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Biotransforamtion of inorganic nitrogens in soil
of near bank filtration sites using respirometer

In-Chul Kong, Jin-Hee Bae, Eun-Young Choi, Seung-Hyun Kim

Depr. of Environmental Engineering Yeungnam University

ABSTRACT

Biotransformation of inorganic nitrogens, which are possible contaminants of bank
filtered water, in soil of near bank filtration site was investigated based on oxygen
consumption and changes of chemical parameters in respirometer. Biotransformation
activities of inorganic nitrogens at different conditions of pH, water content, and added
initial(NH,),S0, were compared. At original low pH and 20% of water content, nearly no
biotransformation activity of inorganic nitrogen was observed, in addition, control and
NH,-added sets did not show any significant differences of oxygen consumption. Among
tested conditions, the highest activity was observed at 25% water content and pH 8.
Nearly 98% nitrification activity was observed at sets amended with 400 mg NHN/kg
soil as(NH,),SO, in the condition of pH 8 and 20~23% water content. However,
considerable activity of subsequent denitrification was not observed.
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Table 1. Physicochemical and microbial Characteristics of Seils collected from near Bank

Filtration Sites

n Moisture | CEC(cmol/ Organic cont. Concentration(mg N/kg dry soil)
P cont(%) | kgdrywt)|  (wiw dry wi%) NH,N | NO,N | TKN
4.79~5.73 | 7.22~1037 | 7.17~8.80 0.67~3.31 5.81~10.38| 2.26~7.43 | 102~354
Viable cells Nitrifier(ammonium oxidizer) Denitrifier
(CFU/g dry wt.) (MPN/g dry wt.) (MPN/g dry wt.)
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Fig. 1. Comparison of oxygen consumption
with and without addition of NH,-N.

—o—25% pHB.0
—a—-25% pH6.0
—a— 18% pH7.0
—¢—35% pH7.0

Oxygen Consumed (mg/g soil)
N B O 0

0 10 20 30 40
Time(day)
Fig. 2. Profiles of total oxygen consumption at

different conditions of pH and water

contents in respirometer.
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Table 2. Characteristics of incubated Soils at different Conditions of pH and Water Contents

Final
. 25% water cont. pH7
Initial
pH 8 pH6 18% water 35% water
cont. cont.
NHA- 232.1 12.3 369.2 195.0 253.0
mg/kg dried soil
NO, N
/s dried soi 3.1 158.7 108 1235 26.6
Viable bacteria |, 0 | 830x10° 337x 10r 535% 10° 8.15% 10°
(CFU/g dried soil)
Ammonium
oxidizer 39x%10° 6.89 % 10° 2.45% 10? 326X 10° 326X 10°
(MPN/g dried soil)
Denitrifier 202100 | 408x 10° 206X 10¢ 1.51 X 10¢ 1.85 % 10°
(MPN/g dried soil)
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Table 3. Characteristics of incubated Soils at different initial NH;-N Concentration

. Amount of nitrogen amernded
Initial .
.. (mg N/kg wet soil)
condition
50 200 400
Water cont.(%) 7.22 209 218 218
pH 4.6 8.7 8.1 7.7
NH,-N
) . 20.61 7.31 5.77 10.18
(my/kg dry soil)
NO;-N
T 2.18 797 53.42 328.04
(mg/kg dry soil)
Viable bacteri
able bacterta 3.86 X 10° 239% 107 1.39% (0" 129% 107
(CFU/g dry soil)
A - T
mmontum OXicizer 407X 10" 1.86 X 10° 1.66 % 10° 8,04 10°
(MPN/g dry soil)
Denitrifier .
. 494 x 1 1.89 X 1Y 5.63x 107 190 % 1(Y
(MPN/g dry soil)
Oxygen uptaken cc
o - 755.23 800.34 2379.68
(mgO,/S0g wet soil/44.5d)

Table 4. Comparison of oxygen Consumption Rates at various Conditions of pH, Water

content and Initial Ammonium Contents

Condition Oxygen consumption rates
Nitrogen amended Water cont. . )
(me NH,-N/ke wet soil) pH %) (mg O, /g soil) (mg O, /g soil/day)

0 49 20 3.48 0.0928

500 43 20 2.83 0.0755

200 8.0 25 16.92 0.5288

200 6.0 25 6.44 0.2013

200 7.0 18 8.40 0.2625

200 7.0 35 6.22 0.1944

0 9.5 20.0 25.13 0.5647

50 8.7 20.9 15.10 0.3393

200 8.1 21.8 16.01 0.3598

400 7.7 21.8 47.59 1.0694
710 AAE AaAl AxeLAE A w25 Hd U 400 mg-N/(kg wet soil)ell
D2 E3Ee] YA Auste] @ kel AE 9 98%9 27] H/HE Yoy davh A
EAZ G BAY ¢ UAe Aok, k. Ate 2 AuF Yo ANSE giFEe] ot

