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FO)RIENVORI1)
 

III tile past, likestock %cre maiinl raised ill 
simall iolllllr's oil ,sia i I'arills, a ndI tlicir 1nn rT 

as l t lr(I e,(I :ears l a aid 1)1 I'%a(l". clllr1'Ol Ihe cr)) 
)rodlccioll %hich '.i.s the lllaillsta the I'armid therellolll\ . (Ils.. ar' i111 'specialized 

Ii li'sloti I~ii lliising Iai iilrs1 oF aimials oi 
a Hillilcd( land al-ca. Thct po11llo of,'avr~a 
%litli se~~tr(ischargedd, Fr'omi these Il-Inuis is 

Ill liTaiall. .1 ( isvl l)Oplallte(I isll( N illh 
I'lrge IIlllI)trs of't i I)lllls. Ilhert has ]eentct it l 
reseaurcth ilto \as ofl' treating liestq ucI' ' ists at a 
coist %I'lih smiall-st'le ai'iltirs all 1ItOIr(I. This 
Builletini (Ies crihecs (1 otfsnit de lililu 
tr'eatument s steIl's I'or pig %asts. \ thre''-slep 
ti'eatinet has been ad(op~tedI I) more. thalui a1 
thlohls-an(I 'iruiers since 1987. It inclides thesepa)ratioin oFi li(IllidI andl( SolidI N' le',, ainliarolii 
treatment('11. and1( aendrdc Ir'tallmenfll. lhie rle'dl ( 

%bile t tl"e II(I'.l so 1lid %asIt s (it lc lose as'(l, 
co llipo l.t Ir I s llf li'efi ll h )Lr lt! of, 
(lit' prc ss. \ h -cost n,1IIl't )tud s' stell has 
been'l (Its (lojpt'( Ini'm.ismall pig I~iniiis. or liii' areas 
%%here %%ater 1reSi in neC' laN e special p it- eti u. ( ) e 
third of, the )ull is (Iug oilt into a1 shalm pit%%hich is V'illed( %%ilh rice' hitisl ori %mod( chips toI 
l)srl'h) t'\'l'et'a. This is Oweol l li n the hatch 

oF pigs is s(ol(d aild is lls'ill ll\lldi(t intou t olslill l. 

T h c I l ln i i a c(I oll aI 1), 11)tcr 'i rslI 
)resetiited aI nii i"lt'nIr"i i "lI "u urksloIup on 

"Dercopin lf)//ulwaI/ 's fiir ,i.if'I0(' IBu%'tI Rmral 
LflI~r/)ri%(' 1(1(d Ihc heIilippineil' NIauN 1994. 

Tht' \mrkshuup %as cu -splulisored h it' Ilihilpint 

ie'suuli't'ts iRtescar'ch a d1i(1I)e t'pllililt I'('.\ UI))
and flt'h hpa rtliie'n iIF AgricuilIt, f' filet
Phlilipplinets. 
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Fig. 1. Agriculture and livestock production in Taiwan 
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Fig. 2. No. of pigs and pig farms in Taiwan, 1970-1990 



Table 1. National regulations for drainage from livestock farms 

Standards for drainage entering waterways 

Classification 1987 1992 1998 
BOD COD SS BOD COD SS BOD COD SS 

nrg/L ntg/L mg/L .. 

Livestock 1 2C0 300 100 400 200 80 250 150 
l ivestock 2' 400 400 100 650 200 80 450 150 

Ilw d . ILii 	 li r 1 Il i r[ ' dI u ti, -1l" 0 I ' 1 1 apph' ) I l 

d~~~~~ill\ '~hP, hm~"+.))1lltr ~ l 11101C' 111,0 L,111~~~~ tlU q 111tl ~ Alll 

I , rh Urr i i. I~u',,i r rll.Ith iiii .L ii i IC(A Ulll !\'-') k I~I'h Ii rrl' 1t !ha gr)ll I I uu ' 

+ Ii¢rur l I lCit 	 k I kirIr.r'[.ll r it iiiirr+, %k. k t I .Ith L' RI crIri\r .ltllriiilII 

