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( TECHNOLOGY OF ENVIRONMENTAL I\{ANAGEMENT )

KE"T WORD: CATTLE IVIANTJRE NIANAGEMENT PATTERN / DAIRY FARM

STJMET METTASART : TTIE STUDY ON APPROPRIA1E CATTLE MANURE

I\4ANAGEMENT PATTERN FOR SI\4ALL SCALE DAIRY FARM : A CASE STTJDY

OF KAI\{PAENGSEAN DAIRY COOPERATI\IB LTD. FARM TIIESIS ADVISOR:

suRA PATTANAKIAT;M Sc. USAIr{EE TTYASATTAN; ldEng?6p ISBN 924-5$}.4t2-5

Dairy catrle mtnurefiom small scale farms inKaqaengsm Dairy Cooprative

dm not receive prqer heahent There is a trend of incresing qnmtity of manrne

related to growing dairy population More manur€ causs a great€r number of insects

which become disease carriers to dairy caftle and cause environme,lrtal impact

This study is desigped to identify the 4propriate cattle manure managpment

Ffiern for small scale dairy farms and also to analyse the economic viabitty of the

suggested pattern The farm selected for the experiment had 13 shnding dairy catrle

c&ich excret€d 210 kilogram of Erailre pr day. About 160 kilograms e6vr) of

manur€ were flushd to a digmtion chamber to produce methane and 50 kilograms Q4Vr)

wcre tak"n for &watering and drying ina fiay dryer for3 hours.The source of mqgy

to mnke hot air to evaporate moisture in the mamtre was mefhane from fte digstion

c&amb€r. The ad poduct at 3 hours was 30 kilograns of cattle mrmur€ which had an

average moishre content of 54.59 o/o, wbich could bs sold as femilizer.

The rmult shows that the proportion 76:24 of caftle manure to produce biogas

and to be put in dryer is an appogriate cafile manure managernerlt pattern The

invehent is fesible considering both direct and indirect bflcfiB.
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ounilr

1.1 narrurhfi'qm$kgur

o'loo'ttdrJrcrnalmufinr:froturnr:nrlrmugfio unvdlnru4ndru

duaraty?rJ:smsuftn'ltrrfluoqjrmvfiquntufi?niid naootufinrrru$druln*',olrqodu

ilirurtunmrudsqnr:uruilnn6qr{,iililrndu fidsnrnr:u31nnuruu$oudut{iudu n'trl z.3z

filnn$r.r cio nu luilzsro rflu o.et fiIan$ucionutufl 2$7 (r) unsfirrurblrutfi*duduur

dqoc#uldornnr:efsn3unr:uilnnuutfu nrniguraoldfiln:snu '"uuI:t6uu"

lsrutdquil:srurarfrndsuu lrtlinfiou:sdudrrrj:gnudnsrv{otjtt,v,sleidillufl zsse rflu

riu roo druurn il zsst rflufiu t,070 frruurn il zsra rflufiu 1,800 druurn tuflsu

rl:curfl zsao igurnldrnsoilqurJrgur*tunr:ddr 2,800 druurn rirl#nnildo{nr:

rilnnrirulriiudu ( z ) Inulxfil 2s3? finrrudomrflng 800,0@ fiuuds6nldffiu{ 326pgl

6'u rn6o 30% c,0{n?rrudornr: (3 ) ftrfu ftfinrrrufirrflulunuris*airuntrduqlnun

l#rfluhjodrqeiordor rdstr?nranr6s,dlur,flo,fiuqeisnrrildsqnr:ililnnnrstuil:stvts n'l:

rde,qlnuuftldflunr:dqraiut#rfirfiunr:rhrj:srvrs louldfinr:dsn?ilhflrdutlnul,+iudu

ilnc r0,@0 drtu qir.rfl z$7 -2539 r?rJ 30,000 d? $aslusirsil zs4u2su fl:vvr:x.l

rnuer:unsfiun:nf ldfiunrutruriqra?unr:rduslnuil6nfiq 65,0@ da t#fiurnun:n: (4)

msfi{ilierurn:Jgrfiffno$rfluffsvrierflrilutrusrnr:dsn3unrilul$uruftnrilrdau usidor

nrnff{fiinun:ilgrtdiunr:il:snrnrflurcrnnruqrurlafiu rdoiud 2s rils1uu zsrg( s)nsdu

nr:nrfinlsr "t driul#,fiuuaRrrs ftdsq16$ilr'rr?l{rrFrunrurjfiunr:n6ntilfiru fitiitdu

fl o'r fiuil qrnrdsrorfrsrft nrulrndutdluou'rnn

crosrArJeiN "l lun:vuauolrofimiruuolonluduqlnurulurhfruudo r mjqtdrflu I
il:smm fio qlosdudrnutir (Liquid wasres) croqrAedducro{r6t ( Solid wastes ) mc

nfiurufiuuforflufirq ludrudrflutosrdotugrJ*uo,rnurriu orr'ruficti',tdufircuru

oonrrnfrwrlnrcflr ( silage Effiue,rt )ludrfirdeer nr:iltinndrluftmfrndruiurflilo'l?11:Copyright by Mahidol University



drniulnuruluvhfir rdol#orur:fiqarnrngq 6qirdudwdoqfinr:Gurirora duvrtd

dl: unsfl:rdrnr:unnfirc,oqryad do^uoloo'r:drrfiunr:dqnrire ul'irfirirnrruanil:n

inrflu noo qrfir 80,000 finfinirusiofinr uns rirnrrrtflun:n-eirr (pD fiq 3.8 (6)

Sobel(zl ldffnrJ:cmnufofirnrniqfinuorvqndn{t{ r ulu 6o drq,stufiu

( se,misolid) donuo,nu, (Semiliq'rid) lras to{tfin? (Liquid) dtogftJfruf,fii:vuunr:

frorfiu ilfscludrscJoldutuanrnoirtl ornr{rfru Oransporting Livestock wastes ) ndll

6uri',,frsorodrfuoveqiluao',r,dfi6ruruus{rfi{$oens + risrlosndrdu lunr:fronmd

murs aurird oc drffi unr:dsif dr rfl uqr es 6ude $tu g:J a,uud ( shrrries)
dao
!tr{txt0'lu?uil0{

udr$oung + - ts or ffo rfi uloert#rn*uoquduunuu:iurlorurfl rlrv dsosfirnr:o.uaruud

osficroqrfiril:sn'rutiounr:q:r dru$oqdudo$lugrlqadufiou (solid Manure )

$osns zo nfofisrrfludn:rdrunrruduguuut to fifsrlosndlriu osfirnr:ffo

rfiuln0ffiInuldnsilsil6o:nu::vlRuuuv,irqorn ( railer) rnfo spreaderdfigrJvr:uflu

nrioq iliodil t,nk rflo rdo rtr1rjrirfrosielil

dru ir nr: fi r ffn clor rfiucrorqn InuuturJ r g rmsln udu ldffn dnunrv rynlnuufi {r.r

rirusonrur oqitupJrorcroqufi{ dqfirl?rurarmdufirns zr.o fiIanf,rucioiu fidn:rciru

u.ludu,odu $ouas sl (s) lunr:rduqlouil:rudouu$oqfurndn crurorhfuhifiu zo frr

osfinr:qTudru4alnuru il:gruril iuas eoo-soofilnniru dsrnrnhifiifidrffnfirurursdu 0s

dt ,C.qs^at & et C 4 I 4 , A q 9 .r
riluuuasllnolfinnIlqfi1yr{ryn{aruRr:rnu{ mgdrurodoilrfluodrqfu tudrunTrds.r

Ir,uurfu rFuran;alnu*,dcra*,,rasfilsndu ogduuu6irdrulrsailsionr:ro?qro^uln16'

rflusdrqdctoqfrruriuunqiurhu ( House fly, Mrcca domestica) tmvn:fifinr:1dv{rq

rfludr{:ordunsnlun'Hnnon mfofiraurdrr,lr.rrJvrJururduryalnuru c,sgdu:rut?il{n

InuruudrrirbJnorqrroqiildqnsn ocfirhilflunuritro3qrfiulnrsurunsiunan (stable

fly stomoxys catcitr@rs, lffindrs (q) d'tdunrn?uqillltJaqiu#rumsrruntiunondt

nrirr lnunr:firaruurnrfurvrrvfu{ Iosn,:drfroqnInurulunonl#nruorl:J finsdunr:

nruqrl:nlnuru'ld6ndru rfl:rsflrficilrl:ndn{ornrrunr (Arthropod bonre disease )

aonqlil ndrtfio rruntiunsnovlflunrirurnralqerrfion (Heamarophagous insects ) 6'rfi

lndrflul:o Anaplasmosis ltnsl:n Trlpanosomiasis oqitu{snfou?mnrtndrdwrdl

nr:und:surncJoqdsdqncirr ogrfinornnrrtiruvroerrdol:nInerrunr{unon ftrflu

Mechanical vedorlourdoovo$lurhnqor ( proboscis ) ls1utu tots urfi dorurattnei,d,nl,
d s - Ca u d tr d I r- -s a s ri !s I a d srmsqnnoarnn?nilo'rrlr:{hs finsrJoosrdor{r{n:vnalafinrrnlnrJru{Inilnfi ftI:nCopyright by Mahidol University



tfoauotfrtnrt#Infiornr: l{qr rdo'rdurdoorfir: lnfintrsrras rJsruraniruunsrn{stirqnlu

ld#o (10) druuruaq{urhuldfrnr:flnsrfruodnn{tmrt'irosri'rrryroordsl:nsir{ 1 ilo{

nuuasdsr{ niu l:nofirrrf l:nuouum:nd uas l:ndrurdnnululnuu (s) vrr,rdrufiq

urndouqalnuufi noqqll{uft non turnrlrnlunvgnwdx$ilcalunntmaa$rnirirdrsnos

rfirl#rfinr.rno','rro'rtti',tf,iuu'rodu ungluuNdudlurynlnuudtd'u crltptosporidiurn spp.

nrn:lurdsun'r{rirfirdu unsd:ss'r$urJrirfirfiuruu?lnnornrfirl#rfioomr:fisqrfis

o',odu ItJt In,f,rrft nrirr ld
olnrrunv 16 sndq ncirrdrqduw#utd'irrynlnmnr'lriruInuru fi nrnn:yvrrriol#

finilanrrsciodnrflurodsil filfluodrr6'rdosdosfinr:iffo rnaorrg:Jurr:nr:ffonr:d

rururs arulunr:d og l61drrurnur5ofi 'u.n n 5 R1rtu nr: i'n nr:ryn Inuru o{o trl

ra t'oqrl:va.rrimwrulffa

t.z.r rdef,nsraoluRlfl qro{rnr:frnnr:qalnuru ornr{r$ruInuru turndn

r.z.z rdsfi nurpJ uuufi rilurccutunr ffnnrrqn Tnuru mnr{rfru Inuru llurer rf, n

tJ rour{nao{.rruiftr

r.3.1 anludd',rfiunr:iffs

r.3. l.r r'hfruInuuqroraurfinernrnilnuldlril{rlrru

t.s.r.z gutirlfirifinr:6srn::ruildrflurmgfisurndoilnrusinrn::rsranf

ilfirivrurdu msn:flanf

t.s.z f,nureorunrflc,sqn'rrffonr:4alnurutuilopiu unscru?ilR'udrffn lou

nlunrrdrrfiuqrulunrtd ovffi4nlnuufl uunrisroml$u rdo nrfi o firryfirn, m uda

rirfrrsurlfluqril?1rR'rrouu#rqalnuu d{:rungfiunnrugrJd t
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grJd r nr:fi'onrryalnuru drunrrufn $ngou$#{ rdorir{u

t 3J f,nurung6ontdrnnluln6lunr:orur?runcnrisndrodN,irrl

lJ.4 irn:rsfnnilrfluhJldrdotd'u ludrucirrr dqd

r.3.4.tnrtr'grn::il0sni?odoun'lrufl uhJldlosnr:rJ:vnr^urua{ourrar
altrr

fl1tt0u'lotj'l{{'lu

r.3. zmrqdrun:sgcretnf Instdrnfl q{rJ:vduuuuiliurirqroqnnr Ins

nrqnririltlriu(Net pres€d value method or NPV)

It4 anfinroe'rovlsTYu

'tdgrJuuurornr:6'nnr:ryalnurululhfilclurodod,nu'rrau nio lud',ru

isrn::ru uns ra:ugmanf dqerm:ofrhJl#tunrr6'onr:4alnurutur'hfrudficrurotnd

rfiwfiuld
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Uilfi 2

ltult?u ?xtstntfll

nr:ffnsrrdonr:ffonr:qnlnuilsrndr.rlunonlnuru rfl ugiluuundonusor: ffnnr:

tiuqalnurunrutur,lr{ruInuru ffiffuldf,nsrrond'r:rms{'ruiftr diderr{oonrourfluduglu rns

ruurnrrtunr:ifiulnufiar:vdrdcg e il:vm:6'rd

r. rdosfrlrjrdsrfiuv{rfulnuru

z. nr:f,nnr:qalnuru

s. rilnluladfrrqfirnrn

+. nr:ouut?t (urying)

s. {uo^uvritinmryadni

o. nr:6 n du ri,rn is nrr,*o r.it {fudu (Dewaterine)

2.r iiuorf*ttidsrffur'h{ulnuru

nrffnnrlnuu (t t) rnu',oft douoinr: nrfi nqnlndfi qornr*qorduWoounumiln

dds,rd'udrnuludrfil nrudwlncr. rniln?ouru {u#oumvnr:ffnnrrmknrjunilnuru

nrrwuucrosnr:ndnnaonoudRt{ursrdsil rdori,irurJ:vfininmnrrnfinilagannr:qqrtiu

,.t., o',rdu':Inurulurj:smdtnu

il:crnslnsfinrrr aulotunrr*uluu"rudorlnuru rurudrrurnn'ir rofl usifi

ftdsrfinrr:JYurJ1.:6nil1rixnu ilnffudrdqdrnlb?fifir6rffnlunr:nrfrrrdn{clo'rrJ:srvrsdfi

ornragoude dn{ldfuorur:hjffiuwo uuoo',odolriifru{lt{^unrn'ndrrfu freirnqorn

nrrilm5so lfi:ly n?'rlJ$ouq,ssornrn d'rfinral:Jaqnr:fiusr?rr: anrrqornrqlul:rr$oud

9ou finrnhJannr:doudnqu#scrofiIrndn{,6u,ltif,oo u{rnrrur::runrfifiqarnmdr rny

nr:frmurnilnrmdrriouq?rqrirfi nr:trerudtrq firwtdraruo unvm{rfrrorfrwrurms

l:J:6udr 6'qdudn{lurcrn$su6rcno}J:6urfiououuur{o'tl
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2.1.2 nrrdu{qqnln$:nnn0el

fiufi nfirnn oot#dr rnsr nr il ltrl o or oqia uln unr: l#tauv'lrqm eir{rtrjlu

go4nrorlnwsieut#finr:nrulmioqurerritratsnsln:q{oqnlrr urtfrrurulorisunnon
* Ja r gbr qeo 4 ^^--t--.qg-e-C-^^-^4^+-{^fueXororrirffionsirsrdthJ t#rlrnmuasolouir?arunsnaruIns 'lfiisdxufrsBnduosnrur

daufis6n{rqrnud.rldrfiuouuod.d.orfrrlrJo'qfinsnail niett?f,ucrrrjudsdu#oerfirnt$n'iq
I

hJil r os fru rir do noon 0'rfl ilaonnru uas ilonld ildrnnon qr riruaruav6onqlufi q ttof

lolodu sx rirdrrdon:u 12 falurfiour nd{rniln6uqnudrl#uunqRoon$tnrnifiufi

rdofl osfiunrlnurnilnn,ltuuilisfiuuudrurnrfiutrj uas nr:finrdol:nuitrmnonnnoe

or:rduqolnfi uruuunqnlnoonornrniul,6'tNu3,r*uuodaru',u rJdudru

drunftrltorfi'uqnlnfindo 6 Inta uavt#qnlnfiuuurftrrdsqornffiiln ilqnrdrruuraruo

lu:gssddslrn:guuvnqrfiunrslo rruulfrluqnlnorq r-s dtJnr?i fionm'lria s tfin$ns

rrunfir€u dnilrnilTr (rz) rdodrm0'rRGtR'nru?odsrulul:'rrfsu Inuilgiluluornrefrqnln

ilrulnrfilil

2.r.3 nl:rdsqloal.

nr: rdwqnlnnredurdsldyrnuvrurnilndnif..r slotfi nr:ro?qr6u lnd

:rsrr$rour3rurflufio rmvd'ulr:onarufiuftdodr#rrdoorqflndt rmsnnonqnuioorgld

il:smar zB r6ou Inar.dfiqro',odsia.rnr:b?uru r rsusrnfl oct?ftfluilurnn'irln

crrfioaongodolgulo lncrrna:fidn:rnrrtoiqrfiulnludrtorq 5-6 r6ou rqdu I

fiInn$ududxorg t4-t6 rdsu rodu o.+ fiInn$rudu drrafifiqarnryrhi6dsrl#our:{u

,{i*r r filnnirudu lnarrorq toto r6ou firrfludoqldildsqru }hdu udnr; unsrnf,o

otirrrfiowo rdodrsl#drtnroro?a;rfiuloucntornrtrfludn rmgp.railfiodrer ds{fiu

ornr:{u bz nn.lfirdu rrurulqdousi to6ou unnooqnrflurvurfi{ournlunr:t#

o1n'u lqudott#fiqtnrvrd to?Eufiulndhidru

2.1 A nr:rdw rnilnuil{ilc t#uru-{rufiot

dsqsnurnr:trfluunrruflnunrrcro{rd1ufru{uarorrn'ltiil6iu nr:q

runrfinrindrde.rtt?annulouqernft naonu$o:sususREro{nr:l#uru nr:nJduumJa{alilli

dorriou"1?ir nr:r:Jdouqnrorur:yYuftyiulErfinosfrrtr?rfiprflrgnrorrar:tririou n6orfin1:n

vnitnJuvruofidruniu l:nl{uufi dqnnon$nsfi lndaCopyright by Mahidol University



. 2.r.5 n'Hffnfll:fi*tmndoruunsl:ttiou

Iourfrbllnuilvruynuornrerduld6 ru:rvdrtnqjuasfirrfiiuur uei

oghimuflruri oornrsSou r^hf uInurud hia.r*r'ttsruri6 nr:qr6'nneru$sutuY{rf rtld

wfinnrflsgisrj:cfinfinrflnr:Hfinunsdn:rnr:Heirufisr Hnnr:iftr$cerqtfit#u'ir dfl:rnr:

narGon{su:novqrludrudourorqo6nruu fi{ ilqunmil clstfl (tr ) nr:nnnrrrusou6lrfirld

uarrffi rEiu ffnur:'ilrqr nr:iliuCIln'rf, nr:yiunsos.tdl nrh{dutit,6u nr:1#fiusrrnr:

nounatdu

l:qrfsu R'lioofitrlllldoqdrfisd{nqfin::ullollnuu unsn?lil

dornr:dogl#rJ:cluffii lduri duddrsb?orur: fiuoufrnln u?renrfidrfrodtrJfiqn ttr{

nudovldrdurq nsfiv,hiilcrurntmqi ao rnidutrJ dotquarrruv{o{o Isrsmit{rusonrflu

nrtouru nr:t#orraruasnr:fir6nd.rrJfrqn dtocunneiroo',oo',rdrsInuilrlsdou d'rl:t

r$sufinnrudriqrurn dosdrfirfuI:rriourdwqnln Inara In{udot lnfisqurirr#{ururiou

naon rnilnmdqnnosr u?nsduourflnfinrrudrdqun ddso'q#l?,trin6'erflundn

u3mar:rqornr: rfl ulodrnilnrur:ufiururn doroo nuuu rdofl ar fru nr: uri,: fiufi utrns nr:

qqfioornnr:nnrriu duusnduqhidu $nsfinarilaror6usdogfi'ro?'rtJdso'lolddrunr:drq

rirs nr:drurnornredo{finr:rflurndqnrouo#rtflut:{Rn'l{tsu1CIo1nffild

2.r.6 nan:cnuluo'touod,firorno',rdenInuru

2.1.6.r rua n:s nr fii 6iq urods ru lduri ur,rritrituufi r6u uns ufi riqdltd

6u mnnr:flnuluo{r Archer fo I riuflu ornnsnln (cattle slurry) frrirnnruanrj:nft 10,000 -

