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Treatment Process of Anaerobically Digested Effluent of Chicken Manure
for Meeting the Discharging Standard

Wang Feng Yan Xiaonan Yang Haizhen
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Abstract

To solve subsequent treating problems of chicken farm biogas project slurry, a research was carried
out on treatment processes of anaerobically digested effluent of chicken manure for meeting the
discharging standard—a case study of treatment of CSTR fermentation tank effluent of a biogas project.
Based on the characteristics of anaerobically digested effluent of chicken manure, bio-chemical treatment
combined with physical-chemical process was used to treat the biogas slurry. In addition, effects of three
different processes combination method were investigated. First, bench scale experiment was carried out
to determine the optimal operation parameters, and then pilot scale devices were introduced to examine the
effect of the process. Results showed when using struvite — SBR — coagulation process treating anaerobically
digested effluent of chicken manure, COD,, decreased from 9 200 mg/L to 280 mg/L, NH, -N decreased
from 3 200 mg/L to 36 mg/L, TP decreased from 270 mg/L to 3.3 mg/L, finally the effluent met the
standard GB 18596—2001. To remove NH, -N in chicken manure slurry, pretreatment is essential.
Because of inhibition of free ammonia to microorganism, NH, -N removal rate is less than 30% while
using SBR directly treating chicken manure slurry. Biodegradability of anaerobically digested effluent of
chicken manure is good, but the amount of refractory COD, is considerable. Using bio-chemical
treatment combined with physical-chemical advanced process can meet the discharging standard with
lower cost.
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Tab.1 Blogas slurry quality at the different experimental stages

i COD Bt M i /mg-L™"  SS HMEE /mg-L.°' NHS -NFBKEE /mg-L™" TP HBHE/mg L pH
BmR 4000 ~ 10 000 3500 ~ 10 000 1 600 ~3 200 50 ~300 8.0-85
Iz 4000 3500 1 600 70 8.16
I%23 9200 9000 3200 270 8.48

o EAHERLE AWM SBR %, BERE, W R,

HBETRESNE SBREAPLHKE S EME
A48 . ZRBARBREEMHIIE. BEIRAE. D
BT EERASEARERETZ, SEATEE
E4F% NH, -N p9b 2, KR pH E& A4 5HE K
FEHA EATMNE T RMAERT pH EK 255 %
A.3ER%T pHETHMKEHNEW, 50K .
PhERMTEEL BA—-EHEE. BEH
F TP M4 B A COD W3R 43, COD MY
HtBITZLHRERSRK . BEFE . HERAT
WRBRLBEZPERERMEK, EFRLETE
B E#FTMRZERETLZHNBERETIN. R
E#FPAEREABETZNEBER. X
EBEIHTZARLBASMERLEHRE,
BT,

1.4.1 TZ1:\8%E-SBR L

BIZARBERAKALE LV TE 1", B #
BERCOD EERTHEALACTZMAETLER,
FRABRETAELERBRPRBLBPEERES
Y BREREELE COD AW, ZERBEEA
SBR it —F AL HE,

S MR ABRRERELERENRLIA,
BRAEN:FILENPMA ILER, MA—E
REREMREN AL(SO,),-18H,0,BF JJ-4A
RUNEEBEREE b D — E R e B — R A,
A—ERBRE I BEEH PAM 18 i 30 s, I
1h EB LR E KRR, LK COD,, 8 i
BYRE, RALEZRRERRTRENNREEK
FE BT Y BB M B TR PSR B g ) R
MW, FRBENRKIZTTTOERBEFRR
VEEAGSPRAR PREEEEBETRENR
10 /b HFRAM N 3d, HAKEFTRATHSER
SBR- 1 K .

