc@ Ny, =M Mo=m My o003
my-M,

HH TOC (B TN) 10 N TOC (B TN) #1RE, %; my
WG TOC (B TND B4, glkgs my NHEARSS AT
TOC (B¢ TN) JREDH, gkg; My NFTEYIRLA T &,
kg, B 10.50 kg; M, NHENLEHRYRLE TR, ke,
SFRIUE C/N A 204 254 30+ 35 F-4LIH SRl & BT
BN 8.77. 8.99. 8.89. 8.56 kg
1.2.3 B E A7

% Microsoft Excel 2016 A1 SPSS 25.0 33:47 44 &b 72
R ZEME 4T, RH OriginPro 2022 T4 1A,

2 GR55

2.1 FEFEEREIAE KIS
FEFFIL I3 3% P 7K TE A8 R 22 43 BT i 3 s
=3 BIEEBITEK L () ETRBIRENIN

Table 3 Range analysis of Lo(3%) orthogonal experiment on maize
straw filtering pig farm wastewater
Giitabn VB AT HIEER

lié(fi Stat?stical Densities of fgter ' Filter Fillfgiffg}ft/cm
indicator layer/(g-cm™) diameters/cm
K 3080.73+25.25 3 081.05+25.24 2 967.15+24.25
K 3114.03+24.48  3109.68+24.94 3 146.67+25.59
Ks 3034.01+25.01 3 038.04+24.56 3 114.95+24.90
TN ki 1026.91+8.42 1027.02+8.41 989.05+8.08
ka 1038.01+8.16 1036.56+8.31 1 048.89+8.53
ks 1011.34+8.34 1012.68+8.19 1 038.32+8.30
R 26.67+16.50 23.88+16.50 59.84+16.61
K, 8240.55+6.64 7 740.53+6.56 7 941.30+7.01
K 8048.26+6.78 7 732.14+6.93 8 177.70+6.69
K 7876.56+6.66 8 692.70+6.59 8 046.37+6.38
TSS ki 2 746.85+£2.21 2 580.18+2.19 2 647.10+£2.34
) 2 682.75+2.26 2 577.38+2.31 2 725..9042.23
k3 2625.5242.22  2897.57+2.20 2 682.12+2.13
R 121.334+4.43 320.19+4.51 78.80+4.57
K 7 372.73+5.41 7262.31+£5.95 7 203.94+5.64
K 7 180.13+6.10 7 828.50+5.92 6 740.28+6.38
Ks 7 588.78+6.33 7 050.83+5.97 8197.42+5.82
COD ki 2457.58+1.80  2420.77+1.98 2401.31+1.88
ka 2393.37+£2.03 2 609.50+1.97 2246.76+2.13
ks 2529.59+2.11 2350.28+1.99 2 732.47+1.94
R 136.22+4.14 259.2243.96 485.71+4.07

H: KRERFE D G=1, 2, 3) KPFRMERUE: LASFEE i KPR
fH: RN KWINZE, BRK kE 55/ kAR ZEE.

Note: K; is the sum of the factor corresponding to i (i=1, 2, 3) level; k; is the
mean value of Kj; R is the range of k;, namely, the difference between the
maximum and minimum of ;.