Wastewater Separator Anaerobic Activated Effluent or 

Fermentation Sludge Process Irrigation 

BOD 6700 re ,L BOD <5000 mgL BOD :800 mL BOD - 80 ng'L 
SS 7900 req L Efficiency -.200" Efficiency >V-)',, Efficiency >90o 

SS -4700 mqL SS ,700 m/L SS .-150 mg/L
Efficiency V40,, Efficiency >80, Efficiency >75", 

Fig. 3. Expected performance of three-step swine waste treatment 

THREE-STEP 

Irlh,, ;l 

SWINE 

itc" \ 

WASTE TREATMENT 

\lIIC, IInt,rItC LtIM"ii t', 

irMep,,,,II 
tII, itt iiiit 
liitInrItrIlil'C 

l(bilg dN ntili/ten slni1ludge 
li.,11,n irucliui,'t. "Ihi c,,pcttct 

m l l hi'lrI(.-',ti.r tl.Itnlllcllirt 

,li . Il4 nIIIA.I kIIlI IlI . Itl n Ii i ., 

3 



1 

N(lid -Jiqlui(JSe.paralio~n 	 [I(iIl ,,C 'l h;i I\\ ,0 dti' . r,N 'Ilhit\ HI' ( 11. to 


k- Nh L ) IC 

\k *\M CIc'I1 1,'Ck 1hC'tlI lh.'lCOlS 

.C M I 1hIl(11 1 ,o Id l I I J''IIII 

l' 1N,1I It 0'I l 

so lidsl 1It llhb,tc(lIIt'lllh11,111(11 t. L, I IIL',IIII11,11I. 
,
anld 	 i IklII\k. lhti l, l l llt aN III,/k.vNI1 I Ic'l i/ l 

C1C'I. 1)11L,I LI ),I' IN L11 1 ic' Ik 
, 	 , 
 ,


I 111l11 \ lItlH 1 I1 l I Ii " I 't'll lilt] ",.l l hb c'lI 

Ik lt llIiI ll I' J[hI l k\ ll I .Ililk'11lI' N , r 

I'oILt', l 


Ili' ll101)jHll k ,1Cltd 1, 


1. 	 IIC III [it )l) ,Illd,Ic4(' I l , ,t III I 

l ' , A1llC lI I It11' 1k,1 1 t Id IN, 

-) Si ' Ct'\ ll I c'll tdVII It I N it hiIid 

ICd IliLc IIlk' ko. 1l L (1'II ' kI1 k' I,d h '' 	 l l Ilh IN 

h, I) \kl ), , I' I\ It'll I l m l- ;I N N I~ lk o 

A .l cIrlobJit' IlmeltT rea't' 

hA,_ \\,,,[', I~ l l' 

llh' Ic IC',lIlllItII Il llt .11!i I I IIn IC I1 lt l l uJ 

%k,1 l lIII-IhIll 11i/0l i I Lu'IILj h~ IIt" lit l 

I t'~c lIk1, CII I Ih IlItIlIII l111 110 11 L IlI )kII IL IIl 

llI IIIIlk-R k'l \ IIit 1'1j I R l l , I II ii'Ilt'i 

,i ,cll~1 Ii- I hc 11', .t'< 

I 111 P IC'l c I\III< I I I li l l iICI 

IlI cl l lIt'lkl 111 1 11 1l CJi'lI ' 1h,1 I 'i 

Ili~lllll~illIic
li 

Ih l ~I),III Ii J',I- I J I 'M 1 

l' jc, 1'llht'i W,1I ll in I I. C 

ilI1 11 I I' ' -l' Ii,-ih iI li 

t t'l ,11t Ill, A x1,ll 1ib 

W i II\I L'' I ,I IC iIt1l'l<'lII 

' Ii 111 


Ih1c' 1,11\k\, 


IIII I' 

kl tll
1\11IL 

'il 


1111l1cll, lIIit'' ' 

Clltl I 1k, 

I I!h It i. 

tI..
li,it hitl1 


tt'I h t'i 1h.i 


I' 


~ 

~ 


I 


' llI~~t Iii1\l I h t' I 'II I l<''1,,k I Ih ' 1''l 

Ihul I~ Wttd 1C 111 lhI I I l \%iI IIIIC1h1	1\ 1 JIIl IIt' C'ih 


IIk ic \t lII III ,I w' l' IIl I ltlIII~ll
l lll IR ItI 

Illlld\ Il hjI'l i iiL, IkilN .I. d l, 11, 

lo l \ l l- t 

kIcl lcl l' ~ti 
II 1 tII 1 IIIILIIk I 

Vk-~ile 
Illi~~~llllllt'i',Iit11 ! 