SBR KA R MG REMGS, BEMSRRE
rHETidAE AL b, UEBE—-ENER
HK#TIE, —ERRUERE RFHEK, KHEE
BFE 1.5 d, 588 10 d, MLSS % 4 000 mg/L, SBR
JARE A 8 h:4 min #0K,2 h 4,5 h B5,35 min T
¥E,1 min #EK ,20 min B, BXEHBKETH

1.4.2 TZ 2. M SBRAETY

EXERSTYELETABRERAEEY
ARTRE, IR TRAEBERE, ZLIEEREE
KA SBR ALEEAMR EEHLBEYR., HEKRRL
FI“TE23"#, SBR R EH R A G RER
BOEMSRRA LETHMESKAET =,
BREFRENHEZLEREE A B EERY
o SBREAN S h;l min /K, 2 h #HH 5hBX,
44 minLPE,7 s HEK 15 min HE ., S AHHEKY
251, HK KN 1720, RIEBR K EBE 74,75
& 10 d,MLSS 2 5 000 mg/L, &K B BK#ELT
iR,

1.4.3 IT%3.5%F-SBR-BEILY

EBIEABKRSTE 2R, g 14T 2,
SRR, BRI T IEWAEMELBARET
B¥EA -SBR-BRAEBRNTE. £#FHR
REHESEAERBRENBERETIN, Bt
FHPRAREERETENLERR.

E#HALF T 500 mL £ A250 mL
B MA—F B Na,HPO, k2L, b thh—
R B8 il i) MgO 1 MgCLAH AL, B F -4 B
BEAEHE 28 1K 300 r/min M B 45 min, F3E
1 h B B WM E NH, -N 5 TP, 4 NH,-N s
B R TP FREELHEHYE. BR Na,HPO, FuEE
ey R MgO F1 MgCL, 1 L I % &b 3 8%
R, BHSXARKEFIAERATRE
B PRRE, N KEFETEAVEFER SBR K
Ko ’

SBR R HIEMISRERS, EMHSRERA LE
HEEFEKGE NG, ZEEAABEEES
BEETRERIL. SBREFTSHSHMIEERHE
58

SBRILKFAREHMBEARNEEATEE
RbEE,5EH TP RFER COD KXk, REE/NKK
REZSZAAR  RALEERBREEREN
MBRBME EBEMBREF TR THTR
BHRAMELFR, BERKFTEEFHE
Ho
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B 4 XK (5118 5 77 vk BE R E ) COD,, KPR %,
MEREPAREEEMEZBRELA ERERE
%6 g/L i EBRIKLET76.0% , 25 EAFRAE, X
RETHRBEMNRBERERERARRELRS,
BR itk 2 SR AR B 6 /L Ay B A TR B R A0 4Rt R R
B, M5 AAFBERAREETRERR, R
B AR 24 me/L 5 ZBREEARE, I BRI
B E AR RS 7 10 min RILRT £, B
# 24 mg/L HENEEFR] PAM LB ME

g 100

e 80

ﬁ 60

at 40

Q 20
o '] 1 1 1
02 6 10
REFR RIRE /gL

B4 ARAREAGRRECBERRHL
Fig.4 Coagulation effect in different

coagulant concentrations
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Fig.5 Coagulation effect in different

coagulant aid concentrations

Ho6ARFBARETHEBENR. HHERE
H/AMBER LT R, WA RE I KEERD
WRERNER, HREVWFEEAE 250 ~ 325 1/min
ZARBEBHERE, BT HBREER 250 r/min
HREBRKBARE, BT XA RGN ETHIR
BER, SCHNREZCHT £20s580s
REHRT —ERBHEME, XR-RHTEREH
HEET RN EERE R BITR RROH
R BRERMG I RYE, FRENSERRESES
2, TR P B A E 20 s FERHEEERA
M TIRRE AR , BT (A 80 s TR UM BRI
Mt BE AT , B R 80 s DR TR BE B A B A i 1A]

EFERRIRTEFRENRZNRL, TP

£BFiK 93.7% , th K TP {4 4. 4 mg/L; COD, i 4
B3 KEHI M, K COD, Yy 900 mg/L, % B K
77.5% ; 7k NH, -N % 1050 mg/L,

150 17‘5 2(;0 2‘25 2;0 2475 3(‘)0 3‘25 3;0
P48 /r-min ™
e ARBAREHBELRME

Fig. 6 Coagulation effect in different stirring intensities

76

~
£

COD, &M #£/%
-3 ~
L=

6820 4;) (;0 8;] 1(.)0 12IO
B E)s
CERENCE SR A2 Y T

Fig. 7 Coagulation effect at different stirring time

2.1.2 SBR 4R

SBR %t COD, ERR3% R A 8 BiR,COD , kB
EH30% ~50% ,E1THERHK COD, HXH
S00mg-L' , BRERE THEESKFIIAKEN
WFEMAYYRE., &9 % SBR X NH, -N f %
WRARAMHEEZREZSERK REBED
20% ~30% , [ BH Al Bk R it K Bk A LU 4K, Bt B8
a4k R WAL B A B K COD., 5 NH, -N F &%
BN 2.86, MIABRHKZLERFR 1, BEAS
RESRBAZAMRE, TR EHERIENRE
BT NH,-NEZREZRLREMK, diAK NH -NZ
800 mg/L,

