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Effect of two types of carrier on anaerobic simultaneous digestion
and denitrification

Ran Chungiu'” Zou Xuejun® Fan Liming' Cui Yubo® Zhou Jiti'
(1. School of Environmental Science & Technology, Dalian University of Technology, Dalian 116024, China; 2. College of Engineering
Education, Dalian Nationalities University, Dalian 116600, China; 3. College of Environment and Resource,Dalian

Nationalities University, Dalian 116600, China; 4. Wujiaqu Institute of Environmental and Engineering Research, Wujiaqu 831300, China)

Abstract A stainless iron net and plastic net with mesh spacing of 180 wm acted as carrier for anaerobic
digestion bacteria and denitrifying bacteria adhesion, and the effect of two types of carrier on anaerobic simulta-
neous digestion and denitrification was investigated. The removal rates of COD and NO, -N of the system with
stainless iron net ( SSI) changed from 66. 7% and 89.0% to 97.0% and 100% , and that of the system with
plastic net (SP) changed from 55.7% and 81.7% to 97.0% and 98.4% , respectively. However, NH, -N
could not be efficiently removed in the two systems, and NO, -N in effluent maintained low concentration. After
16 days of operation, the mass of biofilms adhered to the SSI and SP was (0.0204 +0.0022) g and (0.0305 +
0.0017) g, respectively. Besides, the removal rates for COD and NO, -N in the SSI was lower than that of SP un-
der conditions of only denitrifying bacteria, all of which were lower than that of the two systems with digestion bac-
teria and denitrifying bacteria. These facts showed that the stainless iron net could improve the capacity of anaero-
bic simultaneous digestion and denitrification,and could efficiently remove organic pollutants and nitrate pollutants.

Key words anaerobic digestion; denitrification; biofilm; conductivity; nitrogen removal
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Fig.1 Schematic diagram of wastewater treatment system

for anaerobic simultaneous digestion and denitrification
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C,H,,0, 500 mg/L,NaNO, 100 mg/L, 43 FF % 1 ~2
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Fig.2 Change of COD content in effluent
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Fig.3 Change of NH, -N content in effluent
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Fig.4 Change of NO, -N content in effluent
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Fig.5 Change of NO, -N content in effluent
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during single denitrification

K6 7 75 f— S i Ak i A i K R

COD 1 NO, -N £ 87484k, LA 85 80 19 S 80 1)
G5,k B COD &5 B B Kl 483 mg/L, f /by
451 mg/L; T LSRR N 244 1) 2 45 Kk F COD
FRRT LIRS M o 21k i R 48, ok o COD
)¢5 Bt B KOk 466 mg/L, Fe /Mty 439 mg/L, il
I, 76 B — B A 3 R H LA 5 40 190 hy 4 1 g 4k
245, K NO,; -N [ % i Bt Kl 4.85 mg/L, %
/N9 4,01 mg/Ls T LSRG g 28 4 1y 4b B 2R 45t
JKH NO, -N & KRN 4.54 me/L,5/Nh 3.72
mg/Lo 3% W7E 3 — S il fk id L, COD 1 NO, -
NI 2 A R 4 W AV T 8 T RS A A
I7) B 25 55 9 2R 6, L LSR8 K 19 22 48 4 COD
FINO, -N 1 25 B 3 4 T LA R 85 40 I O 28 1 1
R,

O A BRI 5 26 W, B 50 7 A2 oF T ) e 2 2 2
16 A= e AR T, LR A AR S T e i
T LU B A O B U R A i R
R T S B Ak 3 RO S R TR AN P R, 2 Ak
ZEGUR R SRR A WO T g %
P — J i A Ao A 7 A A 3R T A B R IR AR AR
T, 4 WS BE A ROR B ANy T LR X R
ASCAE A5 ) 25 4Rk 104 % i 3 B2 B AR, tH K b COD 5 it 4
Tt 8 75 BE A B A A6 B A IO TR R L T R
SR AEAE PSS , PRI K e NO, =N vk B ] 45 85
F [ B B 25 DR R AL T B 0 R 55 B — S AL
AR, LSRR g 2R 1 i & 42 %) COD Al NO, -N
19 22 BR AR A T US540 10 1 R 45, 3 7 fiE 45 A 45
90 00 T e R IR O i B 3 A K T R RS AL T AR
AR,

