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ABSTRACT

The purpose of this study was to select an effective and economical alkali source for
sulfur-utilizing autotrophic denitrification. Tests on acid neutralization and denitrifi-
cation at various alkali/sulfur mixing ratios were performed for charcoal, briquette
ashes, sea shell, and limestone. The results of the experiments showed that sea shell
was the most effective alkali source because it could provide more surface area than
limestone, and the optimal alkali/sulfur mixing ratio was 1/1(V/V). In a sulfur/sea
shell packed bed reactor. the denitrification efficiency was above 90% up to a loading
rate of 116 g NO3-N/m>-day. but the denitrification efficiency deteriorated to 48% at
the loading rate of 145 g NOs-N/m®-day. The average SO« generation per g of
NO3-N removed was 7.02 g, which is lower than the theoretical value of 7.54 g.
Denitrification and sulfate generation appeared to be a first-order and a zero-order
reaction with a reaction rate constant of 0.146 /hr and -53.1 mg/L-hr, respectively.
According to nitrogen mass balance, 71~109%, with an average of 90%, of the
removed nitrogen was recovered as N2 gas.
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Fig. 1. Schematic diagram of the experi-
mental system.
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Table 1. Composition of the synthetic wastewater (unit: mg/L)
i’;‘; day NHCl | KNOs | KeHPO ,I\é;(:g CaClz F;}S{z%‘ NaHCOs
_ 5~17 800

] 1831 15.3 360.5
I’ 32~50 45.9 1081.5
11 51~89 30.6 721.0 1 1 1 0
Il 90~117 45.9 1081.5
v 118~145 61.0 1442.0
\% 146~199 72.4 1802.5
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Fig. 2. Acid neutralization by sea shell.
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Fig. 3. Alkalinity measurement of various
alkali sources.
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Fig. 4. Denitrification by various alkali sources
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Fig. 5. Denitrification at various sea shell/
sulfur ratios.
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Fig. 6. Denitrification by sulfur/sea shell
packed bed reactor.
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Table 2. Results of denitrification by sulfur/
sea shell packed bed reactor

Exp. stage I 11 m v v
Avg. inf. NO3-N con.| 50 | 107 | 152 | 205 | 256
(mg/L)

Loading rate™
g NOs™-N/m*-day 28.3160.5|85.8(115.8{144.9
g NO3s-N/kg S-day [0.0160.035[0.0450.066/0.083

Denitrification efficiency
(%) 96.3195.0{92.9(88.9|48.2

Denitrification rate
g NO3-N/m’~day 28.0158.1(80.1103.2/92.5

% HRT(EBCT) : 42.4 hr
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Fig. 7. Generation of SO« during sulfur-
utilizing denitrification.
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Table 3. Effects of NOs-N loding rate on
generation of SO.%

Exp. | Loading Avg. SO4” conc. me/L Avg.
* 2- -

stage| rate Inf. Eff. 4S04/ ANOs-N

1 28.3 25.5 511.4 8.17

1 60.5 22.7 625.9 5.86

111 85.8 18.2 899.5 6.24

IV | 1158 20.9 1411.0 7.63

\Y 144.9 15.2 1081.8 7.18
Avg. - 20.5 - 7.02

% unit : g NOs-N/m3-day
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FEE Fig. 89 JUelA=vl, Fig. 894 Fx+
Zt Ay BAA Y B AEEAD, MFAZL
& AA AFALT ol " S Folol dF AR
o] A& A3 ANEHTE NOs-N9 FEE
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Fig. 8. Denitrification and sulfate generation
along the reactor column.
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Table 4. Average pH and alkalinity at various
NOs-N loading rates

alkalinity
Exp. | Loading pH (mg/L) |dalkalinity

stage| rate® (mg/L)
inf, | eff. | inf. eff.

I 28.3 [8.06]8.16 | 52.0|150.0| 318.3
I 60.5 |7.90| 8.07]| 52.9 |162.5| 573.7
411 85.8 [7.7518.23|52.3|185.0] 776.5
IV | 1158 |7.65|8.17| 53.6 | 185.0} 962.4
V | 144.9 |7.40|8.05| 40.2 (229.1] 764.4

Avg. - 7.75(8.14 | 50.2 [ 182.3 -

% unit © g NOs-N/m*-day

azlz HEASE 8.148 ¥+g Fo pHIl 443l
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CaCOs(s) + H* — Ca?* + HCOs 3)
CaCOs(s) + HoCOs — Ca®' + 2HCOs; (4)

CaCOs(s) + H20 — Ca®" + HCOs” + OH
(5

€ d¥ddxe dFexrt 343 41 iz
gjste} 233 F7Ie] Wil MAE ANg 2
&9 A2 FTYE o) HE v ANE £ 8L
onz QBYHow And YBES SHEH
o g AfFe gBAE e 2F
Hzto] FHIAATIR 7HPEe] HY SAER A
o olsl FFE ¢FAZE F43A Table 49
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3.2.5. 3t EIFX

A4Y GAEE 7tx AR Yo NE I
FA) & A4t Table 59 JYehlided, €& N2
Fe Nool BAEPE HEAA AU [ B4
AM T o] A KTt HA 5 Fo] AT B
keon, o g2 FidAe f5E Ango] o
ARG A3 2 = 2z} DA Zolg EAeul
O UUdE e £ iy Ztast R &
Al BEEHA gn oA TRl o= FE & 7
X7t Hojolt HEsed 2 dde] e Aoz
F34.

