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Process Performance of Simultaneous Anaerobic Sulfide
and Nitrate Removal
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Abstract The process performance of simultaneous anaerobic sulfide and nitrate removal was studied. The results showed that
the process held a high sulfide and nitrate removal loading rate of 3.73kg/ m* d and 0.80kg/ m* d  respectively under
steady state. It was capable of tolerating high influent substrate concentration 580mg/L. and 110mg/L.  with the optimum
substrate concentration of 280mg/L. and 67.5mg/L. It was capable of tolerating short hydraulic retention time HRT with the
optimum HRT of 0.13d. Careful operation was needed when HRT was shortened because the process performance was

deteriorated abruptly.
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Table 1 Components of synthetic wastewater
1.1 KNO; Add as needed MgCl, lg/LL
: Nay$ 9H,0 Add as needed  KH,PO, 1g/L
NaHCO; 1g/L NH, ,S0, 0.24¢/L.
TS 145. 03g/L VS 68. 68g/L Trace element solution 1 ml/L
VS/TS 0.474
2
Table 2 Components of trace element solution
Component g/L Component g/L Component g/L
EDTA 50 FeCly 4H,0 3.58 CoCly 6H,0 0.5
NaOH 11 MnCly 2H,0 2.5 NH; ¢Mo; 0y 4H, 0 0.5
CaCly 2H,0 7.34 ZnCl, 1.06 CuCly 2H,0 0.14
1.3 PHS-9V >
UASB 2
1.7L 1.6L 28 ~30°C
1 2.1
0.8L
1 ~16d N
2.5 S 40mg/L.  114mg/L
gas outlet 69mg/ L 236mg/ L HRT
¢ 50h 33.1h 80%
. ffluent 99.5% pH 7.8~8.2 17
40 VAR ~26d
5 76.07mgl.  264.09mg/L
4 72.39% 99.42%

recycle pH 8.35~8.52
0.071kg/ m> d  0.323kg/ m* d

/__\ influent lmg/L
1 2
7 0.042 ~

1 0.294kg/m™ d°°
Fig.1 Flow chart of anaerobic sulfide and 0.175 ~ 0.594kg/ m- d " 26d