T A5 0 8 268 A 4 T R g RS 4 b 7 R TS A
TR Bl e B D T DASORE R O BRI R e, (A x
COD FI NO; -N 147 ¥4 2 B A0 247 8- F L 53R R g
BRI R G, 1B — R 5 B P BT R Gt COD il
NO, -N (1) 5 BR A 24 B B R AR , HL LA SR R O 28 14
[ 22 B8 X5 s W 1) 25 B SBOR G T DAAS 5 4 R Oy 2844
RS, 3% U A LI IR R B 7 A /N9y T A L
R, NP R T R S5 AT B AR AR R i B A
WL A AEE S T A B A 2 T RS AR L e
TPk T B0 SRR R 5 T SR AR R P Y o
3 T PR ALVE D, 920 T A HLIS e & 005
Yy 1 IR | 22 L X — I A A R A T 11
0 e SR 1 2] 71 S



PR KA 2 ol A0S PR AT A T A L R A 119 2

4183

(1) DAANEE M Ry 844K 1) & 48, COD Al NO; -N
(1) RS B T 66.7% ~97.0% Fi1 89. 0% ~
100% 5 LA S BF R 8 #0446 19 & 48, COD Al NO, -N
ERMEBRS AT 55.7% ~97.0% 1 81.7% ~
98. 4% ; LAANEE 9 M S 284K 1 & 48 COD il NO, -N
(49 °F- 35 25 BR AR A7 F DA SERE I 20 1 R 46

(2) L1716 d J5 , AN 45 8 AR ) 3% T
B 19 A W 5 3 i Dy (0..0204 + 0.0022) g F
(0.0305 +£0.0017 ) g, 3 T {3l A= ¥y 2 L3835 G ) 1)
FBRAE ST, DAAS S 4 0 A 244 1 3R 40 5 DA S RE I
AR R G BT B IR AR T AR R AR 2
R A LTS G W) 75 Ye M AN 25 B TS Y W) Y BE

(3) Fh S A Ak BB A R 1Y &R GE X COD Al
NO, -N 11 2 BRR0CH 2498 T R 480 TH A6 3 AN s i 1k
] 3 ] B 3G IR R 5 DR 40T A A S A Ak T A 1A
2 THT B RSARE RT S B R 4R (] 25 T Ak A B R AR R
HAEAH R 2544 5 F AN 55 4 0 Ak B R 46 IR AL R) 25
TH AL A AL BE U0 T AN AT S H () B} R AL 3R 4

2 % X ok

(1] misE, B, MBl. KisQEf TR (%3
R . AT W AL, 2007

(2] PhILAR, R, BIBET, &5 B —BL /R4 UASB [F]
B RAEAL T B B S A/0 4l A LA AL 1S bR i B 08
W AT =4, 2009, 60(11) : 2891-2896
Sun Hongwei, Wang Shuying, Shi Xiaoning, et al. Single
anoxic/anaerobic UASB simultaneous denitrification and
methanogenesis combined with A/O for treatment of real
landfill leachate. CIESC Journal, 2009, 60 (11) . 2891-
2896 (in Chinese)

(3] #ZT, JWISCH, Kk EW, & RAAAML w5 H
PR G AT, Mol B L REEM(BRBEN),
2009, 33(4) . 538-542
Cao Jiashun, Zhou Wenli, Zhang Yutao, et al. Experimen-
tal study on anaerobic ammonia oxidation microorganisms
and integration of methanogenesis with denitrification. Jour-
nal of Nanjing University of Science and Technology ( Natu-
ral Science), 2009, 33(4) . 538-542 (in Chinese)

[4] Rittmann B. E., McCarty P. L. Environmental Biotech-
nology : Principles and Applications. Beijing: Tsinghua U-
niversity Press, 2002 59-135

(5] mw, PR, JBL KA E w510 ™ B e i 52 F
J&. AT 24, 2011, 62(3) : 589-597

Xie Li, Chen Jinrong, Zhou Qi.

