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The Effect of External Carbon Sources on Batch Denitrification Process. Yun, Dong In, Jin
Jong Lee', Dong Woon Kim’, and Ki Young Lee*. Deparfmenf of Chemical and Biochem-
ical Engineering, Chonnam National University., Kwangju 500-757. Koreo, 'Department of En-
vironmental Technology. Chunnom College, Goksung, Chonnam 549-910, Koreqa, *Department
of Petrochemistry, Kwangyang College, Kwangyang, Chonnam 545-800, Koreq — Respiratory de-
nitrification experiments were performed using different carbon sources (acetic acid, glucose, methanol,
molasses). In the culture media with glucose and molasses, COD consumption and denitrification rates
were higher than with acetic acid and methanol. However, up to 30-40% of reduced nitrate and nitrite
were converted to ammonium in glucose and molasses media. In the culture media with acetic acid
and methanol, ammonium was not accumulated. Some of the consumed COD seemed to be used by
the acid formers for the acidification in glucose and molasses media. By initial pH control of with mo-
lasses media, higher denitrification rate (up to 99%) and faster response could be obtained.

Key words: batch denitrification, external carbon, molasses, initial pH control
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Table 1. Characteristics of each culture medium

Acetic  Glucose Methanol Molasses

acid medium medium medium
Total vol. (ml) 2000 2000 2000 2000
MLSS (mg/l) 1200 1200 1200 1200
N-NH, (mg/]) 0 0 0 0

Nitrate reduction
COD soluble (mg/l) 2550 2540 2650 2550
N-NO, (mg/l) 200 200 200 200
COD/N-NO, 12.75 12.7 13.25 12.75
Nitrite reduction
COD soluble (mg/l) 2650 2600 2710 2630
N-NO, (mg/]) 200 200 200 200
COD/N-NO, 13.25 13 13.55 13.15

A Aze] B2 Standard Method[2]01] 21A 3t £4
slacl. £3]4 CODE potassium dichromate-ferrous
ammonium sulphate method[1]E AH-3}%1t}. Molas-
ses(AUAZ Co)e) AEF AvHe G299 FEE
HPLC(Waters Co.)2] sugar pack column¥} organic
acid column® AHS-3}3ict.

MolassesQ| &g
HPLC #4723} glucose 11%, fructose 14%, sucrose
69%, oligosaccharide 5%2 ©]F14 =t
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Fig. 1. Time course of nitrogen reduction with each carbon
sources in nitrate cultures.
(A) Nirate consumption (fill) and ammonium accumulation
(empty). ,
Symbols : —@— —O— , acetic acid; W V..., glucose;
—&- —{ 1+ , methanol; —@---—<--- , molasses.

" (B) Nitrite accumulation and reduction.

Symbols : —O—, aectic acid; -5, glucose; —{+— ,
methanol ; —<---, molasses.
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24717} Alo]e)] wh2 A ARl oH, acetic acid A&
2071704 30417 Alelell, glucose= 24A| 7 ellA] 404]
7k Apololl 2u]E Wb, methanol®] 73-$= 4047 ol 4]
120212721l A& AA]3] 4am)7- o] FolFch, o] 717t
Fotol ¢krrjo} 42 methanol®} acetic acid Hj#] ]|
A= A9 doutr] 92wk glucose?} molasses BlA]
A 4017t A-$ ZHE 38 mg/l, 27 mg/AE A H
Qom o)F Age] Frle 1204 77HA] Fxo] Hil=
A9 g (Fig. 1-A). oM Ais HAA S
2A Wsshs BebAd SN ERZ LA 53
o] golx|g] w|AEL] A JZ2L ¢S E T AL
2 o A wEA A7) AR nald, A
A A 47} oA A4 2 FU=ElE 3S molasses
=) 8] 75 7R wEA ehde] 204170 2]l
60 mg N-NO,/Io 432, acetic acid®] 73-$+= 304
7¥ell 100 mg N-NO/lo}ide] S5 3 skmfole] &
Aglo] AAFA}. 282 glucosedllAlE= 30417k ok
50 mg N-NO,/l°], methanolellA+< 204] 7 o4 7041 7¢F
Hell A AZE S48 Ake] JEldoH(Fig. 1-B).
o] A}1712] pH ¥M3}E ¥ acetic acid®] 7S obAAke)
Aol 7P && 30412 el pH7F 9.082 olF &
3= 9197, methanololl A= 40X 7H88] Z7)slr)
AZsle 70417 7ol pH 8.58 #-Xslgdct. ¥ glu-
cose?} molasses®] 749 AlZto] Xdel| w2} pH A8}
£ 25t molassest 36417 ol pH 6.8& glucose
£ 4841719 pH 6.622 A3} F 1 Al S #-A]3)
S oH(Fig. 2).
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Fig. 2. Time course of pH variations with each carbon
sources in nifrate cultures.