20,@ mg/t Schofie4 et at (15 ) tdfrnurr.rnn:snuorn?,lrfu Inut losf,nur nr:nJduu

urjn,rc,sqdlludrqfiu#r lnduracirnr:rdgqtulnurulu west wales nu'irnvfrnrrrucnrj:n

rfiududrufr'uffiufrlnarndqnr:drrnon rdora$nornnrinuruv;nu$o rnurso (16 ) fi nrr

rrucilrlf:c{qlrJ:Istdr da cryparportdi*, Pwwm dslorJurduuurtYuryolnutrluriidru

drs d.rrfl u,nq^undodosdosrdsforumrsfirffnrynlnuru dostJudouhJft rirfirfiu n:d

rorlrJ:Indr cr4ptosporidiwnspp.wnutulnuilddoufisfi oocyst $suag zs if,nr:
,

froeiodu oocyst osmi{drrasrflu:sus froeioo$turyalndfi nrrru#runsdu6sfi rtrl rdon

fi?nunrufiou rdsqornfi?llirnurdsr{rh{druvrrusioursirrdo uci ooryst tcnlutu

qtunqfi qrn'ir os MnrducCopyright by Mahidol University



2.r.6 z. Hn n:s vrurirJqclnr{ Inuil n:d rirqnlnuruhJdtluu?r'lorlnd

r6rrq ourfluumrfumrsfiu{nruvrottruaqfirl:n qn:oi Inf;hu (tz ) nrirtirdrdu

(Lypoosiaexigua) rfluuruaqdnuldrurnlurj:&rndlnu rurntfru dulnfirfiu 6u rtnv

oocm:6u rJno^nsvrl
oirsaClr

r$Ja{sfiofi rnrvo$uuln n:sfisrurnfiqn hinutudnd

dur unvnrvo$uudn{miudunnoniunnondu drfifir{uodrurnr ororittrflrirnrindr

flosdo{nnnquasrlfinelnsiNl finnardru dqrro:fiinmynrrruduogj clordudefiurrq1duu
s /ls / a g

ryadn{fido5sfiofiutirsosnrurtuilt c,urnlci 13-1.5 fiafirun: 'lciogilndufr:nrntu zo s

.rJ. dqantqfirJnfi luduftlqioshiflnsonur dadsufu6'rarlrJtu4ndn{udrfiuervrr:d
ro & | -s e -d Xrt I '.< u s t

og ru{auul ljisil'Ifl + iu oclnnnriudr:grrgddosnr:nrrrudurgiulfisrfrufrreiou :suslsl

rdudu ilrvruror o-e 5u fir{urnruo$uufrrdn{noonr?a'ro'r0qorf,oorflun$qn:rltdrfiw

fi uaqurlr lcj dodn {thu{noo Rrr'l

rruatiunon (&onoxys cahitr@ts) rflumntqnrdoerduutdrurnturJ:srvrg
olyrsfi{uroiloqiir6'rflo.r6hftirr 

s-e finfinrn: darfisurrft o-z fia6ru0: }uludcol.duoun

hJ{r{udr fiar{'ru z r?r'r#ururn nrfigrJdrmdruuJdnfrr nrhsnfifrrvrtrnyfi:osfinn'riltn? 4

du rirufissdumgn{rqn'ircirufioqc,squrnriufiru fi€irvrruarqnildr r yruudrdrror

ucinsrJdos 'Nn:fiicruasntrilrfluo{ drfiunrhinrum{rnir "l nfsr'lrqrdr .1 unvrynder{

drdsrrqlcio$ou, 25-50 dos unsorrmqldnu',uo9o :riltcidd?rfiufiaililAq 1 rrrld
ilrgilrar aoo tolw ldfitlc,ra anilrn srr t fiafiuJsr: uunjdontcinsfidsqfluflrqsre t ds{

ldflndufi'rnrertu bq iu uisorouruoi'ttfu finudmfofirnar{iuosrn€rgluryaderi

il:curru 6- {u firsnarududrrfiilft, nftd.frunrd.rfiuqerrf,onnuuacf,n{ lnursflrsfind

lnqi rdsfirrdruSuorgld s du fiog#trnarurf,u{uagarqlqj nr:m{tqiogrfiodundqornldqrr

rfiserrdrrJ:sil'rtu goiu dun:lucls{ffimtiunsndsngftdo Trypmasoma evwrsnhl#rfin

l:nluln dqlulnuilddrrnofirrmrueu fi{ndnun:rJgru ldyrufinr::silrnzuoq1:nogfinn

rirl#r.irurufirl?ruraraon{ (18) uuo.lodfiodlrJuo drl:nusuuyr:nd unsrflufi'rrion?'ur

frnrqt#urirJqfrer{rfluoeirqiit dn{dqorun.uri'ntfinosnor nrfirrnraoirs 1 rsh dluil uas

qrun'movdouuohJdrs nr:yhnruumrfufirrfin6oqalo wrflunrrflesfiunr:$fid{urs

cro{trua{{uouoif,td'

rruntiurhu (Musca domestica) rfluurunliuiivruldrirlan uavrfludflf,n

riuodrquudnnrurfluuruusrirl:nfioeisilnrusfinreiu 6ouunfifis lil:Indr ld
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clo.rrr4uourirurf; rruariuriruficlurndrnargil:'tndrsfiuruJar{unon drfrura 5.8-6.5

finfiriln: ffrduenr 6.s-7.sfinfi$o:c,uo5adrduiiuumurorJdorfi r osfidnuaavrqlruadt

ffiilnufluouilarstu

No:fiinmcnnilrfluoqj ur.radurlrumstcini{ng l0&ls0 vlor uasdlrllro

rrsldldft 600 v'lo'r nnooo'rqq,orriu ffiaqiudrucrrur:orr-rtriluqadnilftqiufiuqttts

c,o{nu mcffi3n:s?i{nsrcrusfifsryrndn{rlfofisnjrrilfi usirqt qrurnqrsslciwirfiu t

fiafirrusr: fifrqrre druuuosfic,oilfiu'r dl 2 cloil ldflnosndudrdsunrerlu tz-z+#llilq fra

eiouogfiusrfi r:rag u?qodr.r:rnr$r nr01u t-t iu wfi cJurodru'r'r t0- 12 fi n6$n:

dun:rutsqrnrnriufirurfl udrrirr#ol:neirl urqinuunvdn{ldurnn'irrrunq

du 1duttndurunriur?rueur:ofitrrqinuld Cu rdot,flmRdlcr rdosfirronl:n dunt

ftul:n l:nuouum:nd l:nrdrurudnnu orrfuo.lro.uqud66uor:rtrarurfirfufirrfinflo'r

fru do4nfrn{rmvnu nr:drflnnorruveirl

nrfi l:ndrurudnnudrisnrrilfluutlt?riunr:arfi ndluri firuf,: firufnd (tq )

ndm'ir rdouunfirtun4ulifirhflrfinolnl?Iuur.mosl:nrdruudnrcu rinrvoqiorudrruuo

uagAranil:ndfioeqjorrud'rlnuacfit rritdo{uinaudruu r'rur',r'rod I

srr:xfi t,#ulruiitn't1t{rfiul:nrdrurudnnu

2.r.7 rJirurrurynlnuru

rynInutwurnrafsr?oudufiildngilsnr:rdoq1ounr:fiusrfi r:r#ru{u o'n4'n

r4tf'rlrtrnso'rqlnur drr.r$urnilnuu t fir rfiutin 4s0 - 650 fiInnYr w{udrs{uas 25-

30 fiInnSru (t+) fintruduturtrnlourunirfiu so m qalnuru (catuemanure) iirfludnq

ufrszoo/ofiluln:rou o.o x doadosa o.g%o tj:unaduu 0.7 % druroqrfinrorndrfruln

A4
sotso

rA
[lil4{flflu

E. coli qaln

Enterobacter spp. qaln

Streptococctts uberis rynIn

Bacillus cereua rynIn

Pseudomonw aentgitwsa
Sao

{n [n flullauu'r
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10

r,frgrulnul (cattte slurry) wfidnqrnfto$rfiut to x luln:ttu o.sx doavlsia 02 o/o

rmshlunaduil0.5 %(6) droyrfiu'irnrn:Jfrou1#croqdurflcird ds4uony'hfruovhj

:Juriflourfinilanrrc{ru'ruil'rR fiurnirfidrnaeq doryaluuurfutsfiilFilrrumsnrutfiru{u

unnsiNfiulilnrrrurorsrqrorlnuu lrasn:srr{ls srnr:drq 1 dfroru'tnr:douilrnrili{rdu
soei4sJ-'n

qnlnurulufi fi ililrufiq qalnurufi dudruoonurqndu :rrufisilaarrsdru

za nrtffonrtryalnun

n',: rdoo lnuutuil: c tm sfifl ur,fl uollduourolnqiuio frnrfl uq ndl?t R: 5u R'l:

rdu,rAsriiifi6rueulnuru fiq toe +oo fir cier'hfil rmsfinr:nalJrluilnRl?sornv,hfrulnuru

otiNdqrou ril:1vfinr:n:lnqililrurmvuvrricg{6drq1 osnilrldoruqru nr:ffnnr:floqrdu

sdNo3rff{ r{odrflutuontarung{oqufit ufodrorcttnar Graves ( zo ) tfrf;f,srnr:ryn

InuilInsnrrfir.rdrunrsilonqu rynlnuruwqnduhJnrruvio fiifi dnrdu*'rqudnnrq 23-38

,"ud,uo, rynlnuuovqndutrJnoqufiurynlnuurirvrrqdrutir{ nrrugrJd z frndnov

tirnuntd:curviodtqnlnuilfi:sflsolnail:silrar 4G92 $sr: drqnqurdunirgudnnt 25

tuufi ru n: fl ?'nJul?rs CIs n'rrrJil eogo rquel^lrJ er r iolJ fl r: qil 5- 1 0 roucis urfi rf'tdort fi r. do

drlslo:6nnvo'edroqilu,,u.r.ruudrseTurirq{or dst:cu'rudrfirdrunouninlouoonrrur

vrrsrllourdrror ryn Inuru tfl urJrnun: duqalnurulil:ar:rrno,rl{:susilxorndrfru rdo

nr: qru8rstd {dud m rns n: gie til
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SOLID PI9TON PUfdP

rynInr{r
,.ii-nin

f,

lulensatem loonrrguryalnuruhJnruviodfirdudrgudnnr tso fiafi$sr: dr:suryiod

rrsrdorulsqldilrtrnltsrfou I uft r{r{arunlnrmsdsrn:eqqrowfi{ (slot Dam pit ) dldfi

cJo{rfit6ru'rudouosn:o.rpirusisqtfihl{riorft'n nrrugrJd r if;nrffonr:fiu4nlnurudqncirr

dunr:ffonr:1uil:srvrsdd?rmn dosldrJ:stusdo'rnnrrrlrrynlnururrrnurflrlrhralddru
9 s s rucJ

vt1{t1,1{n tnt?tn? alunlRiln tn tu.tit mJRuRSo{

rirdudoruoqnlnudr

t qoquAut{h
anowlraft crTEt)RE

Ve
???0nqlloo0nau

RETURN 
'TROKE

grJd z nr:durynlnuruoonornviorsu'rrJ:?rJrnaofi u:ru:.u

Avon (2 l)fi nr: fro nr:qa lnuru lunr rdw Inuru c,u1o 400 6'a lu Kibbutz Tsova

tC
grJfr r a'rufl 1Rfl ro{rsrs fl ouuasrisrflnrirrfrsdrfrulourururolnqj
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Edtnrards (22) ldoonuuunr:finnr:4nlnurudru$ulnuru 100

uuul:sdsufi nmruarnr6t'N 2.5 m rfl udr,eiuslnutunsfiuriru4nlnuru

gA
ct? t:il0'1nfl1:00fl
Ae s

HOAN{n lnuilov

tnahJ:rumrtrJo{driorf,ndfirdaunoiln€o ilurer 36 sr1:l{Hn: dn o.e+ HsF qalnuruii

rfluc,our{qtsnRnvRouturiofrnfirirurirdunsrJdeuqiurJasm{r doonuuul{ttsinsrnlnd

crurn n{rr 4.5 nJsri o'r? 30 [rJa: n?'rilnrerrdw z m nrrqrJd +

urJmra{r rurJnsn{r

g:Jd e nr: ffnnr:ryn1nuruln0ilsr{'nunv urJacr{r

cuest ( zr ) ldosnuuunr:ffnnr:qnlnuuloss'rfruu:rldsJ6irr Ioflfi nrooRuurl

piuqnlnuruduintudrrrnon fidsurirdarndrnil:gilTu l0% rlrrynlnurutudrhJnril

viotuf,nqrurnrdurirqudnar.r z6o fiadursri fiul z.ga fiafrrun: r,rforfludsneunistfitd

lnudrtflurien:.rlil{ddrn'h nr:eiosr:{hl:rrufiurfluumriufiuryaInrflu riofiudpl{:o.r

iurioudosrvuru{:nruudrudoilefinrfiru rnrugrJd 5 ms 6

I
20 n - (65' ') --_J

I

I

,l
_ __ J_ _ |

1.5 o: (.1' ') I

nrot6$.1

flEilss'rum'r{ooR

gd ii s nr:t#u: q 1#rr dr-rEia slunr: f,n nr: rya lnu:.r

viorgursfi.r
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14EUflt ltJyt1{OOn

A:Jfl?lilalolou{

ilJd o nr:ldu:tlrftirirq dru4nlnuusonmnriofin

safley. (z+) finr:ffornr:riuqalnuruornr,lrfirlnuilclurntnqj tts 6'r drdc,qruurJriou

6arctunonrJrios ( Free'stalt barn ) nrruuuutugrJd z Inul#:oun:nmofturordndulnfl

qalnurnril:'orfrrunonhJ{vio:vuru:rr.rdqviorruluduuouuunrflr6sqr{rnlndo{qilurJU

unudurndoqudov{uduqnlnuru piruyiofi i d dfirdudrgurlnnr 3os finfinln: u'r? 23

urnr rq?r'hjr.u:.udrftrfiudd*ro(iuudu6u crurn rdueirgudnat 183 uJni n?ruq{ 4.6

runr il?rurs::ruiunrlfiuld uoe qnurarinrn: nr:quryalnurun?rf,.r4n{utdnarurutz

{ur6 ru fiq6q oc dr lilkifiunrrurlosrir

YlSlo to glq m
l24" to 3c'l

ailila- tiln

It"il- 
-

lnurl#uruq.r

lnurlduur?osi

fl\lf nil

(Not to Scalel

-rynIn*

!---- Y . '-rcndtf'
: 

- 
?J/N+

grJd z nr:fir.rrynlnuututi.rftuufiu
Copyright by Mahidol University
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2s nrnlulaiiffiqflrnrvt

2.3. r n?'ril?iilrufl osfrrryfirnrfl

rcrrdnuai qfirauv (zs ) kiof;u'rsn?'uJl,rrJrsc,oqfrrq6rnrt'ir fiilruo'.r

firqdrfinornnrnnr:nfintisucnrurd?ldar:6uvr€ti zramshon (26 )ldndrrlnual:Jds

ar:6uv6ddcrrur:ofrurldnfinfirqfr.o',nrfu eirulrqjovrfluer:rnfidldrurornryndn{ niu

qnln n:vfio qn: rfln lri nfoqrnisfivun isfisnir niunsf,'r frnnusrr eirirsngn

nnonrudcegnndoldvn{fl'nrnsn:rmsqndlilnr:il rqiu nlfisnnalfiqrnl:wrunfinnnlfi

n:gfloq roudr uasrfioo ornl:wrufirrlarn:silor ar:6uvriddrfluciru:Jrsnou

c,srfirurn lduri wnqlaa nrfl:rlsro:vr }J:6u $agcr:duil€dnrridf ogrirunrr

doureudoliuvr3dn{rumdrluanrul$eonfirou du r*- ( 27 )ldflnurunsr{u'ir
a< iooYa (d

rurnytr: uvn4r tm nn nufirnrn tfl uuunfi 6 uii 6 un'irfr rvrurtunfi riu (Methamognic bacteria)

lun:firorryadn{ dqrfluar:6uvrid lrurnqaluqj t fiInrqairoiidu.f;uu dsqorfru

ruuofiriunrirudu "l dosearsriou ostiooanrulnufirnuuunfiriu uaglfiurrflufrrqfianrfl

dr frrryfianrfldldocfiufrrqanilcrorfrrryfirvru rmsnrfilouloresnlryd nrnnr:finurilsq

chengdu ( 2g ) ld:rsqrudqeqriil:vnouqrorfrrryfranrvr il:snoudau frrryfirvru (crL ) $ou

as 55-65 frrqnrfusu'lnosntryd (cor) $ouas 35-4s firrylulnrtou (Nr) $ouag ol
frrqlsln:rru (nJ $ouns o-t frrqosnfirou (or) 9oung Gt uasfrrrylsln:rnudah{fi

(&s) 9o0av o-t dqfifrrryfirvru uurtori',rf,nrlou

aru ri6lunr: fi o ld ld 6sriru rldrfl u rds nr a't drn flu

uiofrrurouudtrynlnuru

fi riluuac nrfi ou lErs sn lwr{fffi qru

nr:qrdru tt?uata'irurnsf,urnfsrsud

2.3.2 ltulufl]? fianfl1lus?nTAl

$Jqil rJcg{fl lqa (zg ) tdf,nsr:ru:arufloqa duc'nrr:ocqiln:vueunr:

mrintuanrrs'l$oonfirou (Anaerobic Digestion ) ltdsif nr:rfiofrrqfirnryrngdosfisrr{

rhcnouddrd'qde {orq6u drJ:cneilhJfirsar:fiuvridrfioeirr 1 rfiertorfuvrtddrdur

{o sf,u n:s u'lunr: lfi n tras dRln rl?ndsild ffi ug eiJ dl:re,ns r6ser eio tild
2.3.2.t rj?ruror rmsdruil:snouclorfrlsfirnru fio mnnr:dogdaludri

Copyright by Mahidol University
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s^uvr€ddqdueqidurfiororar:dun€ni drflusdrJ:snouqsrdnqdurfu Inuilnfird?tor

6uhit6'rj:snoutrjfiruar:6uvridrftsrsfinlosfiondqrvirrfu usiilrgnout:Jfirudrunau

qroqar:duvfidsirq unrusfin:rrtfiu r'ru*',:'wd z

s,'r:r{d z d'ruthsRollEro{to{rfiusfiosiNr

nr:drc,sqrflsilnruodrrilrnerufiu c'ru'rrurfiurjiilrtuclorfrrrydtdrronr:mrinld

frrstirt ffi nr:ufinqndnirfirNsfinrdua ostfifrrs 0.38 qnumrinrn:siofilaniruqrot

votatine solids tumrcdnr:iltintuvnsl#firry o. zts qnumdrurr:lfiInnflu drrircrorrdsd{

costu'o rrnaufiutudn:rritu 1:1 oslt{frran o.ql qnurar{nrn:sio fiInnirJ rj?rurufrrqd
;^diAvttrns,e

$lf,ufiort$o{ilrorndntrdauclsq nrfi.rsut luln:rru : rnlocrloia tuqrosflgiimilrgdrl

aionr:miqr6ulnunsdouearumr lfiuvrid

2.3a.2 nisu?uRlsrfrofirryfirnrnmcsfincro.rfuvrid fidunoudqniohJff

&a il e

{ufr I Hydrolytic stage dunoufinrnar:lrurnqnlnqi du }J:6u

lc,rfu mc$flr ovqndoulv?fiIruraqarfinas tfiflu n:oosfiIu ndso:oa unv nqlna ndr
9r

orn#u ovqnr:Jduu eiolilldld n:oduvrtd mmrluon lslo:rnurmgnr$usulooonlqd
^d^; ,, ad6[Ul4 2 Acetogenic (AcetateForming) stage ?l?flfltnlmgltonfloggiifr

rfindulurfui,i r ruqnnJdsulrjrfl u acetate nT fuoulnoonlud rmylaIo:rou
-4^.a- --..*-.-&- aa allilvl 3 Mefhanogenic stage 0glilUtil9lousl0{n'Etfinlilvlutln acetate il50

ornnrfusulsosnlryd uny lslenrou

sfinc,oqc,oq[Au druil rs nsuar: 6uyrt dtu{ o r flun'o rfl u$o E av rjirurflfirry fir

o'rndtft.)nrflulsrnrn bj:6u luiu
aCauvq,o.ttrtuyttJ tililuq.r t2 38 50 LA
adaner

lro{r[6IUVnJ tqrilutjluRnlit 15 4l 4 0.98

ad.ru s 3
cro{rdt nil tqrilunl 24 50 26 0.88
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rf. s du ooudrnrim rfinornnrfirsrudrrufiutotfuvrirl + nrir 6o

' d e ,-,g-d-c- ----^-.---l^----^q-^^!.d^.t'^..-- d
nqiln I Hydrolyric goup r4T m#rdriuuaulual:lrurnqntraqjrfl ulrurnqnran

rC
fiqiln 2 Hydrogen- producing - producing acetogenic bacteria vrrndr4rlfi

rfin acetate ms lsln:tu
nrirud 3 Homoacetogs,nic bacteria r,{rnfiflfin acetate $lndlrdilrgnoil

nrfuou r dr ( rvcornfo ucoos ) ufedouanruarrfifinrfusuilarudrlftd acetic acid

r C do 9,1 6-4
nEiln 4 Methanogsnic bacteria nandvirtrflifiofi tnu

rfud t* dudz fifuvr6ddrden{os :ru6sn'ir Non- methanogenicbacteria

JC Aa .raCC I a r-
{ufl r frqduvt56fimu?{i0{ :?ilt5unil Methanogenic bacteria fttnufirlilrd?

