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Treatment Level of a Pond System for Ecological Treatment and Recycling of Animal Excreta
Hongmo Yang and Chong-Ouk Rhee”(Dept. of Landscape Architecture, Chonnam National University, Kwangju, 500-
757, Korea, Tel 062-530-2101, "Dept. of Food Science and Technology Chonnam National University, Kwangju, 500-757, Korea)

Abstract : A model of pond system is developed for treatment and recycling of excreta from twenty-five adult dairy
cattle. It is composed of wastewater treatment ponds and small fish ponds. Those are three facultative ponds in series;
primary - secondary - tertiary pond and these are designed to rear carps without feeding.

A pit is constructed at the bottom of primary pond for efficient sludge sedimentation and effective methane
fermentation. It is contrived to block into it the penetration of oxygen dissolved in the upper layer of pond water.
The excreta from the cattle housed in stalls are diluted by water used for clearing them. The washed excreta flow
into the pit.

The average yearly BOD; concentration of influent is 398.7 mg/ !. That of the effluent from primary, secondary and
tertiary pond of the system is 4918, 279, and 198 meg/ ! respectively. Approximate 88, 93, and 95 % of BOD5 are
removed in each pond. The mean yearly SS concentration of influent is 3605 mg/ /. That of the effluent from each
pond is 534, 457, and 327 mg/ ! respectively. Approximate 86, 88, and 91 % of SS are removed in each pond. The
BOD; concentration of secondary and tertiary pond can satisfy 30 mg/ ! secondary treatment standard. The SS
concentration of effluent from tertiary pond, however, is slightly greater than the standard, which results from activities
of carps growing in the pond.

The average yearly total nitrogen concentration of influent is 2068 mg/] and that of the effluent from each pond is
486, 308, and 210 mg/ ! respectively. Approximate 74, 88, and 90 % of total nitrogen are removed in each pond. The
mean yearly total phosphorous concentration of influent is 20.7 mg/ ! and that of the effluent from each pond is 5.3, 3.2,
and 2.1 mg/ ! respectively. Approximate 97, 98, and 99 % of total phosphorous are removed in each pond. The high
removal of nitrogen and phosphorous results from active growth of algae in the upper layer of pond water.

Important pond design parameters for southem part of Korea -- areal loading of BODS5, liquid depth, hydraulic
detention time, free board, and pond arrangement -- are taken up.

Key Words : Wastewater treatment pond system, Ecological treatment, Recycling, Facultative pond, Fish pond, pit,
Dairy cattle excreta.
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Table 1. Design parameters of a pond system utilizing areal

loading rate
Average Hydraulic Water ~ AverageBOD, Pond  No. of
Winter Air  Detention Depth(m) Loading  Amange- Ponds

Temperature Time(day) (kg/ha/day) ment

0-15°C 40-60 12-18 224-448 Serial 3-4+
Below0°C 80-120 15-24 112-224 Serial 3-4+

A& H#7]10] 0°Col3H A (o, H&AY - 18°C o,
EPA7|& mz} ARAZHE HAYS B o] g
THE 948 A4 ANARY FAHL 15 m2 Y
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AE 24 mE TG AL HF7)20] 0 - 150C2 A
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Fig. 1. Design concept of the pilot pond system
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Table 2. Important design parameters of the pilot pond system

Pond  Volume Delenion
Trreiday)

Water Free Sludge Levee
Depth Board Depth Height Surface (m)
mp m m m (M

Pond1 22 05 03 30 125x125 166 33
Pond2 22 05 0.3 30 15x115 148 30
Pond3 22 05 0.3 30 1515 148 30
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Table 3. Effluent criteria of animal excreta treatment facilities in
Korea

BOD5 SS TN TP
(mg/1) (mg/ 1) (mg/1) (mg/i)

Treatment Facilities for Collected <30 <30 <120 <16
Excreta from Several Farms

Treatment Permitted Treatment <50 <50 - -
Facility  Facilities (more than 75
Established cattle farm) Located in
inEach  Watershed of a Domestic
Farm Water Supply
Reservoir

Permitted Treatment <150 <150 -
Facilities (more than 75
cattle farm)

Reported Treatment <1500 - - -
Facilities (75-25 cattle
farm)

Table 4. Average treatment level of each pond effluent

influent Pond 1 Pond2
mean SD mean SD mean SD

COD 5565 254 615 11.0 416 47 301 29

Pond 3
mean SD

mg/' 1) (89%) {93%) {95%)
BOD, 3987 20.7 49.1 70 279 43 198 30
(mg/ 1) (88%) {93%) {95%)
SS 3605 166 3.4 88 457 97 327 44
(mg/t) {86%) (88%) (91%)
™ 2068 131 486 84 308 46 210 26
(mg/ i) (77%) (86%) (90%)
TP 207 13 53 10 32 09 21 06
(mg/t) (75%) (85%) (90%)
pH 71 01 88 08 95 08 93 0.3

a) (%): Removal Rate Compared with influent Concentrations
b) SD : Standard Deviation
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Fig. 2. Average monthly COD concentrations
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Fig. 3. Average monthly BOD; concentrations
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Fig. 4. Average monthly SS concentrations
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Tabie 5. Design Parameters for a Pond System Operating in
Southern Part of Korea

Effuent Total Water BOD; BOD, Pond No. of
BOD5 Hydraulic Depth Loadingto Loadingto Arrang Ponds

