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QAR TR WK 4R B IR ERKERSE
PSR, HA R ALK e e R
B R EEEEIRE 2 EIh P, RATT A FAR AT
A HLIE: VR I & A S A K P 7 S 4 A R AN
w, Bk, AE B RN IR, R s
2G5 AE EY L, COD (Chemical Oxygen Demand,

B2 T ANTF A R AR A 2 LR 2T, B
FEAE AN HAbA WU FE = R BUR K S 5 R B
LR GE, 5 RSSO RPI AL, P91 pH (B R,
E IRV A R, C/N EL K, H &)@ Fh SR 1
AR F, AFEERNZS S KR, KR
PERISEAT . AR5, Bt ORI M 5™ A4

Ga S RN

G A E N

B FRD ft,

TIF) « BOD (Biochemical Oxygen Demand,
FIHD  NH4'-N (Ammonia Nitrogen, %
Haplm (R 8. B . HD

Gy Uk, RIS AT RE A PUAL B0 A A, R

PN

PRI, VRV BEAL B S R R 0 K BRI OR 3
SEPLTE R BT IEAL A AR AN 5 320 Tt — 2D S BLE R
ARFEA P R A B X

®1 TRAXAEFYRESEULROLER SR
Table 1 Chemical compositions of slurry from the anaerobic digestion of different types of wastes?’>%
JRL S pH f& TOC/ Ry
. -l
Type of raw material pHvalue (g'L") N P K S Ca Mg Fe Mn Cu 7n He Pb
O S 1) 27
/%éﬁ.?}‘\_ BE 2D © 27 7.67 ND 0.552  0.076 0.814 ND 0.167 0.028 0.010 0.001 0 0-0000.0010.000 0.020
Fresh pig manure +straw(2 : 1) 3 7 05
y e+ Fz : [27]
ﬁz.ﬁ}k BE 2501 C 271 8.03 ND 0.143  0.114 0.362 ND 0.128 0.029 0.013 0.0004 0.002 0.0020.000 0.060
Fresh pig manure + straw(2.5 : 1) 5 08
B R SRl
/%éz.ﬁ}‘\_ BE G D .27 8.60 ND 0.161 0.072 0.362 ND 0.140 0.030 0.042 0.000 7 0-000-0.001 0.0013 0.055
Fresh pig manure + straw(3 : 1) 6 1
B TR 1) 27
'%Zﬁ% ?**uﬁ 2D . \27] 8.14 ND 0.362 0.120 0.874 ND 0.091 0.029 0.004 0.0000.000 0.001 0.0003 0.015
Fresh pig manure + maize straw (2 : 1) 45 8 5
BRI T KT <1y b7
/%é.ﬁ}‘\_ :FJK&H— (25:1) .27 7.62 ND 0.380 0.032 1.115 ND 0.064 0.026 0.011 0.000 3 0.000-0.000 0.0003  0.005
Fresh pig manure +maize straw (2.5 1) 9 8
BT KRS 1) 27
'%Zﬁ?% q:jk*uﬁ G:D NG 7.45 ND 0.705 0.146 0.780 ND 0.204 0.116 0.001 0.002 5 0.000°0.000 0.0004 0.017
Fresh pig manure +maize straw (3 © 1) 7 6
B s < L1
/¥ﬁ}‘< A 201 C 27 7.14 ND 0.286 0.140 0.263 ND 0.072 0.033 0.003 0.0013 0.002-0.002 0.0004 0.003
Fresh pig manure +grass(2 : 1) 0 3
y Fe+E : [27]
ﬁﬁ}k A (25 1) NG 7.20 ND 0.543  0.164 0.506 ND 0.117 0.033 0.002 0.000 6 0.000-0.000 0.0016 0.013
Fresh pig manure +grass(2.5 : 1) 4 5
B e < L1
/¥ﬁ}‘< A G D) C 27 7.58 ND 0.616 0.107 0.486 ND 0.087 0.037 0.003 0.0000.000 0.000 0.0004 0.002
Fresh pig manure +grass(3 : 1) 24 3 3
70%F #+30% & i i g2
70%cattle manure+30%tomato starch2! 7.6 ND 2.17 04 ND ND ND ND ND ND ND ND ND ND
F¥ Pig manure . . E . . . . . . . . .
#3 pig 9] 6.8 40 53 14 25 047 17 06 ND 0426 0218 0801 0001 0.001
247 [ Y477 49 301
%?iﬁ&%-%—i{ﬁml& 130] 7.9 19 7.9 09 16 06 06 02 ND 0201 0.070 0474 0.001 0.001
Slaughterhouse waste + domestic waste
IR S i i [30] ol ]
ﬁj‘jﬂi‘g‘@gmi esggemed distiller's 7.9 7 59 022 11 12 03 01 ND 0266 0070 0465 0001 0.007
T+ E 535 B Silage + domestic wastel®”) 8.7 24 53 04 37 26 13 03 ND 0287 0097 039 0.001 0.003
#031] [31] 0.007 0.011
#1255 Cattle manure 7.61 ND 1.250 0324 0.585 ND ND ND 1418 0.025 6 1 ND ND
%01 Sheep dung®! 7.32 ND 1480 04900490 ND ND ND 1659 0.0112 0'203 O'%IO ND  ND
e 2 K 30101 Y
FRCEFERA DT gy ND 1730 03650599 ND ND ND 1413 00412 001 0006 \p \p
Cattle manure+ sheep dung+ pig manure 1 7
#3657 Chicken manure™ 8.38 ND ND ND ND ND ND ND 0003 Np 9% 00l yp o 0990
E: ND FoRAfait, TOC fi B A HLik.
Note: ND indicates not detected, TOC is Total Organic Carbon.
R W AR RO 78 R I R X VR OR A8 O 2L, A

