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Effects of Hydraulic Retention Time and Temperature on
Sulfur-utilizing Autotrophic Denitrification
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Dept. of Environmental Engineering, Inha University

ABSTRACT

Experiments for autotrophic denitrification were performed using an upflow reactor
packed with sulfur particles as an electron donor. The influent NOs-N concentration
was kept almost constant, but the hydraulic retention time(HRT) and temperatire
varied. Results of the research showed that the denitrification efficiency and gas
generation rate decreased as the HRT and temperature were reduced. During the
HRT effect experiment, alkalinities of 3.44~5.71 g, with an average of 4.67 g which
is close to the theoretical value of 4.57 g, were consumed for each gram of NOs-N
removed. During the temperature effect experiment, however, the values were 6.5&~
13.41 g with an average of 9.12 g which is almost twice the theoretical value.
Denitrification along the length of the reactor appeared to be a first-order reaction
with a reaction rate constant of 0.1648/hr. On the other hand, the sulfate generation
showed a zero-order reaction with a reaction rate constant of 241/hr. There was some
discrepancy in the nitrogen mass balance between the theoretical and measured

values, requiring further researches.
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Fig. 1. Schematic of experimental apparatus.
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Fig. 2. Sulfur-utilizing denitrification in a
packed bed reactor at 307C.

packed bed reactor at G0C

HRT(hr) 21.4 15.4 10.7 7.1 Avg.
Loading rate
g NOs'-N/m*-day 514 676 1,044 1.692 -
g NOs -N/kg S-day 0.455 0.603 0.943 1.546 -
NOs -N removed (4NOs-N) (mg/L) 439 387 345 230 -
Alkalinity consumed (JAlk.) (mg/L) 2,163 1.777 1,186 1.313 -
S04* generated (4S0.%) (mg/L) 4,254 3.465 2.466 1,607 -
dAalk. /ANOs-N 4.93 4.59 3.44 5.71 467
4804%/ANOs-N 9.69 8.95 7.15 65.99 8.20
Cias generated (mL/day, at 20C) 1,925 1.855 875 784 -
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Table 3. Effects of HRTs on nitrogen balance

@ @ @ @ 6 ®
HRT(hr) |theoretical N2| N2 generated | NoO generated | dissolved N2O | No+N2O generated &/ D
(mL/d) (mL/d) (mL/d) {mL/d) {mL/d)
21.4 1.119 1,239 0 0 1.239 1.107
15.4 1,368 1,310 39 110 1.509 1.103
10.7 1,762 577 67 192 836 0.474
71 1.757 581 33 221 855 0.487
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Fig. 8. Effects of temperature on sulfur-
utilizing denitrification.

Table 4. Effects of temperature on sulfur-utilizing denitrification by a packed bed reactor

(HRT=15.4 hr)

Temp.(TC) 30 20 10 Avg.
Loading rate
g NO3 -N/m*-day 717 786 824 -
g NOs -N/kg S-day 0.663 0.733 0.771 -
NO3 -N removed (4NO3-N) (mg/L) 306 197 49 -
Alkalinity consumed (4Alk.) (mg/L) 2,257 1,296 657 -
S04 generated (4S04%) (mg/L) 2,425 1,268 400 -
JAk. /4ANOzs-N 7.38 6.58 13.41 3.12
48042/ ANO3 -N 7.92 6.44 8.16 7.51
Gas generated (mL/day. at 20C) 781 261 22 -
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Table 5. Nitrogen balance for the temperature effect experiment

@ @ ©] @ ® ®
Temp.
C) Theoretical N2| N2 generated | N2O generated | Dissolved N20 | N2+NzO generated /D
(mL/d) (mL/d) (mL/d) {mL/d) (mlL/d)
30 1,081 599 46 113 757 0.700
20 697 213 54 273 0.392
10 172 18 L 17 35 0.203
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