F 3 R BRI IS R PR 26 VAN R A 1 5 ek
BE. HILLE IS KK TN. TSS A1 COD NiFMT&FR
B, 0 52 1 32 R 40 Sl R 2 SE v P L DR JE AN L
g R, HIEER. IEERE, BEEEMEERE.
HEER, EERE. GAPESRESKE TN LE,
B e BN, SRR R AE @ AP N ISR 1S e, T
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JEZAE, X TN A1 TSS HIsZmnHEss 2 7, HETH A5,
X} COD WIs2maHESE 3 0, NIREREK, ZZEHE 3 K
F(0.15 g/em) , BP A . XEFIREIEE R, Hot TSS
HISCIHHESS 147, BERTEL By, X COD HISZmaHESS 2 i,
BERFEL By, XF TN BIRCHAHESS 3 7, HIREREK, &b
ZREE 2 KT (9em) , B BB, WT3HEEE, H
X} TN. COD [HIEmAHES 1 42, 43 HIHL Cy Cyy XF TSS
MIRCUAHESS 3 A7, SHIRERZEK, MBEHC, 3 Cy, (HXT
T TN, HU C, LA C, I &k {EFFMK 5.71%, 1T COD,
B Cy ELEEL C, B Kk {E 30 6.88%, C, BUEAST C, K,
LEE I 2 KT (40 em) , BI G804k, Bk, A%
KA AN ASB,C,, BNIEERE. LSRR, BiHE
FES3 515 0.15 glem®s 9 cm. 40 cm. HITALALEATE
FEFF L IERE 7 R K 9 dHIEAZ RIS, HOB I35 IE,
B35 35 KKK TN. TSS. COD 43 %4 965.63+
2396.47. 2006.02 mg/L (¥£3) , TN. TSS. COD £
KRN 22.80%. 51.60%. 76.81%, A LAE HARILA &
Bt S RCRAR T 2 IEASIRIR 2, FORAEFF x4 37 R K B
A R Rt iR .
2.2 FEFERSEEFEERRE
2.2.1 RF) C/NXH4F 83 A& 315 69 %508

1) 5

T FEE 2 M P A A 0 A A R BT R R LA, B R
BEHEAE B R . AR C/N SRS AT SRR 28 47 S HE R ik
FEHEAR s i 2 Fis o

— C/N20
. - CN25
- C/N30

1 - C/N 35

701

60

b 4
X

— IRBEHLE

50} Ambient temperture

4o

s
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R

2007376 9 1215 182124273033 36
I 1) Time/d
B2 RE) C/N it £2 3 0K08 B 49 %k

Fig.2 Effects of different C/N on heap temperature during the
composting process

H P 2 a4, ANEAILE C/N (204 25, 30, 35) 4&4%F
NI HE RS R IR R, R Je P B S OB
B, TEMEAETHR I, 5 MR AL B R B AR, B
YNGR KRR, AR E BT, &4
E55 3 RIFEANERLY (>50°C) , HminE ik 59.43.
61.44. 63.89. 65.96 'C, F- H4ERF T 164 18, 19 Fil 21 d,
Hr 60 ‘CLL R ZEFRFI 0500k 1. 7. 10 f1 12 d, "I
BRI A B RV JE AR, W A VLR G 1L b
HESRM, B O/N iR, R R S R
K (P<0.05) o BEEHEIL BT, A HLTUZET B e
YIHREIRI, HERIR B2 R, X BRI A it
g U8 S R R B IR N 11.02~22.34 “CHI 18.02~
26.58 ‘Co&AF T, W FRFEFFISE IR A HEAE A 2 1

i /% Temperature/'C

IR I iR R e iR R SR I A3 T A6 25
FE T LIRS AR Y14 O/N BT AR,
SEOE R P AR RURECR, AR & AR
PAREK . FEGEDIEP IR E N 28 C&AE FHEF
FERFEFF R4 IR & HEARAF 2, #146 C/N R 30, 35 I,
60 ‘C LA EiRIA4ERE T 10d, S54RI+ C/N A 30,
351 60 ‘CLA SR (100 12 d) L, A WASFTUE
M S HE AT BB A 25 R FT U S RE 2R AL FHR AR
C/N RN 35 W EZETM. Kk, FEFFHERIRE #80 S HEfe
SEPRAIAT, HAEBEPIGE C/N IR IRAS B0 i T 5 %
R v L R R 1]

2) pH1H

pH EI KEUS N A rE e, B HEAR
NH; HE & R R b BA EER ", RE /N XREF
FERLAVRE FE AT I FEHE A pH E RIS W 3 s

9.0

——C/N 20

88l
8.6
= 84|
jan)
Q
82l
80k

7.8
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1) Time/d
B3 RF C/NaPgieit 23K pH A4 % h
Fig.3 Effects of different C/N on pH value during the
composting process

FHE 3 AT, &2 pH EETERT 9 d Pl in, 2
JE IR R S T R TR e . BEE HEIE SN AT
PRI SO T, AR e ERE 2 3G 0E, A HLER B
P g, S pH (B POET &, BEE NH,-N #5410
N NOy-N, pH {H X FE PR, 55 36 Rik56 45 H,
%40 pH EHIMT 8.0~9.0, W HENEFRUEESKR, HAWIUA
C/N A 20+ 25 B} 1) pH B % 3 = T 9146 C/N N 30, 35 )
(P<0.05) , C/N B, pH {H#K. F MK C/N BHHE
R g, ISR RSB, AWK NH;
TEHER N DA RS R S8 pH (LT,