2 BRI HAETR

TR PR AEAR KRR P IR T A BSR4 AN [A]
KRR, SRR T 2B R MRCR M A=
5t AFAAEE TN HEBEFEREEZ R B .

2.1 BRARIRYE
% R OISR B 28 R VE AT VB0 48, B9 TR

FEEE TR iR, 25, 35. 45, 55. 65. 75. 85°C) ik
T 78 RO AR 4 V8 T ) R B IR R R OR, SRR
KOSFERHVRIT 98%, JLTaiidik, AFTXR4a 7K
(KE IR R B EANHE pHAE (24 3. 4. 5. 6. 7) F
BT R R AR, 4V pH E<4 I}, A&
KRR ER T 41 mg/L, KFE AT LS E (&7
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FENV TS A OhRvEY - (GB18596—2001) #R: AN
pHTE (2. 3. 4. 5. 6. 70 FHBUEZAKIREH, AH*
H A ELE-0.03~-0.08 MPa X 28 R i FERZ AN K, 5
JEZE AR, U0 28 & AT BARRAR A B K R I = AT =ik
FERL S TR, A BRI, W] L S 28 R
MNRGiEITERNE R BEKEFIF Box-Behnken M
NETHEARAL B AL A R A A I i, R TR 1R
5.50 MPa. —{XFIH EH 4 A 76.00%. pH 1E N 7.70 14
P, R B SEBR LB FTE 96.13%; 7EHR
RIE, EEIEELMEL 94.27%, FlikE 5/ MRk
IR B HNIRFARZICN 1.93%, IEW] T Box-Behnken i i
AR B EH AR LRI 2B T2 AT A &
FERL @R COD WA 50.99 mg/L, NH,-N ik A
29.22 mg/L, ik EIE K& & 7RG AH T G HE bR iR
IR S A FH AR ) P bl o B 175 S8R R i =2 B 12 97
FEIA I & & T P % [R5 YK FEAT IR SR IR 57
YIENERL= A VAW, A IR AR 5 B3
R, WABRH R B WHOEES BN 6.80. 0.60.
11.58 kg/t, HKKFREGF . EARGEPLR I A8 9256 v 6t
FABWRIBEWR S T2 S80Ik, RUTE pH EA
5. MWAEN 35 °CL #AEIR J18 3.50 MPa B R, AIsE
Bl NH,'-N. TP (Total Phosphorus, Aifff, F[E) . TN
(Total Nitrogen, &%, TI[FE)D) BI-FHE 55K
90.70%- 86.30% 93.30%. K B EEUR i filir 4 & &
BT 2N S s, SUEC AL B s COD B#
fRZETTIA 47%, ZREMEAE pH HA 8.3+ HHEH A
2 min. FEEEHEZN 300 /min. FHETEN 15 min. %%
AR 1.50 AT, BB 14%, HoRTE
T+ T UiBEERE, COD LBRAHRIA 72%, T245 COD £Fk
RS 82%. JER IR AR L AT B R 5 4, 153
TSI — B R RO, (E, RV T I A4
BB V5 G Fd 75 ar G BR & B SRR %A, [RIR,
TREIR AR A =, ToIR R R A BRI B 2 & ik
B, ¥k DA SE A STV R S e KR BE IR BB K
e, TCRE AL TR AL AL TR A — K Bk 40421,
2.2 BiErE