I\ a: IIII' It , 11h ll
II IIIi H llC w ' \kllt'l 

s lilo' . l t 1"IIwlII<h I, ! ',ltNi \kh~ t, 11 ltc \€lIll 

\t,ilt ,I Ihii'll[wi' 1hI ,1 ,<.4 Vt i, ld i !t h ol LrIll 

, : , a k\IIic'~ 


ifm l -I' liIII<'l I,
l~ 1k ,I~~.II Ihlk. 

C IIII l ICti \ ,1, I ,,I i I 1! )ill ,\ b 'ldo'' il i 

IN I i Il -ll,I t I lllIl , \I,'k II II I IiI I I Ii 
I liil,lkI Ic I Ic I ,ll( ic IIt'l ll'l1:11 t 111 l Il 

4 lll I 1 ' l 'll ll' , t lh ll .I I i l 

IlilCI'i I ,I d i,,,I', IN IllI d \ 1 2 11111', L htId dlilI S II I. ' 

\ l' ChLc\\ I, I'l tll~ IC'Itli)tCIt"L ' I, 

".'kIII'lli'lllIl lL11 1,ltI ),11 , IitNI lhLT sl,tl.INC ' III III 

\ ilost it lhc'I I it-IhI itcINII I'I( 1 IIkII laI ,l,,I(It l il l tll, ' 

h l i] "Itl,I%II (IIt I 'II fi l1 t I I \ 

iq it ,~INI,It.t' \k1"i'.1.1i1 

' I 'l t t " II)I A~ l Ii "l 
, 

hi,;lN I 11,lk ct (L IIIi() h ot. (I', I III o o .l l. 

htII. I', I I'. d\lIk-' t1111 11N. C' lIIt' 


t CoIC' 

i~ ICdt k.1111,W 

w I i I'l', 

I\ ", \C ,Ik'I,
 

I 	 CtI 

1.Y'l ,th '01N.' 'IN 

'h l I ',,.llI \ k l ,I ItM C I 

a I i1I '. t'[,. 

1 1 

o IIIIh i 1111),\ l l ll. 'l"ILIS. I 

1L l' t( l l )I i ',ld 

l(~ "Ir '; 

lhi'tC 

L%',lllIL'llI Ih11 

%%ltt JlW ]',c\,d cl 

I'~ ll 

IIIJ IC 

ICI 

I1)l \ 'I C ill ,II/C( Ii l i to.~ 

(' MIN¢.JlI( I ,llI lillkIt 

lc 	 11It1\ I W Nc" kI JiL'r101)h. 

IL'iI , lht'C'l ll lJ 

j Il\llk~l%jlI I In ItI1111I ; l N 1 'cla 

IC . llIIC'ltc NIIL _' i IlIL l I o.l;l I 

1\it~Ilk,1l l11 1 11 1I ll' . I- , k1111111t'll tof. I I1C 1Ci 


,'~ l)Ik IIc ,IIII I ll Il~II i
l L',l II ll' 

111l' L~x ' I td L'I IlitI I ,WlIkh lc k \1(1,11It )Il) )Nt<i 

I"\ l \J t Il d 'L' )I II Ct',N I 11 ' k ClNAllIIlC 

lt Il lI tI l t) NI l l tlulltIit1 	 i Il', i ' 

l'ul, ~lIc c I ' 

I 1 11 lk I' ' iI l I Il ilIt'l 

)IIik.C('I',i~h \ll dt\-\c'I' gIIC I 

IC' 1,'.N2L1, CkIlI 

hlli ti)Ic' kl~ tI II.1lil~Ll dIIIk ii.I)l' lI 


I )li , ll II I1 l l i lk',
tCt', t, I I,I1 

i'ilL I ic' iIIII! l l-I ,I lt' II,\\ I " I 

1 l i II',llt'It 1Ih It\1 11clli AlliI 
" 


