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Adsqpdon of f,ead Gb) by Bmglen Series soils insludiug tbe influnce of pII od cganic

@m L€ad adsorptimwas invesigated in this snrdy.

Soil mples usd in ths *udy were @ soils tak€n fim Anphoo Banglen in Nakorryathsn

prodrca G€n€ral phnical ed chmical cbarasEistics of soils qr€ro malyred prior to adsorption sbdy

perrumea. BAch nethod adsorpim sody war used to snudy tle lead adsuptioa of the soils with oiginal

dracteristics as well as pII od otmic EdEr adju$ed soik The e*pcinem to investigato pH influenco

o lead adscptio oI' soils s€rs Edenrksr at pH 45, 6.7 (qiginal pH) md 75. Th experinem to sndy

tho influence of cgoic natm o load a&upcim were und€rtak€n ai cganic mEer levd 3 o/o (6iginat), 4

o/ood5Yo.

The rs$lt8 indioated rh Begl€r! Series Soils could be idearified as Sihy Clay soils. Soil

rwtio was considered mediun aocording to ito pH of 6.7. Orgroic conled was noderaely higb (37o) md

CEC was 32,|{) me/100 g which fu cusidered very hlgh It was fmd that Flemdlic,h vas ths b€$ fit

equdim f6 all tb€ €sp€rintr fre ouvs, accordhg to Frsmdlioh's equaim eftibit that therre is no

qingts poinr indicator for oo4leion ofthe pocess A lead adscption snrdy of e original soil indicded rhFt

tho soils bas a very high pdential for a&uptim of lead. The adsorptim isotherm ctrvo cmld be clasified

6 "tr type. Avemgs K was 5.98 and everage lln vas 0.60. Ths shrdy of pH efrect m lead a&orptioa

sM a sisificad direct relation between soil solution pH od K value lhat ths hig[er the pH lwet the

gtle tb dsdFion c@city K). The re$llts also indicded a low significd rwerse reldion betnreo pH

l€nel md lln lbo adempim isothsm cnws c pH 4J was cmsidsed to be siEilfi to ths "L" tlTe md at

pll 6.7 od 7.5 was cotrsid€red to b€ "If tlTe,

R€slts fr@ lho study of orgmic natter influence indioaled a significm direct relrim betwea

soil org@ic ma$€r ard K ralua However, it was not formd a relatisn betweon orgmic Ed€r md Un-

adsspcion Ieothernr found could be i.tentified as 1f tj'pe in all cgpnic natt€r espsimeffir howw€r it

ws fotmd tbar the higber orgeic nalt€r cont€d, th€ high€r slop€ c adsuption ceacity.
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rJ:cmniluardctcairuneilirrarnraiaqrmtlotdnlonrncrsutluornrunrsrodffird'uld'uri
t

udunq rsududaurJrsmnilnren'nddm:orhndl'hJ1fiJ:cloinilnil iaqrnfiold nJa'on

,nt6d.uut nnoddur tdrltusrirwrn adr'lrflnrufionr:6tnrirlflu6onr:dris1firfio

ilqnrrunfiuuacdrnnnrsnueioqrnrnmsdrcnsuoaonouanrnurodorurfehl Rrcnra{

qnamn::rft 'ldrwrdnrnardlunr:dlfiunrrdrmfu frrhcnsuRnfi nnrrlrwrumaoruovfir

ornuunmo?rirl{ ftrJ:rnqlu:J:cnrsn:snr?{qncnilnr:ru rdor ndnrnorqidtrr'rlrwru

rasm,rdrornuusrmrsdrir d:vnra s iud'za iiurnru n.fl. 2540 (l) ucirds{rrnl:r{1ilfiaoil

c,"daornuun$,oCrirdfl o glufl opiudrulnqjldrfl ndrru'umrurrisudrJ:cnrsq 6itnriraogfi

narirrfu ld colodrfouareotrurn',lorrolrlnl:..rlruoorhirfl ubjnrrndnrnardq dsrirnuo
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l{dranrndei.runsdnmuaaderrsrlrwrunnulnrfiaornuunrnsdrdrwdo.rrfitul:Jnruudn

rno,dd'rciubJd

l. dortiflft ris xisur,rricirr::lnfinroluuinol:ssru birfludud6uir
r dt y | | . I a-a a - 

J )
riru6runcdoto$rirornuma{uur:uinn(nmil) du rnirhdmaornisuurirf renm:or

rj:clunf odNrlso t filanrnr
- r y i ro o da - ioet- o J l{ d ., o o r2- I:ssrudsrdro1ilu:rinarfr iirsa'udrldduludufi n'ufiqnorn:cdufirduld

rlssn'ir ro flnt
3. dd.rl:qrrudos?inmnl:q5su in l:worurn birloun'ir z fiIausrr

4. dmshirfl ududldrj:cluiliilrdrumsn:n::iluacndn::rl

ao,odduuu"anrnurodsrdhiurrurraudsndrafrorrriolfifi nnan:cnueis

qarnmA{$?adoruarqrnrnilssil:sr'nuluCudlndr6srldlrnuncnrrfi nrrdnnrm:rt

aolniodrrci.rori,qdrmnrdotornnafiarfluar:dun:rodfiluodcfi.rludr.rnrsnu'ldoll

urudr tczz fl uacsrrfislfirindun:rseio:gluiisn :sr!il:cdrn 'lsrung:cluflufru{1d

a)

nr:d rrfi ufi onr:rorI:rmumasunrfr'rornuunrnudrirsroriob?rfiquan'u0'rR

ncfialdlrarsilr.rdrufiu lduri nr::cilru{luowfi'roonurnrril6smiu nr:rJurdsursfficrir

uuorlfiurildo ncniu( stag )dm'nornnufiaoil RlnnsRolr (sludge)0rnrsll:Jrrierirrtls

nrndncd'e(Dro$)ua"oro"rfiadu1 drdrudqnfioaavemrqifiu dtei:il:snerro$cn'aii

annnacarslddu'rnuasflrnucionr:carsdrdro6nnrrms.rp'uv666u dtdrnlo{tuduld

uru ornnr:f,nurluil:gman€q n:r'ir luanrna-ud:nrqriifiqfidn grudnrd'e nr:iludou

rosnsfrrluduwft no{luFuriuldrfl udrufl (tl

nr: dnurnrrqnfiunc tatoqo'uiinerrudrriqrdssorndori:utowrrfiado{luar:

agarsEu (soil Solution) filnrrirdqnEaduo{u?nom{ue''rromoaaoudrinrfluilduud'nd

o.uqrnr:mdoudua, Bioavaitabitity ro..rna6'a1u6u (4) nrrflnsrnr:qofi:rwdrfrr1#nsru

drn:rrerur:omrdulunr:qnfiLsrcdr15 drlao'fitrJnuradsudruluuuafucrsrla?rsfifn

ocrfi ndudoo?nnilSlrarlnfi cmfndilurifou &o{luiien'n!dmltoto{6udwqnfulfl d
(5) rnnrfinnr:mdoudruluuuadqlorlailcilfnfirman:rrdrflIonradosrfionr:rjurdoucio

rfilda'ulnurcnrcodts{?rrn:vAlrirld6uo{1u:s6'udu uuoolodrJ?urarlansmfndfi uqiln
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^in'l'tufllu'r:otCI{nun0eqnfiul{ldurlriruosasa't0oofllt'ltuar:agarsdudtrflugrJiidtfi

*inarur:aqndlld fr rlfifi nr.rurdwfi wmontlildun'ug{du nr:flnurnr:qodllnrarrin

{osdudlfinrrrudrriqlunr:frnsrrJ:s6uduii (site AssessmenD R'Foon$xuef;nr:iiu{duii

iiAufinr:rJurdouInficlrrfnrrasar:lduilr6raornrsnar^ern"rdnfillurunurmints01gflo{

lan--trinlu6uuu"ti'tld6u6ndas(0,7,s)

tunndnumlld risrfiunaruaulolrJluqnduuinorlndriiolftrls{{ruilaou

n"dhorrunrn,noCui'r rdotrrnrfl uduiidmonratdorsionr:rjurdsusrgria'ldlrn Inswdon

frrnrrfinurnr:qndr.rnafiimtFuqnurlmu luttndrnourqau ffrrinun:ilgru rdown

uinorduddfrno{luqnfiuff riaulvrqjfinr:lddudlunr:frrrnsn:R::ru fi:rdurirldfiuo{lu

:cffrdu uuoo',odrJrrvrrnrutriau&1#l1d6uluolrqrllnn n9o!fiuiitgfrrnr:f,nurna

m*irft mumsrJiurarduni oinqdfl eionr: Endu 
gr grialufiudl nrirr

e a t eq,12 ?nqu:sg{nflo{Rrl?os

ran ihqrhuc.rdfi'alrl

a.'&
frnurnr:Enfrunudrtol6ulnil1{mu

rzz {nqrhvadronra

a e & - .i< r-< -----'- .'
l. dnsrlnqodunsf,?xo{nil1nilNtailfl un.lruosnl{Ru

z. finurnr:qnfiunsfirtotduqnu'tutaudiitl?lrors'unidinqeirlfr'u

A AC'
13 Gruilglfllutlo{nm?os

r. n?.rrrn'mlrolunr:qnfunvfiatolfiulnuttaufinrufrrr{udfilrirfimslo{

fiu laoduiifr rirfi mrqrcrur:oqndT madaldfindrdudfi rirf, roffir
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2. n?'rud'llt'lrolunr:qndunvdrtotdulnlrttaufi nrudurnr'uf,fiirl3uror

6uriS6ierqlu6u lnoduiifirJiurordunsdinqqrarrur:nqndunsfi'e'lddn'irfiuiifi tFu'to,

o </c, ;
ouvEo?oqol

1.4 Aoumn$O{mr?ffrl

t. finufrnsror:qnd:Jnsfi?to{6ilTou1{mil lunndrnsmlmu i'silin

unril!!
z. frnr: dnu rnltqndunsri?t o$uduuu mcnailo{tririhomr,.lsil:'rnil6uni d

inryionr:qndusrcfir{a$ulnsl#nr:nnaslutllJ Batch Method Adsorpdon StuAy Inuld

nenrr{u{ucJotnsfialuc'nasaror?ldu O rcd! lduri o fiafinircioAnr, 2t2.*36r.U

il'adnincisdn:, 564..8(-'23.6g fiafinileioant, 84720-1,08S.S2 fiadnilciodn:, 1,129.6&

t,az.go fiaanilciofin: $as 1,482.@l,sgs.66 rtafiniileisdn:

r. rirfirodiilrnr:dnurds firos 4.5, 6.7 uac zs lnul#ar:acarulq6su'lsn:on

'lqdrfoonuacnrnlslo:naoiat6omllunr:rJiurirfrrotlfio{1u:ati'uddolnr:f,nur

+. rJirnar6un?dierqdrfirnr:flnurfio $osas 3,9ouau + unslooas s Ins6unrrl

dnTffi:mrflnfirl:'trardun5dinqlooar s nr:diuilir10l6un?dinq1u6uldrflu$ooas +

uacgosnc s 1#{ofivanddrunr:mrinudt*6rurirsludsmnrnrirlrJrnfuufica{rtuludr

orh$urdotifi rJ:^uar6ur6dinqlu:rduddornr:fl nur

rs frurhiilfilunrr?ffu

rs.t 6'zurlt6stc

- rirfirsstotdu

- r-Furor6unidiorqlufiu

rs:d'anrlrnnr

- n"utrw'ltolunr:qnduncfiflotdu
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iltlfi r?nno'ormtinoro'ouf, no

rsr fraurltnauqn

- nerurdl{ut?tdutosei:aca'tuncf,?

