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ABSTRACT

In order to improve reactor performance of existing sewage treatment plants, the feasibility of enhancing reactor per-
formance by bicaugmentation using EM as bioaugmentation agent and the effects of anoxic: oxic time ratio on reactor
performance were investigated. Continuous and intermittent aeration modes were compared under the 6 hr of HRT.
Three different types of intermittent aeration modes, that is, 15 min, of anoxic:45 min of oxic, 30 min of anoxic: 30 min
of oxic, and 45 min of anoxic:15 min oxic respectively were chosen as test modes to study the effects of anoxic : oxic
time ratios on reactor performance. The optimum anoxic: oxic time ratio was 30 min:30 min when considering simul-
taneous removal of organic, nitrogen and phosphorus. When applying EM into a continuously aerated reactor under the
varying dosing rates of 50-200 ppm, reactor performance in terms of organic and nitrogen removal efficiencies was not
improved at all. Nitrogen removal efficiency was increase when the EM dosing rate was increased. However the degree
of improvement was slight when the EM was injected above 100 ppm. However optimum phosphorus removal was
found at the EM dosing of 200 ppm. Thus it was found that optimum injection concentration of EM is 200 ppm. It is
apparent that putting EM into a sewage treatment plant significantly affects the T-N removal efficiency of the reactor
by enhancing denitrification efficiency especially in operational conditions of relatively long anoxic periods. To achieve
reciprocal condition in a reactor with intermittent aeration it is necessary to enhance the reactor performance by EM
injection. In the case of modifying existing continuously aerated reactors into intermittent aerated reactors, it is cbvious
that operating costs of aeration would be reduced by reducing aeration time when compared with existing conventional

sewage treatment plants.
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Fig. 1. Schematic diagram of experimental unit.
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Fig. 2. Operational schedule for the intermittent aeration in
reactor.
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Table 1. Composition of the synthetic wastewater

Constituents Concentrations Sources
Glucose, C.H;,O, 200 mg Carbohydrates
Sodium acetate "
(CH,COONa) 260 mg
(NH,),SO, 118 mg Nitrogen
KH,PO, 57 mg Phosphorus
CaCl, - 2H,O 50 mg Trace metal
MgSO, - TH,0 100 mg "

NaCl 100 mg "
Tap water to 1 liter

Table 2. Analytical methods and instruments

Item Unit Method and Instrument

pH pH meter (HORIBA H-7 LD)

Oxygen meter (YSI model 57, Yellow)
Springs Instrument Co., Inc.

TSS, Gravimetric method

VSS mg/ (Glass Fiber Filters, TOYO ROSHI Co., Ltd.)
COD  mg/l Potassium dichromate reflux method

Phenate method (Double Beam Spectro-
Photometer, UV 140-02, SHIMADZU)

NO,-N mg/l Cadmium reduction method
PO, ~-P mg/l Ascorbic acid method
Total P mg/l Digestion/Ascorbic acid method

DO  myl

NH;-N mg/!
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Fig. 3. Comparison of COD, NH;-N, PO,P removal
efficiencies.
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Fig. 4. Comparison of COD removal efficiencies depending on
EM dosage in each reactor.
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Fig. 5. Comparison of NH;-N removal efficiencies depending
on EM dosage in each reactor.

Journal of Environmental Health Sciences, Vol. 34(3)



Bioaugmentation®] ZFE%7] 2 4A XY SHE L 7

30

—~8— EM 50ppm
—O— EM 100ppm
25 —y— EM 150ppm

—&O— EM 200ppm
1 W

15 4
10
5 -

Reactor

Removal Efficiency (%)

Fig. 6. Comparison of PO,-P removal efficiencies depending
on EM dosage in each reactor.

