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Performance of a Combined Simultaneous Methanogenesis and Denitrification (SMD ) —Shortcut Nitrification

and Denitrification Process in Slaughterhouse Processing Wastewater Treatment

LIU Yu-hao, PENG Xu-ya*, HE Qing-ming, LI Lei

(Key Laboratory of the Three Gorges Reservoir Region’s Eco—Environment, Ministry of Education, Chongqing University, Chongqing, 400044,
China)

Abstract:In a pilot—scale trial, a continuous stirred tank reactor(CSTR ) combined with a modified sequencing batch reactor(MSBR ) was
used for slaughterhouse wastewater treatment.The CSTR was used as a simultaneous methanogenesis and denitrification (SMD ) reactor,as
well as the MSBR was used as a shortcut nitrification and denitrification reactor. In the natural temperature condition,by controlling the dis—
solved oxygen at 0.7~1.2 mg+ L™, shortcut nitrification was achieved. Partial MSBR effluent was refluxed to the CSTR in different stages to
accomplish SMD. Under steady operation conditions, the effects of the combined process for slaughterhouse wastewater treatment were in—
vestigated. Furthermore, the contributions of CSTR and MSBR in the combined process for COD \NHi—N TN removal were analyzed. The
COD NH;-N TN removal efficiencies were 97.12% ,95.13% ,77.14% respectively. The contribution of CSTR on COD removal was 68.35%
and the contribution of MSBR on TN removal was 72.34%. The contribution of CSTR in TN and NH:i-N removal were 27.66% and -33.42%
respectively. The contribution of MSBR on COD and NHi-N removal were 31.65% and 133.42% respectively. The suitable reflux ratio of
the combined process was 75%;The COD, NH;—-N and TN removal efficiencies and reactor stability were significantly influenced by temper—
ature. The percentage of methane achieved 66.70% in the composition of biogas under the 75% reflux ratio condition. The nitrite accumula—
tion rate(NAR ) was above 65%.
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Figure 1 The process flow diagram
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Table 1 Operation characteristic of the MSBR system in cycle
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Table 3 The operation parameters of different stages
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Table 2 The indicators of pollutant content in the slaughterhouse wastewater

E=tan COD¢/mg- L™ BODs/mg- L™ SS/mg- L NH;-N/mg- L™ TN/mg- L™ TP/mg- L pH
YU 800~5000 540~1790 390~2490 80~290 50~400 18~45 6.5~7.9
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Figure 4 The TN removal efficiency of the combined process



1880

RAIEFF 2R ERET R

TN B, RS E RBRECRIRE] T0%LL 1. RSG5
K BVRRFFAE 30 mg- L7 LIF . MR bR
H A TR R 75%,

HE 5 ATLUE S, RG2S R RERT(Z4910 d) 5t
FIH RIFHY NHi-N KBRECR, ABRFE &b
99.29% ., HPUAEA AT EI], KERSrBTE] R G K
NH;-N {EEBEA57E 15 mg- L IR . (HEELE(A
Byl LB 3) A AR, R A% 1 T g fe A
FL A AL R ARE M K 45 B I R ARG AS A2, — 343
NH:i-N AR 2 DI fb S AiE A A RO HE 5 [RIE el
TSR RN B K P E R R 2, 28
MSBR Z A i far 380, I & £ faf ol i 1.03 kgNH;-N-
md™ 3 R 1 2 R B g ORERE - B ) e 261 75 )
SEE AR TR L) NHi-N B R AETE, Toik
WIS A AR AR LBk o Zhang 557 fff FH 40 Al
AT AL T2 40 P R A iy 3 SR 3775 0 TR RS
T AR SIS o UL B PR R R S 80H K 2 Rk v
K, R SR G AR R I BRECRRRAR A 32 2

ZEA VA BT, AT LR IR AT COD TN \NH;-N
M RBRI 23 ARSI, i RGN T5 Yoy L BRAk
TR, 0 ELAE KA TN ONHG =N &3 sh ks ok
ARG isf ke Z 8 —E R,

2.2 COD TN NH;-N B a7
PAR 4% B v i 1) STk % 48 CSTR Fil MSBR X

BT R LR S ARG LR AR
M=(C,—C\)*(0/1000 (1)
o MR BTGP 2B B ke d ™ Cl TS

P ARG KIREE ,mg- L Cou HETT YW R G0 HI K

WRE ,mg- L Q ALK, m*-d
i &l 6 7], CSTR #1171 E LB R4 COD 1 5¢

1, H COD 22 MSBR () 2.4 1. TER Sk Eia

175 (55 60 d J5 ), CSTR 9 COD 2% 1.02~13.30

kg-d™, SEH(H N 4.70 kg -d™, F COD 2B 17 faf Y {8

7 1.42 kg-m=+d™; MSBR [/ COD E[&3% Hy 0.77~4.46

kg-d™, SEH(E N 1.90 kg-d™, Fo COD 2 B 17 fuf Y {8

4 0.44 kg-m>-d™ TERIBTT AP 294 68.35%11)