",111C IIIl 

\ m ILlI'-

Iik- I hil' 

N, lla 1',I l 

Iil'Ich 	 1 It 
,
t1.1 LII'II IIIltl \k Il k i III1 .1 ill,IW1 ili% 

Cc 'hi 1) 1~/1;i ,ii l ' h iifII l Ik'.ki'.h 


ilb t' \ IlI t.[it-iIII l 

%I 1 llcOll- o,( ' .IN 1tIll'1 i, i't 

tll ll kg,itI \ Il J Ibt lC' II i 

I'tlI~ tI II i t V'i l I itIIf 

lht' I i]t,II 

' I 	,p
lltu'I'tl 

ltl I I I J1<.ko 

wil . )I i tl I ,I) 
O W''lCd '<Ill I~lL1(I I L N 1it 'li All 1.ill1,il 111'-

t I il'l IIL II ILi 1C ' ( 
i y i\ I\ ll i~i ,1 'd l~ clt,lllllC'lllc ll 	w . io,II\ II < 

It'' 	c l h ll, t' JIl l W' C .Illllt' 11 1 , 1 L 11lClt' !II i IIlI11,11Ilt 

11 IN 11"'Il I ,t ll i lI lI 11t Iit)l I d ., w oll,I 	 t l 

ti , ,liki llI(l, h ' !l ,\ l
11 I lll 

c llhl llo ll' I 1 Ili 1 11lll h kI11t14I lt',llll-, 1I1iI ' 

\'c 	 II II II,
IiHlIIL-(' II~(llt', il ' !" !it( i iII , l< li ll! 

Illlkt'C%l11i1i11C "li , \ l (l' I R,\ ' 1 1' \11 ,Ii 

.'ik '114lli, i lltoI' \ 1I I 'l\IR , i 1 
I C I Ill 1.11l ll III'li kJllii I1'C i\-,C 

\.' 1 l I IIII ' i~l\ hhit i ,l II. II I I k it ,I 

\~ l' h lli i l . I . I l, ,h~ t l ll \ ttl 



I I' llh Or' , Il* ll (ltlIIIA . I" 0 1 ( II
\\,.'l IL' 

11lCIi! IOI ,g ,l,.' ,Tll ,l,,, kiI!k I,. m CI,.,h il.IldH',L' 

IIl'l Ad\ tli .J i i' th L%,~~ 111T.'M'id
W II)L'I 

111,., .C Ilk d .LI ltl L' -Ilil lI 

,. AIIh h ll" I ",II I IC I I I,I . ' "q l W.b l - , 1 


I] L h h11L' W i Ill,'1 , 1I 1 I I JIll
!. l li1 ' 

I, I II lIII J Clj~ Ik *tt J ' tt l ' I , ,k
I (I Ilt l III 


\ l u II.lIIj:C l l !L 1Al111 h
j I~ 


m c l lit III , I 'I l I1[,l1 Itl Ih I I it \ lt '[I[1 11 ll tl 


k ,IF\ kI.I 1, I 111 tI. I I l , l i',i',lI I \ I I I lI kI 1 , 


111Ckh' l I,I I .' IkTII II II L C!,l',I '.I IlI
l il ll i,T 

I II'-.'. 11T C .tlsicp,g I a,I ,,
S ,i sl ',ll-


SH. vlIII, .,' I,IlR, II h.l, ' I1,, .
 

\k I

Illl lck. , ) 11 11 ll
l I t. I, Ik L' IjI'Al Iil l j 

lh' ~ ,hif'.~ h 'I II' .Ifk.
 ~ I "'. I k , I l I 


, ,' ltll l ,A,l I( I- lltl 1
,i , Il 'I 


\It' I'11 tlk 1-
, I,ll I,- II,I11 k, J Ir'lI l., .\.h l 

' 


"..[ ,Ik I t 11j I, I l l h I .11 ' h
I,, " I H I 


l l~ I.lIjIiit'. l ll
, t I,, 1 ! 