6 a v ajj1.6 oltrsllrflTrilntnu?fro{ffunmifrir

znr(rnnlulaXdlum{ol) r s

t. 6r1nuruail fl !ros4{ dudqn{ruunnrttla{ruRtdrllmuunctmuddu

finrhlnonsuforurdfiu6O drfl qnrarnin'f,no{1u1nO'uursmu nulildruroill{mu ilt?rin

unrillu rllft fiudnuhfrs.rddudfl qormffi ndrfi olfiuqnduur{mu fiuqnilNrraudnrirl

ftlunuifroiiulruft n'u1n:-rr{mudfi ud?oth{t0mdTnorn{nu f,iuinun:rlp ilfiuduuu

dnlirfiu 30 renrfi$ffi tdtAutfluAutnfioarJu6inf r.|fifi?or6urflunars lssfifi'rfirst

rJffirtru o.z rl?lrudunidinqqlrJrunaNdoiltcuat$soag : flriraarlarutotuRl:rmn

nJdouunnlosou (cEqq{ ndreiisil:cural 322CI meq/ 100 g

2. atagaronu (soil solution) rn'rrudl drudrflutoqnaatufiu:urric

drqnarnru (Solute) dao (s)

:. taf,snrsfiu ( soil Poltnion) nn06{ nracnrrilutdoutstdudroertlaf,s

urnrfiuiln{rfre nuiidun:rsgisqilnffi surrio nasnounr:roiqrn^llom{lqu&m&dlfl*in

riqf,ilrasdni(z)

4. nrrqnfir (Adsorption) rrlrsdl n:rlaunrtdevnol llmqanfolsooullsl

ar: Grlso,rbate) qnqnduffiddufioowqnrndu Gdsortent) daau:wrrqnfl n?ofl fi nd tsl

5. crrrdqnEnfir (adsorbare) rurodr ornoru llmqn uiolsooultomr:dqn
c, b9

qaeru r?

o. or:qnfir-r Gosortent) ililrud{ orrdflstnou luraqanioloooutotm:dqn

Endur{rurdornrao{uimardufiroqnrnludd ldtrri orlnrnfiu

7. Baich Method Adsorption stuay rfluiinr:mdsdl*1uor:dnurnrrlarur:olu

nrrqafirnno$u Inslffiinrdrfiudtirntiooodn'uei:ncarsil?urrr:r,ruoqdrtrJ:n'urrnl

rdldunioldar:nrarsdfl n arur{ildunsdrreiurj:fiu6'n:rriru:sildrqdlnfnfi udorJ?lrEr:

dtrffi a10 lnofr rmrmdrldrfianr:Eodltudtarurraalqn (e)

s. na1,t{udulola'trdco'truduQa @uilibrium concetratiotr, c) rlrudl nrru

rdil{rurrotelrludr:ocarudu or qodorlnrnfiutfi entEodtrar:nudtanravcuqa
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9. :Jirtrottatrfl:fiqnqnfu Gnolmt Adsorped , q) rnnofil il?tror,uolei:tu

anacnruFlduaudrmlirrarer:lucrracaroiudanrereuqa

tO.'lolryrnglrolnr:Enfit (Adsorption Isotherm) filnsds n:ryluenlnart

durfi'uf,rcfldNd?rrorrswi:dgngnd:1l{droorlnrnfiufrunrrlrdr{urmeirlucr:asnro

rr'udanrraarqa Inonr:qnfilfi qluanrrgdiiqoruqfi nrd (ro)

tt.'lolcnnstlfindaroa (s-curve Isotherm) rlroail'lolonnstlrolnr:qnfi.rd

rdun:rr{iid'nuorcnarr#udrlurirqirduuarnirduo'ruo.rurdrudumwr:ludr:acarodu

dun:rrlwildnsocdlu s-shapa nrh:6oiifinuarcndra6'ns:drroa (rs)

tz.'lolcnnoucfinda$sa (L-cuwe (Ianepuir) Isorh€rm) ilurudr'lsleffioilml

nr:6ndrdrdun:rr'liinru#ugurrnluriarFrduuarrioolnanqdonauudu{urswr:lu

en:acnrsduln'udu Gg)

tl. lglqmsurfindtnt (n*urve (High atrDity) Isotherm) rrurso'l 'lolqrnsrt{st

nr:qnf,ldrdunrrvliinrrrf,uqwrnlufi.rr?ldu tuior:J?lorfioufiu'lslsrnoulfin6'ama)

d'nuorcdrndraucn vhd'aqnfi rfl nlutrrr:olunrrqnfiuldqrrrn (38)

t+. lolmnsln?ncird (c-curve (conshnt) Isotherm) rurodr'lol$Taurornr:

qnfirddunrrr'lfinrrrfirn.rdbirnJ:frunrrnarur{uduqo$irluar:aca'rgo'il (38)

15. dlrJ:sAn!^'nr:fl tc01g(Soil-Warer) IXsribrsiqn Coefficient, f) rfl urirnd

dldnrnauol, Freulich uasrdrdn:rciautoqJitrarcr:dqnqnfireiorirurinuriw6ufiu

orrur{rduro{eicludracarufiudenrtalqn (6) rflurirdldusndrnlruarurralunr:

qnduer:rordu

16. l/h rl|rsdl rirnld (Cot r"ti- Factor) r,o{drlfilf Freundlich arrur:nrlrlrld

or'urudnsornr:gofi rdrfinduTd

17. o?lrlpanr:Jdouunnlooou ( Cdion Exchaoge capacity, cEc) l,turfi{

rJ:'usuravr'looouuao,rJdou ldriqillndo^u errr: oqnfi r'l{ld <zl
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1.7 Rlouril?annrrid'a

m.!.(malu'la?d{mn6o!) / ?

fmiun:o:.lru'l6alu nrr?r'slduanrlt-lunrnd r

6lnurnr:Enduncrizmleu

o lucnrnnrlanrnlr:rnnn'

a dcr &
fl ano{llrrn8loulrf o?nqnoRlran.dunufn

oraJa
n?aor{nil{ntn$rrunr|tcnil

o flmr 4i, 6.2 unc ?.5

o 6un:'dinq tvq4o/ora? 5o/o

nlilfi I ffiouuil?finnr:eflB
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z.r 6u

nryfirwrruiiodrdodmrs

al
ililn 2

.r o- ii
nqufiuav..rru?ffsfifisrfros

2.1.1 mrufiilrsuac*lurhsnou

durfluninorn:r::rnrn rfindumnnntomr:u:J:enrnnforlf,irorfiu

uaeudfiu6unSoinqncunqnmdrfiu rfindurflui#urmlriorflfrlan tzlTnmi'r'hjn-urfintrn

nr:anrodrryrntmdnqdurlufin drn:rurunrlfi niudrfl un:$Jrunr:i?!:cmdtn:g!.ru

nrrntr:d nrq?rntrnsnlr$rc airunr:namqnrndrriu,fl unr:r,alnqnrndrramdrdau

mrfi u racud fiu 6u n? uin q rfinrfl udun'u ei rr 1

6urJ:cno:Jd:us{rirJ:cnourdn + d,luds t) ofiuy6uinq (rnorganic

Nfatttr) rfluriaudrfistrnnrraarodrryfiflsrfiumcur'z1 dunioinq (organic rraarerl'tdlui

rhuCun^sornnr:nirrdooryfrtmqmrndsfiurasdsr{driuoruuu6u s) rir rfludrudnulu

sisuro.rdu rirdo{luFubitririrriqnfueiil'looourornepirq rJuo{ftfiourisn.ir er:

agarofiu (soil Solution) uns +) ornrsdlo{luriol'ltn^ur:iufiu

zr: mnlfidruildnd

zr:.r ,rrtuAt, (sott rerture)
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ffrnod{ dnrlaulnud'Mrintow{loqnrndfllurnrfinndr 2

fiadnln: drrjrcnoudeoffiT (smd) nttufl{ (silt) uacfiutililo? (ctay) #lrnt1cf161ufis{

rJfirin-nrr (s) rihil:cmnlnriouduo{i'uarriEilsiutssnriuturnndnlu6ulfinrfu lunt
rlfiriBfiorflnnrirnlrarnnrudofiurflu I ndl 6o tz)

duruaeruru (cmneTexturcd solls) niefiun:rs (Sanrly Sotb)

rnnodq n'uduanrcruri6riu,uowrlnrntundmurnn:ruluscdunarutiufndlrnn'ircurlFi

dunowqnralunrirturnrdndn z nrirun rJrcmntdo6udfrno{lunrild ldrri n:rs

(Sand) uacTtlsiru (L.oany Sand)

6uinr (Loamy sotl") nrodl duduanwlriFiriummqnrnlu

n{rrurnrrfrnrftarrnrirluadunrruriudndbhmnsinfiuiliswrncirsfiudfluqdnrloo 6u

dmoflunrird Hud

foiniorieudrsfiBTt (Itfiodore! coarseTextured so[s)

d.rldurifiudfl rltrtntdufirtfl uiru:Jun:ro (sanrly Isrh)

fiudodnrnarrt (ltficdhrTcdurerl sons) d.tlduridudi

rj:cnntudodurflufiuiru G,oan) iaurjun:rsuflt (silt Loam) uncn:rorfll (silt)

finnlarioudrlacdsn Grod€rety Fhe.Texturd soils)

dslduri dudfld:ctnntdodurflu fiuiaurililm (ctay toam) daurnflsrilunno (sandy clay

r^) rrrncdaunrilorilun:ruufl{ (silf clay Loao)