70) EM FY5ES 50 ppmelld] 100 ppmo-E 7MY
Z7|p1E7 o] gAIglo] WA WM BE St
7} FE83o 100 ppm OIS EM Y% &
7te} ¥HEF NH;N AAEE 7P 4X3A &e
Aoz Yeht 100 ppme] HAX FoZ eI
NH,NY A4 R-1, R2, R3 9820 oA E
COD2| 798} §ARH EUE Zpol& vehlA] 4%k
O} HE7]E7) 717WE 15min:45 min® 2 3
g R4 32| A9 EM FYol sl whex 2
AEgol Tl MAE S & & U oEe F
#}E Esk] EM FU-& anoxic 717kl Bl23A 7] R-
4 W-&Z0] NH,-N A7 &E gl A oA sk
Aoz e

EM 9% Z7i] o2 zb ¥3Z7F POP AAR
& H3E Jeld Fig 60l 93P |G5E7] wheRd
R-129] 7% EM FYFXE 150 ppm3} 200 ppmZtoll =
AAEE Zol7t fle ALE Yeistoy 2HEE7) w
£%9 R-2, R-3, R49AM= EM FY5= 70 o
2} POP AARE X3 FVBIE 2o Jelith 2
@ 150 ppmat 200 ppm Aleloll= 2 Zbol7t dul
== ¢l 200 ppm oM E AAEE FTPt A9

2 Zolgke Ag d&8 F A sk &, 18
7] 4he-x9) R-2, R-3, R4 ¥S-ZolX EM U5
% 200 ppmollAE R-2 BEEZOA 7HE & AIAR
£< Jehige™ EM FUZFES 50, 100, 150,
200 ppmOE F7HAF el wet vgE PO,P AAEE
ol 45%, 9.6%, 17.1%, 19.8% 2 Z713l9 718
oA BEAY 150 ppm7HA e F9F 710wt A
ARG o] Ao HAAdFo|R ot 150 ppmell A
200 ppmeE 7 AAEE F7hs tids] gkl
200 ppm o}l AAEE vk vvE Aoz

v 93 237

100

95 4

—y— without EM (NH,-N)
—— EM 100ppm (NH,-N)

—— without EM (COD)
904 —O— EM 100ppm (COD)

40"

30 4

Removal Efficiency (%)

20
—@— without EM (PO,-P)
—0— EM 100ppm (PO,-P)

R-1 R-2 R3 R4
Reactor

Fig. 7. Comparison of COD, NH;-N, PO,P removal
efficiencies in each reactors with and without EM
addition.

=AY

welA] 2 AgAas FEsl A% o Fig. 790
Uehfo] E2ule}l 7o) A&4Er] vzl R-19] Y
3l R2~R4 WHE-R9| X E&o] PEe AR
Bol A&E |9 BTE anoxic : oxic 73 W7o}
71 Hg2E 2AskE 7HEE/ 02 2H mode
E ol sk Aol MR fAEE FIE =
ZEiA E7)0 wE T 24E 58 A2 ¢
AR¥E 7242AE 4 ok wgdc) B3 EMFY
2 {718 AARENE ¥ 9L FA AN A4
9} QA A Fgolle MAEIHTT U AoZ vehde
o 2 d7olAs 150ppme] HAHJA Ae= et

v g

71& 25g3rde] HelaE 93l bioaugmenta-
tiono] 213} &I H)E7) : E7) 7|708) Al o
& A ag ¥3dE 2R 47189 Ay 1EE
7] AZh) Wslel #AAgle] AL AT AAEEE Y
B3It} Bioaugmentation agent®4] EME- ARS-3l¢]
EM FU% =] W& /7| BAA RS Hale FARI
t}. EM 9L 50 ppmollA 200 ppm7bA] F7HA17]
A 28-S 398 A3 cobg 3¢ 150 ppm ©lF
AXE AAEE] WL Qlo] 718 AAE 71EL
2 & 7% 150 ppmo] HHXZ Vet NH-N A
AZLE 7|ZE22F o] EM FYFEEE 50 ppmoliA
100 ppme = Z7HA] F71MF7 ]| FAQle]l AA] W
SN 28 F7P} 32 100 ppm 0ol
£ EM Y% Z719} 9H8E NH-N AAEE 27t
A28 Y= ALE et 100 ppme] HFX]Q F