BB AT SRR R s e B B2, IR &
SR AR T WA 24 T ¥ S BRAR A R B TR
B, JIHWAE 30 C. Y. REFM FIAFE 20 d B,

AT SEHILA 2 U R R K E R 2 530N 79.70% 1 77.60%
HIEE FRE S BN 10%; ERAE 30 C. IR, B
SRIEAT FIATE 20 d B, A B AR, BEAEEAN 31.60%:
FTA A7 564 R B TP e B I 8] 2 B0 PG 3
MTE 30 C. HEYa. JRAKA FIAE 20 d B, IA R EARH
IKIREE R 301 mg/Ls JEWAE 15 Cy MY, HARAEE TR
17 20d B, SRRLBES BRI, FARWAEFAE T a5
B R IRGES, 7 30 C. B, IR & FIeAE 20d
i, kB KBEARZE AN 97.10%. FHFFEEWSIR FVE W E SR
DR 5, FEUTFERTEIA 1 d B, SS (Suspended Solid,
BIFEAMA, TED BT, getiiE SR A H T
B, RPEBRAHKBRE 24 h WESIEATE TS,
ZBRF AT 38.30%, 555 FEGR SR VRTIIR 45 A HE 5
56 HH A BRI AL 1 d W SS ZBR 0 it
Mg —3; Fi, BEWAEARVE 1d, COD nsLilH
8195 FHKAE 4917 mg/L, EBRFEAN 40.00%, TP w52
B 52 BRIKE 33 mg/L, ZEFRZFEN 36.50%, HZXT TN
ATNH, N RERBCRA I, 20518 20.00%F1 8.70%,
BT REAAETEESEIY, KA UESE AL
TR, BEE SS MPTHRZMAR /N ] WA AR
DUBRVE L BRI 75 e nt, Al 2%k COD A SS,
[ e B A — SE IR P I TN, E TV i A A 8 S
LBREEJIER, H A SRUTREIE TR oAb AL B T2 18
TALEE, 7E— s FEfE sk BRI N A o 7RV AT
i, =S AE B AT 2, Joachim ZEPI7E A 7T A7
it S A X 2R SR P AR IR SR R S s, 3 I b G
i R EE . REE SRS E, R 2 1% T A RE R
MU IRESMHE . B2 140d 700 35 047
8], 5= SARHECE N 40.5~90.5 kg/m®, &ZE 100d (1)
S A A, R ASRHERCE N 14.3~17.1 kg/m®; 11
S AAAER, B R Rk, FE, RE4E
M4 IR H S H R AR B 0 mIA LB, AT
RO E R SN, 36IE T 43R Ak A
HIHNZET . A RGEAIEEY AR, BESAEHRE S
PR R, TR A7 R N 2 R i ) L
AR DA T SRR . VR
TR A PE (DR B A DR 20 T VRV 75 e s
mal P2 R v, 3R B I — 58 A HF R BIVR VR AE AN B AR
R P (e 3E 50 23 v5 e ) — e PR LI BE A

F#z2 HBRELXEMESHEMHITIES CH,. NHy. N,0 FIEESHEiHHMEHIER

Table 2 Cumulated CH,4, NH3, N,O, and greenhouse gas emissions during a winter and summer storage experiment[zx]

A #E 5 3 Treatment method

HZ (140d) Summer (140 days)

£7¢ (100d)  Winter (100 days)

CHy/ NHs/ N0/

WAL G 428K+ TJCIE 5 Treated cow dung +uncover
THIC G SR AR R
Treated cow dung + chopped straw
THAL G SR DI IR B+ R
Treated cow dung slurry + chopped straw + wooden cover
RETH A FER AV RIFE

Untreated cow dung slurry + chopped straw

11542 2225 724

11919 1257 757

10214 78.1 61.4

35912 1105 487

L CHy  NHy N0/ HESE
(kg'm™) (kg'm™) (kg'm™) Greenhouse gases/(kg-m’3) (kg'm®) (kg'm™) (kg'm™) Greenhouse gases/(kg'm'3)
46.7 111.3 62.0 40.1 14.8
48.5 114.5 49.6 39.9 14.8
40.5 81.1 48.7 40.7 14.3
90.5 164.3 72.5 44.0 17.1
81.1 142.0 52.2 38.2 14.8

REHMF FEHRAUIRERIRE SR

Untreated cow dung slurry + chopped straw + wooden cover

2999.0 60.0 58.6
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2.3 BiRELE

HI% 3 s FUE SS9 7 5384 -SBR(Sequencing
Batch Reactor Activated Sludge Process, /FHtzliEtEIG TR
5, RIED —IREE L 2008 S AR S VRV AL B AR,
HKE 2] (B TG R SR AE)  (GB 18596—
2001) #R, szHLHEK COD. NH,-N. TP FEKEH
9200.00. 3200.00. 270.00 mg/L, [%f#Z=H/K COD.
NH,"-N. TP i &K 5 5 51i% £ 280.00- 36.00+ 3.30 mg/L,
EBRE A 96.96% 98.88%F1 98.78%. Yetilmeszsoy
s [ % B UASB ( Upflow Anaerobic Sludge
Blanketreactor, i XIREITIRIK, THE) LZEAHHEHE
PREREE G T8, FFIINT & R B RS T R AR 25
T, i A 7 BB A, 1E pHAE N 9 11
1T, A MgCl,-H,O Al KH,PO,, SE2HL T NH, N,
COD B4 M 85.40%F1 53.50%. Hhaxi25Wsg
F MAP (Magnesium Ammonium Phosphate, fiff iR% 5%,
TR b2 %E-MBR (Membrane Bio-Reactor, A4
SEAE s T FD T2 A S ISV, 524 7K COD\NH, -N
FTTN IR EE 2514 138.004 3.60 A1 97.20 mg/L, E£H%E
I3 BB 78.40%- 99.60%A11 36.80%, F#T A/O (Anoxic
Oxic, REAUFA T 205, FRD-MBR T2 b5 24-A/O-