nitrate removal process

1 influent tank 2 pump 3 recycle stream 4 UASB reactor 5 effluent

tank 6 gas outlet 7 water seal. 2.2
1.4
NO, ~ -N
NO, " -N N- 1- .
NH, * -N - 2%
S 3
S0,* pH Qa2 WS ATIRAS%EE htto:// journals. im. ac. cn
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HRT 0.52kg/ m* d 4.17kg/ m*- d
100mg/L 580mg/L 99 %
4 0.66kg/ m* d Reyes-Avila ?
3.0lkg/ m* d 90% HRT
HRT 1d
0.12d 5 1.3mg/L
3
Table 3 Performance of bioreactor during start-up
T Sulfide Nitrate
/H:llc Inf. conc. Eff. conc. Removal Loading rate Inf. conc. Eff. conc. Removal Loading rate
/ mg/L / mg/L 1% / kg m* d / mg /L / mg/L 1% / kg m* d
1 114.05 2.00 98.24 0.125 41.00 8.60 79.02 0.038
5 176.15 1.36 99.02 0.158 53.56 9.70 86.43 0.059
9 191.51 0.83 99.54 0.324 60.48 10.96 82.47 0.085
16 236.40 0.96 99.59 0.404 68.96 7.86 88.95 0.104
20 255.40 1.45 99.46 0.565 82.50 24.9 71.08 0.135
23 260.04 1.12 99.57 0.676 72.20 20.57 73.07 0.142
26 264.09 1.56 99.42 0.763 76.07 21.47 72.39 0.168
4 5 HRT
Table 4 Performance of reactor at different Table 5 Performance of reactor B at different HRT
sulfide concentrations HRT Eff. conc. Loading rate Removal
Inf. conc. Eff. conc. Loading rate Removal /d / mg/L / kg/ m* d percentage
/ mg/L / mg/L / kg m* d percentage 1 0.95+0.22 0.52+0.01 99.57+0.09
100 0.96+0.08 0.67+0.01 99.04 +0.08 0.64 0.80+0.08 0.79+0.04 99.64£0.15
160 0.84+0.27 1.03+0.09 99.47 +0.20 0.51 0.47+0.04 1.04+£0.001 99.79 +0.06
220 0.45+0.15 1.34+0.32 99.79 + 0.08 0.39 0.58 +0.06 1.34+0.13 99.74 +0.03
280 0.54 +0.05 1.46 +0.09 99.81 +0.05 0.31 0.47+0.04 1.65+0.02 99.79 +0.07
340 14.4+0.22 1.93+0.06 95.76 £ 0.03 0.21 0.45+0.06 2.41+0.01 99.80+0.04
400 21.6+0.05 2.40+0.10 94.60 +0.04 0.17 0.37+0.04 2.92+0.06 99.83+0.04
460 31.6+0.37 2.62+0.08 93.13+0.07 0.15 0.43+0.04 3.34+0.001 99.80+0.02
520 45.2+0.46 2.96+0.10 91.30+0.10 0.13 1.28+0.08 3.75+0.01 99.42 +0.04
580 50.3+0.37 3.29+0.08 91.33+£0.09 0.12 1.29+0.08 4.18 +0.004 99.57+0.09
2.2.2 HRT HRT 1d 0.12d
24 2mg/L 7
140. 7mg/L 6 0.12kg/ m* d 1.02kg/ m* d
0.16kg/ m™ d 0.41kg/ m™ d 92% 58.78%
100% 50.89% HRT
6
Table 6 Performance of reactor at different nitrate concentrations
Inf. conc. Eff. conc. Loading rate Removal Increasing nitrite
/ mg/L / mg/L / kg/ m* d percentage / mg/L
24.2 0+0.00 0.16 +0.004 100.00 + 0.00 0.55+0.13
39.1 0+0.00 0.29+0.03 100.00 + 0.00 1.34+£0.24
56.8 0.7+0.01 0.35+0.01 98.75+0.02 0.04+0.02
67.5 3.7+0.16 0.41+0.01 94.52+0.09 1.12+0.16
86.2 8.9+0.24 0.49+0.02 89.68 £0.12 22.3+2.36
100.25 14.9+1.14 0.57+0.04 85.14+0.74 25.3+2.27
110.4 47.3+3.43 0.65+0.06 57.16 +1.27 25.5+3.50
135.8 52.5+3.37 0.77+0.02 61.34+2.49 42.1+3.61
140.7 69.1+6.57 0.81+0.04 50.89+3.19 35.0+4.08
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Table 7 Performance of reactor at different nitrate concentrations
HRT Eff. conc. Loading rate Removal Nitrite conc.
/d / mg/L / kg/ m* d percentage/ % / mg/LL
1 1.86+0.16 0.12+0.01 96.56 +0.17 2.29£1.02
0.64 1.90+0.23 0.19+0.02 96.49+0.19 5.91+0.89
0.51 4.15+0.10 0.28 +0.002 92.33+0.07 7.98+0.18
0.39 1.31+0.13 0.34+0.02 97.58 +0.16 3.50+0.11
0.31 0.54+0.14 0.38+0.02 99.00+0.16 7.01+0.54
0.21 0.65+0.08 0.55+0.03 98.80 +0.08 2.43+0.48
0.17 1.24+0.17 0.65+0.18 97.71+£0.22 4.62+1.01
0.15 1.09+£0.14 0.72+0.05 97.99+0.18 2.79+0.38
0.13 1.75+£0.09 0.83+0.03 96.77+0.10 8.79+1.28
0.12 22.3+1.5 1.73+0.18 58.78 +1.24 13.9+2.17
160 120
2.3 140y 1100
s 120}
2.3.1 2 5 180
£ 100 g
[TIEE =
100 ~ 580mg/L g g" 80 {60 %
© =
© = L 5]
=@ lio &
Z 40l
120
90% 20¢
0
GB8978-1996 0
Stage
1 .Orng/ L 280mg/ L —e— inf. cone. of nitrate —a— eff. conc. of nitrate
—»%— increasing nitrate —&— removal
280mg/L 3
700 120 Fig.3 Variation of nitrate concentration vs time
E}’ 600F 1100 1996
= 500F
g 130« 67.5mg/
£ 400} =
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5 300¢ £
o 1 [
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Fig.2  Variation of sulfide concentration vs time
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2.4.2 HRT 3
5 HRT 1d 0.13d
HRT 1d 0.13d 99 %
1.75 mg/L 92 % 92% HRT
HRT  0.13d 0.12d HRT 0.13d 0.12d
22 .3mg/L 22 .3mg/L
58.78% 8.79mg/L 58.78% 8.79mg/L
13.90mg/L HRT 0.12d 13.90mg/L.
lkg/ m* d
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