Journal of Environmental Health Sciences, Vol. 34(3)



238 4
sz gtk B&7]: Z7|AZM)E coDY 7$-9
upR7FA| 2 30 min: 30 min7} FF o2 et PO,
Pl 79 HE7) . Z7|AI7H]E 30 min: 30 min7} 3
Ao\t EM FYE=w HF A7t 200 ppmoE e}
18, A, JAA 58 BHO= e Aol
EM F94%%% 200 ppmel HAA|U RoZ Yept).
‘IT7]€“+ BT *1]713'1%, Alzd] 28 A
T A AR A H|E7) . £7] 7]
1£7] £7] 717Pt'l7} 308 :302% R-3 W
}aElsk Aog Jelgtt
242 AAZE W3l 433 dZe
YR R el &, H|E7] &) 717HMIE 15
14502 A% wheFe] AL EM FYdl 23
eXE&o] FEE JHES ¢ Ui
7534% E3la] EM $Y< anoxic 7]7k0] ¥
HelolM a8 sl 7dgez A

AR E‘_%Zi-‘ll 42 AAREE Foled A ot

A & oz JiEc)
Hke- 29 anoxic: oxic 73S Wzdo} 7PAA =48}
£ Zlo] EM Y& 53 ez 83l 4]

H, o) SlahiE ASE P Eoke 7

RES

°2 23 mode® WHPOlH £ Aol Bt
EG DYEYHOR AT AS 71T ALY
v 27 A0e 5 & Qo) B0 we Fe)
ARG # 5 e AoE wuE.

HAle 2

o] EE-& 20084 At st asted

7H| 2ol 2Et] ArHAS

=

HO
rok

1. Ministry of Environment : 2007 Environmental Sta-
tistics Yearbook, 491-492, 2008.

2. Ministry of Environment : 2007 Environmental White
Paper, 2008.

3. Sung, I. W. : A study on improvement of sewage
treatment system. Korean Journal of Environmental
Health Society, 19(3), 36-40, 1993,

4. Abeysinghe, D. H,, De Silva, D. G,, Stahl, D. A. and
Rittmann, B. E. : The effectiveness of bicaugmenta-
tion in nitrifying systems stressed by a washout con-
dition and cold temperature. Water Environmental
Research, 74(2), 187-199, 1999.

5. Head, M. A. and Oleszkiewicz, J. A. : Bioaugmenta-
tion for nitrification at cold temperatures. Water
Research, 38, 523-530, 2004.

o,

rk

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

. Higa, T

. EM Research Organization :

. Higa, T. :

. Wang, J., Quan, X., Wu, L., Qian, Y. and Werner,

H.: Bioaugmentation as a tool to enhance the
removal of refractory compound in coke plant waste-
water. Process Biochemistry, 38, 777-781, 2002.

: Agricultural Use of Microorganism and
Environmental Conservation, Hyung Sul Publishing,
1991.

EM Application Man-
ual for APNAN Countries, 1st ed., 1-7, 1995.

An Earth Saving Revolution, Sunmark
Publishing Tokyo, Japan, 1993.

Higa, T. : What is EM Technology? College of Agri-
culture, University of Ryukyus, Okinawa, Japan,
1995.

Sangkkara, U. R. : The technology of Effective
Microorganism - Case Studies of Application, Royal

Agricultural College, Cirencester, UK Research
Activities, 2002.
Freitag, D. G. : The Use of Effective Microorgan-

isms in Organic Waste Management. http://emtrad-
ing.com/em/htmlpapers/emwasterepfreitag.html. 2000.
Wangkorbkiat, A, Chauyaphinan, A. and Sunth-
omphithak, S. : Reduction of Nitritious Substance in
Wastewater by EM, In Seminar on the Project for
Researches into EM and the Effects of Its Use on
Agriculture and Environment, Bankok, Thailand, 157-
162, 1995.

