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ABSTRACT . The generation of livestork wastewater in Korea amounts to 130,000m3/day, (1.43% of
the total waste water volume, but which corresponds to 8.6% of total BOD loading Furthermare this
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wastewater contains a large amount af nitrogen and phaspharus that are major causes of eutrophication in

rivers and lakes

The average volume of livestack wastewater in a Karea’s single farm is only 25 malday, which

necessitates development of a simple and economical process far the remaval of mitrogen and phasphorus.

Intraduction of filtration methad rtemoves mare than 90% of suspended solids Subsequent apglication of

reverse osmosis removes more than 95% of tatal nitrogen and phosphorus in the wastewater The effluent
g phosp

of this treatment will yield less than 200 mg/L of total nitrngen and 1 mg/1. of total phosphorous, which

are lower than 260 mg/T. of tatal N and 50 mg/1 of total P, the regulation values of Ministry of

Frnvironment, Karea.

Treating 2 m'/day of livestack wastewater was found ta be feasible with the application of filtration

and reverse asmosis and the electricity requiremenl was estimated to be about 30 Kwh/month

keywnrds : livestock wastewater, small-scale,

removal
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Fatete] ASAEF4E 2001d @A S
$7F 1,405849¢}2], A7} 548,1767)e], A7t
8,719,851, o] 102,392,943, £2] 67155542 £A=
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pretreatment, reverse osmosis, nitrogen and phosphate

Qo) w PepAn). & SVASE 5AsG FEO
2 ANelshe 3T AdAL0l gEaE e
Table 2& HAY 245 P55 7122 Rel
27 Qe o FTAUNLAME ﬁzﬂwol =
oy BraTR, Sntd Hr07% RAED, dF

o, 342, 3 T 6%l {7t AY F FHA
Aol 4 FE, VEAYg R ARG ) F=5
oln| FAAE Fds] ¥ Holrhd).

ZAnz Z23ds A7tdd s7lee 95695, A

FE 3991550t} (5) HAHAFE 27
DA o Ml FERNEA B TH Y 8%
94'}94 SAatdFFF A AlA el Azels 1)371
A Hestd wy P42 Ay 3)228
cra A sy Ee AR oAnsinhy
5A11% WA A4z v 239 Hylel <3 A
A8 $ ASE FAG ATHY). él:i]i 377 & .4
Z3Ae]2dolA 94 kiloton/Yel 24 g

T'able 1 Various Pollution Sources of Riverl fram Various ‘Irealment Facility

Wastewater Amaount generated Cancentration Total Toading
Classification {(kiloton/day) {mg/L) {ton/day)
Domestic 26,9467(15,441) 200 4,230° (3088),
Industrial 2,614(88%) 1000 2,614 (34 8%)
Tivestock 136G(0.43%) 5000 650 (86%)
Tatal 29,690(100%) 7,494 {100%)

1 Reconstituted from various data fram hitp/ /wwwme paokr (2002)
2 15441 kiloton carresponds to treatment rate of 73 8%
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Tahle 2 Discharge Criteria of Tivestock Wastewater

Collective Ticenneii Facility? Reported Facility?
Classification Facilikyl - (31744 %) - (1A
(32 E]A]"‘é)) Special area General Spprla? area | General Area
{(57) area{ Qd4h) (54) (duh
ROD(mg/1) 30 50 150 154 350
COD {mg/L) 50 — - "
SS{me/1) aa 50 150 150 350
E.coli{7} /m1) 300 - .
Total N{mg/L) ] 2610 - -
Tatal P{mg/1) 8 50 - — .

1 S74%3 0134500021214 §1, 25} o] *
2 AAEY MM E 2002121408 ¥1, 33} 2A

gtz Qe W RAEE £HA Fo] ¢zt 51,0378
o|m ol F 38,U7E(749%)7} EH|Z, 4112E(8.0%)7}
AulZ, Azbe] 598%, HAFs|7E 4208, 7IEIZL
7594013 v zEPo] 558t} (6) 2T 130
kilaton/ Q9] Z4bdF F 948/Y = 723%%to] &
FAZAANGAAN Al oA H0%olde] &7
ol AV Ao R sol 3o HAS dF A
Z1eg Adsks ol gAFe At FEZ 130
kilotong #7}, A T4 50,0008 9 F7le=E U
W kol HAStE HEFE £ 25 ton/UZE o]
213t Agkel A H4E Hstes THLS Hio

A4z s Aol Fasig s

21 4 A5 ESFE) M EaT

ZAFE GEAYL, SFAL, FeEAE o
2} S Hj2 o] o]zl Ak FEAlde AeeE
T o] 1740 L/d oyl nls] KAHe
146L/Y FEA|ML 633 /U5 xgd ot g
zZtelZb etk (7). 2 BAEE 1A 19991095
(1999.7)0ll @&l YEAE L 8oL/ ol §5A4
& 14.6 L/YeT (8).