Journal of KoSES Vol.4. No.3 35~43. 1999



42 3

e

< 4438 W71 AR SER S @
24 gsket

4.8 €

25aA FH Az FFEC I} ApjE
vl o] ogt F7] A4 R HEE {7
Fold g 28 2498 =538 4 A

(1) 2A18 A9 EZFEQ] 7AF ¢ ol
HER HES A3 AR 2delde FE
&3 oF 25% ¢ pH 8FToliM SLg &
57t #EHeY Y FREEFME
v pH dMe 571349 gigo] s
2] i

(2) ¢2Yole] AAEE= 400 mg/(kg wet
soil)2] FTolME dshA BAsIH e
g s A4 BEEA gt

(3) A, grYoRlsht, AYa A 385%
& Hgo] Ao} ARWAE =257l &
0|3} kst

(5) A A¥AHA wF F AdFE 6~9
Log CFU, g3#2 W& 6~8 Log MPN
FRe o2 AR FRYM}
3t 9 olAdsl#E 5 Log MPN 2o}
A EAshs Ao ZAEUG

(6) ARZPANN THFEFALLRFH) S AR
23 200 mgNH;-N/(kg wet soil) oM &
ek gEYE 16~17 mg0,7t 229Ux
ZA1E Ad 559 400 mgNH;-N/(kg
wet soil) & 48 mgO,7t 2B &ALt
T3 AP289) controldlAE 25 mgO,7t
AR,

AL A
o] =% 199d% ¥TFENFATY T

Journal of KoSES Vol.4. No.3 35~43. 1999

A-a3F-JLg-ded

HFAATA Q7] AL ofate] A7
olol 2A1E =P,

#

o
MO

al

1. 458, g, olH3 “FRAFGAA HA
HEH A4A AR AT 2dNL digd
733 83] A, 20(1), pp83-92(1998).

2. Schubert, J. “Experience with bank filtration for
the public water supply in D sseldorf, Germany,”
International Symposium in Commemoration of
50th Anniversary of Yeungnam University,
pp123~160(1997).

3. Lindner, K. “Water quality management of the
Rhine river from the view of water works,”
pp183~204(1997).

43¢ A AT FUE T & A
48] A B9 2 7'g E8E, "BV F A
ALY L e, FAA TSR A7 A,
pp81~113, 19963 39 264

5. BB T “BRBOREELRM LK KEE
BIFIE 14(2), pp92~95(1991).

6. KPS, “REANKEEWERRRANOREF
R, KEH R 142), pp83~91(1991).

7. Haillberg, G. R. “From holes to herbicides :
Agriculture and groundwater quality,” J. Soil
Water Conserv. 41{6), pp357~364(1986).

8. Domenico, P. A., and Schwarz, F. W., “Physical
and chemical hydrogeology,” John Wiley & Sons,
Inc. New York(1990).

9. Pierzynski, G. M., Sims, J. T., and Vance. G. F.
Soils anq Environmental Quality, Lewis
Publishers(1994).

10. Prasad, R., and Power, J. F. “Nitrification

inhibitors for agriculture, health, and the

environment,” Adv. Agron. 54, pp233~281



EED 71ES AFATA 2 BFEe] /)AL A 43

(1995).

1. EF3 ey, &0 53(1989).

12. 3038 9 69 “FHHR Fe] ol X
RN AL AFTIAT, FREGFTE I
A1, 3(1), pp11-20(1998).

13433 94574 49 59U FA L E
FeF AL dddigta w33 ALY
=, pp31(1997).

14. Balkwill, D. L., and Ghiorse, W. C.
“ Characterization of subsurface bacteria
associated with two shallow aquifers in
Oklahoma,” Appl. Environ. Microbiol. 50(3),
pp380~588(1985).

15. Tate 111, R. L. “Soil Microbiology.” John Wiley
& Sons, INC(1995).

16. Waggoner. P. J., and Zuberer, D. A. “Response

of nitrification and nitryfying bacteria in mine
spoil to urea or ammonium sulfate,” Soil Sci. Soc.
Am. J. 60, pp477~486(1996).

17. Bodelier, P. L. E. er al. “dynamics of nitrification
and denitrification in root-oxygenated sediments
and adaptation of ammonia-oxidizing bacteria to
low-oxygen or anoxic habitats,” Appl. Environ.
Microbiol. 62(11), pp4100~4107(1996)

18.Sotonayor, D., and Charles, W. R.
“Denitrification in soil profiles beneath grassland
and cultivated soils,” Soil Sci. Am. J., 60,
pp1822~1828(1996).

19. Weaver, R. W_, Mickelson. S. H., and Bigham. J.
M. Methods of Soil Analysis Part2. Soil Sci. Soc.
Am. Inc(1994).

Journal of KoSES Vol.4, No.3 35~43. 1999