Wangkorbkiat, A., Kanthiya, A. and Chathanao, A. :
Effect of EM on Resisting Production of Hydrogen
Sulfide, In Seminar on the Project for Researches into
EM and the Effects of Its Use on Agriculture and
Environment, Bankok, Thailand, 170-174, 1995.
Lee, J. H., Jeong, J. O. and Park, S. H. : A study on
the composting process of food waste by seeding the
isolated Effective Microorganism. Korean Journal of
Environmental Health Society, 26(3), 1-10, 2000.
Ko, S. C. and Hyun, H. N. : Effect of EM(Effective
Microorganism) Treated Food Wastes on Soil, Pro-
ceedings of KORRA 98 Spring Seminar, 57-65, 1998.
Ko, S. C,, Song, Y. C. and Kim, L. S. : Efficient
treatment of food wastes by EM(Effective Microor-
ganism) and their recycling. Journal of Korea Solid
Waste Engineering Society, 14(7), 729-740, 1997.
Choi, C. S., Joo, G. J., Lee, D. H., Choi, C. L., Lee,
I. G. and Choi, J. : Efficient treatment of sewage
sludge by Effective Microorganism. Agricultural
Research Bulletin of Kyungpook National University,
17, 45-52, 1999.

Roh, S. H,, Yun, Y. J. and Kim, S. I. : Removal of
nitrogen and phosphorus in the wastewater by Effec-
tive Microorganism. Applied Chemistry, 5(2), 180-
183, 2001.

Roh, S. H. and Kim, S. I. : A study on the removal
of nitrogen and phosphorus in the SBR process by
Effective Microorganism. Applied Chemistry, 6(1),
260-263, 2002.

Metcalf & Eddy : Wastewater Engineering: treat-
ment disposal reuse, Mc Graw-Hill, 1979.

Journal of Environmental Health Sciences, Vol. 34(3)



22.

23.

24,

25.

Bioaugmentationo] 7V8E7] oA Re] SHE L) W= IF

APHA, AWWA, WEF : Standard Methods for the
Examination of Water and Wastewater. 21st ed.,
American Public Health Association. Washington
DC., 2005.

Kim, D. M. and Lee, Y. S. : Removal of N and P by
intermittented aerated activated sludge process.
Korean Journal of Environmental Health Society,
18(2), 57-61, 1992.

Hwang, D. Y., Kang, B. C. and Cho, K. M. : Effect
of aeration/non-aeration time ratio on the removal of
organic matter and nitrogen in sewage with intermit-
tently aerated nonwoven fabric filter bioreactor. Jour-
nal of Korean Society of Environmental Engineers,
25(2), 258-265, 2003.

Jeong, M. S., Lee, J. H., Seo, K. B. and Kim, Y. K. :

26.

27.

239

Influence of aeration cycle on nitrogen and phospho-
rus removal in two-stage intermittent aeration sys-
tem. Journal of Industrial Technology, Kangwon
National University, Korea, 23(A), 15-19, 2003.
Lee, H. G, Bae, I. S., Choi, K. S., Han, K. B. and
Kim, C. W. : Evaluation of ORP applicability and
on-off aeration cycle for nitrogen removal in intermit-
tent-aeration activated sludge process. Journal of
Korean Society of Environmental Engineers, 20(1), 9-
18, 1998.

Ryou, D. C,, Jeong, B. G. and Yang, B. S. : The bio-
logical phosphorus removal in a sequencing batch
reactor activated sludge process. Journal of Korean
Society of Environmental Engineers, 11(2), 17-26,
1989.

Journal of Environmental Health Sciences, Vol. 34(3)