6nrdoast6sn Ghe.tsxturcd gns) uie fiunrilsa (chyev sofls)

rurodrduduaararrlfiriuroroqnrnlun{lrurn6urilsrlurgdilnalurc{ufindlrnn'ir

rrurin-rsiutsssqnrnlunrilrurnmdn6n z nrluurn rJrsrnmtfifiudt'no{1un{ud ldlri

tmilordunno (sanay cray) mfisailun:ro$fl{ (silty clay) mvmilar (clay)

zr:: In:w5rwothu (sol sttoctu*)

or1nrnror6uriruunhilds{Innrd uaueirdorudnfiiorprnrhqdsr

Ioudninatmarerdol (ce,meding rc.spnt) nalutfl uoqnrndouniooqnrnrlo'uqidlCopyright by Mahidol University



2',ldqt qanru nqufiua:rruidrdrdoriol r ro

8ll
Gtinutot

_L

,tt 9Fl.

ttr\id'l I.. ---JtR.I:-rI L-A.tt
'*-:EaxE 3w

Sobo€uLr brockt

amrfi z il:cmnm{}ni?sln:{s5r{4il

Prilrnitt .t
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rolnffmdmt lnftlnrrammnn ml(malslo&d{u2ndsr) / l l

u'ouloRit rilnfiu (so l,srware) dnuorsnr:r'nr3oqracnr:rdoudnfiutomqnrnrdorror

6urfluriin6uuacdnsilcrs{nr:rdoldnduroqfin6uprd#u n'sd.rdr3ondr la:rcirwos

6u droriNmcrdasla:w$r$u (t tilduanrl5lunrnd z

2Jr3 n?uilururiuuavnarrmluros;ilu Ghnsfty and porostty of SolI)

Rrurnrruriuro.riufi z :J:sn1r noo nmurnnmiut?uuacn?Tl

mrutiuorlnra ntruuuuiu:?! (BulkD€nsiry) rnnudl dn:rrleu:cildrrrramlfiurorcd

ufircfinf,lrJil*rriorrrnuon'u (rlilrn:rorriruilrcnstrlnrleunufiu) d:unrnrur
rniuoqnm (Parricle Density) rilrud{ 6n:rcfaurcildrl'mrar6urarcdfiuudrdfinfi:J

lFrnn:mslaudrituorlnrnfiu (solt parue) nirrfu

fmiun arunqu{ ot 6ufi sriusnrfl uriroarrnqrrionuu

p6osiry) drnuru6{il?rrn:so.rriaudhihito.rrrilrludu rdsdnrflugoaacro{:J:'urn:ri.l

rnrnrordu

2.1e4 A(colour)

ilmldurfl ual:ffidarrr:olo.rrfi uldfnnundrau:iFdut nurfia

rirqlaorlnn'rinfltlniouur (pafrern) ro{nunjdflilnrolunrhdadrflufrnsorcnnrcd?'hi

nssurirmsdurfindu ,uoo'tndAuludueir.rltorr.rrlrdnrfisafrufirlnflddunninfiu A

to{nfudauuRrTniirJ?lronrslfu ric rfi nrsrdr:ilrcnsumurqrmf, nuacilftJrila?rildud

fio{tun'urfludrrhuun orirr'hfinrunqouqn-fuuauu;d.rraldArhiryrf,.rlurirudrfluoqnm

n:ruuacd?udtiluoqnrnn:rsufl sfi oroiifl an:cnildoiho{n'u

Rrton fl I sffi^ufi srj l{:suuf hiurrynd (Munsell color srrsted dl
ld:cd:Jnrrufiufrudrodrurjr g rfinfio fldu Grue) rirtl Oatue) uacrir:{ri(cbroma) nrtin

fltclfi$iurfioudrrorglu niu dfiufirir l0 yR d4 laud to n .= ririldu e : riril unc

+ = rir:qei
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r€qlqnrnil nqufi uo:wridodrdor{ol I rz

ers sufiAdnrrnil

zr:.r dmarurflunr#r{{o{fiu (sott ps)

: cdun:rrtfl u fl tn-fil{to{Ailwuonrfl urirfi rsudurdorf,lrirucid

$nneiN6'urfluoriru'm6o fiufiarurflunreo{i2 cfin 6s nrari{ (Active Acidity) rnsntn

uCr @otentiat.rci<tity) enmn:noirw6nr'tndeuml'lsln:nuloooudhiqnqnfit dlueas

#rsrifi roffi,ordu rtnrnn:nr?qflud:umrR:ndiiunurneioneuflurrolunrracarald

i,o{llquasn?rlriluil:sloilirourelorrrrfil riauanrnn:nrdqfinornriruro{lsln:rru

loooudqnau6ndul{ua;arrtr:ouanrildoul6lnuoroqn'loooudurfi tltidldoonlro{
lurnracnrsdu nr:mnd?rror nrnuCsu-ol1#rd:urqu fi hraeiofi lanil

e13, n?ru$nnnliiauunnlooord (C-arion Exchange Capactty - cEc)

nr:dAuiirJrrl'ldfi rrilu naru^orrromorlnrnfiumfi oauacdun?d
q, 6r a 4 , J- Jioqluniu ftrJ:aqfirfinfrudaulnqjrilurhvqnu n'u6rflnarrarur:olunr:drEnunnlooou

ld unn'loooudqnEa#ulsf,unonnoudfiurnrirdorrrlruuunr:Jduuflu'ldfi'uunnlosou

luer:asaruiu dsfidoriondr unn'loosuuannJdauld Gxchang@ble cation) dsrfu narlq

ruanrildsuunn'looou 6.rmrrsd{ il?rJrsunn'lossuuanrildsuHd{fiund6uarur:nqndr

1{1d rird*ldfl nrjrsrfl u meq/roo g drilopiufi ormnrfl urqnrfihaciofi laniufiuurir

nr:dFufi unn'looouiiqnqnduarqnfittunnlooouluarrasar0

6u rhlddufi anrnndroarracararldmlsf nrrr:JdouurJarlnlludu rqiu nrrun:gd'lrirfi roc

nr:'ki Na* oonurne'u ft rfl u'hjsrirwio orfl u rio uhl rn:rgurdoun n'looou lu ei:asaroa^ufi

rlilrardsonrunnlooouriauduannJdouldnvrioolqnrlaoddouornri'rudrfluroqu{qoon

urqiriaudrfl uar:acarun'u Audfi rir crc qrft fi drd.rrh.lm{ofqrdru

Copyright by Mahidol University



riofr rinarn-ormfi nrrdann'ao rrr.l.(rnalsloe'd{u?cdon) / 13

e133 annnenlrsf,u - le'nfrutesdu

dolusooRfrnf,rl (oxidation state) tor6utfl unorummn$tcillmil

uffiomrfuo{Au drenrnarnrclufiuriiudrtlrnunrfinlfiunldhudtstflud'rnrrdooaaro

an6uriiduacnnuJduugrllulnltulufiu ilrnfiuiinr:rs!'l0om1#6 Ructolud?ro{

nrsrou6un:'drioutsldfrmnrfrou'lnoonlqd ffiilmdutrnssnfttunr:emsdrocld

aurpoirtrt{'ldn:n6unidunu nr:rildougrlnolluln:nuflniufiu 'luln:rnu6unidw

rildougrlfluuorfurfluriou urn6ufln'r:dr0mo1n1flfiilwtfinn:curunr'luniihn#ulnu

$urfiffiudlfi6onr:eanfilndrolllrfisfiulum:n uc{drdurfintrnsonfrtu liunldou

lflun:n1un:suaun$?trsltldfirqlulnltu dutflunrcrrunr:ifird'lurn:nr.turol

ftrfu f,nffinond eam potential) tsm'udrrfluflofrothfiqddrnun!il1t11trtts1t?irrtmilt

Srrniltu6u

2r tciluoltdruunhulurltctnfllns

tuilqriufl :arrnr:6ruunf,udundrmrolunnriwtmllanilnrtc!! uri:cuu

drfluduol$lfrudrlumiouulfl fl drnndqedo :ctfl nrr$ilunduto$rcn:2{munf dili!
sur:'nr ((trd SbE Degtneot of Agriculnne) dnilsioAnfinornrCnfnrliutatlnnlufl

n.fl. le3a dfimuludodr usoe tns nr{1uilqr3u::nrlda{tun?ucnrl0m{rharnaeirq

lulnn 6o :rutoqn:ruil1uAu (Soil Taxanomy) to{dl,tigo$inruocudrodumtunuddu

Inndgn*rdulnoolrfnr:orrn:uostnuo:u?itaild:gil:n6 GAO JNEsco Soil ![ap of the

wdd) lffi| a.rt. tn4rraguffludo n.fl. 1990lurcdurnn:Tieu 15,000,0u) riru:vudu1

rfu nl'irfl nr:lfi rniunrurloun'ir

drilfluilccrnnln urcrunr: {ruunfiudldtsrfl u:ilJrnosemigon?nrurlns

naondrlcidrTrfl o{tcrlil usDA l93B rrncldiinrrfiourlnmrl{oqahnif drCudulunr:

rliurlq.rnrr{nrunlurunmt6onc{ussntfiarld tooOar md Moqmann, tS6a) dllfini?un1

druunriiunrilfiumfrn (creat soil c,.op) rdudlunil il.fl.2519 (?t.f,.lnq nr:$ltun6ulu

ilrcrnslnu ldrJi:ru1{oqn:lirru6uorirln{rwrt ouflnqriudortocnsirrlddr rJ:stns
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2r6Uqn'|'rr nqufi umnrit-drdardor I ro

'lnol#oqn:rfuiu6utflu:cilunu{Trun6u lnshiilnr:dnurJa$rciorh{1n uifinrurdlr

dnuscnrdnruneirq townila6udfl ulu:Jrgrnalfidtubl.*rruud (tr)

dunounr: {ruundunrrnciluorln:uirrudufl ACi 6s

)
t. dudu (ord€rs) iirftuun to dudr ds

r. r dafi lqaef(elfrsok)dRuarsrorfiuludus'udfi oorlnrndurrfi umaqn
A c a 9 o J ur ,. o J r | - Jrfla0uB'l0fi50tca'l{01flnuruilu [rJdcduog tuoumra'l{ogR5snnRtc01ori?qRnlnto{t

rJ:crng

r: uoS6lqnd Gddisols) 0cflil1ilu:'n0urftuftnion1ur?rudo dsrflu

ilinsrdrnrnuilduirrfio:rnasnfl ihJ:'urar6unidinqdr dr6u1udu6':rdbifilurJ:crnslno

t: reu6lsad (Eotisots) rflududrfinrJuu}ari drfi,Funfirauftbin:r
.)Jr

alq:oi ortnriifru e" c ucililfi ft n nuoffr'a1 }JqRnrntocJ:arna

t.a iialerlsad Crr"t*"r"1 rfl udnuor gt oqn'udinrracauro6un?dinqlu

rcfiJf,nft m rmtn'run:g.:rnn usnfirlunfiuo'unid (orpnic sofls) aht 6ufin @ear) uac