A review on anaerobic

simultaneous denitrification and methanogenesis. CIESC
Journal, 2011, 62(3) : 589-597 (in Chinese)

[6] Tugtas A. E., Pavlostathis S. G. Inhibitory effects of ni-
trogen oxides on a mixed methanogenic culture. Biotechnol-
ogy and Bioengineering, 2007, 96(3) . 444-455

[7] Hendriksen H. V., Ahring B. K. Integrated removal of ni-
trate and carbon in an upflow anaerobic sludge blanket
(UASB) reactor: Operating performance. Water Research,
1996, 30(6) : 1451-1458

[8] Chen Kuocheng, Lin Yingfeng. The relationship between
denitrifying bacteria and methanogenic bacteria in a mixed
culture system of acclimated sludges. Water Research,
1993, 27(12) . 1749-1759

[9] Lin Yingfeng, Chen Kuocheng. Denitrification and metha-
nogenesis in a co-immobilized mixed culture system. Water
Research, 1995, 29(1) . 35-43

[10] MERK, 20, Ek, % R AR JC 5 38 e I
A P AR H b B TR) 2595 BB ) I S . PR R AR A
R, 2013, 7(2) . 563-567
Ran Chunqiu, Li Haiyan, Wang Bing, et al. Effect of e-
lectrode area on collaborative removal of pollutant by mem-

Chinese Journal of Envi-

ronmental Engineering, 2013, 7(2): 561-567 (in Chi-

brane-less microbial fuel cells.

nese)

[1L] MRk, 1B KW, 20, . BT HEY
MBI P R 22 B COD R & R ¥, @ AL L
FE2FAR, 2013, 27(2) : 316-321
Ran Chunqiu, Cui Yubo, Li Haiyan, et al. Collaborative
removal of COD and nitrogenous pollutant in a single
chamber membrane-less microbial fuel cell. Journal of

Chemical Engineering of Chinese Universities, 2013, 27

(2): 316-321(in Chinese)

B 5B B AR 4 B R KR K I A BT O ik (3R 4

R AR A E R R AL, 2002

[13] F&, Wi, PRase, %. COD/NO; -N Xif R 4 7] i S fif
Ao WL SZmT . KA HIHEAR | 2012, 38(4) : 21-24
Wang Rui, Xie Li, Chen Jinrong, et al. Effect of COD/

[12]

NO; -N on anaerobic simultaneous denitrification and
methanogenesis. Technology of Water Treatment, 2012,
38(4): 21-24(in Chinese)

[14] Akunna J. C., Bizeau C., Moletta R. Denitrification in
anaerobic  digesters: possibilities and influence of
wastewater COD/N-NO, ratio. Environmental Technology,
1992, 13(9) : 825-836

[15] Quevedo M., Guynot E., Muxi L. Denitrifying potential

of methanogenic sludge. Biotechnology Letters, 1996, 18



4184

=
i

T

e

o
=

il 9%

[16]

[17]

[18]

[19]

(12): 1363-1368
Srinandan C. S., D’ souza G., Srivastava N., et al.
Carbon sources influence the nitrate removal activity,
community structure and biofilm architecture. Bioresource
Technology, 2012, 117 292-299

Hunter W. J. Accumulation of nitrite in denitrifying barri-
ers when phosphate is limiting. Journal of Contaminant
Hydrology, 2003, 66(1-2) : 7991

L, B, R, G RO R b O A R
RFHE . AR S35 LR, 2011, 33(1):
140-146

Ge Shijian, Wang Shuying, Yang Anming, et al. Analy-
sis of nitrite accumulation during denitrification. Journal of
Civil, Architectural & Environmental Engineering, 2011,
33(1): 140-146 (in Chinese)

Oh J. , Silverstein J. Acetate limitation and nitrite accu-

mulation during denitrification. Journal of Environmental

[20]

[21]

[22]

Engineering, 1999, 125(3) . 234-252

Banihani Q. , Sierra-Alvarez R. , Field J. A. Nitrate and
nitrite inhibition of methanogenesis during denitrification
in granular biofilms and digested domestic sludges. Bio-
degradation, 2009, 20(6) . 801-812

Jrinte, Wik, o, . PRSI AL R SR & AR W)
B € b 480 1A O 16 B AT 9. BR R R A 2 4R, 1995, 15
(4): 399-406

Fang Zhihua, Ke Yihua, Yang Ping, et al. Selection of
microbes immobilization supports in an anaerobic fluidized
bed reactor. Acta Scientiae Circumstantiae, 1995, 15
(4):399-406 (in Chinese)

Hendriksen H. V., Ahring B. K. Combined removal of
nitrate and carbon in granular sludge: Substrate competi-

tion and activities. Antonie van Leeuwenhoek, 1996, 69

(1): 3339





