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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 ( HRT),
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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[19.20] ,S,02”  NaHCO, 1
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1
L1 Fig. 1 Setup of the continuous experiment system
s 88 mm, 500 1.2
mm, 3.2 L, N NO; \NO, NH,; .TN.S*" .SO;"
, [21] ,
1.6 L . . (N,/0,)
N N 5 ( ( GC-14B, ), pH
1). Na,S, 0,
1 ( N100 mg-L™" )
Table 1~ Composition of synthetic water
NaNO, Na,$,NO; -5H, 0 MgCl, -6H,0 KH, PO, NaHCO,
/mg-L~! 607. 14 1771.43 6 3 134
1.3 , TE
DNA (PCR)
, nirS  mrK
, -80%C 24 2), PCR , PCR
DNA 2l 25 pl. 2 uL DNA , 400
12 , nmol/L, Tag  (SC0010, ) 2.5 ,
( .SDS RNase A) 1 ANTP ( )200 pmol/L, 1 x PCR
min, 50°C 1h, NaAC ( ) 1 500 pmol/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-TCG-ATC-AG(A/G)-TT(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-CGG-T 1638 ~1653
1.4

’

, NO, -N
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(HRT). , mg/L
220 d , ,10 mg/L N
. 9 ( .B.C.D
3), (200 .70 70,40 10 mg/L , HRT
mg/L ,40 ,
3
Table 3 Operating parameter
13 NO; -N HRT
/d /C /mg-L’l /h /kg-(m3-d) -1
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
1 195 ~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 C.G.I
220 d, A E , c 12%c , G
, 2 , 12°C 21%C,
NO; -N 100 mg/L, HRT 10 h, 23 HRT, , I
d,  NO;-N 10 mg/LL, 9.2 (2270),
mg/(L'h) , . . ,C NO; 'N
(10 ~ 12C), , NO;-N 10 2 mg/L, 95% :
3
mg/L,HRT 6 h NO; -N 1.5 HRT 2h, 0.48 ke/(m”-d) ;G
NO; -N
mg/L,NO; -N 85% , 40 ’ ’
i 0 mg/L, HRT I.5h 1h ,NO;-N
d , HRT 4 h,NO; -N :
| G
, 85% ,
, NO; -N 40 mg/L,
HRT 2 h, HRT 1 h,
’ 0.96 k ), NO; -N 1
, NaHCO, , g/ (m-d) :
) i mg/L,NO; -N 100%
, NO; -N 1.5 mg/L,NO; -N NO- N — bE
85% . 3T e A
_ 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 5~7C HRT 2 h,
mg/L ; 85% ~90% . 0.12 kg/(m’-d), NO; -N 3 mg/L,
, 20°C , NO; -N 70 mg/L 70% , F 11~15C
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s 22.d NO; -N 3 HRT 1.5 h,NO; -N 100%
mg/ L., 85% s 153 d, , 8C , HRT 2 h
HRT 1 h,NO; -N 60% , 2 220d
, HRT 1.5 h, .H , .
(20 ~23C),HRT 1h ,
NO; -N 100% , HRT 40 min( 3
0.62 ~0.68 h), 10 d , , HRT.
NO; -N 3 mg/L, 80% , , s
NO; -N 10 mg/L, HRT 1h, , ,
0.24 kg/(m’-d), 15C
® jKNO;-N 0 HIZKNO;-N —a— NO;-NZERHR —— HRT
E F G H
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Fig.2  Variation of ¢(NO; -N) in continuous experiments
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mg/L. , NO; -N “ b 02 B
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NO; -N ’ Fig.3  Variation of ¢(NO; -N), ¢(NO; -N),
’ NH4+ -N ¢(NH," -N)in continuous experiments
3 188 d, HRT
40 min, NO; -N 3 mg/L, HRT 2 ~3 mg/L,
NO, -N , NO, -N 20% s NH, -N
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HRT 2 h, NO, -N 2.86 mg/L, mg/L.HRT 6 h 10 mg/L . HRT 1.5
T7% . h , 0.35 ~0.48
3 kg/(m’-d) 40 mg/L \HRT 2 h,
100% , 10 mg/L JHRT 40
3.1 min, NO, -N ,
, . : HRT
NO; -N , . HRT
8 ’
) 3.3
. 10 mg/L HRT 1 h, pH ,
’ ’ pH ,
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, NaHCO, ,
2 1 , S , HRT
NaHCO, , 1.8 h, ,
, 20C
b
: JHRT 4h,
’ 2 ’
pH ) NO; -N )
b b pH b
2
;8,02 , HRT 1 h, 0. 96
s kg/(m’-d).
3
, 0.12 kg/(m’-d),
4 b b
4
4
Table 4 Comparison of the efficiency of different autotrophic denitrification processes
n(S) HRT Max NLR
/C /mg-L~! /n(N) /h /kg+(m®+d) ! /%
400 30.5+3.7 0.3
5/ Ce S 30 £2 .53 £0.02 4
S/Ca, /30 = 20 0.53 +0. 0 1 840.2 0.25 96 [4]
Na,$ 30 130 [5]
Thiomicrospira 22
Na, S 11 .28 ~ 1. 4.3
+p. CVO a, 0 0.28 6 [7]
T. denitrificans 3870\, s o, 30 £2 700 3.04 12d 75 [6]
PVA
+ S S+H, 30 1.9~5 0. 381 [17]
28 CaCO;
S/Ca S 20 ~25 100 5.47 ~8.86 [11]
S+ 25 2.6 [29]
+UASB Na, 5,0, 5~28, 10 ~70 1.0 1.0 0.96 95 ~ 100
5 b
, 7
8 ,9 ,10
, 1 ~8
DNA, PCR , 16S rRNA V3
, nirS  nirK DNA
b 6 b
5 ,1~8 58.5%C. 9. 10.
, PCR , nirK  nirS
3 ( 10 ), 10



1651

2 -

’ ’ SZ 3 ’
S 9 , 7 8
9 ’ b b b ’
, ,1.2.3 ,
b
’4 ~8 ’
5
Table 5 Tllustration of immobilized pallets samples
1 2 3 4 5 6 7 8 9 10
) 11-09 11-17 12-01 01-08 03-30 04-14 05_05) (05-05)
/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 | 2 3 4 5 6 7 8 9 10 blank
1 000 bp
750 bp $05p
500 bp
250 bp
100 bp
9 nirS
Fig.9  Gel picture of nirS amplicons 10 nirk
Fig. 10 Gel picture of nirK amplicons
(2) , 0.96
1
(1) © kg/(w’-d),  HRT  1h, 95%
2
SZ 03 ’ ,
10C , 15C
. NO;-N HRT (5 ~8C),
2- - -
, S , NO; -N.NH; -N , NO;-N |
., NO7-N TN 0.12 ke/(m*-d), HRT 2 h,
@ NO;-N 3 mg/l, 77%.
;@ N 16) (3) .
;@ :® HRT ,
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