,,ill ~~~~~l ,Ijll , j I 


1 , , l I..l IllIll hI I.
IjI. IdI; Ij I 


' l,'j,' i . I '1 Ih 1 I I
", !,',11, ~ fl I 


k I,I 


.klkl- ,IH I I if , I I Itl I1ll l.,I~, j i l 


11, I ,, , , l I I ,,, L~'' 


,I~ilk ,Ci' 'l l l t l ' I 1 1 


{h' '~~~~~~~~i l 


tll;Wt'I(~I",'.2l~z tI l' I k(1 I ) HL] '""'I hI .I ICH JlA.'d ,t 1 IlI 

Ik I l, (tll ) I I 


I" IIII I.JL iul~ ' f q l~ ~ ' ,il\ ,t
 

Cl',k.'I t l[ ' I ' O l I;lit 

o\I, ' 

I Ilkl'-. II,,l 11'.l m(il,1'1h 'lltl~b ICAI. t I p,.hW.i u H RI',. 

I l l .t I l1 1 ,II I N J il
1111,1} 11lI CIIl I, I l . II .'
 

ul , H1Otl IIC h .11C l tl,'l ll , i l A,l I 1 1 I I I \ 


l-k II it, ' 


\ ,I.1J I ', , I~I I IIII 0
 

, Ct. IL' II ,llh Ct I L tI 1 v1h111
 

\ I 


Ih,.kI NI l . 1 .1luHif'~
kII I I lntl
 

( I' Il ,
' 5)I11 1' 11I . \ I I ,Ik C l l~ ' r ,kI \-[I.
 

l l j II IIId I , l Ij 5 l u l 111
WkI ,g1 


.,1 I CA',u , .l,,,IhI-, \ ,CSt.i, I 


],: \~ k l ,Ih H I , I ] ,l 1 , 1
 

C I I nnI 


11 o l io ,,n ' l.lIh . u :lr ~ , ' ;l~ I
 

II C I I ll[. l/,It
'.C'I If.,[I)C\ I ll WId lIIIl111'
 

.11l',,.( J 1II
l ,k'l 'ill 11 I I lL'i I.,l i 10
 

l kl l,l \ ( 1 . lih t IIIIIifL I AI IIIl I
I 


ItiiII, C I\I\ It11 I 11 1. I nA l hI'
1111hJli l ,t I(. 

l t I, I ' ,h it ,.k ) l lI \ , 1I t .' 1
I',I " I IIIkd 


W'11 11' )II IIItH 'IH I I l 1()
\I ' ICll C I W I ' 1 


Il il )Ik'k 1, I c .
. lt Il,'lIl~ji~l It, ) I,~ I,'lI1('. i 


A , l '(I I I 111111 1 1 ! lk.ll
t' t ,1 111,1,11 lIf( Ih 

l lc I1l l'f\ lI1 , 1 : h , l . , 1 t eI,' 

k)IIIf I lC , t l lC ' ' II , I H'l ,11 , I 'I lh,
 

i I,'t I~l t I t , l l ' ll u.
Iifll l k' 


l '~ l l ' WII Ial."l,'l ,,I I, l lld
:'' ' I ~ I j I, lh , 

IIllllll, Ikli,\ ~I~ , j~l,' Iill it Ill I,'l"~~~,11~.I llI, it '}' 



0( 0) 1 dOm 4111(ay 

fr m u mellmlmmiqm 

iii itor Imm i F 

bed 

uoIm~iti m 

*~~~ 'diIi ri 

1Ie(1T 

rIi. (D r 

cont rollerm(I 

10,mmIii CI 

/\mmtomatic srwilm 

:ont~rol 
'm 

lr 

ir 

n 

A 

t 

_____ 

~1~-ili 

00-oml 

Ii 

6Pnrrtrlru ii mmiIm 

'MLSc F m i 

(-)Imirl( Ii 

0 

Fig,. 4. Flumvv 

sVilm 

(iaiai~mm of auttOII1jItjC co:(mflm, 

iid'tm trealotiIl ;Y'dell) d('lli( 

iml qii;'iowmI; o)f 

;0 11 [RI 



Table 2. Efficiency of thu(e(e step was:t tr(atenI( ,t )lant at TLRI 
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