3) GI

GI 72 P HE N J65 20 1 25 48 45, GI>50%H, Bpw]
INHEIE X MY AR TN, GI>80%M, TN JyHE AL X
WY e A TFERN, ASF C/N RS FHIERRE 2%
ISR HE AR S AR HEAR G ISt & 4 TR .

HE 4\ %, &4 GLYREPEE EA-r@Es, Hy)
4 O/N ks, HMEARE B 2 TR A (P<0.05)
HENEZE S GI K (P<0.05) . #14G C/N N 20. 25
W, HEARSr BIFESE 334 30 REF GI>50%, T#HILH C/N N
30, 35 I, HEAETESE 24 K GI>50%. AHEPIEE C/N %
R, BHERRZE 36 RERET GI 23] 57.63%-
62.23%- 68.45%F1 81.03%. FHIPIHFRERE 36 K
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K GLIAE] 79.85%, BEAK T A3 5 K GI (81.03%) ,
Tt BH A 56 R T R L RN 26 S SR HE A B PO R K
901
80
70t

60F
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50r

40r

308
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I 1) Time/d
B 4 RE) C/N AP e A2 3 A0 T & 5F $8 4069 % 7m
Fig.4 Effects of different C/N on Germination Index (GI) during
the composting process

2.2.2 AR C/NATHFESIEERAK 7R

1) TOC

HEREA WL P FE AR Bl R AR . AN TE] C/N X FG
FRIERRI S 2607 E e IR I FEHE /R TOC & BRI M 5
B o

400
~ 350 —=—C/N 20
i 2 —~—C/N25
PRI ——C/N 30
B ' —C/N 35
=2
Tz § 250}
E N )
3
& 200}
150

0 3 6 9 12151821 24 27 30 33 36
I5F 1) Time/d

B 5 AR C/N Pt s R A A B0 R
Fig.5 Effects of different C/N on Total Organic Carbon (TOC)
content during the composting process

HE 5 il TOC & &35 R~ %512 HE
27 2 AR TE A (P<0.05) o #1448 C/N 4 20 4HAESS
30 RIS HIPL/MEEEEE F e R BE R BT, X e H
T A DGR A HE R AR A 0 77 AR AN [R) 2R 28 1) g ot AR
W, TEMENR PRSI 2, K ARBE R A - ) R AR
W Y EERE T, HA g AR KRR MR R
H N, Fs M), S8 TOC & Emga T,
HENE 36 d 45 RN, &40 TOC & &7 B MHIEE ) 285.58.
316.82. 341.75 1 364.02 g/kg 4% 203.44.192.11. 185.99
F1 188.76 g/kg, SHIMHE EAM LD AIFFIC T 28.76%-
39.36%- 45.58%H1 48.15%. BT HEAELFE R A YU 5>
FRAR UG RSHE AR ST B B A0 R A CHY SR R R,
SR C/N A 204 25, 304 35 BAHEIR TOC Hik
KIHIN 40.50%. 48.08% 53.92%. 57.73%, HWIUH
C/N K, TOC #ikiAk. Fril S a8vieh N
N 35 HAEHEAE 45 d I, TOC & & ELEHWILE TOC & &
fi% 47.89%, AIBEART AIE 1T 48.15%, Ui B B RKFEH L
TR PO FEX FRREF A — 2 b s EH, &
W 7K HEZ I BRI AR A T A T 70 HE M R v e o AP

2) TN
AR EEE TR . RF C/N XFF
TERPAVRE Fer LI RE AR TN & R A2 6 .