Non- merhanogenic basreria ov fi nr: roiq r6u lod t$rn'ir $ns nusiodnrln?ru rfl unrot( pH 2 )

ldutnn'ir Merhanogsnnic Bacreria (6ulqtusia{ pH 6.8-?.+ ) ftrfudrfinrlfinn:nduvr€ri

r€'lrfiulrJou Methanogmic bacreria 1#kiviufiosrfietnr:cscilto{n:n6uvridrurndu pH 0u

nndraq Methanogenicbacreria oyilrqrutftloflaq nr:6nfrrqfirflT{0s#t tuq,ilsrdurfiu

Non -mettanogenic bac-teria wf,.rnuo5cgrfiulnldsiohJ6n nr:asdilcto$fltoduvr5dtdeuf tu

c,algfinr:1dn:n6uvr€d og#rntnutudqo Methanogenic bact€ria kiarurrovrun:n'lddncio

hJ m:rfiofrrwfirnrnfi osilqoa{

dnrrc mndou dfi 6nf;nu sionr:ilrfn

2.2.3.s.r darqarn4fi dqcrilr:orahlftflu r sht 6o

drsqnr u4fi dr(pny*ropmrc range) rfl udrt qorrnqfi rv mdrt 5-20 o {r ffr

rqnrduc siesrfiilrccru (optimumI ovoqitude{ 5-15 osm$atfisc

drtqnntqfr rlrunat (mesophilic rmge ) rfl urirqarm4fr:vrn'ir.r zo+z

sr fl rrynrfisa sirqd ftrilrv aru nv o qjlusirs I s-4o os srrrya t6oe

dxqtuvl4fi {r (tbennophilic range ) rfl udrqornqfi :vn'it 45-65o{f,l

rryarduc rirqdnnurcauovoqjtude{ 55-60 otcrrryarfisa

drsqruu4fi:Jrunarqunvdasqun4fi qt aaairl
0urJovr !T{otJ'lRmqon0 nl:u0 gdnlu

ar:6uvr5ri E.rqam4fiqoulodu do:rnr:douou.ruorqodudrlt?arur:niurJFrurorar:6uvr€d

oulodu ffiU hydraulic retenrtion time ooo{lldq Copyright by Mahidol University
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2.2.3.3 2 n?lilrfl iln:nunseiN (pH)

n?lilrfl un:nrmsrirtfi nrrrudrriqeionrrmrintrndrE gtdrnu',t

cils{snr:ilfinnvoqi:vdu 6.G7.s dtpu qtrnfedrrfiuhJwdufl:rue,iortunfifiu Inu

rnflrcuunfiriudaiNfimu dr pudrnroud'r o.r osdudun:reJeionr:dr:{fiflcrsttmnfi6t

nriruff dRTrn'r:andluo,,uo pHnu'irffinorn:guuYuil?urorclsrar:6uvr€druaorfiuufiu

rjiruro:roqdsrffnunfiunr: rirl#uunfiriufia$Nfirnutdn:n6uvrid:srmu'irufrrfinduld

hin'uourfioR'l:dsducroln:01{rrrndqflnl# pHnodraqodrqranrf adpgtst4'i1{4.5-5.0
.ra l -y d a a s 4--l-,---e-q-9-le--^--O---4---^..CU!r-^ 'rrilnmrEumdf l{ilryru 0sugnnr: ro?n46uIn d.rdEnrnrirhflrJsrurarfrrryfirnrndtdnnnqodrs

:rnr$r ouorrrihlrirfi e6n ludqntYsurinwfi nfi urilfi u,rJit rtr"u

2.2.3.3.3 nlilMfi urdulurisrafn

dru sraruturion rTndnnru mfi ur{ururniur{ururn osfirl#firryfirnlrrd

ar aud fiulie du dq nr: ro?rg rfi u I nmrinr.ruruoqifiurjo uagfrrsu'rsrfin rsiu lslnlrnudn'ldd

ro.r f uvr6diitrJbsuaarucr:6uvr6 drirl#rfi o ffrryfirnrn ld
2.2.s.3.4 sfi o { oq ar: 6uvr€ ridld

qn'mr fruirrfes (ro )ldrauorfiomqcrr6uvrSddt#aqil

ld'ir 4nf,ni4nsfin ruv4nnlou unvinqrndst#urqnr:rnun: drru1?orirhJt#lunr:pr6nfrrq

fianrnld ueiqaraurifi{orueing$fi oar:6uvrtdfi.:nrilr oc uondrsfrulil uasl#frrryfirnrntu

rliilrorfi unneirrfiu'hj rlurrtltfi I
o'rt'rod r. rJirurnrfirsfirnmii ldrrnryndn{

rfiodo{uagar:6uvr':u
radr6sud-a

lJ:tJ',talfl 'l9rnofl tafl :ilcto{trct{(an: )

qni

In

lri

fir

tlftg

drs{rr

u{r
ujdsnd'r

finnusm

340 - 550

-.9e 310

310 - 620

200 - 300

90 - 310

105

28& 550

365

375Copyright by Mahidol University
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2.2.3.3.5 Alkalinity

rflunmrucru.roruori. tunr:fruoqnrnlrJ:nou lnotons)

alkatidb'iotdo$tug:Jnstlunrfiorun nrfuorusr rnslsn:onlwd uavfinr.irsfiufinfin$l

defin:{oqunnderunrfuorufi (cace)rir artainity 1u:suunlin6.:uaotftre6utfl'rflqro{R'r:

nrin drrir atkaliniry qruanvir:guuilfrnfi Buffoing capacity {t crrur:ninurrirtoqu t#

nrd'roqilduru drrit alkatiaigr druao.rdrfinroduvrid:snts.iru (volatile acids) asarufialu

rJgurorriou{rrurn dorqua:vuuurintrirurnfiufirsu M:€fi$urtlildogdun:old{rudq

rfu rir alkalinity tu:suumfnooluanqftnfrs:R'r1{ifo{t:guu?rfrn rir auinity dtfilrgaueio

nrtrr3nfirryfrrnrr,rfiririlrsill$ t,00u5,ooo fiafinildofin: if,dtrnordoifiodsradu:nru

tol:suutlfinornqtdorndndrucro{n:nduvrtd:snru.irtreiodnnrlnriffi drdnriruzuotn:o
a dl I t o tl aaia ,
ouyr:u?c&ru{rsnoonnl lnuunilnrrurnn'ir o.l udrradu?Rrr{to{iguutshi6 uaslsnre

drstru osduruarnfof?sdnrldilqnt6'.iru

22.9.3.6 nsnduvr€d:cmgdru (volatile acids)

tunrsurunrrtios,aaruei:duvrid tuanragl$osnfitou frnw

nun:nduyridrstusdrs(votatile acids) rfindurflu nfinfrilcfdunn'l.t (r$€rmdiate pro&cto

drnrnOuvrtd:griludruevauoqiluftvrrinrurnrfiunr: nsrlrl#rh akalinity fiuualrlruauuo do

osdqarnl#ri'r pH aoa{ld.irsdu Methanogenic bacreria nstfludusnru rmvludqnovrirlrJ{

nr:rdscnryraruqnd qrornr:nfin 6'.rrfunr:6nn'riln?ilqilRr:firtru{oq:suurarin ft{rrflu

doqirn:rsr{uril?rursrsrn:os^uvridrsrfisdruriudnnrlnrifid $nsin pHnruqifiuhJfiau

,auu durr:oru'irnrrvlruuqrorrguuilfinfiuurlrlilocduauqadrornr:mtin nrirr

fiofinnrur{rufiuuorn:oduvridrsmrrdruqrurnuavdanrlnriiiddr tdgnrdrurom:n6uvrid

:cftru.iru$io6'nnrlarifidrurnn'ir 0.3 ) $ns pudrn'ir o.s 6rrfluosde{$fftcr1#:suundlr{r
rJqdilqn qrsrnosrtrtdlsru if,rJYu pHl#firirgrdulnflnr:r6ild1:nsarusirrqrotnrn

unardsllssrronlqd ca(on), Iryrdurulsn:onlryEi (NaoH ) n$olsdsillilnr{usrusl

(NarrcoJ nltu:suunfrn$ns6nt6lounr:aoil?rursnr:r6ruar:6uvrtddu?r{:vuu b?r?su

d,r vrionqorfiruosrtrtduunfir6uiicfidmu t#ar:ncnrun:n6uvi5drgnaudfroqirurnlfi

firl?lrsuannr pncro{:suilorqodu refier:nracro{icilil nvnfrudururusiif,nr:dl#narriou

drqurudsrfisuriui6u:n

2.2.3.3.7 orur:n3rucirs (Nutients)Copyright by Mahidol University
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uons'rRd1:6uvr36tu:suuvrr3niitdrfl uorn:Infln:{fl o{rullnfi 6uudr uunfi risffr

dornr:udrrqurwfiolunr:c9rqrryad lnridrs rdu luln:rou (N) rmsdoavlo$a (p) lu

dn:rdru dffilrsau&trirJ:rnq'irfinr:aqrJl{rnidn misroil:guratndrr r ldrflu coD :

N : p sirfiu t@;2.2: 0.4 uf iruunfifie, wdoqnr:r:'mqnrrirdlurJ?urordrisu{rqdrilrn ugi

drrroudtrqrnrird uunfidiuosrtrnr:doenaru ar:fiuvridldtridlld 6ut'r,fludoufiruar:

ulral:mrirdurhJ rdsrJiurJqrdnrrriru coD:N:p l#narursaildru lnudehJuderir

Ialnrn qndni uurril,Auo',nl:qrtuorflr:n:sflosovfinqluln:rouuacr,loavlsfarfius

nourinrrrudo,ifl'rrflo{rnlnfir6s fthi{rrfludor6ruar:slnlrrioouorj:snndaqlil6n deu

olqdu r d6',rfluusnnrfio'lrJrrnudrrqmri',if ldr,riuoarfisil ffinfiduil Inusnd $as
a i ra Ae,

rildn frsilTrurarfr 6otnr:ocdouilrnuavlun:dtirttt*inntnuwooqiu#r

2.2.3.3.8 6lod (coD) fiorirnrrrudor nr:oonfi rouruoril,Auiinrtdtn ui6

nr:nrq mfi rir coo 6q uaos dr rJFilmr c, olrdlrduvr€ drft nrunlutilflurf,t d 6uvrt ddo ennrs

lduasdouaarshild rir coodsfirirqtn'irri'r BoD railo usirir coo ldfunnrufiuilrras

finarrtururgaudosfrrurtddufiruil:tunrrsrruqru:vunmfin u5orvuufirfforfrdueir.rr

rurnn'ir BoD rflrlscrurraionatd:anrfrn'ir ( rir cop 1#nnrtunr:{nhftfiu r drfu{ lu

,*rfirilson ogdoqt#mnro't s {u dqwldfla I drrfufir:suuurinfiq?ounndstrfinduoc

rfi rtfiarr r: n uff lqr ldviuri rr fi

2 2.3.g.g ilirurar q,stufitlu:suwrfn

rfl ufir eitr d rdorJuo qiluar:driru rrirnrmrindr os ld:ril d{d1

uuralrdrrrfiuld rJnfiudac,squdod wfidqar:o^uviiduacar:ofiuvridrJufiuoqi

drcro{qroquddilduarodrqarnrumotirrfio unsnr:nJdsurilarc,sril?ilrartorufittu:guu

rnrin mioucrnfir'ir:suufinurucrur:otunr:tiouearsflsr$firtdrurnufsrlourfiu,rlolnu

rJnfifinovirnrrcfoonilrtugrJtorrro.rufioriqmun ( tota sofid ) uacmqufiqd:smaldvi{

firJo ( total volatile solid ) d$rung6solunr:im:rgfogkincilrfi.rtudd usiarur:nfru

n {r rn^u rfi ru tdnr nro n ei: drr 6r

22.3.3.10 er:fi'u (Toxic subsances)

ar:urqodtt1rfi lu:su:rrfinrurnfiukj ogdufiusio$unfi riu dr

:sducre{nrrilrfl ufiuocdufilsfinunsilirurarmqar:fisrfl rirdu riruurnud:rrqurinl
A C.r, a--- - v 4 a r da

?1:or1Enilnl?1mu!r ( valency )dt1 rinovrflufisunn'irtro1dfi vd*"y dr s,rilnr:roii +
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orqd 4 n?rur{ilr?umrrrqeilo r dr4llt{,finfiudouunfiriu

zss rlfiffiur{ilarnf;iluanras'l{oon6rou

nr:douaa'lser:6umidtuanrrgl9ssn6ru fir6u dr:sfinfiqa ( rr) of;uru.ir ar:

6uvi6dluryadrrio$luErlts':}J:6u nrflulsro:n uas lqrriu d.rriautr,rqjhiaru'tutil duo

nrnfilruraqotnqjrdooqinruldanr'rtgosnfimu rsrfincrurunrtioennruleruuunfirton{ru
d oql, sEl s d Jms I d e

uilq firlfunnd'liiqurnllraqarf,narrasdrilrruurulurirntd nnornnr:doucnrstu{unou

iidaulndldrffi n:rrosfiIuldrurunnr:tis0aarslil:6u ,f',n',u ( simple susr ) ldrurorn

nr:doucnrunrflu lsrorn n:prlqlriu (Fatty acids and glycsol) ldrurornnr:douanrulflfiu

(Lipids) ar:firnn:nofilu rf'tu'tu rmgnrnluiu wgntiouearsrflunrnlcrfiusfin$iNt 1er0

rilnfrfiuflrnda{rqn:o o',orfun:rhr3urfioeir.r1 fiqntiouaaro,fluor"rf.rduarry firw

tsln:tou orurildualuq nugndouearusiotildufirqfirvru uncnrfuoulnaonlryd Inu

uunfir€unrjil Methan former ilffiilrfl zoozo cJoqffiryfiryru rfiorornnr:enrudrroqR:rtfldu

riru6n looto cro{frrryfirvrunr6fltdnrnrlfrffiurcrosfrrrynrfuou'looonl,rd rmsfrrrylsln:rnu

errugild I

Inorganic Ion Optinum

Concentration

mg./I.

Modsrate

Concematim

mg.n.

Stongly Inhibitory

Concenhation

mg/I.

Ca

Cr

Co

Mg

K

100 - 200

0

75 -150

2@- zt00

100 - 500

2500 - 4500

2

0

1000 - 1500

2500 - 4500

8@0

2

0

3000

r2000
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ffunou

t) nr:dosaarorflulruraqarifn

Iv
a Ad tt

frrtoilnfgfllJlnmo
I

(n:nosfiIu frnm n:srlclfiu)

I
I

Iv
n:o'tuTu

(propionic acid, butyric acid )

J

I nrta$rsfrrwfltnu

gild t crurun'rrdoucnrum:6uvr€dluanrrstgoonfirou

zs,4 grluuurionrTnuuu'l{oonfitou (Anaerobic digester)

g :J uu u r o r il e m fin uu u l$s s n6rou lduun sr rldnsfl s dq: r nr: eio uearuar: 6uvr5 d

tudrdutdrflu z:J:cmn (32) fis

2.3.4.1 ilor,rrinl9sonfitouuttufi (m* rate maerobic digester )

ri s m rTn 19s snfi rnuuuu#r rfl uriourind uu ouuu rdu d orfiunriru r o urunfi r€ u

sfi n d tri dor nr:tdoo nfiroulunr: ds uda lsdr: 6uvri dturirrfl er d.r nr6n frrryfrrnryrfr fr riru

a Gld
cntoilYllg

(hj:6u nr{Iu'lsror:vr lzuriu)

(ruadn{, ti'ttflu) run

D nr:a{rmm'luTu

Copyright by Mahidol University



22

:J:c nourorfrrryfi rvrurJ:s ilru $o un I 6s-7 0 rjsvr finl$ss nfitouuuu#rd ovfi qararuffi d

arrur:niurirrdudfi:JsrurararrduvridrJurdouoqi.tutirrauldlurJ?rumrqr rsiu r.irrfluolRnon

dn{ drruanr:nnno{flor srtcmsnils (33) nu'itionr3nl$oenfitouruu:1{ arrr:ntd

drrniutiouanrucr:duyrttitutfinudurnrnnondq{ dfinrrur{u{uroqroltr{s:ru

(totat solids concetrtrarion ) ludn:r3ouns 1Gl2 16' ftlurjirurtuqsqufiq:rrulurirrdsftnrir

rosfirjiuorc,oqrfiqd:snauld (volatile solids) ilrgil'lru$suns ?GEo drfifuilotfluo'rfloofl

qfl: Werner,u,et a1.(34 ) nriradrdn:rnr:6runr:sar:6uvrid (organic loadingrate)

nr:ovo{lurirqil:gural t.s-z filnnir (uotcro{ufi-:d:srnut6 rioqnurodrunrcrordoilfrn

cio{u lflu:rurr.u',d1#lunr:doucnruosdourufiqil:suror q0 du rdsl#uunfirtusfiodhi

dsrnr:oonfiroudrnrirr drfioqiunrunrjudoucnlucr:6uvriddfiIuraqatnqil#fiIaqarfin

aq unsnJduurflufirqfrrnryrludqo rJrsfimFnrrr{srnrdouearuar:duvr€dturionrinlg

oonfirouuuu#ld woqiturirtrJ:srurar gsuns oozo duu$fiurlirurtunnu{ru{uso{d'ri

s^uvrt dluriutlu r m s : s gs r? a 1 r o { R'r : n rinri sn rin t go 
o n 6tt u uu u#r dns ffi raru rdo ldrfl ud

riorJaoudrdunr{riovrrin rmgfidoduoonrds:Jnoutftduiluol:tiouenrucrrduvr3dudroon

hJrrnrionrYn ,iliiuuou,orisr,rrinosfi{nrfrar:6uvr€drJur6fouoqiq{ ftrfu fi{drrfludo.rfi