6urin (uucD qaq ruluritrarnrntdrmanrnnsiusonurffiru$e$Jrcmg

r.s o^urqn{6lsod (ror.ptur.) finuarcror6ufinr:nJdouurJn{qsduf6n}r

fllsRrrurnsnrrnfi niufiuuruinomrnRnrwosrj:crnmracrfl u6un:n fu fi diu s rnndu ui
a qr e, 4lo, a lt
nuoilnilils{uolq NU1RuR

r.o leadlryad oraoui*r") rflufiudfi a'nuorcflndllufiuiulu fi ln:taird
rnhfiudn uasflnrruflur:olunr:0rdrd'roirqs ocnufiurfind:fnarfrixinanq6

rnmq:oi untilgr uar:rrnii lar
t.z oon6lsad (o"orl d'nsuwor6ufinr:acdufif,nunvoqfiu"uoonlqd

(l (sesquioxide) afintsludduntiiaarflu Kaotinite (l:l)

r.s ailolnluad (spodosols) dududr6nu?norduernqnflnr:csdur?rdn

osnlryd s'afalufiuiiurirr ilrh?n'u#udr.rfitln?rndr6r#r.u, inqdudrru-nto.rfiurfludu

mre rrtllunrold nrnnciuosntfi s$fi fi o Inomnrcr-rilinun:nun

r.r qan'lvad (ntisols) fldnsorsndrsfiu amsor uciilnrsvdrrurnndr fl

n?luqnildrnJ:afdr nulrnuarluqnnrnroril:grno
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rlarfi fi:nord'ourrl nordsun'no m:r.(urahln?dlumifou) / t5

t. ro nofn^Iryod ff.rritor.l rfl ufiudfl dncar gnrrdnmsfi ndrgr noofl nr:uon

:srfi{1ud?{qqudl m?nroqrdfiurufi ua 6o u*monru*it" (2:r) rjiiffiurJolfiurflurir nt
lutt?raomrnnat aiu e:rqi un:aa:rdnnqS mv:q:af rar '

z 6'u n'u dso ( subord€rs) nr:flnurhFu In uo'tfisn rilduludu enrn nrrearuda

mdnqdudlu'nre{n-udunnciNfru flrrmornhosnld +z dudurios driliuluilrcrnalns

nilrf, s{ zo 6'udr rioopirriu

r. n{u6u (creat ciroup) dsnuflnurhuonnriudu Inusrf,unmfinrio$mcnrrlfn

toutssnrftdnFu ouanrno.*duuurq"m4filufiu grucn'mto{lrqd,flurilu fin;.rrrue

zr nriffiu drniulurJ:crna'lnunuilrclror ao nriudu niu nriuo'u sdmqu€ffi nriudu

Troparyepb {A{

e. n{l6udoo ( sulgrour*1 rflufiuunfiu lnuorfroqarertiBrwnrolunrjldud

mncixn-urnnirrissar6ndurucs rflunriu6urioudflfinusrcror6urdoulorfr'u:;mdr$u z

n{u6u fl rJ:crrar tom nrirun'uriou

s. :.rd Gmny) riluflnsarcmntqoFudtndrfi srfiurrell{luasfifisafiu Ina

urf,o'.fiufiu"fi rcirqniuoqnraratfiuoanrrfl unrn-irmrfiunafl a'ntsm'unfl ilamnl

Rlilmn:$ofir nrrnrdatordun'u dsnr:druunn-urflurrf,rfu risu{Ttsilnflxfri'qeionrr

munrumuacdrur:orlr'hJdronsnrnalulaillunr:fiaRrruaanr:arlinfiJiurlq6utfio{lu

enrndrrlrcdueionr:rlqnfir'ld druiunr:{lrundulu:cdrntdrofiJ:grnn'lnorfu fislld
dnsorcm{dufiu + stirs 6ooqnrnrorfiu nrrurflun:n-irws$u qumqrirrnvuddrfiusd

drcnoltosdu

o. po'u (soil series) rflunrrdruun6uddrqadrmiu:auuoqn:lilrun'u (son

taxmomy) lnsdnrd'nflargrutotdu (soil Morpholory) rflurndordlrun lduri qaraurifint
4at

fl loRmlmsnrmiitornu th s$u nrt6 u.idallotfu n-uuarinqdu drru'nr os du naon 0u

ilofrs?irsrdlfidlfindu qac lunrlddsdurfuncorf,o ftu{n drrno nlodnra s,aoqoudo

anruddrinwffrnd'urirr hJ niu 1nn'ur'rfi n nursnrudmlqaiudnflurn ddruafl{dn

oiltriorlqrnil uacfldudhifissni'r zo nrrNn'Ia$nr drdo.rd1n1flqoreilrl6c,om-ulnd

rdarf,uqnn'uirf,n fiarrunodrdorliuEnduirderldniurdoafru drniu:J:crns'lnsrfufi

:Jrwrs zso qn6u niu qnFuitu{hnol qnnurmn Xnn'urirrirl {a{(li)
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rrigiqarnil

zs qomnhrTa'hltosfiuqnurruail

nquiiua:rruliodrdozdor I tc

nilEailNnu i,J -
rfi n mn o c nourlrnd oufi gnfrnn rufiuongiilEailNnu ( Bl : Bangle,n Series) mnmnocnouilrnjosfrgnfnnruriuan

ao*duddnuiidnsilcrlurEmr finrrrarnfudr o+ nJsfrdurfr fiuqndrflufiua'nflnr:

,ru',ori',,u', 6uiin'lrrarur:ah{rirfrrriruld#rnaonrl#.#u iinrr'lmarirro..rrirlufi'rfiu#r

nanJndudrrcaurirffiAudrndr uo rtu6urn: lurirqEuft o'uludn'hirfiu :o rqrufirun: fi
Co d q o oi a o I aa6 - "$saudluer-urmiiaa tlfrutilutlrnrr{rrurnn'rddr ilqarlruftirnmrfia'o{ililum rliifiSurror

ACd9Ad.
ourlJuRrnmnilouo{ruunart flrirfirofiJ:cu1sr 6.5-7.0 fiurirsrdsdurflufiumfior adurflu

tfunr prJ:v6hlmrailumf,w rlfiffiorm$urflusirsrJrunars flrirfiroEnJ:clmr 8.0 ocnu
c o r& r r . a

flaflmJcrut?{no:sl,r?Tnilililuacfiudrl drn:':rlurhsnaun'n tzoteo rryun^snr duosfitl

rvrtdl niotlrfursqnr:Jurflsr ornnonr:imrrc?tnrqrnfi{sm'aunuo'ulndrJ:rn4dr

fiunsuru ru rilrcuru ro rcru 6$n: fi rl:'uroro'u ni d{nqqulru nnrr iinr:Erudadaofl dq{

urn iin'rucur:oluRr:rmnnJdourh;prrng{urn daufirunorudr.,rdnntuci go nnrfi$n:ar

hJ fl nr:drdrdruurag{ fl nrruarrr:olunr:uannJdouilrrpnnqsurr(14)

z.l nraclafiHro{Au

nrasrafiutola^u (soil Pollution) firnsd{ nrrgnr:ilurdourssn'udrsfirlaf,s

( soil Pollutant) trnduiiln{rtin oufidun:Tucisq{nrr ouriu naonounr:rriqrfiulntol

ur1u6rard.rfifiinriqn'rruncdni (z) nrlfinnraclan-urssfiuorufinrrndrrmellnor:rrnfi

niu 6ur6r u'urrdur lnsdrru'a riosro6omnRr:n:s$rriotrrlud niu nrasuan'ut or6u

ornnr:rJurdsutosar:rhfrafingfu {o nio tre1fiu Inanregila'fr'utordurin6nnrnnr:

nrrilrmuqudrfludrd'q

rc6ilrornrrsuafr-slun'uriuduo$frunaur{rriurorei:mfi sludl:acnrsn^u

(Soil solution) rnnnjrrjirrattsrer:mf,srftuunludu firsrirqriu cr:tan^urru^onutrsrofi

rurnlun^uouurnurinrrrhfin rciffrnrnur:orirn'uldar:rnfiusnr'ndu finrrurdrudurloolu

ar:acaruFu niu srrlnonr:rjilrirf,roffrsqfiu iliofsd'rllfinnncnoufiuar:du nisujdsu

ruilnrdnracoonfrnfu-Sdnfurosdu fitiornanuqrmiou::rnr:cdunr'lsmfiurowr:rfu
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rntglffms}ao um anaml}ma mrl(nrnfu la?ikurafr l) r rz

mrflafiuro{fiurfu Hrnrhiduqqrtlonr:aurftdteroarrurflufiuhlndrrfio r)

url#mrnr:rfluflofiordosdumrnrrdr:r*?nlu-Ian rsiu dtuflnfis c m.rrur1udz; mrhdros

ourflurnfs.rnrssflrraflubildrJurdouundsriruacdrffiAu Ino6usrfisa!:i6rosnr:fi

il:rqrdoqaf:rarrfirl:vqrfluaoruddrniunr:rfinrlfin'Sorraiirc?rdrsar:eir.r"1luduorfio
o,A oil-. A< ", a a4 J do he

dilri?isrotnr:iifiufiiladrrntqsrfiofinfiucn:ruafiurisEnfffrsarfrol:nrorllrarorfrolfiun

ifludur$istisoearoerreixl cnrldrddudq'lrildiucrnraf,uourfiuion.'tueirur:ndo,

iulfld rfisrfinnrrsilafiurmfiu finnsnarrdr annnRerrurflumdsmrosrsrduldurndru

hJ duflocdanrJdosdnilaficoon{dunodoruInonrwirq lduri

- qnfivEndrubJlfi drer:lafiuwacdillufic donudrhJuilnnfiogdu

dusrnald

- aqiunrirrirlnonT :lnarirmrhfiu (Runoff) flrruafiudmauluunduri,orgo

go 6ru hJldlo uun ar rfnouf f n rfsunass{nsudnddrfl usnmrsdardcduorrn:r ourqu d

umd#dur uuoo.rorfu rnrnrirrirluunri.rrirhjuilnafi srorituduosrsld

- aqi$rdrdllddu umrirldduqnrirhlldlnunn ildourfinir'un:rslduacdlo

titld6ulnuuuqiurdsfi lefi rioilrhar:ilafi s'trJrJurdouumasrinfnU

- o.*duuuru"uuuril0lodudiiar:rafiurjulfiu oc€nurouildnrcolotrn

ruafi'uriuqidsuaodorld

zs srsffalufiu

ocfi'arfl ulaflcmqdfi rinrrinocsrourdrn'u zozz uavo{lun{unqrqi ry A ro{

srur{trel fiarraudtdnalorrur t'iu t,2rras + ueinsfirtiaumnwo{enrrgrrraud z dsfi

orrruffitnrrndqo (15) ngfiatracfirilrrouuorfi.errrroeaeuo{lufiurmcncnsulda

rdosornfinarruerm:olunr:asaralddurncrunrugionr:tiooaarmsr$uniddrlftiunr

o{luouldu rurfi srfi suf,uei:lafisufi ndu drnr:dnrfiaaveruo{ludulffi uarnsoqjlduru

rfuvhlfifi narrurfluhjlddffirfinnrrc Bi@r.ailabte luournn (l)
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tilgiqarnu

z.c rj:slstrfuosnc*r

nqufi uo:ruifr#rdodor r ts

Ao,' n:0{0ft:

uqs6r'dfrnuncilrnsfi'urtdil:cluiltlrndr o,ooo itudr lufl qriuldflnr:ld

nrfialuqnarnnr:urlu{i1{lodrrn{rmrr Insoromhnrrn?aroscrgfirld z tfin 6o

l. cn:d:snousfiunidnsdrmiu

t.t lailcarcfia ldrrarrlurnidnngnffiJriomdslrinn6lanc

12 oon'lsdrorncfrl'ldrrri

- ncfiallluson'lqdlfifludrmdornarilnnhu

- ngfirlasonlryd ldrtrrfl uda6ranln:orosr,:rs,,ooCroouduas

- ncri?ssnlqd?rioncrirnnrlfi fl utlnrlnmrrCsriuafi l
t.g rn:il:snsiltouna'snci'e wiltfuirq fiu 6su'sl1fi fl urnitl miotlnarrir