MBR T2, kKR, 4% 32h, LB
KEBHIR R, Wb A AR A FR R U /7o XN R 2800t
AR B OR EOR B S IV R MgCly6H,0 A
NaHSO, 12H,0, ZE Wi & AN 0.80 #2512 1.30 i,
NH,-N FIEICR N 64.73%3 5% 91.05%, [FIRSEGAIE T
pH B T2 BRI R T W] B (4548 . s 25 1)
X 26 RAEUR BE P HE TR A 3T LR #8-SBR L 2 Ab#E
Je s SEULT REAC RN e A N ERE KA S EIKE
KT 15 mg/L. FRAEMSIOT 5 & 600 Rl A VR A
UASB-SBR T Z4t# 5, COD. NH,-N 1 SS E£[RE 5
AISZEL 98.90%. 95.10%A1 93.70%, Hi /KK FE 43 il
240.80. 46.50 fI1 80.70 mg/L, AJFF&HERARE. XEH
SRR 2 RAA R B A TBCR ) A/O T2, BEE B
AP EIZ T A EL A 0.40, SZEL T COD Al NH,-N 1
FRZ A TR 97.00%F1 78.60% .« Fa W52 g 3% IR 48 A %
FEAERAE T 25 ASBR (Anaerobic Squencing Batch
Reactor, JREFHEZ M %) -SBR-VBERITIE T AR AT,
HK AT SEBUA AR BEE AR S 364 - R % -MBR-
Fenton & T 2% 2393 R /K R EHRWGEAT AL B, LB
COD. NH,'-N [P35 22 B35 58 86.40%H1 99.80%,
FEARTE AR

R3 BEULBIZSIERRERLESR

Table 3 Summary of pollutant removal rate of each biochemical treatment process.

COD TP SS
e . IS . Chemical + TN Total Total
S 375 K T -N/Y
£k T2 Biochemical process BT Types of biogas slurry Oxygen NH;-N/% Nitrogen /% Phosphorus/ Suspendeds
olid/%
Demand /% %
193647 -SBR-1R ] .
Struvite-SBR-coagulation!*” BRI 96.96 98.88 . 98.78
UASB! I 53.50 85.40
MAP-{t. 2% 25t -MBR™ e
MAP-chemical flocculation-MBR!*7! LEREIE 78.40 99.60 36.80
UASB-SBRP”! BEBMEER 98.90 95.10 - - 93.70
A/OP! AR 97.00 78.60
DRyl i B [53]
S JEAI-JRH-MBR-Fenton . PUE b 86.40 99.80

Struvite- Anoxic-MBR- Fenton!

SR E A AT A B AT, A4 T X F i
BRG R LR AR ESE, BEReE, GHE
B A R R B A 105 Gk FE B R (TR TR, B
A Sl KA AR AN HE, N SBR T2 MBR L2 A 3]
SEARAL R SR, R UASB L. A/O L2, FIHY
TR H K NH,-N 3R, B DIREFF ORI IR A

R B B RO B A . X
FRELAFETZ, KIMEEMEEALE 20d BLE, JEAf
AW BOD BEAY A 564, AT 5820 b H#E T
2, DRI F A A 45 RN AL 22 R N A i AL
RGN SS Hl COD W2 R A At iy, TR PRAR I 4
WERTE 7, AR PR BEK 145 B T