,ruud o, u',: srin nr:tiosca ruar: 6umt ddfi{ ilurdouo qiludrryanfineio lil

frrrydrfierduturiourinl$osnfirouuuu#rdrsrfiod'uoqinaonnauduooln,,rnfifierns

eisucnrucrr6uvrido$nnonrlar dorfu ftfirrfludordorfrciauflssrionfndt#lunrlfufirry

fianrvrdrfrndurirurndr mvwdoqfinr:rirfrrqfi.olndhjldrj:sluentodrqarlrrcilodrs

frnuowgrluuuqrsqrisnrinlgeon6rruu:rldrdfildoqiluil:vrvrntvrofirl hJrfunodwrnir

ssnlddu r trrJuuudo

grJuuud r rior.rr1ndrttuudtnou ( Floating dnrm digster)

risufinfi uuufirnosd rfl ugrJuuu trnil:crmsdu6silril:cqndl# turJ:sryrslvruld

rsfl udrn'nuilsclotrionrinlnudtutmqiwrfluErJmi{Rrsilondrfluneuntnnfolavry dq

u'roorfindolounrflqfiuufooqiuufi'lfiufrqurinuuudtgfi?ierfirurfrrfisrmsyioduaonurnr

irs"l o'rrr^rdoorl#rjnrwoqriorfiruoruoqinr.:druuurstrisnfin ludaudrfluflCI{rua?

rnaolddruiu6rurirrfit, uagilo'rucro.rrioduoruoqinrrdrurirqqro-rliofixTnci.ud,fluq,o.r

rfin? rdatddruiurircrorrfinrdpirunr:nrinudrosn drrirLludrudl#,6ufrlryf,rnm
Copyright by Mahidol University
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rfu og fi Flm : ouft no uo qiturir uncfi dlu finnnfiu t{uu ahn: ou rdon$rtu:rdu{ot firq

frrnrndroqitdahn:outt?firirqr rrasdlrJr:odroontrJnrruviordotdqru nhnrouulrilnCIu

drruu udu unsnr ldnrru rJ?rurar frrryd,nt du rmv rfi u o qjnruluilom fin

ErJuuud z riorrYn#ruuulnruntd (Fixed dome digest€r)

ilorrinuuulorunqdrfl u grJ uludrur ornil: g rnffi ud{roufi nrrirurl#tuil:grnctvrs

urdruffilzsO3 dnsarscrosilonrin ,rurdrfiufi,'wrvrflugrJndurroouudflsoqilu6u nr:rio

a$r ns lffif; rnn ouni nm6o rio6g lu n{u riorfinuurif,os fi vio rdru oruo qivrrrdruuuro{

rio ra rinluriru rfl u qr os pr a r rds t#drn Yu rfl ud rfi u ri'.r,fi ua o luri e n rin r m s ilnruyi o du ur

oqivrrrdrurirrqrsrlio?rfn drudrfluctelrrfia? e?ruYuriodudeurlnlsuuovfiooqifiuriodu

rdol#rirnrinno{rflo{runrlurisdu rflu6'rnnh?firryfianrndo{turiaulunoqdorfinfi

u:r6'udshJnrudorisfrrrylft ru unccf rugrdurfiuost#rfl un'r{oaRcrootitdri'tun't:rrin

rudrdru uasrisufin,,uudrloorfiybdl#aruiuootnrndondrwqilurhrrindru drrJnrs

ddl#Arr,ryudrnlnrfuogoqirirurirrsuisnrin ilomfinuuulorundddssnr:rmnrinuns

nerrdrurqtunr:rioc9r.rg.r lnurqflrgdrulnucro$jonrin drrronrufrurrgovrfirt#

rfinfirsirnrru:suunn$rr drnr:qioruuryurfonrr{oa$rqlrrirfur4rldurn flopiurie

nrlnuuulnuooddfi uul#fildrfru rdwfin{tumrf, n fi dor nr: rJ$ilrerrlr:: !n sqilou fin
9.

dsusi tz qnurat{uren 'lrJoufir too qnurcdruen

grJuuud r . risr,rfinuuu#ruuu:rq (channel die6t )

riourinuuu:r rfl uriouriniir{e,u'rduuluriosfi dnsssurrndru:rq Ifl unrrilsr

rosrurnndrnarrun{rshir?oundr +-s rvir wfirisrfiruuns?isduoonoqidrufirunsfiruqror

riomrinnruiirdu rJarsrioduovoro$turo{r??n? dauuuc,sqrjonrinocfinarafinnqroqi

,dumf uddruiu rfi ufrrryfirnm ln tnJnruc,o{rnardfi n rs oruo $luror ruar rdo riuhib?

firwfirnrr,rilqnoontrl dauzusqrismfiniild'u::qruo,nu.rfunvo$ludu uasfirirufiu

ffruaqiuufi:fiu ffr'rd,finduuasrfiuldrnarafinwqndrosnhJnrruvisdsfirryrdsrirhJld

{'ru riourinuuu:r'rrfludfiuru1#dlyhfrururerlrqi ddo.rnrrnarrqmnionfinrurnn'ir

100 qnuror{nrer: drilo1:iuldfinr:ei$ruionfinuuu:l{tfinlururndqrreicru'rnn?'uJ!Copyright by Mahidol University
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rl5rurn:u:r! 400 qnurodrun: lrJouft 1,400 qRulsri urn:rdotdrflurirurJ:snsutu

:s uurirrin r.h rfl w odrfil qn: lunn r ul rnis ffrryfirn rnfr rfi u o $ldvra rafi ndldnqru rio

rfunsfinnuduqrerfrrrydo$Jrn loe,nnilduhirfiu s rryufirunrnuorfl 6'sdu lun:fid

dornr:ldfrrqfirnrnduqrln:oidernr:nnruduqt drrfludwdorfimdoqcirfrrry (Gas

pump) sirsdq firryl:J&q rJn: oildsru

23AA risrmYnlfrosnfitouttuutia lrngr' rate anaerobic digester)

rfl uris rarindu un,ruurdotdrfl urjsnrinuuufl ndfi uunfi r€ usu^ndhi6'sq nr:td

sonfirnudouenruei:o^uvrieiluriufis rionrinl$oonfirouuuuriadovfiqararurifidrililrg
o u oto s ot a 4 o a d/ r idruiulfiirrinilrdufrrfrar:duyr5urJurilouoqilugilcr:nvnratudrfiu ln0dfirJ6ilr0r

,reurfisdtriuru',uri'r,Jurdoueqi#oun'ir$osns t zuoril?rr*tirrfirtfur :rrs,.u.ld14

lunr:doaaaru riou{r{duurn fis 0.5-3 du ogfirl#lfidoonornriomrTnfrrir coD ao 
f

aril:vuar gouac go fisilt#urnlunr:rlrrinrirflunrnl:N'ruEndffinr:ru luilrsms

lvrursuvdfi z grJuuudo

grJuurLd t. rjomlinr5ulufiffrn:oq (Anaqobic filter digesto)

grJuuufi Z. rioufintruil UASB ( Up flow anaerobic sludge blaokst digBster)

zA rnnlulailnrtouurft @rving Teclnologgr)

z.a.r vrqufi nr :ouur{.r fudugrt

nr:ouu#r rfl ucrurunr:dnrru$ouqntirurvrdruifi lnif; rdrbJft iaqiifi nerrudu

rdotrinarru#roonInunr:isrfis Inutdoerilflsudtdyurflunrrr$ourplqqloqnrr:r,nuri't
--9 1

tu{aqufonrrrufru(lz ) d.r:runsrdunftfi

z.4.r.ro.'ruduluiaq
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n, r ru du rfl u dr u o n rJBu', *, u o rf', d fi o qi lu iaq rde rfi u r fiu u'r n r o t {cq

u.'ruduo'rurrnuasrq'ldrfl u z uur 6o

t). nrru#uun:grufilun 1w*,;

wd
W. : -EJ lO0 o/o

s-- dWu: d X100%

lnud * fiorirnrinrourfi.rfiurir, ts
d deli.rflfincrotudr,kg.

c
Rr:ilrn?TJmr srunkld zif, 6o

if,n:'r

r. Inul#{or ou frrodrtdrirurlt?ud't nd'rrir hJft rirm rin rdorirrir

d lfl tlalu'rilnrrirnrrudu

z. nr: n du ri r kllo slddes drq lfl u rir riu un s ri r b?$o u ds* o', nrf'rfi p
4 i , ! - 34 r o e t e e t

rqCInntfl?lurtu ulfi{tuffCIriou mgdrurnrurniuoulfiuunrir rfrciauf,fis:JirurariT iifi

e$luiaq
aai l,
?fooil

nr:mrlersif; doru orofi rldlosnr:inqararurifirrqodrr d.rduoqifru

u'rludrroiu narudrunruvrrtr,lfir ufeqoeuifinrlndrnnnin (Dielecric )

Bakker Arlcema (r a ) ldnrirrfi tnfinnr: fl o{ R'15 olJ u#t'jr lunrsu
ur?ldaqq+udasailgsudfirtoutrrorqaruqfiunvn.ludl,uod lufr'ufiiinru$oudruffariudcrtr

duqanrqru'orot{ao1du ngrios rnJdsuurlauounrrrYo,o?.rdrir r ndrdeolrrordal3rrarru fi

ool.rdq*rqfirodeqdfiurlu#t nsfrrirrvirfiuqtuuqfimraru$ou uastusi:rddn5.rR'r:ou

rurfrttot{aqduosfirirnrd dqr:rr5unqie{d'ir riaqnr:suu#{dnflil$ouoofi ui.oddrrrRliou

25

z). nrrru#rrurn:gruudt ( w d)

rr#ttodaqtduu'r',uduto'riaqfirirrvirfiunarrdu?nqn (criticat moist*re) dofiri',o.'rudo
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inq n nv duo $fiurfi o r otdcr; unv enrrs lunt ou u#t .rur d o',r u u u#.r fi rft d rrfi u sie lil
& aJa es e C

ounrsm{qor?r4rJyrFr??ru'l?fleprrrJiru rac dn:'rRl:ouu#rogt3ru#rn.rrdsu 1 r:16undr'rddr

rfl usixnr:ouudrdnarrut$rnnnt nrrugrJd e

na1 +

grJd I n:rduanqdn:rdruorrrudulunarsi'r{al flo{nl:ouu#r

orngrJd 8 nr:ouu#rrnhsonldrflu r dr.rtnqir d'{eislilif

t. sir{nr:t#nllruguudordundiaq

z. rir t n t o u $#q ii n rril ti t o u d(coou* drying rate)

l. drq nr: ou ut?sdnrrru r$?nna{

luqimd t fisdrqnnrdiaqtflunr:rfiruqanr4fi ouofuirqornqfinrrnJrsfilu n

(wetButb re,mperater) q tosnt$ou turirqd z qum4fito.riaqwfiriruodtJrtul* L sr:tu

dffofi u.lrduunsmfiotugrtmtrirdnr{aq nnrugeuviqilunddaqldfu ovqnt#tunr:

,rrruo.ludurvirrfu luEird , du.',udulugrJroufrdfiarosiaq:smunruohJrn:rsnr:

rirumnrrrud' ulugrJ muir rrndeutuqro r iaq r6n du triyiu fi'unrr rr,r ur uorii orn fi aqro.l

{aq d'rrfu ftmoriaqtvoqjluanrndu#t unuqmn4firoriaqour?uqodu cErhdrn:tr

r*a{srnr:ol$#r osrieulnnn{ nn:rv:J?rurunrru$oud{aqldf,unsnom nrrrufsud

fiqdsql#lufl1::s$4sn?'tu$u,,urrtiruqtun4fitor{aqdro nr:ouufiqorduq"uodo6'n:r

drunnruduaoaqfiq rirdn:rriruu'r'',uduouqadw" (Equilibrhrmmoisture content) na

cirq:grl irqdnndrunarru#urodu w 1o "1 fiu w" fidsfiundr rirunrududars F

(freemoisture) r 6o il?ursnrrtdudtttnuuonl:Jldlnenrouu#q

e.e-z fiou'hnrrouurft Copyright by Mahidol University
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r$su tqr ourr#{ rnir rfl u z rJ :s rnvrfi s rtsulc,n r uuo ndaqdriol#rfi o nr: ouur?r

runcrdsutcrnruludr{aqts{ r$oulcroluuuoot,fi0a{s{fiuaf;drsmn'rrru$suhJff'riaqunstf;

tirffsrlorirdrsn4uooflilr eieur$oulcrnrulu lduri o.tr{rJ:snourmvgrJir.r , dnrrdru ,

ur,udu, dn: rdrun.',uduuurlndrordaqouuv?q Gz )

frqdnu$id1#ununr:ourrfit rsiu R (kg water i br-m2 drying area) o n* Gg water / hr,

kedrysoild) drtflw rflumn (kg) cro{{aqu#t uns edudud (.1m{nr:ouu#q ovducru
.3

fl1in{u

p:4(da)
uacdrrfiuurflun:rr'lcror n* (nfo n;fiu w ovldd'qrJd ro (tun:fifihiddrd.rnrr

mfirnuodudfi'riaq urtfi ocilreir{nr:suurfltdn'lrur*.nqdtililu)

T

dn:rrirunrruduinqn

<- dn:rdrunr,udu *

gild ro rdudnuargrqfllsclo{Rtouut?q

iF
l

,@
{1,!F

iil
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i:s Inrng (rg ) lffinsrfirnalnflornr:ouu#suu'ir lunr:suut?ticrtrd'luaru$ou

rJ:rnqnr:aidfincrcu og,fludoo',:sirormnrrilSounnsnr:drurnilra rq$oilriu nrrrugou

nrnnrugouos€irurndrlrJtuiaqlnseirunerildruflrucro{ildruornrcfi'r rmcnrrildrunlu

nroluilor{aegnrudrdr rdonrrru$sudrurnrdrlilluiaq rirnrsluiaqousunrrl3ouuns

rfinnr::gnau il?n{uori'rdtnnuosrirurmosn{nruuondaq letuphuntrudruflrunrutu

daq rmvnrrudrunruro,rfldilgrrudrdu tuEirqrtnclsrnr:ouu#ru?resfiaurh,,uudu

{aqtndfirnfii{aqfifidr.rilo.rrirdrueqi d.rriu luqirtnr:ou,nf,odfiurrildrunrucrssnr:siru

rnn rrru$ou d fi 'riaq oc rfl uil o fiun ruquo'rrrrnr: ouuv?q usiludrrildttsr nrrouu#q

ullududrunurionuuosurmnrirudnnrulurdodaq dtrfudo:rnr:undtsuirnrutuiaq

og duil o ffun ruqr drr:r nr: su ut?t

2.43 nrtsirgmnrrgt{oil (Heat Transfer)

n r : d r u rm n m ru $o u 6o n r : d r u rn lu g rJ uu il n uat cl o t n dr mu o r n dr ru ri q tr dr l rJ d{ 6 n

rf,runr.isudr dtfiqtun4firir.rtiu ft g dnurus 6o

t. nrnlrnnugou (conduction ) fionr:rirurnnnu$ouornuinrudqam4fiqtn'irhJ

linordqor4fi drn'ir nrulurduiar; fiuefiu duo o'ron'rr rirosr fl dtsruclorh rn qanrutu nfo

daq druaer'rtugrJd rr

aq*o\
(

q o-+
o+'

OO-+{ o-+

o.*

f

{

O-+

O-.

(
O-+
o-* oa o-

F
o* 6+

d
O-+

o->

t'\
O-+

q.
Q+
d

O+
O-+\

pJd rr uen':nalnnr:ilrnrrr#ouo'rotudu{aqCopyright by Mahidol University
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dilnr:do:rnri ri'rurnnxru$ouclosnr:ilrnrrru#oufi dsd

q. = -kA 
dr

Dx

rdu q. 6o ndsnunerrgou , filnga

2. R15flln?rru$gu ( Convection)

r. nr:uriirfl (Radiation )

zA.4 rndo.rouurft

njuoo,onrlruuondNfi fi oqirurnrurulugilvnsunvqararuffiouu#.rtoriaq fu 6rrfl udeq

firndowuu#rfia1udl uuurdotrflruursarufiusfinto.ricepful iisrr.i darncflrfisQa (3?)

ldrhnr::ril:?rJrrnsdtrrJrJ:vrnvrroo,nfuronu#.rdtflu:srJilqaflnn::ulnuaru.t:nffo
r ur/s i

ttil.{ tna{tu

2.4.4.1 rndotournfltuuunrios (Throush flow chambr type )
A ^i 4i 9

rnto{CIusl.rou nsrJ R1:r1 ruaueu nfii#osouu#tdru ms fi fioauq9oil?i.r

nodufi rnnru$oulunr:finvrrornrnt#fi nr:mqu ri uu n'rnil$onlsur dHtcqddor nr: ou

ru#qwlrilflusisrfiosnuuul{drn$uldorn 6'rorErmfsn'r$uso'r00srfludnrduilfiufir
a C C o u o ' te

m6sifumduuf,qYa louflfiufifr.rud 0.5-t enrr,(tulerr ornlsnruluovqnr.rrlurisulnufinnil
d d. t

n?'run?ro{nilnflnru1ufirir :cil'ir{ 1-10 rilfl:eioiurfi dr$mriqzuoqriorornrgdrorgt{

dmiunr:oru#rfinnrudrrirgrurn osEirufirl#srnralunriruodr{adrffixro rdsrJ:snffn

ndsrru

n ?lild'ril'ri n c,or mf s{sfi oifduo qifiu druruzuoricq dnuars r : :ilrrfi zu oriarl

dnsouu#{ uaudn'r?sro{o1fr1f,R1uilon fl?TJd'uJrrotunr:nfisrmisourr#sroundoroqi

lusir{:sf i'r{ 0.1-l fiInnYusie#rlilq sionr:r{arfl: dqarnqfi ro-m o{srrrynrfisa tu

n:ddiaqouurft rfl urfi 
"dfi 

n.rurnullr Rliruski{aqnamvfi glnurou rdol#nrudru

2.4.4.2 sfi oorndrndsulurodrffiodsq (Ths tay- track dryer )

rfl urfi er nrr arfi n uuu dr siu rdoo In udru h,r qjicqii qno u ov o qjlugrJ t ourdr
A t g o I cJ c d 6t + a{ tu .t
${qn?1{loguuom0rou 1 niloguurolcfu 0'ru?u:o[1u luq lil{nxuoHRuclulafl0{Nrolcru
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rrnsnrrilulamrqlurr{ nilgouoclilnriru#usrurunvrfirt#daqu#t nugousr:tvr1{ooR

rrdruorowqndrrurnaruriuorn'raluil tf.rfiduuqitfr'ufl1:ooRrruurmcil:sluflddtdiurflu

drdq :orfiuovqnrhr{rvrrqrJnrudrufidworqlurr{ungoon6nnrqudrdtrtro',:ilrt{runc

oon osdCIondoqfiunaru ri etun'r: ou u#t

2.4.4.3 rnfotourn?qlrilild'ru1{'nt (Belt dryer )

durndoqdfinr:wtiru{ar;suuv?qotirrsiodo{ Inuldarunrutflunsun:t

nrf,nufouplulunru,o rndomuu#.rdorqnmi.roonrflud'rudoueisfiurfluunersinsdrudou

ogfifionilmsnodsfirnrrru$ouludrurfu,uo naoosioqnrudalunludrilu ostftf,nnunjr

pirurfit,{ n$srdur enrrcturmiasrirufiouu#.rogldfinasiofiu nnurtrsrnrsdeiru

il:cilril 0.6-r.4 $o:eisiurfi qorra4fihftfiu 300 oqs'uryarfiua nrrrudunJdsqludr

il:srurnr r.7-2.0 fiIanirusiefilan$.rcJoqnrrildud:sriluld n?'md'rrJl:olunr:ouu#r

il:silrsu a-so fiIaniildedr1m. enn{BJn: n?'rrJd'ril'Hotunr::snturuoo.ludl,c,cufiu

rJ?ruraurngsfinrot{aqd osou$#{uudlrn{'ru

2.4.4.4 rnfuqourtuil?rqu (Rotary dryer )