Symbols: —@—, acetic acid; &,
methanol; —@ , molasses.
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Fig. 3. Time course of nitrite reduction in nitrite cultures.
Nitrite reduction (fill) and ammonium accumulation (empty).
Symbols : —@— —O—, acetic acid ; ¥ /-, glucose;
—— —[1— , methanol; —¢— | molasses.
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acid®] 7%= 60A17}ell A 7247k Ako]el| glucose= 36
A 7rell A 48A17F Ale]oll methanol- 120A] 7} el X t3)
of &b An|7} o] F A3 molasses®] 73-$-= 30417kl
A} 3617k Abelel 74 w2 A A 4|7} o] Fozich
tmjol] &AL A A wR]| 2} ] kxo}
ZAo] ¥olx glucosed ®W 75 mg/IZ 7F¥ £ mo-
lassesd ™ 35 mg/l =] acetic acid®} methanol
2 10 mg/l °]3}E 7t gkmuole] &2 o] o] FoiR]
2 3leh. Fig. 4= oFRAM] A2 swlel] o}-E pH W3-
vehdl Zeltt. Acetic acid 9] %= oA A& &
H]7} 4413 o} FoyR| = 60417 el #E pH 99l ¢]=
2 A4 215 2 methanol> %7] o} AL 4w]
7} AA3] o] FF 3} Felste] pH7F 2FH FoHAIth
7} 28] BF0] whE 80AI7kH ol #F pH 8.541 o] Ect.
Glucose= grEHole] FAo] 3] o] Folx]= 484]
Zrefell 74 e pH 5.89 T&sted whet 2r7kA]
A ¥ 3L molassest= 24A13 el 4] 48] Z7kA}o] o] gk o}
523 34 pH 6.400 o|28] wjef L7|7kA] fA1= A
t}. Glucose®} molasses7} AAM A4wix| R} gFwy
o} Z4o] A veld 72 pH Ws}el A BXo] AL
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ated woF 27| FE 2 pHE Qs strveld] 44
o] F=3kAt}t GlucoseHs BAY o AL8319S
9 molassesE EHAU o7 AMg3lS o ¥l AAA
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ol ALY WAl A B 158 E ghRole] &3
o] A vehgdr}. o] & #aldlr] Y4 molasses T
A&l glucose, fructose, sucroseZ o]-43lo] 22 &
&8 FA 2 23} fructosed! A% 10 mg/lol3tE,
sucrose’l 73 20 mg/l°]3}E glucoseXt} FE1iole]
A go] FA Yol o] glucose’}t fructosert
sucrose®.tt pH7l W& of i) 93t A3y} &
st ol2d S 23 Alolet A=)

o o mo NI
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Table 2= 7 ©addel o3t Axd FAAu|&EEE
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Fig. 17} Fig. 31 2J3)] AlArE AHolct. A wilxd o
acetic acidql 7-% 18-30A17F Alo]<] 742 glucosedl 7
$- 24-48X)7F A}o] & molasses?] 7§ 12-24X17174A]
& 28] 3 methanol?l 7%+ 36-84A17FH9] 3 3t
o} Aatstsict. obdAMA wiA]d o, acetic acid®] A%
£ 18-36A17H19] #H& glucoses 18-36A17F Akl 2t
< molasses 12-24A17F Alo]9] 31 methanold Wi+
60-1084)17F Alole] k& 3FH3slod Alabsldck b wjx] ]
28] $5& 7 A7k 2] MLSSE vre] Alabstg ot