1fi6ntlcitl1#lilqnrnnnr:ilRr:rhfl niu

- ncd'rnr$Jorun ndurirncria'lan:on'lqd :arfiu rSondrncri:r,rr"

- ncfirln:uJn mfo'ct o^" Yelloca

- ncfrasrfrerrunlfifluorrhruuraumafngnol

- nsfr:fiFrnn ldnarulun:"rduo,oduo,oio! niorffirr'n rdo1fi6s

narufl unrurunsfi nariml rfl udu

2. cr:il:snsu6uni&ro.rsrsdr rEiu ncfirrnn:crofinuacnsfirrnn:cmfin ld
rflu *m:frufisn' mioei:rlorfiunr:nrrqnro.rrndsrsudnnrrlrrru r{rh?rirosnrnuruori,

riu6duft lfr arluriniuruu6uarrdfl fl umft riutinTunfi 
"f, 

r*rf*rlrnru6{fl auordrs

cr:il:snou6unidtsmsfirrioudtwrilufiurrnndrncflrou'unid rn:€:srlroflrcrrs'lil

luornrnldfi drniunsfrrdoonurmnrio'lsrtls:osudrgo{lugrJrornvd"roonlwdrnr'oeirq

drrfl unc firsu'u yri d ( r o)
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risfi ninrriis rnt?fl ordouf, na

z.z rlBilrorncfrduhuuacfi r

ma.(nraltlaidlr2ndou) / 19

Jo a ara 3 , 4 s r d - hl
nsfrilunuiluiirJiurarntuci 15 d.i 189 pp- Inufirrndug{qnldn?rrfiu zo ppn

rird6odudug'rut1nflT'Nd t lufiu8a1nqoad Gristosols) iirilsduft 44 ppm uacrirrsdo

mrfiurfiacinl flrir:an'irr n 6s zg p'p- dflfu Inort'rlrJnsdrluduuunrsfirirrsds 25

pp. drunarirlududflnnrJurdouflrJirrarqrurn lnrrtd z) niu fiulunrilosudriroroihir

Hd..ruci 50 op duhJ rjirrorncfrelun'fiJnfiflrir:slrit os ft 3 pp (l?) ucilu

n1$iln!ilruR: fl:nn:rarddurirlJflrJirroorfitqo rdu finft finnr:num:n{rru

ihJ:'urarncria + ft zr pp- lfiddu?uouu niu r{r unuanuac?iRal{ rfludu srtflncdrld

rnn tod{ a05prd'mftnJilrarncfiadrflutr-usiofr"ild'uiiriro{rvn'it 506{ s@ppm(2)

,r*ii r rlfurornrffdilBuf,uuusfiasir{l (ppm)

tuf,nu riusda ltdg il:srnR

usnqoad (Pod^t ) uacfiurdouurl

Aracl
outxilo{tilug?

ouul

Ealnqoarl Gistosots)uag
AaaJAqiloilftt001l

o^ueirq

l7

m

?2

?s

16.6

29

4
24

t2.6

29

35

26

lG70

L722

10-70

t2.5-52

15-50

Gl89

2Gr42

lG50

1.5-50

15.5-41

5-129

rG70

oru3nr

Iqrissr (ussR)

oru?nr

}Juaud

eifirromrtfinc

oru?nr

[[nu101

effi:rsorartfrn:
dlqqu

etrl?nr

ufiuml
lrrqqil
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triqtqnnru nqufun:ruiinidordol I m

nnrtfi z fiurswfraludufuuuiiilnurjurdou (ppm)

urdujurflsu

mflosririr

Enflfln:r!lars

l:smuuilnmo:o

o ill a
nufl?u,nunrNm0{

RlnncRou tsruagel tldlur{rfrul

9
fl1llnNma?{

5l-21,546

5cx)-6,500

53-2,1(x)

92-2,580

135,m0

93-3,8q)

nvrs24
2r8-10900

tn-388

r75-3916

tu2s3

960-7,m

114-885

t32-397

2t3

dfirlsols|lf,Rt

0tutfll
A'rqqu

el
ttqrutils

oru3n't
sr d
tiluailff

dfirltolslfiRt

omtft'l

tso:fungiuosn

dl4:'lto't0t1frRt

fr{u 16uurt

outrR'l

$o:riunsiuoon
lrrquil
T
tYr0
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rlso'fi:nodomtfu ara'orf, no

ri , t I

2a rila{nilluacnffi uurfl sunsffaluau

m.r.(rnntrhldlurndol) I zt

nr:rJurdsurornrrirar{6urfin'ldtrnuaruurddauduiio 0m1t{{.rrrEnflfl

nrrrl lr{oq{ui nr:rnilmfiriniu fitniltunumsnt m{Mfio1{trnl:ssrurnt0lnlurnl

nnoa tilfl r:l#dfi lrfl udoriaqrildold dr rsntimdlrsnlcul,tridilrdAr;q ft ff

z.er nrilouiuarlxrruoqwaeustsfra

fiulSraorrhondisq dulurniloritniofiurolu?narl:snqtlnodrulnqi

wfi rFrnorn gfirdqtun n'nrln6 rf*tdtnt*nsri'lqnrlnnrl6oussn'ldfiuddloniorfl uoqnrn

noshJnruaunnrnna{!3t?orlndt nsfrr1uff:ru:nfiwo{:tlfiunqein"1 rfinrfludurrinsfi't

drenrnorlrlrtf;rJ:cls#ldlnsfiuuf ncrirdgt'muAHm nt6u.r (cal€na,Pbs) nr:rlams

flToq{Audnriiurluamnrmronf,n:rhlfirfinnr:rJurdauncrirluniudds il:guril 4,000

nrrxfiInun: dctrrrafin doqnsfihmf turaacl r$rjirnorncrirlufiudl#ilunun:fltul

lur-hrrarqlrnn nrimdo nroluiafl too un:mtlrlilasuncdrffir fiuflrJilrsrntfirrsdo

ro,osofindniuciofilnnirl uavnluluif,il tm *"rnuududusiwirdr nurirrndrtetncfralu

6u ts,4oo u'afinircisfilaniu (ta)

drniuaorunr:oirjurdouosfir mnnr:fr lililotluil: crnnln onu:3tlor

dudruoriuri.rnl{noumfiormsnouldtort{ninurfru{dn{rlrrillmqiur:ar: ftmin

nrqruq6 lududnsulftowninurfu{anirtr41tuqfuufr?t iltniisrna^nttdncfir z u?is

6o rmiioqrirfilld (nrfio.raoqrio) rms ntfisqrdriow uaclududoourrfrsilnriimna'n

ncd'a 6o rmilourdqo'o nrilsqrdrnrmd nnfiolqriatuncndlo$deuil:otdprn{ru uuoolod
t

oda ir A a tA
S{IJROfl ttljngtOllt0{ 01ntfi UO.tlt:ORf,qflfunr:lfidstdolnrnrmfiouri6n s rniq fis l:ffissrrito$fln'oqfillfr dlo{l?taatlnd

rfinfi'urufio.rrduld l:mouudndd ei*ro{rirtmnntflouiolrunrsn'nld 6 nu. $aclrffiaoui

4
RO I:ffi osuillorrfl n'sufi rIfi eiso{u?raorlnd

rdouqfo ef,ro{druiioqdo gnrilitonr:rirrfiunr:rdofl zsgs trnnr:flRsrnrrutr'n:c010tlort

arrocfi?!?trot:sudrctfi ilrirrdouo?un3uvrflnsnosdlurndotnin urn:l:duuiln

R:rninorR:r:6i rdsfl 2$3 - 2s36 'ldfnurqarnrvrrirtswl'lserucirs t dolmadrudud

ndo$rdncdruacl:sassdrfilld rnfio.ruirisql uacl:lnsouin# nl'irflnrrrjulfiu

{otnsrirluil3illrdriu*uuloduo rirl#nttu In orrrur: nuunuosldd'l dCopyright by Mahidol University



rfifr qsirnil ntpfr rernriio*drr,{io.r I zz

- ntiioqtdrio{rufi il'hliCIfrnr6lncnouhiiirj:sfinr'nrnlunr:finrfi r: rfios

orndro{lurirardiimquqr (Sink Hole) rurolmqirdno{rrnlruuareisrfiorfiu ?hlfiilii{
luriotinrfiuncnsuornnr:drsuinc6'rarilr:nlmarlnornrqrguudslrJft6nmqumuiruar

b,raoon{nrr rirr::lsrr,''ludqn Inon:r'h rinorfirodarrur rirnnacryGruardronoo

lududr{ninunf,'u{dnirlrrish,qjur:aa: finr:ilurdouar:nvfraqrft 02ffi.87 ppm

(fiuacludrudru) lumrcdumrg'ruqamffirirlu,rrdltirfie6uuasrrnrg',urirulu,u,6luol,

l?lnnlddrnunrJiurorncfirl{hirfiu o.os p,p.nirrfu uiorfiurirrursr:gruo'r s-tz nirdrnro