—t— 7K COD, —€— H7KCOD¢, —8—-COD, £ %
1200 - 80
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3
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Fig.8 COD_, removal efficiency of SBR at stage one
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Fig.9 NH, -N removal efficiency of SBR at stage one
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2001) ;COD., BRHR—M, /K7 500 mg/L 4,
IR AR A9 400 mg/L; NH, -N LR R 2,
K% 800 mg/L, 543 HARB0 mg/LAEE IR,
2.2 BMSBRABIEHR

10 hE# KA SBR 4t H BB M H R,
COD. ERBBEET5% ~80% , LB REHIEH
BERBERXBEBRELERT. 2SR AT
COD,, /1 9 200 mg/L B % 2 500 mg/L A F, T
NH,/-N EBRRENRMBFHE 1 RFHZELEE, 3
FBIXRERERAR 0%, AWM EEEAERHT
HWE NH, -N bR i, REBEX
B REOH WY NH -N RERESRMK, ZHRE
A% 60% , 588 NH, -N FUR K6 a8 A A e g %t
W EWEEFETHHAER" ", EWT
NH,-N 1 £ B %058, NH, -N LB EREBE RN
BNH -NEEEEAR XE-LWETHES
B R, SRR RL BT SBR 54 NH,-N

B EBRERE,
100 - —e—-COD.£K%E —S—-AMERE

L .
1 2 3 4

5
B 18)d
BE10 TZ2SBREFTHRML
Fig. 10  Effect of SBR at stage two

2.3 B%RA-SBR-BREIETHR
2.3.1 SEALEHR

11 8k #h MgCl, 5 MgO 7E R A 4] T 15 3¢
ALBEBR . BRI MO AR HEXBRER
HHHAKpH EEH, ARG —HF A HE, B8
WAEF MgCL R A B & B K pH A ARE 43—
B H, Z4% @8 NH -N LB MK pH
8,58 MeCL 5 MgO RE R 4: LAKBRETH
TR, A 7K NH, -N 3% 213 mg/L,pH &3 7. 48,
B12 3FAF Mg N REHK TSR ALBHE ER
BHED 11 /5liK NH-NBEEAHE,E/H 1.1
HERK Mg N RENL., BREMNBEHLRSEAL
BERWEZHE BMBSEBREM EMELK
SEFIRK TP W AF(H 13), 5% E NH-N
REREMBA TP HEERE, A P.N AR
0.85 BERMBTHH, LETHH K NH-N Fi B R E
7337 mg/L TP B 1K E H 106 mg/L,

BB R LB (MgCL 5 MgO R 4, Mg N
MPHEENKL1:1:0.85) FTHTSEAFR. T
BT, HK COD, {5 6 440 mg/L, NH, -N FE ¥k
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Fig. 11  Effect of struvite at different MgCl, and MgO ratios
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Fig. 12  Effect of struvite at different Mg and N ratio
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Fig. 13  Effect of struvite at different P and N ratios

BEA189 mg/L,TP i & ¥ 4 239 mg/L, X R %45
% 30.0% .94.1% .11.5% , NH;-N LB 8B
17,COD AN Mg B ERERNRBRA FR
ERBARSER. MR TP ERAE, HEEKEA
BriEk, SEATZRETREGRYAMN KL
TRERAK, AEEELEAET BiF&E.
2.3.2 SBR GbHEEHER

SBR £ BB R MA 14 fiR , EE WA BR
WAMZELRE, &K COD, M1 NH,-N B = 18
o B XKHEKKAFHRIBE, BRA LK COD, M
NH, -NBREZE 1400 mg/L M40 mg/L £, B %K
510 78.2% .78.8% . £ SBR AL 5 B B¢ MRt
COD EXR B £, NH, -N K 40 mg/L, i5 Bl H
BObRHE, TP B E N 160 mg/L,
2.3.3 SBR HAKRELAEEE