&9 @92 &7 =iA= BOD7} 2,510 mg/L,
557} 1,230 mg/L, TNo] 446 mg/L, TP7} 150 mg/Le]
I 59 e]Z23S BOD7L 314 g SS7} 208 g, TNo]
56 g TP7} 1.9 golt}(9). T2 v &R Z 2] A ol

FAQe] ALK FFA T BAHE Aol 59 A}
£38 49 =7 249 & Ao Y Asg #
& A} A3z £ BOD Fako] 95.7g/L2 A
o] 3u) AL o)1 S5 406 g2 2 Full, TN 147 g&
2 268, TPE 20 go 2 vl&3t ks 7tAx ot

2-2. A9 Q) AA Y

Arg| BOD/N$E] Bl £ 0] 100/20 -100/402°.
2 AGg ol vg] vl $ ok £ & <
=9 34 HPE AsA ¥ wHd 34 AL
Po2x Zolu 3+ 4434 .F AZ
F Ak “A2"ES AAde vl 87, #EFH ¢
AEed wyo] olm Yok10). EHQ) WHL-
pHE 108142 geld dRUol: di2E 74
o ZAstA Hol strippings o gA FRUolE
AAHSE hyoltt. st WhHe g4 E ol&sl
o As 2 AASRAY oleu@FAF Yo}
ol&< AA ¥ T ARRICh AMETA R
747 @ol Algste WiHe R Jd4E JRYetE 4
gA7 Aoz olZ2 g43 A7 24
2 Az 494 Bardenpho @ 5%A Bardenpho
FAo] Qo NO3-N kg2 A d 3.0 kg
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2 g3iA Ao £33} HlFs ﬁ‘er" 71&El HF}
g ®ot ot} #HoE Bele wH5F= FW 7t
3t EulA Zq oAl ALEE £ ‘21 - EA e
22 {2 /AT oM FFY He A3
7l A olE Z AAstE Aol 4FAHY q3FY
FHL eAFY F AL F Ue A AW

olu] MF, RO%E o83 £t A4 M3
o 4qis §© 7142 Y¥ | KurabeF P2 60EY
EAb =e= AERH HZE AR vAAHME)
HHELTHRO)E AXT (Fig. 1). 45T Bl
A &% 1589 F3xe =53 A4 gHHsg =
=4 Algac

£14== BOD7} 18,000 mg/L, Total N-& 2,000
mg/Llvl AEHAHE AW SS71 4,010 mg/L,
COD+= 2086 mg/L, BODE 544 mg/L, Total N&
824 mg/L, Total P7} 159.0 mg/Leltk. MFe} ROF
e Az Az$E BODZE 1.1 mg/Lelsl, total N
< 0.2 mg/L, total Pi= 0.1 mg/LelSlE o}F ue
FES FAsI Aok o4y I FANNM ALAHA
4o 997%, 9 AALE PVI%S BT Yt}

Tefu) it SabdsAEldle MEFE |43
Axe] FFol AHEE 4 ot 34Fo 1-5m3 A%
o] F4t AgAe 214 dertA Meu E¥5EE,
Al g Azshe Aol wiFgAsoz ¢4 BOD7t
“B'E FAdln m9) MEHSLE Hold olES
Fa 7120 2EE Mg g b&3g el
58 AA s}t ote] Ho] EPE FEL HHEZ
ALgstAL Eugoz Aelstke Ze] wigrA
o7l A dHiu 1S AASE YL dE AET
Hol Wy S ALY & X3 ROE o|&3ld A
4 st g AAslL E ROZ f1#s7 $As12)
st MERGHE JHely o3 g4E F§ A
g & ste HE A7

flo
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3. MxE =3

BRHED AAZ g 2d g2 482
715 1 g/L{EEEA 02g/LA F)7 H=E 2
g 27 E37] (Kenmore 3/4 HP, Sears,
Roebuck and Co. US.A)Z 3t Fo R3] A F
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of cpectraphotometer  (Ultrospec3000, Pharmacia
Biatech, Sweden)& o235l aptical density{Q)=
zxgozA AASE HEAT