3 BRERARFRL

3.1 BiRERE A
BNy K R RE AR TAE R B WAE A B T

S SELR R, EIR A KREMREA K, AMRE
B YR R B R BE R G, R T RAMSE R RE

BT R TR BIARE s RSB RE LA R Bk
BERGHAT IR, B T REMTRE: ok
YR B R B RS, BN T RS B R R EED
EFIR MG 7E1)’C IR CSTR CESFE RN, T
A WA T A B0 6] 2 38 PR AUk B Ik 72 rp 7= Sk
PE A B J1 22 5, AEK T AE B TR 40 d.
BHLFATA 3.00 g/(L-dFIZAET, K 50% 878 03T [
W, REBSIR B bR, (R IRE K R Gl
VA AR, H TR EYI R R AN, AL T RCR B
fiX, HARERAHSEKFL 22 TGS, G
HIEARBER R EMN 1.07 BHIFEZE 083 L/L, BRI
T 22.40%, 5T pH {H. NH,-N. SCOD (Solluted
Chemical Oxigen Demand, #f#fh: COD, FIF) “&fEtn
FFt e, AE AR BIINHI KT . T REEER VR Bl 9 T
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2 IR BARMRREIR, 456 % S8 e
T KRR R KB H <& CHy (FbE, FED &
TOC (Total Organic Carbon, &A MUK, TIFE) & &A1,
MEWIENR LA T5%EE, HEERERAN, HEKEE
1275 mL, =S RS ER, i A 68.40%, TOC
ZBMEEE . FERELRA 5 1TBUGK) TS8R
GDVERNIRYD, 25 82 R VAR Bl T o VR & PR Ak
AR, K36 EE 0. 20, 30, 40. 50 F1 60%%% 6
FOARFI AR LG, A B RBWERE T RERS
FERE. BESE. KBS EE A S E. SCOD. VFAs
(Volatile Fatty Acids, ¥R MR, T FIARLRENR,
FIRLEGA 50%0, SEElE K= S MR K H e =&, 7
S 1645 A1 797.50 mL, TS (Total Solid, M [EH{E, F
@) f1 VS (Volatile Solid, ¥R, THD 2%
BN 175%F 47.8%, FAL VS ) H P & A
613.45 mL/g, BCARIINEBN A KR BORE R T 37.7%,
KRHEIL VFAs L& il ER I E T 50%E, {[fa5
RN BB TR, A . TkAS
S8 R SR SR ] CSTR WIFFE 7 VWK S a1 37 %6 44
TEREAT R AR BRI S, EK W EREI N 15 d. #EK
BHASTH 4 g/(L-DFKAET, @5 R ERAX L, [H
MAKIF=SAESE 153 K ZEHH], =& FET
23.10%; R4 pH {E7E 7.10 £ Fiksh, ®HE4 pH 1A
6.80 7r A7 5 iR Es 2 A0S B 4 S R FE 4302 108 71 mg/L
FeAis ARIGRE I 139 m Pass, VFAs &R
(ZBMFTEI BECHE) |, BR B THAEFRF R
B AR, $EE T RN ARA LA R KR ST, KK
LYK TR, E R T R B ORGP 0, 3
77 B 5 R AR O I S Niu 5050006 309 288 PR 480 K % I 1V
WAT B, WP RITE S S R A KB fE v, BE
VFAs WEEHEINE] 20 000 mg/L i, £SB0EHH ks
B 60%FIKE 40%~50%. Sponzal®¥nf i A iE
AR A R BEA AT B, B0 R IS8 W Rl =
21L/d B, ECREGEEA 9L/d ) VFAs kIR

61.50%, 7= R 7.69%, UES2 T 5 TR 17 e g
by 5l VFAs AR &R, BRI &E, FEH TAMERR T
KT PR EN KA G EH N VEAs B [ i =
HENRBERG )G, RO FEKEERSN] VFAs 281, M
TR P2 A o B T B 17 ) P XS 38 VR R Bl 1
RIER AN KT A, RILE A MBS 21
Z)HBEr= a2 NH, -N IR EE M 2 500 mg/L FF = 2 B £
KPR S e H =2 A (1.30£0.10) FE1K 22.(0.80 +
0.10)L/(L-d), PR GEH ™ ERED> 42%, I0iE 7w
IR MR AR R SRR R E, EERmE
REERGIIBAT o OA-ZEOE R T2 SR ARG A 1] i AT 7
L, NATEIR ENR LR IR 50%L R, I HAER AT
VR & R AT R AL, ARAIE R R R IR AT
2500 mg/L PA'F, iR EE T VFAs 24l 7= B b g 2R K
U, PRI E WA R fRE R, X838 R IV W
VFAs HIKRFEE N 2 000 mg/L I, HUGEP= R4 FFE% 10%~
20%; AETETSKREERW R ES 21 Ld 8RR EN

11 L/d i, REERS VFAs IRFEIN 53.30%, 7o <&
1> 5.63%, F BT AR 4R F ST DA R AR T A AR VR
H, BAWERE T SN2 SRR RS R EEEE
R VR Rt 70, R IR G A B2 W R
MAFEFARZSH) 56 BEINZE 116 mPa-s, Z6EHHE EHIZ
1T —f5, PR H” R 2 M 1.08 FIKE 0.82
L/L-d), W7 22.30%, =% THE AR A R 2
SO R RS PSR T s DRI AR 2 A P A 2 I i
BRI R G EE EE PR R R, Ay Rl i EE A AR
AR AT AR IR b, DAR 1 s 286 5 4] 1E 3 R B e