TEBNEER PAM B INE 5 10 mg/L HR T, R
REARBRENEEXRNE IS fix. RS
IR R 4 /L 8t K COD., 3 347 mg/L, 3k
U HEECPRAE , B 8 9 R B vk B 9 TR BRI a0 4
REBWREZH. SBR BAKSBEMKRATIRE RS &
& COD, % 280 mg/L, NH, -N % 36 mg/L, TP 3}
3.3 mg/L,COD, 5 TP 2[R %4 5% 80.0% 97.9% ,
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53%7A -SBR-BELEBEREAAERAS
REERRRIMR2 iR, 2RI LA ERE
BHARED &R FHELT RY R RE
(GB 18596—2001)

B2 B¥L-SBR-BRIZHEHR
Tab.2 Effect of struvite — SBR — coagulation process

mg/L
- COD fi & NH, -N B & TP R R E
E HE
)V, 3 9200 3200 270
BEAEHA 6 440 189 239
SBR K 1400 40 160
RS K 280 36 3.3

3 e

3.1 BERELBEARARSRAHLERZE

WRREEBBROEERARERYAMA
#,EEABAE COD, NH;-Nf TP BB KEH .,
EX3MHBRESRERT HMESERHR
TP, MARPER TP AREL—HERELENA
BE AR, HIKRER COD, , WEBRFH
ALY T AL BT, R A L AL B AR A B 80% LA
TEEBE, Bl THARSR . MREREREILY
iy COD, {7548 3 HE 750 i 60 #0218, B3 ok — AR A
A B S YA BT ISR COD, 85 4R &
B, BEABRLBNBERERREHERER
NH, -N,%tF 3 000 mg/L £ & NH; -N, i1 F 3 3|
BEEMMEYHMEER BRECLBXRE
A2 30% , L AEHTRLBERERA. WFF0

MEEREER NH, N, B AR HALE (R
BAXFEANSHALE) BRERMAKRHS
FETMABERAERK, 38N -NERLFLH
FHRARSERAKRBRO LR,
3.2 RABHERSHASTE
ERIZHERERGUEHE BT, MRS
MF TP EBRBRRFUEMLEELTZ—SBR
A 20 8 8 61 F 3% 30 7 A A 900 AR PR AL AR R BUIN A
BishE. WALENAATEMNEBHRARH,
AXFHALLPEHHE T REEHN SBR 4038, K HT
1 hiREENTiILE, T3 PiREEN SBRF
SHRELE, AN TE I WBERSRYATHLT
LI, REEMH, XMITE 3 MR RGHTTTRE
BB NRR B RN RENRNE. REFLE
BRFEELBMBER MBS BN 15 /L R4yl &
fest BB ALY AL BRE L, BLBEN MR
WA TALERA A K/, AT IR - SBR TZ 89
FETEHFSBR-BEL Y FASERETLE
BAMATE Fek, B0 SBR B N X5 ER
Y TIREE R A A R FAL B
ERTHRBRAINEERT HRBENLY 25
SBR HEE kB NFMHERENY, EREREE
SBR 4b 38 ik R R &% B9 H W4 COD, A o S K
ARik#i, M SBR-BET ¥+ ,SBR L BRAEES
MERTRETHRBAE LY, BRI ERREA
W R — 5 R BR, AT B A PR S PR AR T K
COD,, EA LMY LA BH AR, KRR
RGHFELT , Ses T LB IE UYLt B R
B AR TR B LA 1 R A BB B AL AR

4 HFig

(HWEREAKBBRE SN -SBR - RE
T¥ kb 38, COD,, 1 9 200 mg/L [ Z 280 mg/L,
NH, -N i 3200 mg/L &% 36 mg/L, TP g1 270 mg/L
F2% 3.3 mg/L, i B 3 & R ML V5 e o HE BOIT M
(GB 18596—2001) ,

()BERERBERLCBNESRETERT
W NH, -N, i F 5% 51 ifF 2 & xf £ 9 6 90 6l 4
AU SBREHBELBEBEBRERERE
30% . XFF X3 IE A R B WK BE NH. N, 0 7 i
TR ARH, KA B LA, G
BEBBERERETZLEETHA-LEHR

G)BEREEBAREUERTF, B TR
BitEs, M A FER COD, B X T HE R M M
EE. RAELLBES YT ZHITRELET
BALARR 5 ) R AR L B K S o
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