(1) f4E7 A

41 22] 7|(eppendorf 5415D, eppendorf, Gerrmany)
ZE o] &3l 12000 rpmell A 6% FoF AHEgez A
spectrophotometer2] ODE vl R¥o 2 A 95% 7} #| A
g skt

(2 AFL o83 gF 49y

AAMe FFNH BREH dviv F HeA
£ delr 7| 9t o] 50 cmolx Al sHel TN
AYHE AHEIAT. 7H ai2Fe d/¥-Ee ol2
g Adedoeldre 57 ddbde %ol7t 40 cmo|32
200 mesh¢l A2 1A WHEo Adro= 420
meshe] g ZAD RHFE2FEE 4@ 34E
28718 713 wgddds FHEUciz F4%
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e AAEo] Rol Tl U

() a4
Fig. 2014 B ZAH Eo] 80 cm 2F 4 cm
Q1 Fdgel 2717} 47 mm, 570 um, 244 ymQ) =

g FA%T FFL 1.83L/hE TRA FREZ
AALES =439 u. AHEL 33%, BI%, 86% ALt
4. RO 33 &8 % &3

41 A833H

£ 4A9gel AMgE AUEY 4A:s 599
Rochemal AlEo =z 4M 7] Fig 30 mA¥o] ¢
= dAz] dEjg ‘51’“5‘%}' RER FAE Uk
A2l e housing® F E3o] 4Lo|51 o] 47
cameli glHel Ago| 12 cm, ol AFe] 6
emQl AFEL Hste Yok FEe 2] 45 am 9]
T EWAZo] 08 m’ otk SAREY REL HFA
(RE1812-35, Saehan, Korea)#| &2
8 Aol 18R 0] Zol7t 1280%]<) HAUCZ F
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FAHe 43 f504m)olch. NaClA A& 9%
2z 13 Auxis 0.69 m’/m’.dayolth

42 FA e} ¥4 (Fig. 3

FTEFDdE FMHEHQ)FE F3td AHAQ)
Al 4ol 2D HE()E F3t YHA2)
A ]tEol 2FE ¥ ROEE(G)E AX ¥ 155S
37102 HX F #FHFRZN)AM FFE Y
5 vzto 2 HiZ2gtlh ROE AI YY retentateFs
3Gz UEB)F AAAY bypass valve()E A3
F U= 55 Y2 TFF HHE feed tankE
717 Ze oAl A A HE)2 Ae@ g4 ols
WEES AEHAA RO B 3§ A2 &
2517] Agelh

Zt3 Agol AR S Haee BAERAAY Al
A AHD EAAFE LS ol SEEE Waters
Ale] o] &z 2 vlE 22}y (Walers 2690, Walers, USA)
2 Z3319 5 T-N, NH;-N, NO;-N, NO»-N and POs-
= vl= Hach NDR/2010 spectrophatometer system
{Loveland Ca. USA) pragrammed calibrabion-S o] &

A

4.3 NaCl flux$} AR &

Fig. 4ol o W& NaCle] fluxHdls B
olF3 Itk 40 71¢4%) of 058g/Le] FXolA flux
7k 30L/hldl Wl 1.75g/L o W FFgol
049 barst 148bare]l L33 20-50baro] cl=&
hydraulic pressuree] H13] vlmsictn & + Ao 2
21} fluxe 34L/he9} 28L/h= 0.58g/Luir} 1.75g/L
o wo Bl3] B@el Ael7t F& ¢ 4 AUtk Hg 4b
de ARL (rejection)2 # o] 100%2 A o]7} &S
&+ AU

44 g2 Yol fluxst AR &

Fig. 5aclf 1000mg/L NH4+E feed2 3o
AEAHE AYEHIS o fluxes I A Foll H3
Aefol =l 40719t A fluxe 25L/hg >
20714l A fluxe 181/hAth AR gL 40714

7b 94% A=, 3071t ®Zd 92%, 2071¢9Y de
88% ATt (Fig 5b). T Al Fo PAMAME]el
T3 fluxe}s 2] AT WE #Hile gido

45 A2 7HA Axoles A9 ArE

Fig. 60lE o] @E ol 714 Aol Q)
9] flux, AX-E&S EAF1 ot dHo] FolHd
az} fluxzt F7kske GRtE) 3L 2ol 713
flux7}h £ ¢l2 YEUelH T olF4l, 91, FAte]
Dx EREH urearxs  Alol7} GAT AREL ¢
el ake} 2 Fol§ HolA Fted N w2 Re
ofEAelIR W AL FZYolct olgf AL
A4+ 1000mg/L, 212 100 mg/L {4} EHFELS ¢
Eyolg 500mg/L, Z4rE 250mg/L, ofA4HE
250mg/L= &t}

