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Study on Sulfur-Based Autotrophic Denitrification by Immobilized Pellets
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Abstract: Autotrophic denitrification by immobilized microorganisms was investigated in this study. Using thiosulfate as the electron
donor the lab scale up-flow sludge blanket reactor ran continuously for 220 days under the room temperature to investigate the effects
of cultivate conditions influence factors and optimal operating parameters. It took 23 days to finish the initial domestication stage. A
nearly complete removal of nitrate (100 mg/L) was attained at nitrate loading rates (NLR) of 0. 22 kg/(m®*d). The results revealed
that the denitrification efficiency was dependent on temperature influent nitrate concentration and hydraulic retention time ( HRTY)
and temperature was the most important factor. In spring and autumn nitrate and total nitrogen removal efficiency remained 90% —
100% at the NLR of 0. 96 kg/(m’*d). The shortest HRT and the highest denitrification rate could achieved 1h and 39. 8 mg/(L<h)
separately. While in winter the shortest HRT was 2 h and no nitrite or sulfide accumulation was detected. Molecular biological analysis
indicated that denitrifying bacteria were re-enriched successfully in the immobilized pellets.
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Table 1  Composition of synthetic water
NaNO, Na,S,NO, *5H,0 MgCl, *6H, 0 KH, PO, NaHCO,
/mgeL~! 607. 14 1771.43 6 3 134
1.3 TE
DNA (PCR)
nirS nirK
-80%C ¢ 2) PCR PCR
DNA nE 25 uL. 2 uL DNA 400
12 nmol /L. Tagq (SC0010 ) 2.5
( .SDS.RNase A) 1 dNTP ( )200 pmol/L 1 x PCR
min 50C 1h NaAC ( ) 1 500 wmol/L MgCl, (
15 min DNA ).
2 nirS \nirK
Table 2 Primers for the detection of nitrite reductase genes (nirK and nirS)
(5°3) /bp
nirk 1F GG(A/C)-ATG-GT(G/T)CC(C/G)TGG-CA 526 ~542 514
nirK SR GCC-TCGATC-AG(A/G)TIT(A/G)-TGG 1023 ~1040
nirS 1F CCT-A(C/T)T-GGC-CGC-C(A/G)C-A(A/G)T 763 ~780 890
nirS 6R CGT-TGA-ACT-T(A/G)C-LGG-T 1638 ~1653
1.4