rndoqsurnfl{uuur*1ud rJ:snordrunrruundr*lur0rrrrRr{Rar{d 6u€fi r

rlruodrrrmrurgeilfiurur:sdu {aqrflonddosnr:our#rovgnrlour{rntilnr$drufidrq,o.r

vr:{R:srlofl unvqnrirtrflu#slnsnrrduffenarr$oufiluarirunrsuofl rndoqsuurftuuuiifi

ilaruil:srnyrdrrur:oiruunld'fis rndsqou$fruuuuquvfiniunarru$oulnsn:q (aru#ou

drlfiaiaqourvft Inon:q fi y{.ruuutnnarunrunulmaruru;,uduouuudlduuu#riaq

r$n daqrnf,o {aqfiou lftui rirnra {uo'uvrtd {aofiuvrid duntfiur rJuur drufiu

rJardlu {rrluoormr: dn{ r nJr nrn run tridtdrfl uo rvn: dn {
2.4.4.5 mdo.r guuv?s rtull?Ilfi gail (pneumatic drver )

nT :suu#qlu,oduo,,uud ornrardoqnrirl#goundeqongorufiudaqddo.r

nr:ouut?tr{rhlluvie nr:ouur?qosrfioducrsrgdiaqqorudru?iru?io duoo,oduiidrniu

nr:rirurnnrrru$ouqwrn r{rtt?:cugnnrtunr:ou,ni'udu qnrnrvrdargnfirnr:ouut?.r6.ro^

ndoqouu#strurlfllrtsorJ fiuuldour$ft{aqtudrsnerur$rnqd drntnrrietunr:suu#qdr

Rliou0100sn:sfirdl?aarutfirl'r iaqdwnnvlunr:ouu#rogdo.:fidnsorsdurfin6n1u6o

En{u
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It
davdl'9,2.+5 RliflRu1rng?RilrnfO{OUUil,i

nroilil#{idqd,oun'uuusirdpirururosfiururirtudaqiifiryn rirrfiruurn dqdvruldrEiu

Rlioililsclliln?ru nr:oundrun'rn nr:suuin nr:suur?tduror nr:ouu#scrlulvr:

nr:ouruf,erfir uoinr:ouqnlnuudtrflu{aqdfiqnrirr$iudr&hififlovroaotrfir udffifruld

n:roduroncrrrurrfl unrrruf,rdorirufinntsuu'nJ$ul#luntnnno{il'r,uJ:snr: dqfi

arfi rJ Snunmn: (40) ldnrirrfi{rnf e r sl u#.r nrdsrfi s fi os dsqo u u#q t#rilfisn.ludu

r3-r4 % dqrfludo:rdrunrrududcrrurnrfiuinurlduruhirflunrs In0nr:frfi'lr:Jfion

hJrq?rrndsrsnur?qlorutdudqrruuassrfind fiIn:msrdldtfildnqdaswiunorofinlns

:ou fidrurj:snoun'o upwsrueqorfinddldnnrafindr nvusld{r'lr:Jdsnl#b1}iarurflu

ovun:s{frudrenrcirsflnrafindrumdrfirJ:vqdriliuc,u€iruurdnfir rJdsmru ldrflurJfrsr

qnornlf,lfmduuo'.r0,,^oiuucqsrfindrirudunramvqnoon ruf;srfirnsTdiunarrugsu z

mr do ornrnqorfindloso:qmyornornragoufitrapiruriufrrrdrfir,ornumfuucqorn^nd
A I du rdsl

rmculoHunflR rilililqfl'r

rqlru #unqtu (ar ) ldrirnr:ouu#syr?nfi ur4firriufiuqrJn:aiouu#qilu'irdn:r

nr:suu#rort$iudut'r*,qunqfiuavuoaodunr'ru#rdufindq,orsrnrou#{ilrndu drniu

n mil r* r cr o q o r nr go u udrrfu w fi 6n f; fl nci o nr: a u u#r r?s uil r n

riuvr#e, rs dloioriu & tn > ldfi nuruuu {rn or{ol u#saryutn : lnutdu : ffi n rfl u da

odrtnoaot tflunr:ouu#tuuundot (Thoueh Flow chamb€r type ) Iosfior:CIJmrrrurir

omsail$oudtdurornclnaronrrru$ouclu'ro 1500 {nd uasfifinnrunh fior:arrnrrrudu

ertruln: rmciio$iqduv,'rouudui'tuarn tuudrequnrntunr:suur?r Inuldnrrurgrq,oqnil

$oud r.s 2.s 3.5 uas +.s $cr:e,isr^urfrruasraareirulrj tso urfi uo:yrfin&nqfinnru#u

r?q6n lflfiro?q (+r) firnr:o:t$#qndrulnsldal$eu roru'irqarm4fidpgrrgaulu

nr:ouu#tfio 54 o{rf,'nlrarfiua rflilr:oaon'rrrudunrld:J:sil1ar 43 % o'rnfldruqn

2s ilu6uvr?ti

r{#u urnr (a+ ) lt?ridrfisrnrrilnardd{u6uvr6d noo {udldornduvrfddorqd,r

n6ndrun::rutf,firhi'rfludu lruor:du un urin rioif;olrdu uoihilsi{urnfi inqdldrlr
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.rr A aaaea I r . Aat lty gt I e 4-- g, -.- d- -e a
:{uouyt:uuililatuu:srRvt reiu dnqdrflunrnuaosldffrndsrC drnrnrfisn$#q tf,urdo {{fel

qndn{oirs1 railvftrasfirdrl ficrur:nfirrurfirrflu{uduvrSdtd dtfitrqorn'nioir tmsqn

rrel Indstd:'urJ:glssflnufirmqorurm{od'r{siu,u%o uav{uduvriti nvrlf,urJlt

qmaruffi vnunfi ungfl fr ndtslfiutu:s us u'r')

z.s. r sfincro{u6uvriddl#luvrrqnrrrnuni

2.s J.r{ uno n ( Fann manures ; nurufi t{ u6u vrt dii:.| : g n o u lil fi r erq 0 01:s rms

flaarrgcrs.rdnisfinsirsr rdu In n:sfis dr{nrr dsluilunenwd:snoudrulfiuvridunv

er:6uvririsfineirs1 urnilrerfi?i{n.od,fluBrriaude unsrirucroqu'rn',rdffoanrudrhhiln

dqaroosrflurormd,flu,"aqlaa finfiu $asartduntddut uuoolod,d.fisuudrfiinrfiu

uassoflilurdu tniu*ioe biotin ttdv pyridoxine 6ndru

2.5.r.2 {ufivaor (Green manrre ; nrurun's{uduvriddrflufr#gnlonm rn6o

nqntrJlufiulunursdfi#uroFq6llnuav&eoo$ risudogfi nr:rJgnfimrdn lnuilnfird

'l os lannufislu:s usdFilooRnofl

z.s.t.3 {tent rin ilursdr fl uo'uvr? d6 nil :s mn il uard ui'ru ru ru nr:nfinlnuorfrer

rdu oi'ror dsir ulunr douaaru6uvii dierqlr?fi nr:tio$aarua du rd'u rirq ldrffii uun fi fi u iifi

rdulmirwaqroa dur,,,u,uonfilur3udvr

zs,z rrqormrrluilu6unid

qorcruu-finrrnrsntrtu{ufiuvrtddld orndoisil{1 0lRnl?3rn:.raf cro{ susiki uas

nus drqlou u{qn! Isananr(+s) ililffiodErJlddruanrlusrr:.r,rfi s
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srr:xd s sw{il:snou{o{r{ado{rdwturJ:ctmclmu

o dr.r l: fi nrxr run nr:in:rs drioru urJ : ffu hJ tdnru uucis m se6 nr: rdw dn i nao o suR'r:

rfilinur{a nr:uonririn:rsdcrrr:nuonlddqrfl u$oungInudlilfineom$s$saasIn0

rintrinu#qKhrenbeek and Bruins. (ao ) ldf,nurssr{il:gnoil!1E01?i'l: tu{nder{lu

grl ro.raraod (shrry ) dq fi nr: fin fi rL tfl urisfin oc h?usulu rfi urfi n du dtnr: rsd 6

o'lr'rod o Snqu#r ar:duvr6d luln:rou rnrufufiu totryadn{lurisurSn

2ss nrrl#rJ:slermito.rilu6un€ci

nr:im:rgdruaror{uduv6d vrrrnfi uanrrfi uvir{urfufi lu1n:rou r{oadof,a

uas lilfrcduil du rJirurnr pirtsr rirunr:rirhJldldunsrJ: g lueni{orne;orur: o'r nrilr ns

vr:rutdsiodomoaoulunja{nono{ryirr.fu r.r#s rurnr (,H) ld:ru{rutuuilornoasvir

tuln:roun,ir#rmdrlu{u6uvr6drfluofiuvr?dar:dsncduil:clseni$iofi" duaulufrluda

usirdoqornar:d{ncirraarutriurn dqrfu$ounc lo-qo osrflurj:s1ssdeiofiry rioudrqr$r

drud*rfio tfluar:docnueionr:aar6'r rrleav{oia oqriil:snouogfid{ofiun5den:rms

Aul
lrund9?

dn?1iluu
(Y")

pH osr{il:gnou (mlourirmrinu#t )

C N P K

In 7.5G81.30 7.5-8.6 9.8-2.62 0.47-1.37 0.1yr.42 0.76-1.91

4
RTgUO 39.2- 59.3 7.4-8.3 12.2-18.5 0.86-1.32 0.32-0.58 0.8G2.21

qn: 14.5-45.3 s.7-8.5 16.9-22.8 t.03-22.8 t.7+2.69 0.63-1.34

d
tljO 7.00-37.10 6.8-8.8 18.+24.7 0.7+1.26 1.10-r.41 0.69-r.26

uilru: $ouav

Aql
9rundn? DM OI\{/DM N NH4-N/total-N

In 6.8 0.685 0.095 0.76

qn: 6.3 4.673 0.111 0.70

v lar
dn?ilfl r0.7 0.691 0.157 0.62

i t.l.rr6+t{
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duvridar: Isrurjno^ar:il:cnou6uvfi ti v'bar{oialudufi o$ r nrnfro

phospholipids uo9

iil:cnououvt:u T{o6f1'loSdtuoutJog 3 ilxnno inosifol phosphates

nucleic acids l:J 6'a rduillu{l udu vri do qjlu g:J t o.r rn6o fi av a rurfi'i r u

rmsrflurJ:slusf $rintltfli{odu mrnnot{uo'uvrtrilfludufiq }Jusraduilfinrqnwoonl:J

ld.irg uunfirdsruosfinr:svdrqruorililfuurulrrilriuu{r{urnndrhJunarfiuulouogfi

rJ : s il ru ndq r do u, u', uri',.ir u usi6 nn+{ r'r dt hia s a r urir

z.c nrtffu?arh @ewatering)

n'rs uufl r oir ufi r qr ouu nrlu4ndn{usinc sfi n uo nsit fiulil o rrusfi n m s dn{ usi At il uaq

dprfioufiufio nrrilflrntunr:gurordururirrfuoontuanrncq udludo{An5sn{'rs

rdulnuruosm,Rqnoonilrlucnruqrosruarld drovuunln0nr:pirunsun:qn:srold nu- (

35 ) i'luttlu'irfrrdtrrlnurldfiqdntsqldtrnnsun:sdsu ( vibratine screen lhjrfirdudtrJ:ot

uoulunonrjfiou

Skinner (36 ) ld decantq centrifuge dqrJ:s nsudrunl: r4:{uru?uou

( ahorizomal rotor) fientrilqun:{RnttlrJvntrdenfiufiu rotor qiln:oldtnrill ovtdrtto*duo

d zoo *, tirln*orcrfirnfot 4m3 tn fi I o/oDrysolids (DS) nisrflurintfincroqrft tzo

filanYn I #rlrutrdseitt Decanter cennifue ovlr{ Dewatoed sludge 4nkghdtfi zz x os

deu studge warer osoofrlrJ +.r n'n fi 0.29 Ds. #odfiolt,ail Flocculating ag.ot trJfieudruru

ooofiInn$usis#alilq nrrur{ru{urrriasaluo.t x d'rntdutnkirfildlnurndo{fiodr

nrirr dswar€red studge ffqfidn:rrirunmuduoqiilrndr$osns TGEo drdsqnrffiffurirlnuii

sau pishj n^raslvl'ldrirourfia^odo:drunrrrudu9suag aoso d'rosn4ugtunr:rt::l unsflu

huhlfluduoldlnuacorn 6sdstnri6nr:euu#rsis'lrJ fiioocdoqilrrndosfiofir€rtitdn

rJ:sf,nf;nrfl qr ur{unrrruduoenl:Jdnorniaqm6orynlnur.r

tg-.(47 I lduenfilnurir4ndn{drflucJo.rtfinr kirn*ooflr,,unril (centrituge)

Nx- 40 druiloffiofcJum 10 fiIa{nd(rw) ilqu 280 :ou (RPM) rrnqalnururnu.dryu

Inurueirudtflutotufir$suas 8 (totat solid ) osld oewatered sludge dfirynlnuurirud

rfluqlowfir$oflns lo
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unfi r

Q.l
?fifl1:flRU1

3.1 qrJn:ai

3.1.1

3.r.2

urilnuruSnuru firuru n fi'rorqrndu +.siJ rirurinrndu +rofilaniilciofr'r
tqr4{Crdldaidt

ron"t0trGtr?R'l1r luuljofl16rs?R'lT{[[uun{yt u1J1l19tl6 Qnil1f,nrun:

lnurgrJfi rz)

grJ{i rz riofrrryfirnrnuurlnrunofi rulu ro qnrrRr{run:

3.1.3 rndo.rfioqiu:'nrir nrruqrJfi rg d{r.r6nInaffii'ufid'nuils:runyrdun ri,:d
-9

3,1.3.I rflunr:du6nkirirlnarndo.rfiovrrsna unst#u:{.nunu

3.r.3.2 1#iaq rn 6e t#lu n rn q n a', 
" 

n t r ru du tu do.r fi u

3. 1.3.3 rfl urndsrfiocrurnrfi n (small scale ) r:: Eryalnuru lsin9qns ki
rfiu ts fiInniru

tndo{'lsIn:6n

3.r.2.4 rfl urndorfi ofil#u:{6'n tno6'rrnd urruoufi rfl uangrirdrd.rrio
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Itr

'i A a ed i
:rjvt l3 tfl:oiluotu:nul{

3.1.4 rndo'roilu#{ dtffiffuaftrdu lnudruun tum 0r n{o{n I o.: nr: H fin{n la

uuluriourin turel t6 qnilradrun: osfirJ?rurufrrryiruru il:cilril 3.8-6 qnulflri

$rn:(32) wfifirn:rilflou qnurnt{run:ns rg,743.so filngn duorrnnurilrflutorir t6'

6ruru g filnniil riruesrrnn'r:1{flr: runuti''fiqorm4fi zo o{grtryntfiuc ov:stltuflnlu

rflulsrirciortdnrrruio u z,4s4fiIngn ( +t )

ns 50 {ru?u 5 Qn:Jrflritiln: nsfirirnrrrru9ou

firfrrryfirnrvrfi fi osrirj:s noltol frrryfi rilu iotr
I

ss,irl.sfiInpn os:sriluilrld +o.zt fiIaniru

miodrurauflurynlnurudn:rrirunr',r,du$otns ao rfluituruso.zg filaniru dsfifi#n

d.rnrirrrii'hJdrurilc,urn{ourtavnsun:{fiiudlurinnr:l::qryaInuru fi finuorsdtfi

n.) fiturnrf;nrndsu&ruldasnrn

cr.) fi rdruuriu pr f; n rm 6o ldii 6'n n rdu ki.i r ulu fio': fi u

n.) rfluurrLnrn Inusrfronr:nrnlru9ou Ioucrur:n'lri:r.rrdsunrn

{ifidoun s,flucrsun:q 
old I ornusinvnrnYurirufinrynlnuruld tz fiIaniru:rru: nrn6n

,flurirnrinrynln st filnniru ucinc#u?ir.r,iu#uac z0 tryufirusr:

.r.) fiturn n{r{ * u1? x {rl rvirfi'l 0.45 x0.6 xl.3 tlJels drulutlrs
99

rfludos:slrunlildufinfi'silriot turnrdurirguti nnx t0 rryufitrusr: q{ 14 run:ilaru

rJrisrfidun?uqilnr: :sutuornlf,$ou lnrrugrJii r+lCopyright by Mahidol University
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n.l l#ffufrrryfirnrvrrviirfu

a.) dun:nn?ilqruqnrr4fioq]lurir'r 60-100 o{artryntfiua

rd-yt
Iljvl 14 qoilttl4{ltuuflnoil

Ad A93.2 ?fR'l:?OtJ

3.2.1 :srfiuun1:e6'o

lunt:iffu oc?irnr:dnuldfi'luRril*olo',rduolnuu rtnsIilrt1lilnl: f,nfll:{a
s o q - C i< s - -q-----^---^-^^ry^^-r.^ ^ 

n

tnuil [uU0!iluilo{dufrfrnur lorflnt:dt:?tlnun:n:6'?od1q :rilfi'ldnH10]n[ondr:{oryn

s{rsrfirfiurdo{ uofl0rndnrifrung{dfi.,*flun',tiffurfisnflnoo dun'tgrJttrLrlfitururvau

druiunr:i'nnr:rynlnuiltulhfirlnuilc,urntf;n tdoufiflrgmr{nlnuilnnrhltunon d':lrj

crrur:orir6'erlriuruerluqqnlu ud'nnr:iffutfiwotnot '[drxttu':nrrlfinlunr:f,nnl:rynIn

t{ao'r ; rJ ur rL Isr utdrvr nr lu la6ti fi o {lu do c fi u tu il n piu As d6oCopyright by Mahidol University
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s.z.2.niluuud t dunr:rJ:v gndrvrnlulatfriryfirnrvr dufl uwrnluln6tu

fiordu firrurnurnfiurvrnlulntnr:ouu#r rdorirfrnryalnuruludnsilsR'l:oilrr#t ungld

fluduvrEfu:rqq{xru InudrfirryfirRlflornnlrrrinqa1n rrtdrflurdsrnfistum:suu#t

ryalnan luofuruud.ctftJFilrn{oqaln dr:'rhlrl'tffnlurioufrnfirryfirnrnrmsnrrsuu#l

rfi{otufindxu 76:24 a',,r.,qfidourniufludsrncirudrnns'ir rJ?rumrrynlnurufirfiuq {u

as zrofilnniru muflumqq,sdsfirryfirnrvrrdonrinryalnuru fic,urn 16 qnillf,drunt

rdor{rurarnrrudndrudrmil'rsdrr nr:osfirfioturiourinldiuns teo fiInniu n6o$ouns zo

mrrJirurarrynlnsioiu drurynlniirnfiodn$ssas 24 rhhJsuu#t mlRn'Holrur?'rtd{u

dfiu.luduqq r,rfsffq'[riMrnsaurdonJiuurfiuuriu4nlnuuqrnu#tdrurarorfind 0s

rfirnr:rJ$unJduu$tTtil1nu nr:froTrvrnlulntnrtfiuisrrir tdrurirunsru erugrJuuud z

talz grJuuud z t#rJirurnrqalnuunlrJfirf,nlurjoufrn nnsrirffrnrsao't*d

16'trJrflur#srn6tlunr:suur?tqnlnaodoldr4rdu{u niurdurfugrJnuudt udmn
rsJt

rirqd'un:rfr riounvilrqnlnanrfiouu#r nsrirrsrmdoqfioduinrir urldciuindluN

riruoonriou wrfirl#rj:silfrofldruunarugoudtdoloolrdunrrjfrr'rfirolnduoltouu#q

nrinds tdfirryfirnrnfiou$eiarur:nouu#trynlnuutdu',odu olutfunuud,,cnutu gild

15-16

l'{,''TI'*l
J

nr:ndnffrryfrrnru(J6 %o) nr: eu u#{drsfrrryfirnrfl Q4vo)

etJii ts ducrsunr:ffnnr:qnlnurugrJuuud tCopyright by Mahidol University
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ryalnuru (100 %o)

gtJfi to qfucrounrffonr:rynlnuru;rJuuud z

32: dunounrriffu

3.2.2.r.nr : rfi u rlo ryudug,u
v

3.2.2.t.1. dolun'nArnr:rduruns;iluuunrr ffnnr:qalnurulufior6u

3.2.2.1.2 rlSrurarqa In rdorJ:s nou nr:fi mronnrunirqa louu rds o',:

fi r 6'n dr uiG n r r r.r fr nlu ri o frr ryfi r n rn $n g nr: o il ufi{

3.2.2.t.3 irn rrv du qotailrihnr{ nruR,ttq fl o{rya lnur nos dn :rdeunaru

dudurt'ruil?rurarnrrrudums4alnurudnrnut?rdruue{orfindrfl unar 3 du unsmvryaln

anrdorJ:snoilR'r:fl^ol:onnr:ou$t?qqnlnand'lufi'rsdrnrntt?frdsn'rrirunr.ruduoilfiuryu