46 £AF AFE o4 AREY U

EAE 49 QEe dEVeld A} 500,22
4 Ak 70, oF AN AAI} 082 FAA(TN)
€ 1000mg/Lolxz FUT-P)2 31mg/Lo| Xt

Fig7ol= =2 sl&E A A2l 3t 935<t
HE APatge o AZtel ME flux, AFE Aol
g R9FEn U YA s e E/RERE AA
RS W Azl mel flux?} okt F7ksht TR
g o84 AHMeloe A7t we} fluxzt ot 2
g2 & + Ut AREL T-Ntotal nitrogen)-2
AdEY FHAESE < 48HE d= 100%U2=2
He alo]7} 2 T-Pltotal phosphorus)e A&
Aszrp 98.7%, dalEels 99% ooz HAER
27t st Aot

30719 o u AR 17 18=>222L/hE &
7H{ 3 rejection 96.88==>98.42% = ZF7}Hc} F4
A% 0107mg/L, & 005mg/L Wi $HFEL
ol 4§e Y fluxe 174==>141/hZ ZA3 A
A% WRe 2 DAY 017%0mg/L, F9e
0.6mg/Lo] st}

Fig. 8aolle Al7}e] @i WHRF $£3E BY
F3 el 249 Age A4 Bk &5
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o (Fig 8b)

Fig. Yo|= Al7tel w}2 Feed} W ii<(permeate)
o] k2 Ho]lFE T 9T permeateer ke Al7he] uw
gt Foy=c o] gloA FAHMAAE HolX I} F
0= o 13417 Fo 21121 A A2 917} 2o} 3]
<& ¢ =+ Utk e 30719k fFASAG
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3 M

e BHE AT ARG 4Ye gt
of shyol 289 WS sk EAY A% He
438 A Hgkeh

(1) A= A=A

ANV fEe 2L/hE 3% #%L 2x24L/day
oF 50L/day® et 3] AHelgo]l 2Ec2Z
50L./day ) 4047t €t webA ©d o] 40u7} 5o
o} 3tz #A9 4cm WAL 6381 25.3cm 7} Hr}
oFzte] o H-8 FolA] A 30cm, 3zo] 120cm, F A A
05-1mme] 738 FAAZ 3. AR7] Ex€ FF/
%9 A=[2000L/day]/ [(30x30)x3.14/4] = 1.18m/h7}
goh A {AZe FAGe £H7} 846Le| 2= 10th
7} 9k o5 B39 FHaAE dFr|riole] At
Bl 3te 340L/ (s m)E HA|HEZ o5 m/h2 6l
W 12.24m/h7} FoH10). g2t AA FAo o
AaEsEs B4 dAFeAHnteldrg &9 1/10
A=gds ¢ F Utk

{2) RO %=

30719t 2E#A: WA, 18inch, Z29] 12 inch,
"HA 43002 F AlZke] 15LE Mg sEe
360LE A3l H2z 28el Afes 1/32 5&&
o ZHASE 120002 AHEsteol 22 29
REo] 47] HR3AY E2 22 A5E Ze U
BEe olgs® o [Aux 151./(4.3x900)=15L/
0.3870m’=38.75L/m’h, [1.542]L/m’h

A7 22HE AUAE Alakstd 29 307]
ol A BFo 1€ HR4E Al o AREH
£ o232 ouix Fe
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Wmin =AP » Vw=30atm « Vw= 30x10°(Nm~)
18.10°(m3mol™) =54]/mol=3 0M]J/m’

1Kwh =1000watt x 3600sec=3.6x10°) o]= 2 o}
0.83Kwh7} "esd Hu ol o2& Ielm=
AAZE 1 Kwh/m’ 7} dasictn 39 &2 o
00ge] AgEEE o AgHe HJ @2
3,000910] ¥ Alelth(1).

3) 371 *4 74

E A7E 4859 727} Zol 2AHA H
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Bl HAl ZHsE 3 29 B2 FEE A
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£ £ giA sl Aol BAeltt. AL E 1 A
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| 2ol digtes &y 7kA AA] el B
ATE £33 HAoh HFArc FRAA 4Al
sl dd Ax FAFHEAN Frlede] mE ZF
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v 5228 AE & AT
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50 mg/Lg HFHALUES ¢ AU
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