NO, N
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(HRT). mg/L
220 d 10 mg/L .
> 9 ( .B.C.D
3) » 3 270 70. 40 10 mg/L HRT
mg/L 40
3
Table 3 Operating parameter
¢ NO; N HRT NLR
/d /C /mgeL ! /h /kge(m®+d) !
A 0~23 22 ~28 100 10 £0.5 0.23 £0.01
B 24 ~51 15 ~23 70 6 ~2 0.28 ~0.84 +0.01
C 52 ~65 9~14 40 6~2 0.16 ~0.48 +0.01
D 66 ~119 5.6 ~12 10 6~0.5 0.04 ~0.5 +£0.01
E 120 ~ 143 10 ~12 10 6~4 0.04 ~0.06 £0.01
F 144 ~ 162 11 ~15 10 3~1 0.08 ~0.24 +0.01
G 163 ~ 184 12 ~21 40 6 ~1 0.16 ~0.96 £0.01
H 185 ~ 194 20 ~23 10 1~0.62 0.24 ~0.37 £0.02
I 195 ~220 23 ~26 40 1.5~1 0.64 ~0.96 +0.01
X HRT 2 h 0.83 ~0.85
kg/(m’+d).
2.1 NO, N NO, N 40 mg/L 2 C.G.1
220 d A E ¢ 12% G
) 12°C 21°C
NO; N 100 mg/L HRT 10 h 23 HRT I
d NO; N 10 mg/L 9.2 (22°C)
mg/(Leh) C NO; N
(10 ~ 12C) NO; N 10 2 mg/L 95%
3 -
mg/L HRT 6 h NO,; N .5 HRT 2h 0.48 kg/(m"+d) ;G
- NO; N
mg/L NO; N 85% 40 :
i 0 mg/L  HRT 1.5h 1h NO,N
d HRT 4 h NO; N
o G
85%
NO; N 40 mg/L
HRT 2h HRT 1h
0.96 kg/(m’+d NO, N 1
NaHCO, g/ (m=d) |
) . mg/L NO, N 100%
NO; N 1.5 mg/L NO; N :
NO; N 10 mg/L 2 D.F.
85% :
i H D 5~12C
NO; N 70 mg/L 2 B
HRT 6 h 1h NO; N 1
HRT 6h 4h NO; N
) : mg /L 98% . 83 d  HRT
3 mg/L NO; N 95%  HRT 3h 2 0.5h 8°C
h NO; N NO; N 40%
HRT 3 h  NO; N
90 % HRT 2 h NO, N 10 5 ~7%C HRT 2 h
mg/L 85% ~90% . 0.12 kg/(m’+d) NO, N 3 mg/L
20C NO; N 70 mg/L 70% F 11-~15C
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Fig.2 Variation of ¢(NO; -N) in continuous experiments
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500
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’ 3.2
NO, N TN
HRT 1 h NO, N 100% ; HRT \
(9 ~14C) NO; N 40 mg/L HRT HRT
1.5h NO, N 1.5 mg/L 97% ; 2 153 ~ 194 d
(5 ~8%C) NO;y N 10 mg/L 0.16 kg/(m’+d) 40
HRT 2 h NO, N 2.86 mg/L mg/L-HRT 6 h 10 mg/LHRT 1.5
T7% . h 0.35 ~0.48
3 kg/(m’+d) 40 mg/L JHRT 2 h
100% 10 mg/L «HRT 40
3.1 min NO, N
N HRT
NO,; N HRT
8
3.3
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N .8 pH
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NaHCO,
2 I S HRT
NaHCO, 1.8 h
20C
HRT 4 h
pH NO; N
pH
S,02° HRT 1 h 0.96
kg/(m’+d).
0.12 kg/(m’«d)
4
4
4
Table 4 Comparison of the efficiency of different autotrophic denitrification processes
n(S) HRT Max NLR
I /mgeL™"  /n(N) /h Ikge(m’+d) ™! 1%
. . 400 30.5£3.7 0.3
S/Ca S /302 0.53 £0.02 96 4
80 1.8+£0.2 0.25
Na, S 30 130 5
Thiomicrospira Na,$ 22 110 0.28 ~1.6 4.3 .
sp. CVO
T. denitry 3870 .
enilrificans Na,$,0, 30 £2 700 3.04 12 d 75 6
PVA
+ S S+H, 30 1.9 ~5 0. 381 17
28 CaCOj,
S/Ca S 100 5.47 ~8.86 ’ 11
20 ~25
S+ 25 2.6 29
+UASB Na,S, 0, 5~28 10 ~70 1.0 1.0 0.96 95 ~100
5
7
8 9 10
1~8
DNA PCR 16S rRNA V3
nirS  nirkK DNA
6
5 1~8 58.5%C. 9. 10.
PCR nirK  nirS
3 ( 10 ) 10
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6 :
2 -
8,05
S 9 7 8
9
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Table 5  Tllustration of immobilized pallets samples
1 2 3 4 5 6 7 8 9 10
11-09 1147 1201 01-08 0330 0444 0503 0503
« - c > C )
/C 20.8 11.0 12.9 6.5 12.2 14.0 21.0 21.0 — —
6 PCR
Table 6  Protocol for PCR amplification
/C /min /°C /s /C /s /°C /s /C /min
nirK 95.0 10 40 94 30 60 40 72 30 72 5
nirS 95.0 10 40 94 30 58.5 40 72 30 72 5
marker 1 2 3 4 5 6 7 8 blank 9 marker 1 2 3 4 5 6 7 8 9 10 blank
1 000 bp
750 bp E30.bp
500 bp 514 bp
250 bp
100 bp
9 nirS
Fig.9  Gel picture of nirS amplicons 10 nirk
Fig. 10  Gel picture of nirK amplicons
6
2) 0.96
1
Sy kg/(m’+d) HRT Ih 95%
2=
8,05
10°C 15°C
N NO, N HRT (5 ~8%C)
s> NO; N.NH, N NO, N
NO, N TN 0.12 kg/(m’+d) HRT 2h
20 NO; N 3 mg/L 77%.
16) . H6) €)) \
;@ ;® HRT

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



1652

32

HRT HRT

HRT 1 h.

)

Campos J L Carvalho S Portela R et al. Kinetics of

denitrification using sulphur compounds: Effects of S/N ratio

endogenous and  exogenous compounds J Bioresource
Technology 2008 99(5) :1293-1299.
] 2008 28(3):13-16.
J. 2009 3(1):1-5.

