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Influence of Nitrate on the Simultaneous Methanogenesis and Denitrification

Reaction of Anaerobic Biofilm and Granular Sludge

ZHONG Chen-yu' ,YE Jie-xu®, LI Ruo-yu' ,CHEN Sheng', SUN De-zhi'

(1. Beijing Key Laboratory for Source Control Technology of Water Pollution, College of Environmental Science and Engineering,
Beijing Forestry University, Beijing 100083, China; 2. State Key Laboratory of Urban Water Resource and Environment, School of
Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: The aims of this study are to further investigate the impact mechanism of nitrate on the simultaneous methanogenesis and
denitrification (SMD) process of anaerobic biofilm, and to extend the application of the biofilm process in the treatment of high
nitrogen and COD concentration organic wastewater. The SMD reactions were successfully carried out in a hybrid anaerobic biofilm and
sludge reactor (HABSR) and an up-flow anaerobic sludge blanket (UASB), and the influence of nitrate on the performance of
simultaneous carbon and nitrogen removal in biofilm and granular sludge were investigated using batch tests. The results showed that
the nitrate concentration could obviously affect the carbon and nitrogen removal in both biofilm and granular sludge, and the increase of
nitrate concentration had more serious impact on the granular sludge, and the biofilm presented higher COD and nitrogen removal
efficiency and stronger resistance to toxic materials than the granular sludge. As the nitrate concentration was increased from 75 to 600
mg-L~", the COD removal rates were reduced from 273.26 to 0.1 mg-(h-g) ~" in granular sludge and reduced from 95 to 1.7
mg-(h-g) ™'
mg+(h-g) ' t083.72 and 61. 06 mg- (h-g) ~", respectively. The biofilm recovered the COD degradation rate more quickly and easily

in biofilm. At the same time, the denitrification rate of biofilm and granular sludge were increased form 21. 43 and 22. 31

than the granular sludge, and the maximum COD removal rate reached 712. 44 mg- (h-g) ~'. The nitrite accumulation was observed to
be the major cause that affected the simultaneous carbon and nitrogen removal of biofilm and granular sludge. It’s found that the
maximum nitrite accumulation in biofilm was only one tenth of that of the granular sludge at the same nitrate concentration. The HABSR
was proved to be an important alternative for SMD reaction employed in the treatment of high nitrogen and COD concentration organic
wastewater.

Key words : simultaneous methanogenesis and denitrification; biofilm; granular sludge; nitrate; nitrite
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FAEBRER B A A VA5 Ve A0 AR P IS PR ik M RE A
&5
1.4 Wk
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Fig. 1 COD removal at different nitrate concentration

F1EIAMBPFR SR A Y G COD  mg- LB, A= 4 BRI TR IS JE A9 COD R fifk 8 % [
R, T LUE Y FERT R B, Teie ik ) & (%, 4> %1 8 1.7 mg-(h-g) ™" A1 0.1
TSRS AP ER , COD MRR M FIEARANZR mg-(heg) ~'. YMRNIEARE B BR , A4 B R
FRER WV BE 52 0], P47 7E1 000 ~ 1100 mg- (h-g) ™' K5 eXt COD MR E AP [ml 71, H B4 iz h
ZIEI(LLCOD I, N ), BB AE MBS AR IS Je N VREERGIG I, FIURL TS JE X COD 1) B fifk 3 6 1% 7 i
RN A TR B MG B A Z BANFRER K AR, AT COD 11 % fiff 3 56 7 il 1R b vk B o
Wi, S ASDHRIBY BEJS , COD A R e il FOR AR ] 300 mg- L' A B f RME, 4 712. 40 mg- (h-g) ~'. 24
300 mg+ (h-g) "IN, H COD BEMERMA R HRRERNREE >300 mg-L™'BF, AW BEXT COD 1 2Bk
R 0 48 T R AR, YR R L MR B 600 BRI E T TR T R S VR,

1 ARERETEWENFRTRE COD FEMEER/mg: (h-g) !

Table 1  COD removal rate of biofilm and granular sludge at different nitrate concentration/mg+ (h-g) ~!
NO; -N P B A B B A BB
/mg-L~! R A BURLTS I VI R IR
75 1113.24 1042. 61 237.26 95.17 402.72 262.20
150 1089.73 1032.34 182.08 42. 60 235.98 185. 17
300 1123.72 1087.51 107. 19 28.04 171. 59 712. 40
450 1 067. 86 1169. 33 19.32 17. 04 108. 30 482.59
600 1 065. 25 1 085. 44 0.11 1.71 97. 66 218.07

PORSERY] IR ER R AR M RS AR s B A5 0 5 142,10, 139. 47,
Ji AR B e e R WSS T — M 79.15, 2.2 mg- (heg) 7', REWIAE/NG T R &
XFERAE RI AR B B, HEAAM IR B A AR, ZERERER MR A 600 mg- L~ I A XS COD iy B
TGIERIBRIR N BER S22 B, O HBER M RREL W E MR 7RO T5 8. e MR MR EL W T, kL
RSN A g 5. 26 1 TP U R WIGHIRER N TSR B B A W IR i A4 A R R IR RE ), R B
75 ~450 mg-L~'F URLTG YRR COD RREMRECRAR It ] HEJE L3 R P 12 i 0K 5 e i 2R T A )
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BTG UR I R, o U, R T U8 7 I Uk B2 A
FRERf far I SEAPLF, A= W) BT RE 0 & T i ik
JE R BE TR ER 17 T RN A DI BE RS 5
2.2 HEWBREREURL TS U X MR i B R
SR IN 25 5T AN [ PR ER T BE T A SN it

(a) BRLF I

—e— 75 mgL”!

—a— 150 mgL!
—a— 300 mg-L™!
—— 450 mg-L™!
—%— 600 mg-L™!

NO;-N/mg-L™!

=
>
lad
&
&L
Lh
)

LTS PR TR IR ER 25 B 52 o) FIE A 2 £R A R AB 0, LA
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Fig. 2 Nitrate removal of biofilm and granular sludge
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Fig. 3 Nitrate removal rate of biofilm and granular sludge
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