HRAEAFDEIE . W WAAARMEXET, Bl
PR 22 R AR R AR AL, 0 LR e S SR A5 1l 1) 52
e RPN [ e ) A0 46 At TR B9 VR SR 9 A% i [l 97 L
FRIEA R ECES, X T R WP oA AR, X
(B VR R B = A — e Bk R . TR Rl A — R R
B _ERT sk AE PR KR, IR R R IR B,
TE [FI bR B A S AT 5 T el s IR E R R, 2
FEREMBLEEE, HERTARKEYSE KSR,
R IO R 1 2 A YRR AE 25 S 3 2 S BURMRE
JRAR o 22 iR, [ b i 2, IR AR A
O R A LR R R 2 24 25 28 5 o R A 00 o 1 AR
RE—-FRVINE, RIS EMFRSE, mENEE
SEARGHF IR Kk, fESZPRM AR, B R AR
R TR T R R I 5 P A 1 R R B, o R A
FERAE DL

3.2 fiEFFENA

H 0% T8 M Ek AL e AN iz,
BRSO, B s, B Bk, AR
GiA b AR IR PR R R 2 B 1930, H B3R 7 VR AR
BV 5 K BEAT RO, BT e IR, A R L
AFITFFRIH . WRERERN A, S&Eatikmtt,
BHIRPEIR A AR E .

FAE R T A REIR, BA AR
m AR EAE RS IS, BAA RIS AR R AL
SRI6COV - — e g 1 % Ty v B BRI K R SR
4B A LG R R U0, s TR
TEE S AR DT A, AR TR AT AR R
BURBER SRR, 5K A U0 26 R T P A BV TR
BRFRUGEE, A8 T SE AV COD. NH4'-N #1 TP
HIEBRE 5N 41.9%. 68.5%A1 85.4%; BiFHikNT
COD Z:BR&FHIC, (HSHL T NH, -N F1 TP 1) 2: B 253
N 93.9 Fl 78.4%, MITHMIEBREEI AT, [ EIEL
TR ED. Yan SUNE @76 & ON A5 IR,
W SRR, MR L oK=L 5
AT S LA B KA AR I R, AT 2 R AR
COD. NH,-N f1 TP L% 718 85.23%+8.32%,
87.10%%7.55%F1 92.40%%3.05%. Tan “57O0f 5% 3 K 1
WX 5 FhEERAT R TR, BRI L BR AR SRR > A
Z L, Chlorella vulgaris ESP-6 2 3Lt B 7= b i
B K BE o & & A H ¥ B R 1 4r A 61.50% Al
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395.73 g/L, AAmERALGRIE, RALBREMHY
FBRIRE Y 5N 96.30%F1 91.7mg/L, I&IUE T i XHE
RUFRIEALRE 77, [FIRT, e ot i b AR 3R B 22 Rl AL
GV, RTINS, 7R E B T R R R R
R FEY B0 A R0 % 905 P A A« Maria 50770 FH 3909 AR 9
TGKEEFREE, RIS T 0T 205 Yo 2 B R AT A
90%, FRANIA V5 7K AL B T 2% 3 405 G T AR BE AT 1
BINR, EFREE R R T S2 BB A A T B A
BRIk 4k, Magdalena %578 HSGR IO BEAE TR & R %
MER . —, ArgmREREERE ), B THAmAN &
AR SR B C/N L, K KU e B 1 XU
AT W 152 25 PR B Ol & 4 i A BEVA B AR B R, A
35°C. A 1000, pH {ER 9+ BEFIEA 50%. KM
TRALERRS (6] 24 h fI46HE R, 200 mL VAW HI B K P= A&k
F 500 mL, X HE— B AT R A R AL VA U KR
PAAEENSHENE, WIS LEEN IR R BT
PRI T R =g 12

WG E R E, DIRGE A ER A = AR S8, xt
P ERE, TR AR IR R A P S e R T A
B, 2013 43 H Sapphire A F 5 Phillips66 £
BRA T AAE, 38 Ik L s e R0 i g i, e T R v i
HIF5E, FFREF T3, £ & EPA (Environmental
Protection Agency, FIE{RYE ) I8 2 UL L M ERDY,
T v TG 7 R R GBI IR B B AE ) B R LR
SO (P2 SR, e AR e R A AR DA A v 1) ek R R
Bt e PR A A B P S S I B v RO VHI AR P e, R IS
WAERIR. BOCRBREE . mEh &4 T = i ie
T, JEI RIS M BRI AR B, o R
AT KT R R DR 3 e 45 1Y, MR A
TE AR =528 S 7 THD EOUAR R, DR A 1 9 % T ol e
e B IEL BN = B 7T, W EPAL DHA. RETRAEYIFIHE
KIS BRI RE RGN E, XA MR T SR, e
FIRT . HAESEBURRET, WE2lAmEO%
B, AMAEEAERD . ER W LB R
IR, BRAR A NI R B A KCEBR #1185, A
SEPURRASEAL AR, SRR EBUN . BHREAL . BUR. il
A NHISEESS T
3.3 ARk