Iod nrnu#rdr suasorfi nnl

3 22.r.4 irn:rvdnrqnrarurYfivnrnfi uasfirnr{ro{r rynlnanuav rynlnnrn

r#,rdruuatorfind tdunrt,Eorn:ildnzus{fis unsdnsrnJiu:Jrfisuiliil'rilrrqor.n:

mtryalnorrnu#{msoilu#.rdqonaqfieir.r'f irnru$ouovrirlfiqqrfiumelormr:hJmiolri

riruqunurifimrrdrnmdotdnsrrdsnsn:ru'irfilqinnf;ufa}l:lnfirfiocundl:nbltiu{u

druilietd

3a.2.r.sdu4urier$rryfirnrvrcruro 16 qnurat{ruo: rdsfirr:il'ro?1ruCopyright by Mahidol University



q

rl4rJ1gdillUn'lra{4u

3.22.2 nrif,ugr.luuud t

3.2.2.2.1 uiltdnriauqalnuuoonrflu$suns 76 Lns 24 druu:nrirhJki

riorrlnfirqdrnrn rdorfinfriryfirnr:n:roio:JFurnrfrr#rfi ndudru frrryfi rnof don:ro

asu:Jiurrufrr'rdrfierduriurfluhjsrril ,iloqndt6'f,nur1{u6ohilouosnjS0urfirutirrj?rurtu

frirydTdornnrrfrnsr

3.2.2.2 2rtrnr:nrnnr:ainrrrucrrurrotunr:suu#s{or frrryfianrfl f,udn

riru4nlndmhl{sru#virnsffiwnfohi Inuldrnarq{rsdsr:rdrunrrru#r dldo',nnr

:ouu#qnrrur::uqnfi

3.2aa.3 dirnr:nnao{ouu#{ 6ruru t o9o lnurirqnlnerrru,ndruu

ornour#q drrur tt fiIaniru 6ruau r du ouutfturu : drlu.r enmdnqorrql^

tnfionrnoru#q rJ?rurufirrydt#tunr:orudqunvrfiudaotirqnluuuduiluor:ouu#r r1n

,i, s
tu? ttJ{t

32.2.24irn:€filrdq:rdrunrrrududruefinrorrlft nrruuuunr:rJq^rifi

nr:rJgfi qagru lounr:f r6'aod rirrfilu{oullhtr
tuter 2,400 istd d#e Memmert dtqaruqfi d ros otntunrfisa td:gusnar nrouu#ruru

24 drlu rirfrrotirdu#rafivrtrl;iorirntio rh{oqaueinsfi?odtlil drursrnr

u'rluduuln:gruflun nrrugn: drd

dn:rciaunr,udulllrrgrufilun = x loo

rirnfinryalorflun

32.22.s irn:rsdilrrir rrq'lulrr:r0u( N) daui6 Kjeldahl
I

?1101

doadoiae) uacfireirilo.rtrq}lfrar6uu( K ; nrr?rn:rddqnrirrn:g?iry{{risurms

mdrnuouu#rqnIn

3.22.2.GrJ:sru^unnyrrdru:rnruncnrqif, an::rrorfl ouu#r

3.2.2.3 nr:iffugrJurLufi zCopyright by Mahidol University
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3.2.2s.1 rnhdorirumu;alnuuosnrflu$oens 76 rras 24 ri?uurn

rirkirionfrnfrrryfirnrr uas rirufi eo r mi r,rufi r r{r{ou u#s miu rd ue fiu grl uuud t

3.2.2.3.2 rirqn Inaor ornrirudaor rurfi rnri orfi drurndoqfi e,f,ri?orird

rlrvfiufriur.n dudorrfiiurJ:sfivr?nrutunr:ouurft rasil:g?rffntfittruornffrqfirnrl

ruasrdotdtdrJ?rurruqalndossuufiq finrruconndmfiurJ?rurtufir.rdrfio,dunrnnr:ufinrya

lnuruluriefirtornqn In riruu: n

3.22.3.4 drrfiunrouut?o s n9.r lourirryalndeirunrrfiuSr,rfrorn{u z

ul,odorlouuornfrr4tflunsunr{r aloas ts fiInnil 6ruru 3 arn inqtun4fimfionrn

ouu#q rfi u6'ro eJxrynlnSourdsuurflt uactiuvr"nil?rurar nr:t#firwrtrndrlut

3.22.3.s rfiudrodrqnlnen qalndriunr:inrfi ryalnuruddrun'rrou

$t?s ar nar 60 ,120 rns 180 urfi 6rurufrrodrms 100-150 nYru rirbjirn:rgdlu

#o.rrJ6'rifinr:rdourdsr:rrirunrrru#udrsffi nr:ouu#t fi'rtJrnJURl:rlfr:ffinr:rlgfiivrur

{agru irn:rvfqarauffiroqalnouur?sdngilrlil{rildrurflu{u6uvrtd rdeurr{r

:J3rumrrqorur:rdn No p, K nrtfin rJ?ilrarlcifluri ung lil:drda riourms udqorn

drrfiunr:oru#rr#oudr rir{o{adtdtrJnJisuffisufiu{oqnroqnlourudornu#sdrs

rnsorn^nd

3.2.2.3.G :J:s rfi urJrs dnGnril c,or nou ut?s rndolfiodriutfr,,u, 
^u"'ro

Io u w lr^ or: anfirrira r vlu r m vrf,:ugfllds#ru8sqdu dns rnr: aqrtrugrJ uuufi mil'rs du

n?lxtd'lltlt0cJo{rfl u9l5R5

3.22.4 nr::J:g6uflail1{rf,5ugqlenfduudu

3.22.4.rrJrsrfiulnunr:rJsurircro{r?n'r nrruffi4nrirflolriuqvrf; dons

rirurtulnodrrirldsiru rioduruolo:rnr:il:smnqu0ln rireirsrisfrrryfirnrr,{ c,u'ro 16

qnlrot{run:( nr:rJ:sffiurid6u:ri,r*d1#luor:rioa$rqisfrrry kirirrur:rrrflurirlddru)

rira$rsodoro:Lur?t rirair.rmdodu€nrfr ungrirtd{irumrnr:drrfiurruungfrqrflnur

rur:rrufiutuusinsflrd? rirtrJrinsonornrun:l:gtusdnourvrumnln:rnr:dorruirunnr:

6rmr.iru{uouu#.r uasnr:fifirwrnl#r1.rdrulouriliuuffiuudufiu rvirfiunr:dordoods

frrydq lrtdluuciacfl dslfildnnrl:cluffiinouuvruqvrfi tuuciacfl mnlornrfufifirnr:

rjiurirqrorna'r{o{n:srrdfiuandrfindutuucincil drfidoqnrdru dn:rrirunn (DiscoutCopyright by Mahidol University
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Rate, DF ) nr:rJiurir{s.rr.ra:J:slusd rmvrirarvgul#rflurhiloEriu rvlddo:r

druan nirfiudn:rnuodt$uuu, t 12 mv 18 lounr:firQuoronor4ufiquendsn

nulu'trrduol:rflusn rtasrulnrnrfisd nrrudrdu nr:lddn:Tieunn orndnrrnCIR

ldrnurnrrffirufiurrarqunl:'rs tdnr:arvluclo{rsnuutflufrrdrru ungdoh?rfromr,:rf,on

lunr:rdiuurfisuftfrril DF eir{.lurrfludrqar dwirzuo.r or fienrr:orrldrrnnr:rr

drrintrrJ rdsrJiurirqotnarudr fiovldqnririlopiutosnrnrJ:yle$fnouunuqvrfi nio

n:suarQuanrflu:rofl ilugtdsmtn{rdrufiu4riilovrfluryarirflrpiuquBcrorlnrsnrr drdr

unn'ir o In:{nr:dsnrirenrrtdfunrdfilrdqu mnv{rurir

3.2.2.4.2 rJ:gffiuflailffi Isinivrrqni{rnsnl{doruiildomnr:ar4udur?nl

fiufiitlnrruergnr:l#srucrordsfrrryfrrnrfl nrarJ:slusdn'hrsrr{r drursornnr:rro{u

6uvr3niouurflqdr4',o'rtuu,n?rmnrvqqrlu rflumnl 100 iu rrrufiuqnrirfriryfirnmddruror

ornrirld rirudogdsqdofrtwrltdru (LPc )urldn:fikififrtqfianrn rflu:rdtl nnrj:slssd

mrtdoru drueormnnrtrJ:gildoFulunr:doar:rnfidrtrflufirfr'nuilnqtuqqnlu $asR1:nn

rirtdriroririnu rqrnrnfrn {dlru 0 n on ounlrfi fir uan do ruii6
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4 Aq,
ru6nltflftul?og

a.r {oqadugru

4,!.t drdulnur.r uasnrrrirffnryalnuru

In:rnrdqa?unrrrdrlqlnuuclorcu'rfinamn:nflnurufiruvwuau 6rtin

ftrn{oun:rJgr fior:rduo*n'rlu'rodu v1nfl mnafifinu'ir tuil n.n.. zsrt {ruruarurfin

l00 r1s fifirurulnuu rfisq 5m fir urtuilnpiufidrurulnurusr'r 6Joo fir 6urueir'6n

2?8 :'ru rduooloolrrdeNlnunfnog$urufir rflunrjru 1 nruiltffun:v{utorao,*dud dn

unrirsrrrvrorufiourfrrrmgdufirrlnnilneiou duqerruar.n;:ni mg:rnruilduddsclrulfa

rnrailnurufirr$quauduldfu:rnrq.rdq s.ro urvrdofiInn$uftrfludqptol#finrldout,u,
- d dr 6l sr e t C d 3 !r --,-r 

I

crfiue?illniluqnu tuflrlriuovnu'i',n',ndudnr:rdoofiontrrirGru luilnrsfiInurulunonfi

ulodu tiorudoilqrnlnNilnRl?rulodu ndrado drdrurarorndrululnuil 6J00 drdedn

rfinrinlosrndu rso-aso fiIanirueiofir nr:{udruqalnrirurinmdo ts- zz fiIaniileisda
r v J J" r q q o ra s Co , s s g
doiu frrfi hi:rruilaarrglnuil mrnrlrururJ?rurtuqnlnuu fi fruriruornlnuruvgnfrr:rrufir

du 126 du siodumsfthififfinr:frnnr:fiurynlnurudtnrirrncriotdfinilanl?silmilr

ld'uri nfiunfiuuurtirdomnv{rfirlnuil naonoilqalnurudtsfroqlnsoonhJdruonl:rrisu

Inumilrcodr.riittuqqnlu nvnrilqrrrurnrflufirnufio rynlnuruovrfluuurfunrrufiu{

uruasdufiruungrarns{unon ristv?rfinnrrru6so9suuri{o{orfiuluuireslndrdw d{nu

uavlnun

qnlnuu nvfi if; nr: fi rffntrinrfi suffu4ndrfir duoqif,uanrrnonrmsif; olr*duo
i* & u , d ^^=r. ia

rln louvt? t1l0g1t 2 ?!gr{u no

?f, d r n:fi dowirqn Inurul:Jro^u r{rriefrrryfirnm ocldnrr 6r f,o In u:c uu fil un

(wethandling systems) Inuldrirfrs,triqnlnuruouooloduoun nql:J:rruluttil:sulu doCopyright by Mahidol University
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dr:rs:suremfirdrqnonooRrruiln'ror6CI{$ouas I 1#nmrvrr{r{riofiwiioonrru:r1{ d{u1n

,fluollduo Inum.irr,rrin 2sv4so fiInnSru 6ruru l-ts dt osfisilfirdofrrryfirnrn

iluln 16 qflilrf,fiiln: rruulnilntd

i$d z n:fidochqnlnuuhlnmu#rtuqqgou ogtffifirwnrynleiuu losnr:

l#udelneffiurflu:T udr Inutrin:sus frlild{aruqln ul{rsru1rirjrl:JnrnfiInuarnlrJqrul{

mfrqnsnufsr?rst nondlnd r nr:lfrdrlnuqnlnuruolndurbuldtitdrqfirnmilaguludu

nsn ungdrlnururiounr:touru osrirty?rirnnilcnrJ:ncruotf'tdut'toy,h$r.rInurur.?osndr:gu!
at rd 9 

^41filun u$ifi dorurTBnr: ffnnr:fiiqnlnuru ddnoenlrJornnsndrerefi du r drnucaue{olil

druiu nrrfinnr:rynInurutudrfl crurndn

ruau drfinrfu duo o'tnorr rdw lnuilnrsludrmo fi 1ur{{ rr6ru

qJsrcrJr8ndil n:aiInuru fi ruvw
! q rdr : ct

6[?il [?'r €Ulljufl',E m U{ fl Umm n

fiInuldrrei 2-20 fir uasrinogrdwuuurynfiul:rlul:qrfounaonnal nr:fiuoruri fl'r:

fiudru nminuruoxituuinau6srfiu dsrfinorn{oirfindrududo"ttduo uagrirt#drslu

o',ruortrudua$rrl:qr6ou nr:6'ornr:fiu4aInuruftn:sfirlns t#u:tqrudfio$Inuqn

InuussnlrJno,rqrufiuo$ilonnon rvirrfu ur'rr,hfrufirdedrurnfirirhJ{nrunrnddudu

m6uill{denr:f,nnr:qnInuillnumfl rs R'r:nlnuilarusrrnrfl unrtffnnr:fiurynInurudfi

rJ:vfivrf;nruqrtuqq$eu rrd{unn0s:r,nuri',luqnInurudrunrrrugourndsil:srurot 3@
u rr J s clgr a fr94t r^ ! n t d i{noeioorn{$Joi nr:rnfionsrqnlnuruttfurrl nfshflfirJSrurufrfifnsisfrufrornrflu

6rurudodrurlsswfirt#nr:nrnu#rsrot#nnrrfiu{ 2-3 iuryirrfu rftddurfiol:rndurynln

dnrnu#qndildruhjrur r-+ nststeduulnisrlsnnr nr:dturmnmru$suornuao,mr,rqdu{uas

rodrlm do:rrirunaludrroloqulnuilil:surarisuas 80 tsnan{n4dsrfiul$eenv a0 do

osrulirusioRr:{udrufl9orufiuu::qrflu{orynlnuuodu qout ts-zo fiIanSru :'rn'r

cJrocirfi#rdrdil o-s urneioqr :rnr{re,il6n 20 u'rvr nr:fronr:ryalnuild{n6irrn:sfirfiu

tuqqgourdo nr: {rurirorfl u{urfl uinqrJ:v ardrdn

c.t.z nr:?mnv#qomri6nrqnrsarnryalnuru

dn:rrirunuildu conteft )qnlnan nrrirloufrfrr4.1.2.1 dn:rdrunTrilSu (Moisture conteft )qn tndn '

otirqalnuil irn:rc?id?0efr nr:ilrdn:rrirunarrudurrn:JfrrT6nr::Jgfiqngru
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Hanl:em:lvdryalnururiounr:ouurft{ruru t 6'rodt nu'irqa

Inuldfidn:rdrunrrrudud'riiqordrflu$ouns 74.66 unsfidn:rci.uur',udrrqrqngouav

s2.30 fidn:rriaun.ludu,odu wirfiu gouac tz.zs dquaottunr:rqfi z

er'rr',udz dn:rdruo.luduryalnaEr

4.t.2.2 n r :im : rs dfi ',o'r'ru duqu 1o o r ru rfi.r dro r K{ o r fi n d

runnr:irn:rvrinu'irqnlnurudcrrndeuif; nrurr:rusnfi ?#onr:nrnur?s

druucroTfindrflunar r iu firiro'n:rdrun':rudurilqusuuas 40 qsqofounv ,6.1s dnrr

rirunerrudurndulogns $.38 ds$cartlunlrlod s rir$oflac{uoor',ududonrirmsl#rflu

rnarq{tunr:ouuy?sqalnaolu{euur?.rdowh?1dnrn6'vrffirilo.ludnoirfiunr:nrnu#rdru

uamrfiod

.7d
n:{vl rirrarinqarflun(nixr) rirmrinqnurft(niru) dn:rri'runarrudu (x)

I r50 ttz 74.66

2 2M t@ 80.39

3 150 120 80

4 L20 100 83

5 130 t20 92.30

6 t41.5 t20 84.81

7 llm 110 78.57

8 170 150 88.23

,odu 82.745
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n1:1{d s dn:rdrunrrrudurynlncrrdnrnur?qdruuasorfisrrtrflutrnr r {udunst- ro firlur

41J {oryanr:?rnnvdnrqnil

osr{rl :v noud d'rfrrgr,'to,u fi ru e.r {uduvr5 ddfr rn:rr rqo rnrr lrJ ld 6o nq

tuln:nu r'locdoia uaslilunaduru Inuruanr:im:rstfirrrirmrrrqeirrlornrynlnan

nldtfidrlulq:rtu9ouns 0.633 eimloavlsie e0 ppm .rmvdr}Jdarduu sso ppm. sm{nln

nrnu#rdrurnqorfindflu'idrirluln:rou9ouns o.zs rirr{oar'lsia 30pprn. unsrillrj

fiarduil 660 ppm. uco{lunr:rqd s {oqaftnrirrnsilrlilnJiuurfiuufiuryalnounfirid

qaruqfi dt t dqnr',il9outuflouu#r oroosfi rt#tretrorur:ndnfi nrrqrgrfloldrrnoud

qoru4fiqn

r'tr'rofi g nn nr:irn :rv r{nrqru arurifinmru rfl u{u6uvri fu oqn Inuru

lulgnrou (N)

vt
r'lsayloia ( p)

pprn

IrJdardoilK)

ppm

qalncrr 0.633 90 980

sYae
Hn tnnlnuu{rlfl.{ro'lnnu 0.750 30 660

4.1.4 rlofirilfifiilr{frrnrfl

firnr: rfiud'rodxornqalnuuuirenrdunon risurirl:Jouu#r rdu

dc
ft:{Yl rirnrinfilun(nfir) rirurinurflr(niru) dn:rci'lune'rudu(y")

I 156 72 K.15

2 L20 48 N

3 ll0 8A 4
rndu al.l8

Copyright by Mahidol University



47

dnur quarurTfivrrrfirnrn nsnlilnnrsqnrau:ifidrsfiuuuri{dundrdol:neirsltrJ{

lnrmynu dqrJ:snolhJdru rJr:rfinuns}Jr1nfrr flnnr:flnsrnu'irqnlnasrlrutdnurG

rueihiyru}l:Iordrunvqalnnrnu#sdru$eqorfisrdldflu?i{tdflsrf;uavtJ:lndrftuanrtu

r'rr,od to

r'r:'rod to p{nnr:fi'ro{drJ:snouvrNfirnrfl{oqnlnuru

l: wanr:fiinur grluuud r

qalnurd{:rriruoonurtuusins{u r4rnr:rnjqrfludodru zo : 24 druu:nrirlrltSrt'n

lurisfrrqfianrrry eirufi aowirtrJr{rrndosour,#.1

nanr:f,nurfiftii

+.2. t rl?rurs ft ,rdlfl unr: ou uv?q{ndrsffrryfi rno f fi 6ruru r qnuretiuror rde rfl sr

frrrysisrdorrfl umnruru g drlrus

+:.t rJ?rurarqalnaorirr{rmrfosourpft{ruru so fiInniru eurs#{fioeiofiu rflumnr

d'm #rlur tdfrrryfruru I qnuradnrn: drfiunr:ouu#rdru.u s o9o ldXalndfi

dn:rrirunnuduqrqogo uas 74.rr ,,uror'ru#udrqn$oonuoe.ro nnucnrlunrrr.,rd rr

rJr:rfin

qnlnuu

llr a
lqly'tu'lt }J:Infra ?ril'lut?tE

qnlnan + +(ritil)

rynlnurunrnueqoffind r 5u - ('hinu)
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nrNd l1 n'Four#{{nlnendrufrrryfirntq

nrlni{do dru rya Inurud{u ri'ruuu orurluwins {utudodau 7 6 : 24 1o udrdrur: n

hJleilurisfrrwfianrnc,u'rn t6 qnulflrinr*ttfu finrrururursail drog'ldfrrryfirnrvrtung