71&2] 3 o vAaYo g JAE acetic acid
9} methanole £ A3 ZAFM = An|Erelr £
ZHE-% Ho|3 9lr} Table 3= 7+ §b4$E I <elA|
Z7hekS Yl A2 2 Fig. 1 28] 7 Fig. 3% &7 v)
Zaf B 9% eh4glo g vhg A3 AS AvlSw
= % w2} AlA| AH]EEol ¢lelA] acetic acidvh
methanold} Apo]7} v 7S o @ ®ads AM-E
A2 o Seix|Eke] Z7lE AvlSkedi] & AHAE

Z Table 2. Reduction rates and ratio of the COD consumed/
the N-NO, eliminated for each of the carbon substrates
Carbon Form of Reduction Ratio mgCOD
Substrates N-NO, rates mgN-NOx
Acetic acid Nitrate 4.08 4.2
Nitrite 4.24 35
5 0 2'0 4'0 6'0 8'0 1;,0 120 Glucose Nitrate 3.54 5.6
Time (hours) Nitrite 4.00 5.2
., . L. . Methanol Nitrate 5.02 3.6
Fig. 4. Time course of pH variations with each carbon Nitrit 467 3.4
sources in nitrite cultures. 1 ¢ ) )
Symbols : —@— , acetic acid;---A---, glucose; —l— , me- Molasses Nitrate 533 . 6.4
thanol ; —-------, molasses. Nitrite 4.95 5.8
Table 3. Average growth rate (MLSS) for each of the carbon sources
Carbon sources Acetic acid Glucose Methanol Molasses
Form of N-NOy Nitrate Nitrite Nitrate Nitrite Nitrate Nitrite Nitrate Nitrite
Average growth rate 67.7 70.1 89.5 91.7 . 444 45.6 93 94.6

(mg MLSS/L - hr)
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Fig. 5. Effect of initial pH on the nitrate cultures.

Nitrate consumption (fill) and ammonium accmulation (empty).
Symbols : —@~ —O— , pH 6, WXz, pH 7, —M——T1F,
pH 8’ _‘ ..... ﬂ ..... s pH 9
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Fig. 6. Effect of initial pH on the nitrite cultures.
Nitrite reduction (fill) and ammonium accmulation (empty).
Symbols: —@ —O— ,pH 6; ¥\, pH 7, —8— —{1—,

o]} u)2=3}k pH 8.3904] A4 Ao} shde] HA oG
th Rwgh v Qo). =3 gad o g ARG AT
pH7} Hoix) 31, & pHE @A AFNE A e A=
wasle] gltH3]. Wk FAEe) Fo2 A 3
= Molasses 73-$- pH] A 3t2 o1& ghmrjo}e] &3o]
4xd AoE 3 %7] pHE 6-97kA 4% ohg A
AP A9} op AL AR oA EAE FRYo}
=284 A8 ®olkcl(Fig. 5, 6). pH 6, 72 2HAE A
2 o}mr]o} - o] AAA] AR oA = 50-70 mg/l,
obAATAl A 4 A )= 30 mg/l A=) vk pH 9
A4 AT oA wlz] BF 5 mg/lelEte| A x,
pH 84 wl= grYjole] o] #) dojuhr} Wkt
=3 g &80 gloIAE pH 6, 78 A% A v
o 70-80%, LA wiR| Y o 85%0]%l L, pH 921
A% F oA 2% 97% 14, pH 82 A5 99% °1&
o2 Jepgtl g8]3 Table 3¢ vebd 2u]E oA
% pH 6, 78] 7% wiek 271 %8 30A74A1 9 3E H
33 pH 8, 92 24T 7% 0A17HE] 24X 774319 3k
< 38l vlwat A5} pHrl ¥44F anlEErt w2