B EHEDEEYR, R, EER. M
WK RS, SR A KA IR e B R
RN, S BEA R A K S W 2 E A i 4 R L,
T LRV 3o o A 26 VR A A I s R Ay AT, R T
WS REIGR SMEILRS, B 17 FEDE
VeI, 7 E A mERARAE, BAEAANE LR
7o WRAERRTHRAED R A= & I EFh 1R R
PURIITE . S AR Sy, & E B A T R
HARAER, BT RN 24 Aol kA2 AR R s B AR
AN B ARV PR A AR AR R L (R R DLy
DAR A, 8. 4. 8. REAHESE, HRYEFET
i, 7EARH PR RG] RIREBI RN, AN
of - R K Ak is et

3.3.1 RIMEM S ATF

2 & P S OIE R AR TR VEOE B 25 T K AR = 1)
W, RIE 1 BELYEBBOEHER T, TIEZER
BB AE, 3 BECUERBOEH R, FOKFEAR
B 4 R B0CS R H 2 BRI R RORF R R BT I PR 43
M, R INEAEE TR EEE, 7oA RN,
PR K= B PRSP E . s S 1AE
Fic it X 5% 4 7= R A TR A S AR B, R IR VRN T
Pic it — 5 Eu g AL RE RE A a3k B4 A AR, B v B A
B, SR HE RN B, SR AL IR R RER
BAIT AR C SR i A VA 1 S b F A R A
P o AR R AR B W VR A A B A A R AR
e B S AR 25 e ) R I R, b P VAR
S IR RS . T PR SR A 2 2
FFRABA RIS 4 MORFEDRIEFARIE, iyl
B 5 SR bR ARZEHL. g, e
SPAD {H) FIF% 43 WIS 7 T 4 B0 AR A i v S s
T T (9 127 == 4 | [ A e i w137 RO o2
B, NHUUBREGHEBRBERECNIAE, KGRI
FFEEI S IR I E ST T AR 4 BR
B b RS A B SR B S R A, R BV R R AF
TEMIRE MR IO R TR AN 0T 42 v 4 261 9 1k
AAEHRR, SEEMHE MR, BE—EREE LiEs T
AR BERE AR, BT R, R
2L SVl S W 460 1 6 TN VR VB UG > 3 K Ak B 4 AT 3
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ETE
3.3.2 ZAE G

2= /INERIOV S T KA PR R G R RG24
FIFRBRGR A KRR B W, BT 7 MR A K
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G, PUMEREE . sk IR ISR E bR A e i
THIFB, WHEE FIEMGE IR ES 22 4 PRI K
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IR 5 e e LR TR T (R K AR VR R VR A T /N2 P TR
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3.3.3 HEMH

B A1 02 2 it F VBB T AR s U E PR
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S5 7 TS5 6 b R EVE A I D RS 96 95 R S
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G2 AR E . BRI BB A S AR T 7 G



12

KA AT LT O 243

ORI 0 A, K AR AR G 0 25 SR A 26 R 1 2 it 72 i
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Table 4 Advantages and disadvantages of biogas slurry treatment and utilization.
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Biogas slurry treatment and Ad .
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] A2 S LR TN P 3
Wk BB S FT R B KM 0, B0 eyt szt gy VIEPIRHIOELOR, JoR RIS IR S E1 AIREIRAL,

Membrane concentration  {FURR, 76— FERE FSLIUE SRR
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P DL 5e 4 SV s Ge I e /KR A B BUIRAK T

WAERGRIE . S fh s TGS R X T b 5 B R SE AR A3 TRV RS A B SR L BRI A IR, EAiad

[[aee (5

Storage and disposal

G —EREIE E AR

PR, R IL —5E SR ROV AT AN E AR UTRE AT (2 B BT R il S SR S R AR R I AN RS, i 4% )

D R Y R e S D S PN AT

A ab 3

Biochemical treatment

A Al A B AT HRAE AN R VR W) PR P B R A B L, T SEELN T
BFS R EBEE R, AR B, FEARSEILHRTSCE R o

VB AL AL FRA B 935 7K K0 8 P H R, DASI T B8 YR
. HIEAAA, TER%, —BHELH L ZH G LB
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Reflux and reuse

SR RE S, BRI S SRR E T

A REMBERK, R R KR RS, R TR
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WA 22 S S 2, PRI S 2 G B0 R AL, BT R T
T EIN SRR GRS AR