+6 qnumdruor doarur:nrhtrJqrdilunsriruiirmdorirhJouu#tqnlnuuld R15ou

u#r4nlnanorndorriaudaoqdrnjqt&fu ririlrsuildqufuu, so fiIanYu 6ruau t ofu

tur$iagn9{rilerfrrryouu#ruru r #rlru'r tdfrrry:J?ur* titrld s qnurarinrn: dn:rdru

ot,uftmduroqn1nuilan n{olR$suns 81.96 rflu$ssag 7r2g rfrnfsdsr:rdru

u.l*,duduunsluqnlnanl hiasorndosf,uvrqufi dldri,ru.*1{rdsfiosqrirJ:snsufimu

flsuns so tufrrqfirRTimsd'uJ'rrntr?ndwunlruYoupirfii tg,zeg.sofiIagndognurnd

uJn: nr:mrrlnr3frrqfrrnrrdru?u 3 Qnurcdrusr: firirnrru9ouryirrYu 59p30.50 filagn

rrnsolflar:lonlrrunurirdqtunqfi 20 o{flterarfisa dottdnnru$oulunr::gruutfluts nir

fiu z,es+ fiInga 6qr{rurnrt6'irns:smutf',ta z+.ta fiInnftr usilunrrnnnwriq:srruld

rfi0q +.2 frlanYru d1n4Eo1$0srurrv'iqnlncer figrJvr:qrflut{surnu'r R'n?sn4urf'.t6lu'ruu',o

osldnorulurmsn?'uJ$ouq,rdovdiruqaru4fiornununnt{aqouur?rnioqnlnrurirb?fi

o'rrrunuli'lldiifirusntotfiourynIn nioororflutfl:'rsn1:tsu',uor'tu#uIneJ:Jie.:firufr

dldtriailq:s,i nrnnno{[rJuuuiifthiarur:ofrqalnu::Eqs{rnrirurflu{lutdnr:r

ulludusooqroqiurnrfiulrJ lerufidn:rciruo.',udursm'irtfosa v Gs.3l-74.rr fthlriqn

Indoru#s nlRfl lrmnaortugrJuuudt:Jnrrirrrqorur:

fllimnno{ dsr:rdeunrrrdu (zr) !19101141:

ilrJ'lu[?rEriououu#.r ildqsur$ft N P K
td

n:{vl I 84.35 74.11 nrrrduqr

hiarrur:o

dTu::pt

6rtnirutu

s:J{uld

oiod z 83.07 72.03

ntisd r 79.30 70.01

&A
n:{vt 4 82.60 70.96

ufod s 80.50 69.36

rqdu st.go mfiu zt.zg
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nJ emnr:Ginsr grluuuilz

4.3.r urlqnlnurudtd,fluArA'ru 76 : za niurdurfiugrJuuud r rJrriruurnldrio

ur3nfrrqfirnrn uasdrcirufiaou{rrndorsuudr usirieudosfrr{r{ouurft rlr4nlnuur{r

rndodllnrir 4nlnuliidrunr:tnrfrrdriruru as fiInnil rtrr{r{eurflur?ar s #rlils

ldfirryfirnrnrfluurariqfirffinnru#ou firnrrnonstouu#t 6rurusn9t riufinnaflot

qorn4fim.rornrqrufio nrnoru#r uncil6urorffr"ritdaod',tuo ,.urio,fiudeodrqalno:r

ur?r qndrlilq lu$siasnrn n u'ir rdeduqo nr: ou udrtdfrrmJiur* dlqu z.s qnurad

uJa: rmsq{qo Loo gnurotftrun: qornqfirnfieulruu,,fio#rrri.r0 n$oorodd.rlnd

ruflciqfirrfionnr$sudrnrlnrSornfirryflrnrfl osfrrir:sra'it 86-94 otsrrryntduu'fud z uis

nmnnr{qarnqfi:an'irr 7?-s6 o{fiimarfisa ,rurr$ud g ufoorouu qantqfifirir:cf irq

65-70 o{trlmarfisa vru'irrdsfrrnr:our#'srirulrJ r #rfurdn:rdrunruduryalotuerrndr

qrqergouav zs drqngouau so.r rdoouurfturu z #rluq dsr:rdrunrrruduqnlnur.ru'rufr

z firirqrqn$o aav 6sa rflrqo$ounv so.o uundosuu#quru r drlilsdn:rdrunmrudurynln

uruorhd r firirqrqogouns 56.3 drqn $ounv az.r uRoqrualunr:td u
nr: rnisryn lnuru o s nrfl udsrdru 7 6z 24rfu fi nrur muu eirdrmfu fi r flnturio

frrryfirnrflcrulo t6 qnilmriuJn: unsldfrrryrJ?rurar o qnureriursr:eisiu osrfiutflot#lu

nr:qrdru rmsdrudruf,orirlrJouu#rrgalnuudrudao.r rdorflunr:rJ:sfiffnndsrru tu

nr:ouu#rrynlnur lugrJuuud, d 6or.i',,odotfiusnrfrrurriuinrrfiqnlncn drfrdo:rciru

o,llu#u,ods 3oe,ag sz.t+ nd{nr:?nd1osfidn:r6iruu.',u#r,odu$ssns zr.ez ftrlrrya

ln5orir6'qnrirardr{ouu#rornnv ts fiIanfru t#ttnmr:ouur{t t drlus Inuorfiuuilri.r

firrfiernrrru$ouorn firrydrnrror rr1drynlnsuu#rdfidsr:rdrun.,udu,odu$seras 54.59$as

nr:ldfrrqrndotu#rlild r ztnss rfluiruru t.oto r.slt rras2.T8 qnurot{run:

nrildrdudrrnortunr:',od tsuugte doe',ulrou::pt6rnrirutd uasfiu'r',*,du1od,firo

fiu nr: nrnufiqdauuawrfi n d dqfi dn:rriruu rludu,od u $o e,as+r.g e

orngrJuurd, duuoolnrndu.rtorfroseirsnnilFumdrluryalnen1dloscn{ru'l{r

druudr trrJvr:worqnlnduuuurrornnr:dninkirfi oseieuffiildudfirluuruuldr.rrnCopyright by Mahidol University
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du virtr?nr:ouuri'rqalninrir rdoldsunlru$ouornutrfurirrfioarugou tfldt,nto

droqituqalntsfintrndou6'rtrnrnunnrtryalnur{u?nordufirqaln duolrrunu1d{ru

uagfi{Turuu',odu

,'rr'rud n dsr:rdaunr',udu *,urqarmqfinrfiooroouu#s tu trnrsit'ltunr:o:lrv?sqnln
.i!
:ou'l

rear (urfi)

0 60 120 r80

ldfrrq

(nu.ru)

A
n?1iltuu

(Yr)

tdfrrq

(au.u.)

{
n?'lxlsu

(w

q9d
t$n'l0r

(au.ru)

d
fi?1il!tru

(%)

ldfirry

(nu.ru)

n?'lrJ

du tyo
6A

n:{vl I

g2-g40 c 0 70 I 56.3 1.9 66.6 2.7 56.3

77-860 C 0 70.3 I 72.5 r.9 56 2.7 55

65-700C 0 72.5 I 75 1.9 66.6 2.7 70.7

nfqd z

g2-g40c 0 75.5 l.l 67.9 2.1 56.9 3.06 4.9

77-860C 0 75.4 1.t 682 2.1 58.6 3.06 37.8

65-700C 0 79.8 l.l 71.9 2.t 67.7 3.06 50.0

n$qfi r

gz-g4oc 0 75.O I 68.8 2 s0.5 2.5 45

77-960C 0 7r.6 I 70 2 65.5 2.5 63.2

65-700C 0 72.5 I &.3 2 62 2.5 612
&A

n5{vt 4

92-860C 0 76.4 4.94 70.6 1.84 60 2.72 5l

77-860C 0 77.6 0.94 732 1.84 692 2.72 60

65-700C 0 78.9 0.94 7t"A l.M 62.8 2.72 58.5

n:ld s

92-g60C 0 7l l.M 63.4 2.M 55.1 2-92 48.9

77-E60C 0 73A r.04 69 2.U 65.3 2.92 60

65-700C 0 75.9 1.04 69.9 2,M 63.9 2.92 58.6
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nrNd 13 rimdudn:rdrunrrrudu rynlnurulunouud.r ornnrnouuds 3 aro

s,l:r d t+ dn:rdruurluduuusrjilrtufrrryiitdsuufi.r rndu fl Rfl 'Fnonuu, o$o

olnRr:nan o'rlutrrl uuud z dldtilqn ln ou udqirn:rs ?i?nldnurf; yru'h trifi lci

nurf;drnnru $cnqdrnrtouuf.rdqnrn4fi eoro srsrrrynrdue ulu 3 firluq 0sd1rJ'r:0

r{raruldflurGldfttde.raaoondmfiu George rchobanogtous A. (49) dnrha'irld ascaris

tutnbricoides ov qnfr rnrudruqunqfi rurnn'ir so ot grtwa rfi ua uruhirfi u r #rlrur

firdoqnr:nnruduryaInouu#qpirfiunr:ornu#qdruucqorfi ndlerunr::s,norf',lr,

ryaInurut#tdulndu tgdirnr:nrnnr:afornn:rr,l :cu'irrdn:rd'runarrrdurynln6oriror

ur?qfrinnrnr:ouu#r nrugrJd rz wnu'ir nr:ouu#r1#nnrd:srurtu + #rhr 2s

urfi rdotvldrynlnulouuftdfidn:druu.,udu Sosag +g.lg niorvirfiunr:nrnu#s

druuaqsrfirritiu,uo dwnn:rdsisnrirrnrnnrroi'ir ocdo{ldflrryf,rnrfl dunrrun

nr?rqnlnterrilrJrtul* 3.E qnumrirusr:

R',r:nnno{
4

% o?'liliilu "2" nerudU m nrrruduryalnuru ar nareirllu{ou

ryaInan
sa 5

{n rnsnul oo urfi tzourfi tso urii
e7dn:{yt I 84.5 70.92 67.90 63.00 60.66

oird z 83.0 76.91 69.30 61.08 43.58

nirii 3 79.30 73.M 67.58 59.32 56.6
&A

n:{yt 4 82.60 75.61 71.71 64.03 56.218

niqd s 81.32 73.41 67.43 6t.42 55.81

[?n'rR't:ollu#t turfil

60 120 180

frrry (nu.ru.) n'lrrudu ('2") ffrry (au.ru.) nnufu (yo) frrry ( nu.ru. ) narrudu (.2")

1.016 68.78 r.976 6t.77 2.78 54.59
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I
r€z

E,
€e

E{r

m

@

50

40

@

a

10

0.5 't t.5 2 25 3 a5 4 4.5

12|,|mmr|uft(f,rt&)

0

gdd lz fnndzunnnfuuwrm,rrrnsuufiiXatnunlarhudaumqfl nrnrilana{ s afo

4.4 qoffi il rihnrir nfi ,uo{nmrfl uiluBuvf id

orr{rJ:g noudA'rAqdnutirtrqornr:'lrJ1#60 n rr; tu In: rou vl ear,l oia

mglduncduil louannr:in:rsr{tarrirfl o{!'relo1t4r:sirE"'l
I s C yA

lrlJ?lun lnuilvr0u u?1{yl

qarfiqfi 65-9s o{d'uryardsa osl#p,racrsrluln:roufirir 9ouas 0.7-0.963 rimloar'loia

9otrav 0.004-0.011 mfs a&110 pp rns rirhld'ardail $sans 0.0869-0.169

nfo 86F 1690 ppm drnaottusrltlofi ts

r'rr'rod ts nnnr:irn:rrdr,nr1*a*rffinmrurfl u{u6uvi?tftroqalnuru

lu1n:rou(N)

vt
v'lsadoia(p)

(pp-)

}Jdardoil(r)

(ppm)

qnlnuuouu#rfi 95 oc
0.963 110 1,690

qalnuuouu#rd 77 oc
0.70 30 690

ryalnuruouut?rd 65 oc
0.788 q 869Copyright by Mahidol University
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nrrim:w#o{drJ:snoilvrrrnfi lmqorrr:rdn)
I ar
YrEflr?lQilgr1{ 61 1'O{{A

Inuruouu#ramnr:im:rsd nudrrJ?rurar!'rqolfi1n4frncrorfrsluryaIndl#qtur4ru^lunr

:oudunneirrfiuogfiilSilmr!'rEotrr:rfi#trirdrfiu nrirrfiordosuu#rdqormqfind e5

77 Lny, 6s oqnrrryardsc{ osr,ru'ir N finerrur{uc?uanarflutirdunrnnr:oulnsldEannqfi

d'tuo o'lur',t',od ts druiurrEorfirr p $ns K fin:roflufifiuur}huqiurdsafiu d,flu

miudru:rvqanrqfidldordrfirirqru'rR0sd'unro'ldnarru#uoonmnryalnldrurndu rfirb?

rurarorrynlnri#qfirirddrn'irnr:ouu#'rdldqmu4fidrawr rdofrndururrirurrurirdoriau

cro{r1E01fi r: Iouilrnudx6{ ldrirqrn'ir

drr.rfurJ?rmil!'rEo'lr4r: N tuqalnsuufirfidrdoundr$ouas t louu:ahi'irog

oudqmrqfitn 1 orndoryndldnoaqrJld'iqnloouufq hiarrur:ndrsrfluurndrc,o{r N

1#fis16'sdr{tfiuqflo drfroqnr:nfi0fisnr:nsfinr:1#{u N $'railrer^il1#fiurfr#oyna^n du

flattiunr:crro N drurrqornrrn lurynlodn:rornufirirriour?r'rqudol#rnsq{urnrr

glun?TJqnueruq:dro'r6urfludruJEuurfiou 6odtJ?rnsr'loar'lsiadrflurJ:slusf dafin

nriliB$oq Braytr (available rp, )firirfioun'ir to tx2s uny rurnn'ir 25 ppm udn{

'irfirirdr ilrunarr msq{ nrrJdrdu (50) 6'rrfu rynlnouu#.rarlr:oogtddu

umritmqorur: p drufuvrostdodrsffiu{fi0 uciodrrl:finruqnlnouu#swnerununrel

o1r4'r: p tdurnriosffiut1:dufiu'irfinr1d{urya1onraonr:ar6nfisffiuqnouiotri 6rrfludo.r

fi nrtdru'rardn: rnr:tdffi nd'orildu

rirurrqorur: r w durEiurduafiunelorni r nrirrfioryalnfi rrqorur: r oqiqr

rrnrdsrfiuutiurnorEiilrn:gliln?lilqnraru4roizuordu dorJ?rurarhJdarfisilddu:J:gle,sd

firirrloun'ir oo o{:vn'ir 6&90 unsqsn'ir90ppm uanq'hfirirdr :hunnrsuasq{orl
I

drdr (so) 6'rriu rynlno:ln?rftarrur:n1#rfluuurirorur: r drui::nr:rufinnor'kirfluodr.r6

drfi dn:rnr:lciar hjlufi ud rfi uu* u

rJr s Issdd tdsuuo nrmfi o or nnr: rfl uufi riq ra€il { o{ r'rqo 1il'r: ndncrorfrildr fl 1:

1#qnlnludurdonr:r.rdsrfisocdufirqndurrqornr:1v?rfiulflu6u1durndu ttod,orlrryu

lnogfinmilcrrur:olunr:uandduurhvquandqsurn (s0) rirtr?dunr:r$ilrj:sfivrBnrvr

nornr:tdqs nfi rJ:slssridnotirruds6onr:rfioar:rdur,rdmolonr:carsfrrmqnlnd

rfluduvridinqvfiorndr ( st ) arlduud,firduonirl#der6ufin'rrua6urdu dq.i',r,sionr:

ffonrrnrtdrurc,nlfl usrrflr:u lunr:rufinfiw
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ly I u da g 9,4.5 SrilYlUYr{ililO$As5TrTUYilROO'rRRlft1E {Atnoutl?r,{

o4 s dqger o r rugo i
il o {rrfr lf"tu nr: d ru rarri'r Npv dlrJt st dIil tildq fi

4.5. I rrldlu (n'Hn{qu) ilrurudq ryoeirto.:nr:ntvguluilu:nd-rrj:snoudru

4.5.1.1 duqun$i (Fixed cost) ilssRoudru

rireirqisfrrryfirnrr rflufiu npToxln

rirrn*oqouufiiqnlnuru rflurtu 1,000 uryl

rimds.:fiu€otrirfrornr4alnuu rfl ufiu 5m uryl

dr duq untdd'rnrire{rq du :rru rfl u fi uriq du rq,n ou rvr oy rhhJt#tunr:x d

te rdo nr:drurunrqnriril o piuqvri

4.5.1.2 duvluffurnlt (variable cost) il:snsudru

riru:{.:ru tunr:iffun$od dutlurdurfiurr{.nu ssrflurirfir,l

tu:{{r'runu{rulslflsludotdu rdunr:unrnqalnuruuarnr:qnnsnurriofriqfirnryr fin
9.

ornqirr:{frudr nrstuftfiinunr:ilgrurJ:sillru l5z uryrsiodu ilfstz.qo urilgiofrrlur

(do:rrirffNcfudr q'orfr{u{oun:rJgruiJ zsao) ffrqu:srru firu'lu t u:r tdmnrlunr:firnu

r drlns:rurflurir$rwruiu s2.20 Ltln frNurfirqrufinsisfru roo iuluqgnlu dur3u

5220 x1n

+.s: :rusu

4.s.2.1:rgiulnun:r

4.s.2.t.rrrusudldsrnnuuu{u6uvrtdouu#E drrunnr:dri?trm'r

{uluqqnlutorfldeirurur ilruld:mrfiInniruns 2 u'ryr d'rrfuflrJ:vnoilfl1:0sd'rrr:0fi:ru

ldnrnnr:rnuflo6uvrtdrdrfiu ro frInniru x 2 ilryr x too {urflurtu 6,000 il'ryr lurou t

il

4.5J.r.z:ruYrornrirflrqfirnryriirflurdonnrfiu1rdru nhurororRnns
I ag U r.16, A 619 9 d r qgr o- - C O, g

rJndfrrlrifrflrryBrnrnl{ nc6oqfrdrlfrir€,d'lfiiufiofirur4rdrururofiw::1 ts 6n: :rnr

frqas tss rrvr l#tunfrr5oulduru fi iu il:cilrfln'rrldrflunar gso {u $istl ogld
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firry s ft :rrurflurtu gzs urn {rurulQudqnrirr fiorflu:ruiildrfinmnnrnrj:sluinfcroq

nrnnrirldriru lnefl ft{dr.rrur1tdru nrnfrrrySrn'r?rnnrryru

4.s.2 2 nrarj:s luqniln e,dou

4.s.2.2.tRraoflmsrhl:n nr:f,onr:4nlnuru louilrlilldturiofrrry

flrnrn uasrirfrrrydldruro:lr#rqnlnurutuqqdu osqiauanuuri.ruvrdr{u{rotmmdrrol

drflufi.r:'r1:nucjnuunclnld d'rlerurlnfifrrdwlnurdetd'ocr:mfi drmsunr:tirfforrua.r

rurtd tuqqrluil:srurat t fin: :rnr 800 u'rvr dqdu:rsiudrfinolo^arJ:slssdclo{Rl:aa

rirl#rirudtfl u nr: fi r fro urunq dr dunrus ilrl: nnr doru

4.s.2.2.2 nr:asrrirldrirodruqrn rn lnun

nr:fi uunqrrntu qqnlulnuorfruqalnururfl udennrurudr{u{

uilnqilrl:nnrs:suudq6oo nr:t6uihutrnl:ndrnrin il:srurarnr:'irlnuruwrfiilijru

$ouag to crosdrfulnuil:rudsu fiodudn:rdhu z firornlnuurionuu zo d't finrirYnsr

iuas too u,m cio6'r rflurear s iu :urrflufiu 1,000 u'ryr cnn:ruldrrnnrr€srurl:J

qrr, fiosdoqsgrilurnrvihu fiorflurirurufiu to fiIanirusiofirtu 6ruru z dr :ruqqrdu

liruruFu zo fiInnSru 6ruru s du wirfru too filanYru :rnrc,rul#eirn:afun:ilgl6rfin

fiIaniruns e.35 rryn?rurflufiuyftdu rr ulo

n r r il : g rfi u fi n rJ : c lusdln uds il d rfi n or n c, o q In : s n rrd{ n6irr