Sierra-Alvarez R Beristain-Cardoso R Salazar M et al.

denitrification with elemental sulfur for

Water Research 2007 41 (6):

Chemolithotrophic

groundwater treatment J

1253-1262.
Vaiopoulou E  Melidis P Aivasidis A. Sulfide removal in
wastewater from  petrochemical industries by autotrophic

denitrification  J Water Research 2005 39 (17):4101-
4109.
Zhang Z Y Lei Z F He X Y et al. Nitrate removal by
Thiobacillus denitrificans immobilized on poly (vinyl alcohol)
J . Journal of Hazardous Materials 2009 163(2-3):
1090-1095.

Gadekar S

carriers
Nemati M Hill G A. Batch and continuous
biooxidation of sulphide by Thiomicrospira sp. CVO: Reaction
kinetics and stoichiometry ] Water Research 2006 40
(12) :2436-2446.

Sher Y Schneider K Schwermer C et al. Sulfide-induced
nitrate reduction in the sludge of an anaerobic digester of a zero—
discharge recirculating mariculture system J . Water Research
2008 42(16) :4385-4392.

Aoi Y Shiramasa Y Kakimoto E et al. Single-stage autotrophic
nitrogen-removal process using a composite matrix immobilizing
sulfur-denitrifying  bacteria J

2005 68(1):124-130.

nitrifying  and Applied
Microbiology and Biotechnology
Liu L H Koenig A. Use of limestone for pH control in
autotrophic denitrification batch Process

Biochemistry 2002 37(8) :885-893.

experiments J

Koenig A Liu L H. Use fo limestone for pH control in
autotrophic denitrification : continuous flow experiments in pilot—
scale packed bed reactors ] . Journal of Biotechnology 2002

99(2) :161-171.

12

13

15

17

19

20

21

22

23

24

25

26

27

28
29

Koenig A Liu L H. Kinetic model of autotrophic denitrification
in sulphur packed-bed reactions J . Water Research 2001 35
(8):1969-1978.

Zeng H Zhang T C. Evaluation of kinetic parameters of a sulfur—
limestone autotrophic denitrification biofilm process J . Water
Research 2005 39(20) :4941-4952.

Sorokin D 'Y  Tourova T P  Bezsoudnova E Y et al.
Denitrification in a binary culture and thiocyanate metabolism in
Thiohalophilus thiocyanoxidans gen. nov. sp. nov. —a moderately
halophilic chemolithoautotrophic sulfur-oxidizing Gammaproteo
bacterium from hypersaline lakes ]

2007 187(6) :441-450.

Archives Microbiology

Reyes J S Razo E  Gomez J. Simultaneous biological removal of

nitrogen carbon and sulfur by denitrification ] Water
Research 2004 38(14-15) :3313-3321.

Li W Zhao Q L Liu H. Sulfide removal by simultaneous
autoreophic and heterotrophic  desulfurization denitrification
process J . Journal of Hazardous Materials 2009 162(2-3):

848-853.

Wang H Y Qu J H. Combined bioelectrochemical and sulfur
autotrophic denitrification for drinking water treatment ]
Water Research 2003 37(15) :3767-3775.

Kimura K Nakamura M Watanabe Y. Nitrate removal by a
sulfur-based  denitrification  and

elemental

Water Reasearch 2002 36 (15):

combination  of

membrane filtration ]

1758-1766.
D . H 2004.
D . : 2003.
M. (
). . 2002. 132-284.

Kageyama K Komatsu T Suga H. Refined PCR protocol for
detection of plant pathogens in soil J . Journal of General Plant
Pathology 2003 69(3) :153-160.

Zhou W Kageyama K Li F et al. Monitoring of microbiological
water quality by real4ime PCR J . Environmental Technology
2007 28(5) :545-553.

Braker G Fesefeldt A Witzel K P. Development of PCR primer
systems for amplification of nitrite reductase genes (nirK and
nirS) to detect denitrifying bacteria in environmental samples

J . Applied and Environmental Microbiology 1998 64 (10):

3769-3775.
J. 2008 21(4) :10-13.
. 2001 21(2) :133-136.
GB 5749-2006 S .
GB 8978-1996 S .

Katsuki K Masahiko N Yoshimasa W. Nitrate removal by a
elemental  sulfur-based denitrification and

Water Research 2002 36 (7):1758-

combination  of
membrane filtration ] .

1766.