(wg/ 1) Delenion (m) PrimaryPond Pond System ement
Time(day) (kghaiday) (kg/ha/day)
=30 90 24 100 35 Serial 3
y 2
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FE BRT FAVNEE FFANA R A9 #A
& & Aoy ARYF Y ZF(Algae) ol €l Sl
EA7 HA geth 2R 3AARY SSe AY 2F
7t AR 82 Yok 2FE BT ALRE AMSAY A
ZTFE F715Y FF2 o) 8do ZRE HER o f3}e
AEE Wyo] v stk
AY ARAN2H9 2de AR & AR £/, 4 o
%9l 27, FUds9] BOD; ot A Md xeH o
A (- ) BollE} -k - 248 FAY A
F . Y dAGN e FAFE FAA4e H$E A
gsted ARAIAH O] AEH, EXNGRIL shestd o
Y b FFAUANLE AEE + UG diE A
F7tel 4Aso Sle Ho|A3zet Hst7E AEAZY
o2 X8 olge W& AALY EAFE HAZFY
F 4o ALEET. & AUy vla ARAJAY LS
#e) &g F& ¥ At 288 xFYo| XFF
FEAQ A3}t

e T gAY AR 2, A9 A, A8,
Z34 AR, YiER, 9E, S5

AZEH

1. WHO, (1987), Wastewater Stabilization Ponds:
Principles of Planning & Practice, Regional Office for
the Eastern Mediterranean Alexandria, WHO EMRO
Technical Publication No. 10, World Health Organization

2. EPA, (1983), Design Manual: Municipal Wastewater
Stabilization Ponds, U.S. Environmental Protection
Agency, EPA-625/1-83-015, Washington, DC, pp. 2-7

3. Finney, BAA and Middlebrooks, EJ. (1979), Evaluation
of Facultative Waste Stabilization Ponds Design, in
Performance and Upgrading of Wastewater Stabilization
Ponds, EPA, EPA-600/9-79-011, pp. 18-35

4, Oswald, W.J,, (1988), Large-Scale Algal Culture
Systems (engineering aspects), in Micro-Algal
Biotechnology, M.A. Browitzka and L.J. Borowitzka
(Eds.), Cambridge University Press, pp. 357-414



10.

11

12,

13.

. Middlebrooks,

A 240 E Aol R A8 ARA 2D AFASE 75

. EPA, (1983), Design Manual: Municipal Wastewater

Stabilization Ponds, U.S. Environmental Protection
Agency, EPA-625/1-83-015, Washington, D.C. pp. 2-7

. Gloyna, EF. and LF. Tischler, (1979), Design of Waste

Stabilization Pond Systems, Progress in Water
Technology, 1I(4/5) :47-70

. Yang, H. (1992), Ecological Design of Estuarine

Environment for a Sustainable Urban Ecosystem,
Ph.D. Dissertation, University of California, Berkeley.
pp. 103-167

E.J. et al (1982), Wastewater
Stabilization Lagoon Design, Performance and Upgrading,
Macmillan Publishing Co, New York, pp. 1-12

. Oswald, W.]., (1988), Large-Scale Algal Culture

Systems (engineering aspects), in Micro-Algal
Biotechnology, M.A. Browitzka and L.J. Borowitzka
(Eds.), Cambridge University Press, pp. 357-414

Green F B, Bemstone, L, Lundquist, Tresan, RB. and
Oswald, W.J, (1995), Methane Fermentation,
Submerged Gas Collection, and The Fate of Carbon in
Advanced Integrated Wastewater Pond Systems, Wat.
Sai, Tech,, 31(12) :55-65

Green FB, Lundquist, TJ. and Oswald, W.J. (1995),
Energetics of Advanced Integrated Wastewater Pond
Systems, Wat. Sci. Tech,, 31(12):9-20

Oswald, W], Green, FB. and Lundquist, T.J. (1994),
Performance of Methane Fermentation Pits in Advanced
Integrated Wastewater Pond Systems, Wat. Sc., Tech,
30(12) :287-295

Yang, H. (1995), Application of a Pond System to

14,

15,

16.

17.

18.

19,

Korea for Treatment and Recycling of Wastewater,
Journal of the Korean Society of Water and
Wastewater, 9(2):108-117

Metcalf & Eddy, Inc, (1979), Wastewater Engineering:
Treatment, Disposal, Reuses, 2nd Ed, McGraw-Hill Book
Company, New York, pp. 64

Oswald, W], (1988), A Syllabus on Waste Pond
Fundamentals, University of California, Berkeley, Spring
1988, BEHS 259, pp. 66-68

Yang, H. (1992), Ecological Design of Estuarine
Environment for a Sustainable Urban Ecosystem,
Ph.D. Dissertation, University of California, Berkeley.
pp. 103-167

EPA (1977), Performance Evaluation of an Existing
Lagoon System at Eudora, Kansas, US. Environmental
Protection Agency, EPA-600/2-77-167, Municipal
Environmental Research Laboratory, Cincinnati, Ohio, pp.
35-135

Yang, H. (1995), Application of a Pond System to
Korea for Treatment and Recycling of Wastewater,
Journal of the Korean Society of Water and
Wastewater, 9(2):108-117

Oswald, W.J. (1968), Advances in Anaerobic Pond
System Designs, in Advances in Water Quality
Improvement, EF. Gloyna and W.W. Jr. Eckenfelder
(Eds.), University of Texas Press, Austin, pp. 186-194

and Recycling of Animal Excreta, Ministry of
d Forestry

. Yang, H Znal (1997), A Pond System for Treatment

Agriculture