:audufiu g00+10@+935:2,775 Uvr firirryarirdrJrcdudrnrirrdrsrJrhJ:arurflunn

:l:slueninorunu:rtfildrhJdrurnnnrqaririlnlriuqvrBlunr:r.d rg 20 rmc 2r

nnrj: s Issdmr{ dsil d til td'fiprrfl urirfi utu nr:i o'ud 6o fi r

urndoruu?nillndrdwrqiudrnaorartrrars riorirhi6'ou'rnr:snrrucnrhnornqa

Inuru onooounarJ:sluvrfmrtnrtourfio n?lild?utlu rnsqiln'rflfiinrerfrnurBmar

uud{rdmInuil

4.G nr:il:vffiuryaririloqriuqnf; mllnmnrr

qaririlol:iuqvrf;m.rIn:oo'rrdldoloo'rrouuuou{od rirurtunrlnflfirrirtddru

ofoduruoln:rnr:hjrinoonnrnnnil:clusdnsuuvrurflu:rdtll:J dot#tdnrnrJ:clusd

erolJrrfluqnf;fiion:sffifiuan tuuciasfl mdrornrfu firirnrr:Jiurir{eqraarqleqn:vuerquCopyright by Mahidol University
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Jo J o , al
dofirno{uluuernsil dsfide qtudau drdruriruaor n:ddrsnmrflufrnctru

g

oo:1

drunolduridn:ro,oordr drrircfsr6'rdmrd'runnldurornsrr:Ndrr$nErJ vru'iqnrir

iloqriuqvrfi tu:cdudn:,uuodt $ouas ts rz tras s firirwidu -r2,M3.76

t02,34.7g Uns-5,502.4? illvt sttJdlfru drUaOsnntUtltlod te L7 rrasl8

,'rr'rod to nr:rJrsffiuqnririlopiuqvrf; derqnr:tdtruqrouiofirryrflut?nl 15 fl

(dn:roonrdu l8 % ) druratornruarhslusdlaun:{
I

141J?U : U'lYl

il vlu
I

R'l t[: {

$'lu

I
i180'lu:?u {nnoil$vtu ilanouuvlu

{mfi

D.F.18 % garirilrlriu

I 24,770 ,220 29,990 597s -23,015 1.847 -r9493.70

2 0 s220 5,220 5,975 1,755 ).719 t26r.84

3 0 5220 5220 6,975 rJss 0.609 1,068.79

+ 0 5220 ,220 6,975 1,755 0.516
'05.58

) D 5220 ,220 6,m5 rJss 0.437 166.93

D c 5220 ,220 697s 1,755 0.37 6l;9.3s

7 0 ,220 5220 6,975 1,755 0.314 551.07

8 0 ,220 s220 6875 t,755 ).266 466.83

9 0 s220 5220 597s 1,755 t225 394.87

l0 0 s220 s220 5,975 r,755 ).191 335.20

1t ) s22O 5,220 6,975 wss t.162 284.3r

t2 ) s220 5,220 6,975 1,775 0.137 2q.43

r3 D 5220 ,220 697s rJss 0.116 203.58

L4 ) s22o ,220 6,975 1.,755 0.099 L73.74

15 0 s220 s220 697s rJss 0.084 A7.A

t?tJ 24,770 78300 103,070 tM,625 1,555 -t2,M3.76
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tmnrxd ro nr:firtururaqutulni{rnli dn:rosnrds$osns ra firynririlnlriu

qvrirorln:q rflurQu -rz,M3.lo u1n dqfirirdoun'ir o ngduln:qnr:dhint:tdfunr:

ariuaqu rn:rv hi{rurirdefinomnn:J:s lumivrtn:{rfi uqodrlrdur

o,r',od tz nr:rhsffiuqaririlopiuqvrG dortlnr:ldtrutstrjofirqtflunar ts fl
(dn: rn o nd il t2 o/o) drurat orn nrnrj: s luflfmt{ nt{

olort-nd tz nr:firQururntqululnr{R'lt dsr:roontdufouas

qvrf; ro.r In:r rfl u fi u - ro p34.7 s urvr dt rfi pr rrn runil:s luryrilnun :c

qsdulnrsn'':if1*iu.:ldilnrrarildqu ${rrshj{rurir

tz ftqnririlopiu

dtfirirrlosn'ir o

I

l'lU?U: lllYl

ill vlu
I

n 1$1,0

{1U

I
ilru01ut?rJ P'tanou$Ytu flnfloiluvl1.r

qmB

DX.l2o/o ryaririlnpiu

I 24,770 5220 29,994 1,975 -23,015 0.893 .20,552.39

2 0 s220 5220 5975 rJss 0.797 1,398.73

3 0 s22O s220 5975 tJss 0.712 1249.s6

+ 0 s220 ,220 6,975 1,755 0.636 1,116.18

5 0 s22O ,220 697s L,755 0.567 t9s.08

D D 5220 ,220 6975 1,755 1.507 889.78

7 D ,220 5220 69ts 1,755 t.452 793.26

8 0 ,220 5220 597s 1,755 ,.Q4 709.02

9 0 ,220 s220 t97s 1,755 0.361 633.55

l0 0 ,220 s?20 597s 1,755 0.322 t65.1r

ll 0 ,220 s220 6,975 r:7ss 0.287 r03.68

t2 ) 5224 5220 697s 1,755 0.257 451.03

l3 l s22O ,220 6,975 1,755 0.229 401.89

t4 0 s220 ,p20 j,975 tJss 0.205 359.77

15 0 s22A s220 t,975 1,755 0.183 32t.t6

:?TJ 24J70 78,300 103,070 w,625 1,555 10,164.59
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ernNd lB nr:rJ:srfiuryarirflolriuqvrf; dorqnr:ldqrursqrisfrrrydur?nl 15 tl
( dn:roonrdu s m) eirurilornamilrslerfldlofln:q

oromr",odra nr:f,fiururnqutu1fl:{rn1: do:rsronrdu$osns s firynririloqriu

qmBto.rln:t rflufiu -s,502.81 urvrdrfiorurmnan:J:slurdlousnrryirrfu d':firirrisun'ir

o nsrfuloroo',rd1*iua:ld$unr:arirLaqu rn:rrhi{ruridrrhurorornl.m:J:cluffiiloo

cD€dr.:6ur

I
14U?U: il'lyl

il Iu
I

n'l [[5 {l

{'lu

t
tlut'rut?lJ N6StOil[tytu ruanoil[[Ytu

qnfr

D.F.s % gnririlopiu

I 24,770 s220 29,990 597s -23,0L5 )952 .2t9r0.28

z c s220 s220 597s 1,755 0.907 1,591.78

3 0 5220 5220 ,97s 1,755 0.864 1,516.32

4 0 ,224 5220 5,975 1,755 0.823 1,444.36

5 0 t220 5,220 5g7s 1,755 0.704 r23s.s2

6 0 5,220 5220 5,975 1,755 0.74 r,309.25

7 0 t220 ,220 6975 1,755 0.711 1247.80

I 0 5.,220 ,220 6,975 1,755 0.677 1,188.13

9 0 5220 ,?20 6,975 1,755 ).645 1,131.97

l0 0 522O ,in0 6,975 1,755 1.614 1,077.57

ll 0 5220 ,2ZO 6.n5 1,755 ).585 \426.67

2 0 5,220 ,220 697s 1,755 ).557 977.53

t3 ) s220 ,220 6,975 L,755 ).s30 930.15

L4 ) s22O ,,220 6,975 1,755 ).505 886.27

l5 ) s220 ,220 6,975 rJss ).481 84/..t5

t?tJ r4J70 78,300 43,090 1M,625 1,555 -5,502.81
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nrtd re nr:il:sffiurynririlopiuqvrB dorqnr:1#.:ruc,o{dofrrryfiur?a1 t5 fl
(dn:rno nrdu rB o/o )drurs nrnnnrjrv lusdln un:{ mg In udoru

.'.lor',r',tfi u nr:tf,r3uua,rqululn:{rn'E dsr:roenrds$sunv tg firJu

rirflolriuqvrf;$orln:q rflurQu 1,882.69 u'ryr drfisrrurornrunrJ:clusflnun:tunclnu

d'0il d{firiurnn'ir o ngdulnroo',rdorrl6iunr:ariuaqu nr:rvnfurirdrdruru

nrn anil:s luffiiln un :r uas lnudsru

I
?IU?U : IJ]YI

il 4u
I

n1u:{

{'lu

I
5190'ltJ:?u flanourlvtu naflou[[vtu

Aqn!

D.F.l8 % ryaririlopiu

I 14,77O ,220 2e990 ,,710 '2oPgo t.u7 -t7,177.16

2 ) ,220 s220 ,,710 4490 ).719 3228.3r

3 ) 5220 s22O 9,710 4Ag0 ).609 2,734.41

4 ) ,220 s220 ,Jr0 4,490 ).516 2,316.94

5 c ,220 s220 ,Jr0 4A9o t.437 1,962.13

D ) ,220 5,220 ,,710 4,490 1.37 1,661.30

7 0 ,220 s220 ,,7L0 4490 ).314 1,409.86

B 0 ,220 s220 ,,710 4490 c266 1,194.34

I 0 ,220 s220 ,,710 4,490 0.225 1,010.25

l0 D ,220 s220 ),710 4490 0.191 857.s9

ll 0 ,220 s220 ,,71o 4490 0.162 727.38

L2 0 ,p2o s220 ,,710 4490 0.137 615.13

l3 0 ,220 5,220 ,,710 4490 0.116 s20.u

14 0 ,220 s220 ,,710 4AgO ).099 4.sl
15 0 ,220 s220 ,,710 4AgO c.084 377.16

t?tJ z+774 78300 103,070 145,650 83,140 1882.69
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en?1.:d zo nr:il:srfiuqnririlnpiuqvrfi dorgnr:tdqruc,osriofirryrfl urear rs fl
(dn:rnonrdu n % ) drurruornruarj:gle$dloun:rmsloudou

I

?111?rl : UlTI

iJ vlu
t
Fl'llt5'l

t'11{

I
tlgt'ru:?rJ aanoilrlytu runfloulrylu

Enfr

D.E.t2% ryaririloEriu

I 24,770 ,220 29,990 9,710 -20280 ).893 -1E,110.04

2 0 ,220 5220 9Jr0 4,490 ,.797 3,578.53

3 D 5220 s22O 9,710 rA90 1.712 3,l96.gg

4 ) s22A s220 ,,710 1,490 ).636 2,855.64

5 D s220 s220 ,,710 +Aga 0.s67 2,545.93

6 l s220 s2z0 ,"710 1,490 0.507 2276.43

7 ) s220 5220 ,,7t0 +A9O 0.4s2 2,029.48

I D s220 5,220 ,Jro +,490 0.M 1,913.96

9 ) s220 52ZO
'9,710

rAeo 0361 1,620.99

l0 ) s22o s220 ),710 +,490 0.322 1,45.79

ll ) s220 s220 ,,710 rA90 0287 rp88.63

t2 ) s22O ,220 ,,710 4490 0.257 1,153.93

13 ) s2z0 ,220 ,,714 +A9o 0.229 r,028.21

L4 ) s220 ,220 ,Jro 4490 0.205 )20.45

l5 ) 5220 ,220 ,Jr0 4490 0.183 92r.67

:?lJ 24,770 78,300 103,070 145,650 42,590 r466.27

olnr,:xdzo nr:firQururar4utuln:{R-r: ds,:re,onrdu$ouns rz firJu

ririloqriuqvrf;ctsqln:{ rflurQu g,1116.27 u'ryr dfisrrurornnnrjrslumilnucr:{unslnu

doru dqfirirrurnn'jr o ssduln:rnr:dnr:ldiunr:afiuequ

drurar ornanrj:g ft,fiilnun: { ilns Inudoil

nr:rr{rurirrdo
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nrNd2t nril:sfiuqnririlopiuqvrf; dorgnr:tdqtutorriofirryrflur?nl 15 il
( dn:rnsn rdr t v,) drurtu ornamrj:s Isenilouer :{trag loudou

I
ilU?e,: UlYl

il qu
I

n'lu:{t

{1U

I
:'rtJ0'lu:?il flnn0iltlvlu flnnoulvlu

qmf;

D.F.5 % XaririloEriu

I 24770 ,220 29,990 ,,710 -20280 0.952 -19305.56

2 0 5,220 ,220 9,710 +,490 0.907 4,072.43

I 0 ,220 ,220 9,710 4,490 ).864 3,879.36

+ 0 s220 ,220 9,710 4A9O ).823 3,695.27

5 0 s220 ,220 9,71O 4Aeo t.704 3,t60.96

D c ,220 5220 ,,710 4,490 t.7K 3,349.54

7 D ,220 5220 ,Jr0 4490 0.7r1 1,192.39

8 0 ,220 s220 ,,710 4,490 0.677 1,039.73

9 0 5?20 5220 ,,710 +A9o 0.ils 2,896.05

10 0 5220 s22O 9,710 rA90 0.614 2,756.96

11 0 5220 5220 9,710 rA90 0.585 2,626.65

2 ) s22O s220 9,710 +A9O 0.557 2,500.93

13 l 5220 ,220 ,Jr0 4A9o 0.530 2379.7

L4 ) 5220 1,220 9JLA 4,490 0.505 2267.4s

15 0 5,224 5220
',710

4490 ).481 2,159.69

t?u 24J70 7E,300 43,090 145,950 42,580 n,670.45

o',or'rr'rufizt nr:flrQururnr4ululn:{R'r? dcr:rnonrdugouas s frrynrir

f,rlriuqvrf;qrsrlnrr dufiu z2,G7o.4s ll'rvr drfiuulolo^nrl:slugdlnfl0:rmslou

dou d'rfirirrurnn'ir o orrfuloroor:dnr:ldYunrdflirrTuu nr:rv{lrirrdsriru:ar

ornHnrJ:c lusrilnsn:q$as lnudoil

Copyright by Mahidol University



62

?{a n1:irnirs fmrrdruRl:a{qu Imuirn :rs ?iorn4nriril o lriuqvrf; tot nrn

rJ:slerudfrrfindulnuni{$"rflR1r'r,ruqnlnuuouut?qtnnrvqgr.luuavnr:tdfrrryurt#nnonfl

nr:ffernr:4alnurudruif,nr:rniqdn6irurynlnuruosnrfludnrix1t 76 z 24 denrinrirfrrqf,'r

nrflracfrfirwrurouu#rqalndpirunr:Eerrir ldara'irhifio?rrJtililrvdru rdo6Erdn:rdruao

(Discount rane ) $osns s tz nis tg lnudrffiuln:qnr:tflilnnl ls fl $eidrfin:rilfln

rJ:slosfnrqdsilInunr:ionril:gfiffnrirl#{irutudruqtnrndn{unsar:orirrrunqdrsrd?

naoofl R1:n{qu0sfrnrrrurururrouu'.rodu dqnr:6odruratldtrnnr:norirt#dtutunr:i'n

dsamofirdonrrtlrf,nffinq {ruru 8m u'ryr unsanrirldrirudruqrnrvrdn{dhu 6ruru

r,935 rl'rnr?lrfluGurf.r d, z,tgs ilrvrsistl rdofio:rru rs illnufindn:rdruan$osas 5 12

$as tB orrurfirdudrucentunr:rfi tg ,20 rras 2l nra{qun'tov{urir uuoo',nrfuudrdr

ilrndrfisdrrunrJ:slerufd6nornnr:fidq,rndeuddduluu3naunrd.rrduqlndrfisrornnr:

f,nnr:4aInuuii6osfu rirl#nta.rrlurfurirurndu
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iluro#nfifi {rururnilnuruhirfiu tr frr nis:J?uruqnlnururnde,hifiu iuav zro

fiInn$ilsis{u lnenr:uilqdneiruryalnurutuueins{uaonrflu 76 :24 firdruu:niruau

too filnni:r firflolurioffrryfianrflq,urn t6 qnil'ror{run: rirudaoq{'lu?u 50 fiIan$n

rirt{rrnds.rtnrfrriouudroftrirtrJr{r{eurfiqornag rs fiInniru suu#quru r #alilqosld

qnlnuuoun#t {ruru so fiIanSru frorrudurnds $ouay s4.sl dtqalnurdrurudrnrim

fllil1:nurtprfrrilrtrlffiuqqr.h fiIanYruns2il'rvr rg?ir1#fin:rsldnrnnr:iltu{n

lnuuorurftrflu{utuqqrlurflunar too {uu5orvirfiudruru{uddunnrqdutuueinsil fio

rfluRuiJas 6,000 rlrvr uuoolnd^un6nrrnlnroo'rrdldfriqfirnry{ilrt&1.rdrutunfr

rfeu ovrfirt#rJ:silfrnri'rfirwu::qft lffinflns 925 urvr ,rur^uduorurornnr:flnnr:rynln

lur'hfrud'luffi dr 6'o lurionfinfrrnruns ou ut?q rirl#unriqur^r drflu{r o.r r runr drl:n no ar

osrfluvrrtrdsndrriunrdfloqfiunr:rfinI:n dfinnri'rrnudfiu{urornqnlnuru nr:drnru

umrirmrsfiu{drerifinr:ouu#r osrfluvrrrrduod,nu.lrarurfluodx0.: ftwnnnr:umd

:surncroql:nunsosfiil:gluffiiilrnrioqrnrnlnrmvnu rds6ru'ruInuil{lasnflnqoyfinn

sio nr:il:cilfrerrittdqiru tdon,:SnurlnurudlrudnrJ:cilrflflns r,93s u'rvr rdehifiundr
v I .t | | 9 d6 o hg,d r

nonvr{u{rrum osfinasionr::Jrvrdn ar:rnfi rirfrouar 1d6nfl av 800 uryl

e.rnrJ:slufiiftnrin osfir,dunrilorqnnldrruroqriomfinfirryfirnnr rflunnr ts

il o*rdoutr:.rtrld n6onarj:vlusdlnun:{uaslnudoilniunugr lrjirn:rsfu'rn?'nl

rfitJrsflfJlro{nra{qu Inuirn:rgfomrynririioqrTuqnBrornrnrJ:vlurd drfirduo-to

In:rnrrnror:r dtrJ:rnqnra'ir tuln:rnr:orrugrJuuuddnuriftr rdoronrufirQurur

a{qu0lnilfldrasrfun,t:r-r'udrq rsiu turnr:nrtfi# oulolrrduo'rnnuos rasRo{r
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1n5 sr rir n s e u u#q tdr$ r du In uldfrr ryrlirr rtu ds 0a q

rJ:v nT : qerfirurrnfi nr: rfi rurJ r g f fl Snryr nr:ufinlurio frrryfi'rnry,r l#rfi n frrry
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