376 9 121518 21 24 27 30 33 36
i 1)) Tmie/d
B 6 FF C/NPfldizfhd Rega#n
Fig.6  Effects of different C/N on Total Nitrogen (TN) content
during the composting process

HE 6 AIAl, TN S & EHEE 24 d AT 25 NI,
B9 REF/MREE TS T BRI, 124 d 2 )5 XIF
a6 B, B CON BOK, HMEIEEFE TN & 2 kK.
KAV TN FE0 5008 1428, 12,67, 11.39 Fl
10.25 g/kg, 225536 RUENELE A, TN & &7 518 14.21,
12.69. 11.74 1 11.30 g/kg, B T ¥4 C/N A4 20 41K TN
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Straw filtering wastewater and aerobic composting of filter residues and
manure on a pig farm

Wang Lili*?, Sun Dongsheng®, Xu Lei*, Zhang Tingting®, Feng Zikuo?, Yao Yiging®
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China;
2. Key Laboratory of Swine Facilities Engineering, Ministry of Agriculture and Rural Affairs, Harbin 150030, China,
3. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Pig-farm wastewater is characterized by high suspended solids, organic matter, and ammonia nitrogen content. It is
very difficult to treat, due mainly to the complex composition of the pig manure and feed residues. Fortunately, the straw with
a large specific surface area can be expected to serve as the better retention and adsorption for the suspended solids and
nutrients. For example, nitrogen content decrease can be greatly contributed to the subsequent resource utilization of pig-farm
wastewater. However, it is still a new challenge for the efficient reutilization of straw filter residues. Alternatively, aerobic
composting can be used to produce the organic fertilizer for better soil fertility and structure, due to the easy operation, short
reaction period, better reduction, cost saving, and environmentally friendly. It is a promising way to simultaneously dispose of
straw filter residues and pig manure in an intensive pig farm. Compared with the dry straw, the filtered straw is easily
decomposed to participate in the composting process, where the high porosity can facilitate to absorb the water and swells.
Meanwhile, the composting process is accompanied by the emissions of greenhouse gases and stenches, such as methane
(CH,), carbon dioxide (CO,), nitrous oxide (N,O), and ammonia (NHj3), due to the complex composition of pig manure.
Moreover, the composting microorganisms can quickly utilize the ammonium nitrogen that is adsorbed by the straw in the
process of filtration. But the ammonium nitrogen is also easily volatilized to produce the NH; for secondary pollution, leading
to the reduced quality of compost due to nitrogen loss. However, it is still unclear on the relevant composting characteristics of
the straw filter residues mixed with the pig manure. This study aims to filter the pig farm wastewater through maize straw and
then systematically investigate the aerobic composting of straw filter residues and pig manure, the conversion of carbon and
nitrogen during composting, as well as the emission of harmful gases. The results showed that the optimal conditions for the
maize straw filtering the pig farm wastewater were as follows. The bulk density and height of the maize straw filter layer were
0.15 g/em® and 40 cm, respectively, whereas, the inner diameter of the filter column was 9 cm. The removal rates of Total
Nitrogen (TN), Total Suspended Solids (TSS), and Chemical Oxygen Demand (COD) in the pig farm wastewater were 22.80%,
51.60%, and 76.81%, respectively, under the optimum conditions. Furthermore, the higher the initial ratio of the carbon to
nitrogen (C/N) was, the better the composting was, the more the Total Organic Carbon (TOC) loss was, and the less the TN
loss was, when the initial C/N, ambient temperature, moisture content, and ventilation rate were 20-35, 22.32-32.05 C, 65%,
and 0.2 m’/h, respectively. The harmful gas emissions mainly occurred in the early stage of composting. At the initial C/N of
35, the highest composting temperature reached 65.96 ‘C and the high-temperature period (>50°C) was maintained for 21
days. Among them, the maintenance time above 60 ‘C was up to 12 days. The seed germination index (GI), the loss ratio of
TOC and TN after composting of 36 d reached 81.03%, 57.73%, and 10.08%, respectively. Although the emissions of CH, and
CO, increased, there was a significant decrease in the emissions of NH; and N,O, as well as the nitrogen loss during
composting. The potential greenhouse effect was 137.53 kg/t (in CO, equivalent) for the three greenhouse gases of CH,, CO,,
and N,O. Therefore, the local anaerobic reaction can be avoided to reduce the generation of CH, under high C/N conditions.
The findings can provide the favorable support for the resource utilization of the straw filter residues and the emission
reduction of harmful gases in the aerobic composting process of straw filter residues and pig manure.
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