drldiunr::Juduu o'rotirif.tlu rjsfinrfi uncouudl, uuonqu qu

- l:sasardn# dori.ro$rdaoo# duulr"rfi'alu6usrsnounlrril fi ,i'rdu

r6s,T2vss238o fiadnilcisfilaniru lumu#rirrrnrgrunrri'alududrrirnrro{orfisiirir

rfi o.r 200 il'adniruciafiIaniil nhliu rdofi rirdurirrurnsgruurnn'ir x,mo nir

- nrfioqrdrffu ld uacl:.iaosud fi fiaswfi luarirufirud nudrriouh.radru

fiudnrfiotuifirirnsfia 0.00 - 0.0e pe riio'lnarirududnriios#iruIfi finr:rJurdsusro{rn:

srsdaifudurflu l.l ppm lrfoqufiudrrrnsgruqomffiti,fi.nu zz rti'r tf.rdfiarrmqrmrnlu

uiraonjsfrnrfiun:noufiuqtqurfiodunaroEe frtl#riruacnsRoulilaa{ilEaqil (Sink Hole)

oonqirirom:rrnFuasornRr:druiiorldiloriut rutirruofi'rowfirfioldrflurisdnrfiuswnsu

yf,rd #aaerEfi riioluadrududnrr'ssuidlld fiorlraarqiifilnao{$ rirudlarfiu drun

uuniu lufrrudqnoruwi$nddrnaoo$ drduflrudn,sr::rurrddfinr1unJ:rcursrflufirm

tittJurduuu'rrnuprdrdrislfirfinnanrsnrsdrquu:roiodrfi6?ouaffsilufinnniludr rsiil

ilarrqnrc6ufi arorfi oorrclor gqnrahJ

i a !r9o I t
usnmnfr nilJn?uqxilaSlu tdfr rnr: gr:aoinrJiilrar grsrizluf ilacncnou

i " o e J Ao, d I r t t
rnul rualu?soan $od fr.f,2s4t ds zyz nudr rJ6rurarngfr':ludruinarfrrodrroll:l

, , Jo, ,o ' 'uei{rd nAii iiriro$ludx 0.03G1.38 ppn lomlirurarncfrrluflcnsum:rlu?raorldl:susi..rud

firir:cfi'ir,Q 29,978 - 6s,nt fiaanireiofilaniu rniaonunrrdrtr:arqrldrdrurn:aoieom
rrttrr

ncfialudooenarlrunffirirwaranflr nu'irrrerhuvlnnufilfriruasfiurJnrfincn'alu16oolu

iliurorqsrrn looriautmqjo{ludrr 20 - 50 run-rro66n: rir:sdusrcfiefirfludun:rooqilu

:cdu 40 ilnJrnfifin: uasfirn:cdilnsfirfid€uci to ilnyrofidn: ueiac t roffio: drfiruduortnl

ldrdnfr :;duadilqqr (lo6r) nnm o.zi ln (le)
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g.nfi2rdmd lmTlnommm9o ml.@nluloidlurndoly I zt

*ntiunr:rjurdounci'alu6uornlnraouncfia firroqunnnr:duar

linordudrs:rlr.rnaoilncrie nudrrJ?urornadrqrqnrinnar6adu?raorlndn'urJdsrniutos

I:rrnrunsanamrhueorirnru:co#rsddiudu Tnunrrldlfudrsudrl:csc?ir{uagnlr

nonqintfluuuu Bponenrial (202t A2) dmfirsorsrfinrficro$udrnruludud g filaurn:

mrl:flraouncdadfinnfrnnrodtd dufinrrrjurdouncfirilrgurfl l'sm ft 22w
aaorlaqot
uanflfrn0fl lanru

drniu lurlrcrna'ln oiilr wrunnoun sf,r ornurnmsduireft e{d ritrio
rlslti :roor crrql unnlgr uarcrln::J:rnrr ,firuau:rrrfidu z lrsrrumcfiaorudd

rnslfrflud?ansrnrrir6n r rnisdftuin:nqi nc$Jaunrcndnrml:wrurasrnrda

ftnriraocilrl#finnrcilurdoun d:r{rqidunndoil'l6lunaruriunou lduri nr:drrrugrrnsd

nr:naouriuncn-? nrdrl#nrriruiqnf;' riludu Inuneriaororjurdsuurd'ldlanc (stas))

oross dunuda towriarnrrirr€lo n:rl:sqruEndrrn:ril ldilrnrrdrnmr:rJurdsuncfia

lufiuuagrilHfiuffinarI:wrumoornrfiruaraoruddrnolfifludlmorncfirdsnGim:rilsr's

dudluor*r,ruluinfl 500 ursrr nldriinnrlurdouncrialuFulu:adlrioudrquu:r

z.r: lsr6lsorosnrfilfiuc

urunrmurdldrirriudfl nr:rfi ilmn:cmD'amnilfornnrc$l'aranrdor$irurir

ooRrnurfluurri.rdlu^nddniq6nuncirradwo$srirdilanil6oooonqidruaodou flnrr

frsaffiudr daoritn'uuncfi#rfi:rmnuirearlndfiuouu flrc6'unsriadq.rndnlnn^ (23)

camon tro& Bowles (za) rhnr:f,nsrdrflslrnuraof Inlacrla arsgour?nr nudrlurcsc

tsz run:mdruldnrromuuludosnunof rsrflnrnluriiounrfir $acaerildilfiuf,

rgttir$J?ilrunsn'adu:cusrrufl umt nrponenrar uuoolodfiofi ffi nur6nrnronulucn:'g

oruSmdtnlnanrrflnurludruosdarfru

lu:Jrsrnodu r lduri o-rnqu aieuwofiraud u'afirmud ooarn:rda {{u
64il6 r?rugroar ruardw 6nrd n5ry uacdorm ldflf,rhnr#nuruaail:rngnnoonurlu

finuarrasnndwfiu ndrrdo rcd:J{s$sfia1un'uuavu{rl?raarlndtilouufi:;n'ugsn'ir

:gdlnJnn' uasnsfrancflil?lnalana{nflrcss?irornouudfirdu uasflnanr:f,nurd:vrldrCopyright by Mahidol University



1r(0tqcrnil nqufi uumriiodrdodor r zo

luouuriruluqiwnl:vdrnarurdrdutstnad'rtududqlndrrcduilnfi nrolu:guc?irs ts

unrilnrououurftasrdru (s) drfii:Ju:'rasouudflnrrtno:mururiultn 1 otofittnl:

:Jurdourosncrialdd:s0s?ir{ tm o'{ 150 $ert (zs) frniulurj:crna'lnuibrsrrudrdu

uinoraoqdNntfl o{ouu1t1{ttl-nnn fi :Jiurorncfird:curu 213 ppm (15)

2J3 fcqnr.rortmsnt

luraarmj:crnnldiinr:drmrnroorouurilluln:n (sewasp sludsB) dFi'lu

nn'rnTnairrdol:nuaruunlird?urldrflu{oluR'FrRser drororfluundrtrdodtfillftfi"olt

arm,,rmrrd.a$6u tdortrnlunrnorourrirlulo:nocfi ncfiriluriiouoli coker uac

lvtafl hews(zo)rudrluqtmrcrornuiircdilngn'alnslir'l:J:J:clrilrrn'ndnivfi lanilOir

rninu#r) luflercd:ciunsfiarsdolunrnsrcnouo'ronduddltibiqocnnn::ufirinj:slror tzt

fiaa'nivfiIaniu Berow $ns webb6 (zz) rhnr:irnrrn{nrnncnsuu',oCudqnuln
a o o, d o r t4! e, i lq I

Rrrilrlffirilcruio{lud{nquuaenad {TJ?u 42 s{?o01{ 1til?'rutcolncn?ogtus?{l 120 -
r,m fiaaniudlnnil frirurinuftt sonmers (28) t'ts{.tud't rJ:'ilrarncfrrlu flmncnsu

luo'urdsrh amigoruinro$lurh 13-19,200 r'aa'nivfilanilrJilrorncfralunrnnanouosil

rilnlrfiuduodrsun ucilnsdrlilrd?ocfi rirdrn'ir t,ooo fiadniudlaniu (:)

drmirnr::Juduunuoorfi .1un'ud1#nrnorouurirlulnrnrfl u{oriu

Ir Riche (zs) nudrflnr:rlurdoumrlaucmfnlu6ulududdflnr:1dn1oo"ouuti1laloro

rflu:cgsnaruru lu:J:crnalna'ldiinr:dnurnarrrfluhj'ldlunr:d'uornmorouurfl

laln:nlrlf,lun1lflunr naaqrlirnrrldn, nnrnsurirlcln:nrfluilowdrldfiil5'urarlamc

rninqnii..raqifiurfirdu orit'kfinrr nnur{ru{udmf,oo{1u6uunvf,#rJqno{1u:udud

:Jaoed's (go)

uoRunnr:froloorouurfllelnrnlrldrflu{orde nrrldurdr$ilaruac

il:ruflorg$lrrJ:smnnc6'asrfrmun (pbuAso4) fifirb?rfinnr:agaurotocfialudu1drsiud'u

Oo) orhrl:finrrufltpiunrrl#er:rJ:ruflorgfisfiuueldudocldil:cmil6uniuar:nildu e)
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rltuf ninnrda unfrnotdonr'no

2s ruodndornnmilurdou

rm.u.(mnlula?drmndo!) / 25

nsfia rfl ulnfi cmindfl aulrilufi uorirquu:seiodrfl f, ierprn?nunsr cuuu'nfit

flnnaarudald#urnulAsnndrrtun'u iliinnlruerur:odog$n:ndurdr{ritldarurr'ldlnu

inrnrmr:qndlto{tlflnos ntnarialugrl Bioavailable Fractions drrfluar:ncdalugildii.rfl

fitnqaduld ocduirf#inddndrar:nsfirlun'urfsmrn ooal pb) nr:rvrfluErldr{r{rirlld

orrn:ldlnsnrr orirs'l:finr! nsrialu6uuuununlnleo{1ugildn'40fiu'hild ncrialu

rJiururilw o.mr ft 0.@5 o/o ro$Jiurslnsfrrrftmlnludunini.udfi4nnuH el *rniu
nrucrunrolunrrEnfrrrud:md#urcriuoffi:-ranrnaan'ruldrssncrirlu6u n-udflrir

cEc ddrJirmrdunloinqtudur?osuaaflanmrflun:nf,nrisurfluflof,othriqdrtrhlncrir

acars'ldilrn

nrdaffirld z nrsfionrq:muncnrh $r'utstnsfi:rindulnohJfudlnr:

njdm.unjawssnamn'n' fiudrnr:oonfi'lnddafirunlun:suaunm'nslrdlulnnsun6o

ilnasionrcleunudrmmcfua.r fiuslnr:n?qr6llnrowrnmclil uac6onarRr:{onro{

ude

ncrialuffs6"rur:odrunontdr{riarldonnrludrfudnhJ lduri dnduacnuld

lnoqnfiuriluornr: duluanrnrJnfirsiinsfihaaaroldofrl:silml I ppm uffirsdurJnn'rsr

orcrirdnulufbds 0s.3 ppm dordoddrriqurR:J:sRnfiuordo fiscmr:siuncrirldlu

rJirnardqwrnlno'lriucnwrnr:rlluf,u (rD nrhrdo $lcocbiuansornruflun^uu?rsil

ncdrlurdodsq.rft so ppm tecin rrinudt drlnsdrhJfifloroilncfirlu:gdu:Jnn'rfi sr

I ppm dtrirufludurr:rsisnuuasf,ndrilusd, rurn nrri:oror{r{f,nddn:srilrcdrd0qlu

uireardudd6urjuriLunsriald lnutnnrsodrl8riauacuns loosrun'nnr:a"eunsrirlurir

uruu"*uu lurh grnaln uldra oiincd nrutlo*'inr m lnuru 16o dud t1l minn:q? rdordsu

qunn{udzstr lnslnurqrormsn:nrlddhsnrudrsornrrntil:sfln flriraru{rurJrn finflu

crdufl$qflufi'n1 rnohdrurnuaafnnroludqn rdofirnr:or:aoaounu.ir lndn'u:rirasr'ld

drrlnadrnun:n:rJqnldrfluormr:urilariiuddrqorlrrilaourrislarc{rnanncd'ed{fla

fionr:u#r nrn'irnr:rtlsffincroslnu!ilrwumrrfn:fiaollaficlnonnrcodrrAsnr:rdaoil

ncfiatrflunmoCrir lnahifltcuurhfint{rir niu {luaroo{mslsncfrr ilrft{uafiururird
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1ldmQa'nil nquiiuo:widodrdotdor I zc

rjdr'bjnnrnrs[dauti{tflo{mrraouuasnrcudausr:us]A rjdetjnnlu'lddralnaloormg

nruludtldrdurlnurlro.wsnrn:rirurdruac6ntieuildrncJdrlillu:r::ornrduouua"

dnirdurluu?r:arduls?nslr

.,
n'sno$afiiornduqinurfufl ldrlsorurn orit'l:fi nrulufl n.f,. 25 le ldnldudnd

orfim$lun{d e drmumq dtnsn:cd:cum ffsninerln:ilmnr: rfioornr:rflufiuruasl
&rad,Jra4

ornnsfri nthaiiorfinntilorqeftueiu:nrfiorudr o reil $ansdnsorcfin:Jnfrlunr:n'murnrsr

rdsrirduluuiraorn{firudlt?rn:rsrinldriinufirqrdr 3900 ppn drqrndidudhildol

&sdncri:ft zs nir nrr?m:rcf:ss-ilnsfirlurir fic fin :Jar srnonouludonuacdunu#n

dodulurinanr{druu?i.rdfi nudrqrndr:vd'rrnordrJn6rrnniuriu (: r)

lun# ar:rssrsrfin: finr:n:aor6oarr:ordorr'ldfunr:rjurdouroonrfir

ornrindrJqnrilnnludulndntiioqrd nrdr flrirlqnfinfiurauiinsd'alu6onnirn':r 0.54

hln:Iradnr dilqnfinfiurh.rnirri':r o.oz 'lllnrluar6n: uacdilEnfin6urflurhcdrfirir

o.os hln:1il4/6n: drfindu?lnniirirervriao{grurn niu rirfivrfirir rz: finfiniryfilanil

uouria},rqifirir gs.r fiadnivfiIanil uacfrnnrarnedirir zs.o finfini!/filaniu drflrirqr

ndnirrlrnundoorlfifi 'ld 6o t iina'niudlaniu rfl uodr.rurn

lunrdidrn'nnrnJurdouns frrludulurJiurordg.rrrnrurfiufi nnarraur:oroq

e'uiiociultldd.rrlnrfinlur:'rrorduddfinr:ourioflrnrnmqdodrjurdouncfirorilfinnr:

ilufioua$iiurirffiAuuarr6n6'uer:roeiofrddrhluilnnld luanigoru:'nrduddrnuflnr:

rhmfiosuiuasl:qilaouncn':ldrfinnr:rJurdounsrirluduuarun:'a$ifurirld6uluraru

duddrurqnirfi nrrldrirldn'uuilnn (32J3 p4;s)

2.to fismsns*adoirsnrs

srcriafl ulaucddtnranunrbidomr: nrirrfio bifi riaurdsr{ordu:crluu,fl rlu
fidlnrcilrunr:riooormrr dshjn'irrfugrcfrrftrflufiseioitnrusdxurndrdr.rnruirrdrtj

otonrunildsctiofiarJn6unv*d:radfl qqrfi uualrludogdrndr:cduiln6 nrrif,olurlorc
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sflBmomo ufimamouflna ra.u.0ntrlo?ft urndsu) / zz

lurl:'rrorqt lnanln6itnronuutmnronusioncftluil?lmrq{fiodun?: iinr:ifronl'ir

nuribhJflnrdrlurdonilrsnru 025 ppm whirislftfiaornrcrflufr-uueiorirln ucidritnro

iumd'afitJlurJ?rnnrurnluriufifiuln niulurf,onfirrnn'ir o.s ppm wrfioornr:riluf,u

stirud uundud.rrinrfinf,unumudfi xruluqnarmn:nrdldnsd'rlun:cuaunr:ndn

ur{itmiunufir'hjfium$g6'rdrfindurfluuludcrtu nrirrn'o imnroi:rncfier{r}Jfiacfos

uci68.rurnndddrrnrocrrmofudroson'l:Jld dvdonrrirr{r{drmroruftilntr'un:ronc

uantgrn'rcb?dluftd

l. olnTnrreuunru6uormr nrrilflornrrrdoorrn: naauldorriou florqn

::rnoorofirloedo ornrddr6'q6o rhnflowrirquu:r,uooloduronuuuarduncria

(Lead Line) fruo{dtountionmt{rlao

z ommnr:suurlrsatn.irurJaro f;ihoouilornr:ndrruruisusrurasrrieuu:r

unn$.rrJrnnrrndnrrdsuocdscirq uncorofiodlnrnrer ndnrrucs'ld

3. orRrlrn€dxo{ rfluornr:dnu'irquu:rdqn rinn:rturdndldiunrrirr{r{

drsnruluil:'lrarrioudrql ornrsrTnrirtrnnudurdu usu'hindr flu$ro or:lafqurfior

rJfi ffi ormfi ound'uhndnlno'an'{16{lgrotudqnordnrruadnirmcoroft urinc:n'ld

+.srnr:nrdsnncri'awltjo"ud-rroulqfdrlrrdrdrrsrqfi ndonumfr rl#fi rfi n

rdoounqloo rilnrfioefinrJnfirmsunn{ro riisaur oio:vdrqilruu'hhlncfidorornrmm'on

s. n"riaf, rlfisqitounrnnomc'hiroqnmafirfiarlnn'rhlfrfluuriu rJ:c{r6ou

finrjnfiuacn grirfisilmrs:s!il'lndrs

z.tt nr:qod'umqlanrlufiu

nr:qnfrrlufi urfl un:curunrdocno! Iruraqauio'loooursrdr:1n1do{1ufi u

qndfloil{firfirnerowqnrnn'u loonuqodloro6nmnurrdnmdsrnrqnih.riofl dnd dr

pnepreiarrfinorqnEnd:r'lddroRcrurunr:dmnsirrfiu$acqnqofuludn:rdhinirfiu
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TrdaNqffinil nqduernrifoddrrSolru

zrr.r rhstrm{o{nr?gncfu

nrqefirorrmhldrfl uzil:cmnnrrdnuorcnuqndild.rdOol

t. nr:gofirrhvpordu @ositive Adsorption) rflunrrqndrdnarurdrdu
J -c a J ' ' t

rCI{rrfi:fi qnqnduluritaorarsasarsfiuci?ufi oqin:$iufi ato{oqnmn'u (Imo Sotution) riu

frrrnndrluer:acarodudauilon (outer solution)

2. ntpdnilteqhToonrirsornfrdu (Negative Adsorption) finduriioar:d
AA

gn8ncruQnfl anooRo'lR?ru il?fl o{oqRmqu ilrl#narrurdru{urowr:qnqo{lluer:acarc

6uthuuonfi lrnndrdffinardufi aorlnm6u

l.112 tffitffiltftfionr:gn{u

urodrhlt{rfin nrc!?unr: Eacfr JduiinnrorJ: srn vr dr s fiu6o

l. rtsrrtt?uroofrrad (v^ d€r waals rorcd riluurrdnrtdsrnloolonrnd

drrTqdqn (:o) ucilflur:rdeioururn rfiaduriiooqnrno{lnd8ori'uil1n racocana{sdtras

r5rnril:cacntdrirwonhJ (3?) rn{rr?umofarnrf rfinrrnrlfifiiordrufruf,:cil'irrilraqran
qeJ

uacmo0'TRuAn:0'Idufiuf,rcndr.rrJ:rqurnfiu:J:rqaurorornormfohmqado{1ndfru d.r

nowduundeoldftd

- rlg^nTurfu rf,uf:c?rdrslnlnad'u1o}na (Dipole.Dipole Interaction)

ru:tlfindrfinornnr:n:srirdeuf,u:c?rdrs'lnlnnf,tllnIna duflunr:qnfurcil'iNar:dfi

rhvqdaofiu

- ilffiardrfu#:sffdrllnlnad'ulnlnadqnfnrir (Dipole-Induced

Diple Interaction) u:.rrfindoclrrllurJfifiiornr:qnfu:vn'iNar:fifiil:rqfiuar:dqnfnrir

ldfirhs1

- rJfiffioriYlr{'uf:cfidt'lnlfiadqnfnrhflulnlnafi qnfrndr (Induced

Dipole'Induced Dipole Interaction) urwfiodrfisornnrtn:cfiriail6'u:cfijrffiTdqnfnrirlfi

fi il:vqf,rlar:dqndnrirldfi rJ:r I
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1rfr'n9'mo-IaD u Tmtla[Maa ma.(nnluld?qurnf,o!) I zs