COD f1 CSTR =[5, 49F 31.65%f) COD 1 MSBR 2=

R o 7E FHARFREE 5T P HBE A iR o 3, B

77 FRBE PR R L A Ak Bl A Rk TR e AE AR AR Y

—Behfa N CSTR Z:BRAY COD A i MR, LA fif

R4 45 MSBR, fd MSBR # COD a4 [T+,

H & 7 ATLAE ) CSTR ZBR1AG TN 48 b 4

/o A CSTR 9 TN ABR1E 2 H B H NO-N 5

TYOE TR L e R LT, REuRaE iz 1T [al

T NOI-N &t AR B /N, itk CSTR %

R TER) TN 2%, CSTR i TN 25450 0.01~

0.64 kgN-d™", #4{E # 0.12 kgN-d™, H TN g7 i

{54 0.037kgN +m~-d~', MSBR (1) TN 2= 528 fh 4

K, 7E 0.02~1.07 kgN -d™ Z[a] 284k, #4941 H7 0.52 kgN -

300 - : 7 100
[ ]
' 7,28 oy 2 TS "t
270 P, of ol e ® 490
| /.' ’\ﬂ I gl ll’.' l‘ | |
_ 2401 @ . | 480
% : -
£ 210 4 470
z N
= 180 | 60 £
= (5]
= I =
g 150 50 'E
= 120 40 £
g o
=1 m
g 90 30
o
i ]
60 H0] 20
30 10
L AN Dan D 1
LA,‘L‘)L/));‘))/‘?_)/A&%‘A’!"A‘:"/_IL"‘/”LA 0
0 30 60 90 120 150 180 210 240 270 300
Time/d
-3 Influent -/ Effluent @ Removal efficiency

B S5 AA&TIE% NH;-N EBRE

Figure 5 The NH;—-N removal efficiency of the combined process
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Figure 8 The contribution of CSTR and MSBR on NH;—N removal



201349 A X B, A5 e S AR AL SRS A2 T 2R B S K e 1883
1y bt
100%
S e TS 100
490
480
-1 Influent 1

. 470
—&— Effluent | $
-O- Removal efficiency 160 \E‘
150 £
o
140 g
=

130

120

110

_5 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I %
0 30 60 90 120 150 180 210 240 270 30
Time/d

B9 CSTR 3§ NO.-N XBR%FE
Figure 9 The NO;—N removal efficiency of CSTR

PRAE™ e TR

It , CSTR N3 FL7E 5 NOJ-N ¥R B 4514 T iz
170 B HRAE A DA™ B e SRS A T AR A= 1) s iz
AR TE 2 WA IR A I i Al s 2 (ABR) DA K 8] 7
R G I A TR A X 5 e N AR R PRI SR
BTSN TE R

WE 10 fros , e 17 AR HT =SB B, Bl 1ol
TR I e ARG . SRS CO, i
AR BE B/ AR TE L 25.45%~21.67% N, 1
BN, M 3.429%38 0% 11.83% , CH, 5 E W~
R, N 71.13% % 2 66.70% , 59K H bt & 8 Firi 2L
(BRI B A TR B i o 2 IR b g
B 100%H 7Sty 881 Led™ 28y 664 L-d™'; )™

Hor Z1co, NN, X CH, # Gas production] 1.0
100F 109
90r / 108 -
80F 7 lo7 %
S ~ 5
s 701 1o6 =
F 60f S
= r 105 T
g S0p 04 E
= L T . =}
£ d0r KK Tos £
3010 3
20F 102°©
10f {0.1
0 : : : : : 0
0 25 50 75 100 125

Reflux ratio/%
Bl 10 AEEFRLE THESEM~S AR
Figure 10 The gas production and composition in the system at

different reflux ratio

S 0.22 m*-kg” COD FF&F] 0.16 m-kg™ COD;
Lt o N R R 51.24% ;CO, im0 = 18.07% ,N,
T A 30.69%, X5 [ AL R S ) NOS-N
P

—J5 1A, BT SRS A S 3 7 B ot s v R TR 22
P RE T, S 1 4 BT A A A 38 Ty 5 W], B EE R
NO;-N JSZA§fETT 2 5 mol L, £FEE/R NO;-N Al
AT 3 mol HI -, RGEHPAFTE NOI-N I, 25 fi fff
FL 3 T8 PR 7 B BE SO 1) SRS AR S B e s o —
ﬁE,NO;—N &Eﬁﬁﬁ’fkﬂ*%qjlﬂf':% NO N,O.NO, %
X7 e B AR B AR DL IR, ZE R — MR R
[i] S 307 R e A0 S A AR, 777 B e 2 7 A TS )
7 o BEFIET S 7 RS | SE 5 2 P b A2 il
NO:-N fifar, By 1k Had . 7ERE st Tl #rh, CSTR
i) NO;=N i faiyti 4 0.011~0.161 kgN-m=+d"',