Table 4. Effect of initial pH on the reduction rates in mo-
lasses medium

nitial pH Form of Reduction rates
N-NO, (mg N/g MLSS-h)
e
o
o e
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lassesE o]§, 24 AL ZAIRE 7 pH 8¢ off 4=
Yol &AL A glder 23 Sxo gloMm
acetic acid¥] 7Rl 12417 = wlE 24A17F <toll
99% oA B o] SV & = slsdth

g A

o] =2 19961 X GNEAT- shezAdn]o 23

AFgen ole] =AU 7 7|2 AH2E A
a7 T30 MEE T4 A=,
S

1. APHA, AWWA and WPCF. 1985. Oxygen demand
(chemical) -closed reflux, -colorimetric method, pp. 537—
538. Standard methods for the examination of water and
wastewater, 16th ed. American Public Health Association,
Washington DC, USA.

2. APHA, AWWA and WPCF. 1985. Standard methods for
the examination of water and wastewater, 16th ed. Am-
erican Public Health Association, Washington D. C.

3. Akunna, J. C., C. Bizeau, and R. Moletta. 1993. Nitrate

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Cole, I.

and nitrite reductions with anaerobic sludge using various
carbon sources: glucose, glycerol, acetic acid, lactic acid
and methanol. Wat. Res. 27: 1303—1312.

. Blaszcyk, M., R. Mycielski, H. Jaworowska-Deputch,

and K. Brzostek. 1980. Effect of various sources of or-
ganic carbon and high nitrite and nitrate concentrations
on the selection of denitrifying bacteria. I. Stationary cul-
tures. Acta Microbiol. Pol. 29: 397—406.

. Chen, K. C. and Y. F. Lin. 1993. The relationship between

denitrifying bacteria and methanogenic bacteria a mixed
culture system of acclimated sludges. Wat. Res. 27: 1749
—1759.

1993. Controlling environmental nitrogen
through microbial metabolism. Tibtech 11: 368—372.

. Datta R. 1992. Process for the production of succinic

acid by anaerobic fermentation. U. S. Patent 5,143,833.

. Dawson, R. N. and K. L. Murphy. 1972. The temperature

dependency of biological denitrification. Wat. Res. 6: 71—
83.

. Grabinska-Loniewska, A. 1991. Biocenosis diversity and

denitrification efficiency. Wat. Res. 25: 1575—1582.
Isaacs, S., M. Henze, H. Soeberg, and M. Kummel. 1994.
External carbon source addition as a means to control an
activated sludge nutrient removal process. Wat. Res. 28:
511—520.

King D. and D. B. Nedwell. 1985. The influence of ni-
trate concentration upon the end products of nitrate dis-
similation bacteria in anaerobic salt marsh sediments.

'Fems. Microbiol. Ecol. 31: 23 —28.

Klingensmith, K. M. and V. Alexander. 1983. Sediment
nitrification, denitrification. VII. Further purification and
properties of denitrifying enzyme. J. Biochem. 53: 299—
303.
Knowles, R. 1982. Denitrification. Microbial. Rev. 46: 43
—70.
Lee, N. A. and T. Welander. 1996. The effect of dif-
ferent carbon sources on respiratory denitrification in bio-
logical wastewater treatment. J. Ferment. Biotech. 82: 277
—285.
Prosser, J. 1. 1986. Nitrification, pp. 63 —78. In Special
Publications Soc. Gen. Microbial, Vol. 20, IRL Press.
Tiedje, J. M. 1988. Ecology of denitrification and dis-
similatory nitrate reduction to ammonium, pp. 179—244.
In Zehnder, AJB. (ed), Biology of Microorganisms,
John Wiley & Sons, New York.
Timmermans, P. and A. Van Haute. 1983. Denitrification
with methanol: Fundamental study of the growth and den-
itrification capacity of Hyphomicrobium sp. Wat. Res. 17:
1249—-1255.
U. S. National Research Council. 1972. Accumulation of
nitrate. National Academy of Science, Washington, DC.
(Received November 15, 1997)