3.3. dFd Yot % HE ks

F-ol 8 EHIY €2 we-§ 3.2.3HoA AdF
& vlg} o] 1x49rg0 2 PSR 99%2 NOs-N
AAE A% HA HRTE 7819 & A7 g
® 2z HEd2 220 hr, 25.5 hr. 31.8 hr, 36.6
hr ¥ 64.5 hr7} e, #zte] g3 3 gz
g FEFE A E 383 U MFAIL] AT
oo} g},

B A7 &4 48 9z 8 29 %E A
A VEAd A¥dME 100% 288 g8l 22
£ 3] 0.943 g/day°l22 1,476¥°] At} uk
$Z el Bo] B Al Mo ®rf, 1999
AAE 2 A7 dYdAME St 3 Axre
TEHA ggkony. aelr & P4 (Y duR
FAHo| Y EolA F¥3] FFE HoB ¥ F
Utk

Table 5. Nitrogen mass balance

B0l ZHIY gAY A2 o83 QU TR
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Driscoll# Bisogni®’& we-&3 o2 & v
2% A7 F(sulfur crude flour)e] $4.7/100 lbs
2 7MY AR Aoz Hasded, e ARF
Ao Sd8AA A R Ysez B FTFE
A v e o 4 Aoz FHHEY 9% sz
100 ¥/kgd! B3 500 ¥/kgd] Het&e) @rlRg
H @8l o] 8 EYdg o] F59Y% gAR
o} ZA Aozt dTh

AR B0l & EFAY S AAHQ &
Zegdog Mol drsol %o B A
Ae HIME AT sy o8& A=
Hzte MM} AL RAIY ARol2!? oty
Ho2 Fg3te 7| WA T EHH ] o]
7t Q7] 7o M Mate L&l OE 5 3l
th 2 A¥e A8 WY iy slg Az g %
AL 42 045 cm, 0.45 cm % 0.1 em3 M 8
3 MM E 7o) 0.45 cmd FRLE 71l
Adstd EAH/Roju7 NEAe 13.33 cm?/em’,
a2la Hzhe 28.89 cm’/em’E, Hzte] vl EAH
o] MK} 2u) o] At uwhelA] szte] A3
AET Y & §0E2E 714 4 o] & A7
Aot Zo] FA AL ¢ 4% oz Alnd

A Selgelels o8 e dAsHE HF YL
#29.2 Table 60 Foi uis} 2eul, Hzte 254
2 o] 85 dEUNE A3ae YRE PsA
v Ee oA Ao WAS 3 9ol #7189 544
A% oFH w4y, wele &3 9 HUded ¥ 4F
FALd g o7 e deolt). Yargke
YEEE AR e FoolA TAE s By gyt
H7IEE 750 ¥4 oFe] s el UA
2, ofYPA &E, A g2 ke A v wc}
2 AFEQ Aejs} #7153 AFolct, mabd 8-

B (1) (2) (3) @) (5) (6

XD.

stage | NOs-N removed | Theoretical N2 | Nz generated | Soluble Nz | Experimental Nz (5)/(2)

(mg/d) (mL/d) (mL/d) (mL/d) (mL/d)

I 73.5 63.1 48.7 20.3 69.0 1.09
I 153.3 131.6 94.0 20.6 118.6 0.90
11 2116 181.7 128.2 20.4 148.6 0.82
v 272.1 234.1 204.0 19.9 223.9 0.96
\Y 207.6 178.3 107.3 19.5 126.8 0.71
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Table 6. Annual catches of shellfishes in Korea

(unit: metric ton)

Marine fisheries Inland waters fisheries
year . Shallow-sea _ Total
Adjacent water culture Fishing Cultures
1993 131,730 345,696 1,587 85 479,098
1994 166,600 264,135 1,117 46 371.898
1995 92,267 312,252 904 33 405,456
1996 82,636 306,738 942 77 390,393
1997 91,788 301.873 677 129 394,467
ol EYYY &I ¢FAYeR YI}g o4 20828

O AAAY B ohve) 7€ AR WelMx
oldol A& Aez ArEH.

4. 8 B
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3 2R €45 € SEI,
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A9 AF 116 g NOs-N/m*-daye) ¥3&712]
£ 0% o4 vHAEE JEMRoY,
145 g NO3-N/m’-daye] #3loM& €da
&o] st

4) AAY NOs-N 1 g% 448 8079 &
7.02 g2 o] B3l 7.54 goll ¥|dte @
ghol it

5) NOs-N¢ &3 g&5d47 37 0.146/
hrel 1xhwrgo 2 a2lm SO& AL kg
&x44gke] HF -53.1 mg/L-hrdl 0zhdt
%22 ettt

6) sztel] Q3o AT =rt FE5] FHFELE
AN FYFET Melse pHe ¢Pelzr §
2 g4 Jepyc}

7) AL EIFLANE T2 HIg ol@xe T1~
109%, Wd 90%7t 7t22 3¢EAC

1. Turk., O. and Mavinic, D. S., “Selective

inhibition @ a novel concept for removing
nitrogen from highly nitrogenous wastes,”
Env. Technol. Lett., 8, 419(1987).