T8 Y1 B LG BE AT LA CSTR M 7K PR 4573 B2 1Y
BAKH) COD/TN, A F T WAS AL T B A O S5 pa A, 52
PRAEARAN L , SCAT AAR G i 23 e hc U5, BE E TG A2 7 H
PEma B, OS2 PRI I X e 22 IR Ak 7= A
B4 58 24 04 D Eb o] DA ARk B = RE ) H
FAs LASEEI, R, 42 13 224 1 i L HLAT 22/ S
UL SR L BR AR AE SR LB o7 AR
SRR DA W AL TS BRI LR LA 75% .
2.4 MSBR EREMHNY KELEERR

FEFEN AL A AL SE B Z R R A3 2400
5RO 238 ot P IR S 48 pH (B 5 R IR 45



1884

RAIEFF 2R ERET R

R Z ok s Bl A R A Ak S il Ak , {2 G. Ruiz S A A2
il pH B FFAS BB A J3 1 4 47 0 P2 A Ak S il 4k 5 Alfieri
Pollice S8 M\ R FEARVE R R 455075 VR i % 512
PR A S A AT o TR R 551
T, 2 A AR (AOB) RNV AR ER AL A (NOB ) Ak <
R 22 5 ; Brouwer ™I BF 58 3R B, HA IR B OR
FFLE 25 CLA LA FIT AOB AHXT T NOB fRI7A: K
. SHARON T2 1F &3l b 45 R FE AE 35 CE 3
FOFRAH A S AL 725 Tk B DA SE B R Al Ak S i AE Y
AR B R R F 5 e R AT AL AL B, e At TH]
B TR TR A Z2 D, PRA SR N T4 i 0 B 1)
PR SRR A %% H . AOB F1 NOB /E R PIRIAS
WA A RN, L M AR R B RO
AOB 4 0.2~0.4 mg-L";NOB & 1.2~1.5 mg L', X&E
W FEAR VA i A A5 T NOB B A= Ko 52 21 K
BRI, A AT AOB A LG, LhSE IR R Ak S5
AL, TRl ZEARVA AR S A5 1T, AOB B3
P, Mz T FR TR A AR A S B T B, (7S
SR R 2 3 B 5

W R T A R 0.7~1.2 mg- L7, {576 i%
F910~12 d, pH B 5 BRSO . Rl Bg 52 7K
1o 2 A B AT CSTR 1 7K AR COD/TN B2 it Jlg s 2
B Ak SR AR A R R R AR TR 2R

M 11 AT LUE 7R 4 22 (5 113~
175 d)NAR Ab T HARK -, I B Sh iR BOR , 72<

TS I 7R (45 241~287 d),NAR {#457E 65% LA I
F H R E . L FiX—B 4 Tonkovic ZPHIHFFE
AU EE R ST R R ET P B B, B LR
Hh 25% .50% \75% 100% VYA B, BEZ [B1i7 L
P, NAR a3 202 R Ok [l B 386, 45
B Z 1) NO-N i A CSTR KA RKAS A, THFEH
Z IR, R CSTR H7K COD/TN B 8 & F#AIK, J5
2% MSBR R fisfbfic A &2, it /K H NOS-N 1
A NO-N &R, i R R AR,
CSTR H' NO:-N ¥ ik B PR A5 R T 32 B 4242
KSR & T 10 mg - L7 1) NO; =N B X} ™=
FRGE TR A IR s 3 T 60 mg- L™ i) NOs—-N X 7
FH B T 90 ) 1 FH B3 . B B 9 T ABH & R0
[ 100%HT , CSTR H NO;-N &35 80.39 mg- L' (J
1 NO; =N ¥y 64.82 mg-L™;NO;-N ¥k JiF 2 15.57
mg- L), /K 43.61 mg- L7 1) NO =N, ] il
EHEAT RIS . B 10 7T LAE L B S R A
B R, Rl — B B e i AR E Tt 15 e R B UL
FEPERE TR TSR EIRAEEGE, Ui NOZ-N X7 Hl e
B T S IR

3 #ig

(1)~ ke S Ak —a R Ak R Ak 46 1.2 fe
F R AP 52 R K AR K A AR R 414
A AR e RO L BRI g AR g a1 Ti, COD \NH; =N |

1301 4100
120+ A ]
1o 2 N "
i A
I TN A AR s
100F . Y M }A ]
% ool A I VN A f 470
L AJ‘
£ AA A 160
E <
E o z
5 >z
g 140
]
130
120
10
: —0
0 25 50 75 100 125 150 175 200 225 250 275 300
Time/d

- Nitrite nitrogen

-@- Nitrate nitrogen A~ NAR

11 TREBESRIMER

Figure 11 The accumulation rate of nitrite nitrogen
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