M IRA

Microalgae culture

im%%ﬁ%ﬁﬁ%ﬁﬁ,Mﬁﬂm%%ﬁ%%%ﬁiﬁ%iﬁﬁﬁﬂwﬁﬁm
W, ReEA SRR, BAINNE, A2l YRR ROR el
SEIVEMIREHIT I, RAMEATIR AN AT AR VERI 20

SO, (BB, BT R BAR R
B2, WSV R Bk — P R
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Agricultural application
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Vb KRG K, TR B R B AR B, (H
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Research progress of biogas slurry treatment and resource utilization

Song Yingjin!, Wang Guanchao!, Li Ran?, Chen Guanyi'™
(1. School of Environmental Science and Engineering, Tianjin University, Tianjin 300072, China; 2. School of Chemical and Environmental
Engineering, China University of Mining and Technology -Beijing, Beijing 100083, China)

Abstract: A large amount of biogas slurry has gradually become an important part of sewage sources with the rapid development of large
and medium-sized biogas projects in China in recent years. Biogas slurry, as a residue of anaerobic fermentation, generally cannot meet the
national discharge standard of aquaculture wastes, due to the high concentration of organic matter and nutrients. Effective disposal of biogas
slurry can greatly contribute to the surrounding environment, while saving agricultural resources. There are most useful matters in the biogas
slurry for plants, including nitrogen, phosphorus, potassium, microelement, amino acids, humic acid, indoleacetic acid, vitamin B, and some
auxin. Correspondingly, biogas slurry can widely be expected to serve as the best organic fertilizer in pollution-free agricultural products for
better crop growth and soil properties without diseases. Additionally, it can also be used as feed additive for animal growth, where there are
essential vitamins and hormones. However, biogas slurry also has many pollutants, such as high concentration of chemical oxygen demand
(COD), biochemical oxygen demand (BOD), and ammonia nitrogen (NH,"-N). In addition, it even has harmful substances, such as heavy
metals (for instance, mercury, chromium, cadmium, arsenic, and lead), which are easy to settle, antibiotics, and pathogenic microorganisms.
Therefore, the disposal and resource utilization of biogas slurry are highly demanding to alleviate the impact of current industrial
development on the environment. Traditional wastewater treatment can achieve the purification of biogas slurries, such as activated sludge
process, membrane concentration, and chemical flocculation. But how to improve the efficiency of treatment needs to clarify in further
researches, particularly for the waste of resources and high-cost investment in current direct processing. Among them, the membrane
concentration of biogas slurry can intercept most pollutants, while considering high-value utilization of nutrients recovery. However, it is
difficult to achieve a lower effluent concentration of pollutants using whether single-stage or multistage combined treatment, where there are
material erosion, pollution, limited service, and the high cost of membrane concentration. Biochemical methods have an obvious removal
effect for pollutants in biogas slurry, with the high removal rate, and the effluent over the discharge standard. MBR and SBR processes can
achieve a higher removal rate of ammonia nitrogen, compared with the UASB and A/O processes. The removal efficiencies of suspended
solid (SS) and COD are significantly improved using chemical crystallization and flocculation as biological pretreatment, while the
subsequent treatment pressure and the hydraulic retention time (HRT) are effectively reduced. Biogas slurry reflux can increase the total
amount of microorganisms in the fermentation system, the gas production, and methane yield for better performance of anaerobic
fermentation with water-saving consumption under the premise of appropriate reflux ratio. However, it is difficult to determine the reflux of
biogas slurry, due to the participation of different substrates in the fermentation, the control conditions of fermentation reaction, and the
storage conditions of biogas slurry. At the same time, there are also a series of problems, such as ammonia nitrogen inhibition, volatile
organic acids, and cellulose accumulation, leading to the reduction of gas production and methane content, even the termination. Therefore,
the reflux ratio should be set strictly in practical application, according to the properties of fermentation substrate and biogas slurry to
prevent the occurrence of inhibition of gas production. Microalgae culture using biogas slurry is more significant to realize resource reuse,
compared with the traditional physical and biochemical way. However, it still remains unsolved to achieve the conversion of microalgae into
biofuels, the cost-saving, and high technical level. Biogas slurry has the potential as an organic quick-acting fertilizer for the high standard of
farmland irrigation, due to the 17 kinds of bioactive substances in addition to macroelements and microelements. An active role of biogas
slurry can be found to improve the crop yield, soaking seeds, insect resistance and bacteriostasis, soil fertility, and livestock breeding. It can
thus become an efficient substitute for chemical fertilizers in agricultural development, particularly for the most economical and effective
way to the resource utilization of biogas slurry. In view of the considerable amount of biogas slurry production, limited land consumption
and low degree of resource utilization in China, it is very urgent to formulate a reasonable and efficient combination of biogas slurry disposal
and resource utilization for the most healthy and sustainable agriculture.

Keywords: biogas slurry; fertilizer; treatment; biogas slurry reuse; microalgae culture; agricultural value
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