2. Strous, M. E., van Gerven, E., Zheng, P.,

Kuenen, J. G. and Jetten, M. S. M.,
“Ammonium removal from concentrated
waste streams with the anaerobic ammo-
nium oxidation(Anammox) process in dif-
ferent reactor configurations,” Wat. Res.,
31(8), 1955~1962(1997).

3. Gros, H., Schnoor, G. and Rutten, P.,

“Nitrate removal from groundwater by
autotrophic microorganisms,” Wat. Supply,
4, 11~21(1986).

4, Huang, C. P., Wang, H. W. and Chiu, P.

C.. “Nitrate reduction by metallic iron,”
Wat. Res., 32(8), 2257~2264(1998).

5. Batchelor, B. and Lawrence. A. W., “Auto-

trophic denitrification using elemental
sulfur,” JWPCF, 50(8), 1986~2001(1989).

6. Bisogni, Jr., J. J. and Driscoll, Jr., C. T.,

“Denitrification using thiosulfate and
sulfide,” Journal of the Environmental
Engineering Division, American Society of
Civil Engineers, 103, 593~604(1977).

7. Lampe, D. G. and Zhang, T. C.. "Evalua-

tion of sulfur-based autotrophic denitrifi-
cation,” Proceedings of the 1996 HSRC/
WERC Joint Conference on the Environ-



10.

11.

12.

13.

14.

15.

ment, Albuquerque, New Mexico, May 21
(1996).

. Koenig, A. and Liu, L. H., “Autotrophic

landfill
Thiobacillus denitrificans,” Proceedings of

denitrification of leachate by
the 8th International Conference of Anae-
robic Digestion, vol. 1, Sendai, Japan,
May 25~29, pp. 299~306(1997).

Zhang, T. C. and Lampe, D. G., "Sulfur:
limestone autotrophic denitrification pro-
cesses for treatment of nitrate-contami-
nated water : batch experiments.” Wat.
Res., 33(3), 599~608(1999).

Furumai, H., Tagui, H. and Fujita, K,
“Effects of pH and alkalinity on sulfur-
denitrification in a biological granular
filter.” Wat. Sci. Tech., 34(1~2), 355~365
(1996).

Sikora. L. J. and Keeney, D. R., “Evalua-
tion of a sulfur-Thiobacillus denitrificans
nitrate removal system,” J. Environ,
Qual., 5(3), 298~303(1976).

Koenig. A. and Liu, L. H.., "Autotrophic
denitrification of landfill leachate using
elemental sulphur,” Wat. Sci. Tech., 34
(5~6), 469~476(1996).

Koenig, A., “Autotrophic denitrification of
secondary effluent in shallow sulfur filter
beds,” Asian Waterqual '99. Vol. 1, pp. 83
~88(1999).

Claus, G. and Kutzner, H. J., “Autotrophic
denitrification by Thiobacillus denitrifi-
cans in a packed bed reactor.” Appl.
Microbiol. Biotechnol., 22, 289~296(1985).
Flere, J. M. and Zhang. T. C., "Nitrate
removal with sulfur-limestone autotrophic
Journal of

denitrification  processes.”

B-olg BYLYS ThoIMY Mg o8¢ L= FF

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

1787

Environmental Engineering, 125(8), 721
~729(1999).

HAEE, F o8 €A dBex 87Y¥R F
&g Fede TA 8 7154, Asuiga 4
At =8(1999).

Cooney, D. O., Activated Charcoal, New
York, USA(1980).

4] 239, AA7], "ASNE 0| &3 FF
& slao N, dxHr| A, 9(2), 127
~133(1992).

A&3, A8, A EF, HAE o] & EAo|
Ui g nEY Addge Az Y A

T R8N A], 14(7), 623~631
(1997).
APHA, Standard Methods for the Exami-

nation of Water and Wastewater, 19th
Ed., Washington, D.C., USA (1995).
AR 1A A 96-328, FALYFHAEY
(1996).

HAA, HEe, 289, HE o) Y SYHIY
gAolM e AFANH 229 I RS
83, ‘99 FA HedT dHY =3I D),
pp. 155~156 (1999).

Koenig, A. and Liu., L. H., “Autotrophic
denitrification of nitrified landfill leachate
in sulphur packed bed reactor,” Sardinia
97, Sixth International Landfill Sympo-
sium, Christensen, T. H., Cossu, R. and
Stegman. R., (Eds.), pp. 283~292(1997).
Driscoll, C. T. and Bisogni, J. J., "The use
of sulfur and sulfide in packed bed
reactors for autotrophic denitrification,”
Journal WPCF, 50(3), 569~577(1978).
Merck & Co, Inc., The Merck Index, 20th
Ed.. New Jersey, USA(1996).

HFrity, NGFAFALSE, pp. 990~
1005(1997).



	asf: 