(Hydrogen Bonding) rfluf,utcdfiscclouto{lclnltouz. fiurclslo:tou

dudnndou fiutc'lslnrrouorotilunr:qofurmronnrmiovrrqnfirildtiuo{funftuu

nru$ou uoidrritunr:qofiirmsmiiwiinrrrisurfi odu gruarfi rf,'ul gdrt{$Ht

s. fiuffilsln:b'lfin (Hydrophobic Bonding) octduadmnr:qndler:

rJ:rneudlrifida Iosarlilrcnsuocffilillddllraqatosrirdrnrro{uudufirtosoqn'm

fr rldlua qnrocirqnduoonilrluei:nsarudu

+. urtqaoufin (coulombic Force) rilun:snttr{flrdun'nornnr:o1qo

losour{r1:J6ornrcftrdufiamioloosudiirlrrqor:sfi'u{rru drorir$siu nrrdloooulando

mrro$uu fi aroluifiurrfi uadtfi rJ:rqal

s. nr:drutn:Jtsq (cb6ee Traosfq) tilnrn:cueunr:drduadssfiunr:dou

S'ufiums Molesular ortial uwiruuarnr:rmnnjdounaruuururiuqlmdranntouuqiau

ro.rlrurnq#iu6mnn:su @lecrorAcs€ptor Molecule) unrllraqafilffirann:au (Electron-

rlmor Molecule) rfinrfl uor:rhcnol6ldou

zlls nlolmrroil@{nr:ga#u 
@osorpaon rsotherm)

lolmnoursrnr:qodufl utdudulodutduuundtrJilrornrtqnfittoteir

uio'looouuufienowqnroduudr{rs1 rdudldornnr:arnrduciofiumrqoeirq :cn'irs

iliruralrsrarrnfslossudqnqn6ul{6'unarrutdrudutorer:misloosulunr:asarudud

o{luanrnaqadfiu ar qoruqfind rdulolennoilorfiErlirtuonci'Ndusonliludrusir:sd

6.rqnfiu:rr.r'hdufiroqnrnfiusfintotlooourfu r (sz) Ioudblillunr:dnurnr:qndllu

Gurinnurdulslqnnorulu + dnuogdsrao.rlunrnd r (aa)

t. lolqnnerusfiodaroa (s{urve Isotherm) rflun:rr'ldfifinuarcnmilfilgir

lugir.rr?rudurruufiridu"lunnrurdrudulueirasarsfiunqfin:rudlndrroilrolddrduii

nartarurrolunrrqnduldrloundrdrracats6ulun'asdrltotnr:qndu'loooilno{uo{

(cu1 duaerlunrnd r dulslqrnsilfi dnuorcrfl ugrldrroardororndunf uinqdarnroo{
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'ndmqifiru nqufi ucvruidodrdordor r ro

lurnrmarofiuqadulooounournr lChndroqnrnduftiirjirrorno.runduarasarodu

urnnirluduluriNr:'ldu rdonr:Enduto.ro'uniuinqrfiaduruftlnq.rqauda drnrrfinnr:

qndrlooouno.rum uudufirorlnrnfi un:n{6rfi narufuqrdulu:i.Hra'r

z.'lolnyrouninn'auoa (L{urve (L,ngmuir) Isotherm) n:rrhfindrflunn

urrrnnr:dauiinmrerrrrolunr:Endu'ldqr lurhrdrdutornr:qndrLfrfi:Jiurord.rgn

gnfiluar:aanron'ulu:cn'udruacfiilSilrsdqnqnfirllq.r n:rllftiidnuEc#ulurhl
A r - ! lJ-orSrclura'rrrnriuf,ufrn-,ltunr:6nrnrcts.rorlnrnduiirlooa16..rfi:Jirrordrqnqnf,lluarr

acn rsdilm*rldu lslqrvrorrn?ncirroa du'lo l%y,uudnurj rndqnludu (r a)

f. 'lslsrnourfinsiersc (H{urve (Hieh affinity) Isothsm) ildnuarsarnfiJ

qurrneftuririasdrdu t*\nji-rfiuofirL'lolqrnsrsfindrusa) dnuagn'sn.irauendr

oqnmduiinrudrrr:olunrrqn#u'ldqrrro aolrrdriorfinduldrf.rnrn rmersphere

Surhce Corylexation uioornu:rueumgfrrad

3
IeI
6g
3
c,

rt
ta

a
C
E
ta,t4

IbdlltbcFr
tr |lt zf;c
t. O.olq

Pl lawt a-!l

o80

o@

o.{o

o2D

a
€Ir

6
F
E
rtr,e

C01 tomol m-l

D

o
6
a
e

r00

c fuMrot rg'll

nmd r lolrymorrocnr:gnfir{inlfirlrJCopyright by Mahidol University



gnfilttrno u l2nrnnflna m.r.0nnluln?drumdou) / 3l

a.'lglgrno:.tsfinfi:6 (ccur"e (constaot) Isotherm) o,lu#utolnrrdmja

dtgbiud:fi'unrunlrurdrr?illucr:acarufiu lolmnolnndsrun'nrrndntiaudnrdrsr

rliurarnr:Enfillnuoqnrn6ufiurJitrordaqnqnfiiluarracn'rss^uriorfinrrnnr:rfildu

orhuilu dndrut ssil?rrarar:dqnqnf ufrudilroren:luar:asarfiu

Inod''llrJudrdoqnrdoari:rnr:qnfirlaoauuuduirorlnrn rrrrr:ooiura

'lddrsarnrrr.raloduRu rderornfi?tnrunqufildgnrlrrroiuroelqa&rornr:qndudrfin
J rJo ot Ifiu ucifiu-ullftruurnfiqnldlri alnr:uaqilof G""er"oi. Equatioo) uasdunrrd:ouda'n

(Fremdlich Equation)

t) ctnr:uaqfiof

6r arnr: unqii oflf lunr: oirrodnuarcnr:6n frrqruudufi rroqrfi rmr

nndflmufigrudr r) nr:dnmrgmrlooaurfiaduuudufi.dfluro6rEnnirfiurlnp 2)

lsssuuudufirdgnrnednl&vlrlrtnlfiffiordrfiuunafru fiolsosudilnrnrgluduihrmias

61 o$fludc:cudriu r) flnr:rnrcdalurlfurordqrqnld rfufido dudnr^rocilnnqr}lfiro

du tor'looou

alnr:ua$flsffls'{d

.....(2-t)

(l+KC)

x,t = rl?rrEros'loooudgngafileiorirufnromqnrndu

K = rirn#drflnauf,rn{uf,filurrdrqnrum,itdufi.ri'llooou

c = nrrlrduduml'looouluar:avaro6udo{luanrnatqnfru

narur{ru dur ol'looou drnrcdn uu n^rorlnrn

A
uJo

u : rJ?rurar1ooouddufirqnfulfldlu:rn'lqrqnCopyright by Mahidol University



tiqlqannr r4riln:mriiodrdo{orla

rnrnr:drndrrrinqndnurlas}irfl ildunr:rdunrl rf.riirCoa:T.tdso?Ruac

.hocionr:drgfl,ul*olrdlrlnneoui'u{oqadld;u rCsdwldnrru'irnrrEnduuuniufir

riurfl u'hJnruaunr:mf slri

mrnr:rdunxflftd

clc
""'Q-2)

(xrn) Kb b

nrn{oXnddornr:n:riliidnsarsdoiurs'lddrsaunr:m$fi oiudr rdun:s
).
fiarntrnqa:sndrt c(,,1^) ri'u c wlfiriraror6swirfiu ub msnr{lndntoudufidrdrriu

rno rirnrd r l&rn ut m:das yr$

doldril5 rumn nr: ldarnr:uasril sflunr:ilsndnsscnr:qnfulooauii

n'o arnr:dnsb?rinJirrarlsoouiidufianrrdnl{lu:r6'rqrqo

z) arunrrd:oodin

rrndrdoryalilerrr:oldfiiaruorurasdlofld rininsrsresrffi rinrc#u

lrl{aunr: r{:suddndrfi alnr:6'rd

KCtl" .....(2-3)

xtm : rJ?rrarrortoooudqnrnrvdncioril?rfnroroqnrnfiu

c : n'rrlrdrduro{'losouludr:acnru6uds$luanrneuqad'u

nrnurirdurorloooudgnEaduuulfun'rroroqnrnFu

m

A
nJo

K : rirnd
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fuI ta
rlEflninora'o unrl no'rflolr'nn

mrnr:rdufl r{ululbs sddn oos

ml.(rnoluln8ilumdor) r rr

.....(a4)log

I

- 
logC + logK

n

dopdtfl d;lrrunr:r,b o udfi o dfi a'oo*#uonlC'ir nl:mtdn{ o{

'lsoeu wfindudstJdosr n:r:.rnirdolrniudurosloooulucrracar u6ufl diuurndu

dunlr Freundlich dluemr: Empiricat druaa.rdrnr:nnagrulagnrn'-

firmsnd{rrulunr:qnfir uJodncirulunr:gnqnfilgnrJooquolod, lursrcddrnr:
r qnsmuh wucnlnlndstru lu nr:qn#uuuCuFnrd sefiu ovlriduo {fiu nr: dCudnaqnrln

t e - -tnqldrodaqnfru drriu m,lnr: Fremdlich ficrnlrroaitauufigrulddr Rffinna{To{nd{

rrulurm6ndurdonnrlnnqufrrii a.cird, rfu A . JJotuo{ul0Trn?luunnnNl,B{nilmn?

( sbrece Hetsroseneity) srh.r'lrflnrrrcn'utosneuunnciNtstdufiariulrjfllnrnnurnjfn

ftriu nr:ldarn'rr tqngnuir me Frqmdlicih dddqnn'a nrrdtormrnrr#seourldoiu.rs

Rtcu?uflltqndudrfindulunlrileao{rllRRdrwf,gorinrnaurnfisuniocirrriursluinat

duddrfinnr:qnf;rl c?rniugrJuuurarlalmnornr:qnfirdoilrolddrsarfl'rif r+nsrmdr

ilnc dunlr Freundlich uan.rd.rnTrd + (ss)

I rJ,53l o86Copyright by Mahidol University



?mmgnnnril nqufiuerrriisddmio.r I 3a

nxtfi 4 gflfruilmt Ad$redon Isdherm {I-tR (a) ailRfr r.'ngmnrr (b) ilnff Fheurdlich

211.4 flr:dnurnrrqn.hl

In slta lilnrlfi n u lnlrEodrrlu 6u fr rrnaodnsmrrqnfirlancltludufi io
Ndrl:cnoutordu uarfisnuo1iriosa$.rdfi nmdnumr:qndurdomrrirfirnJ:sfivri'nr:

Rtsols (oisnibution Coefficiml, K) q,o{in:ilafiulududsdrrflulunr:frrnuu{raomrs

--3--"--.---{ .-d--n- ----^-J-- ---.- - -l 1". .q o, c a j
naio?ndni rfioriruronr:ufidn:coru{sllails uon0miifinrrflnurnr:Endulunurfr'o

ril6s!rfisunr1il6nil'rroro{6usfinud.rlunlsEofilIafirrfioeirqnforilSoilrfiuuneru

drur:otstfiuuiacilfialunr:qndulamvn'nlnsfinnu{r nlodnurnaqlslnrrnjdaurilnl

qarmrffirowr:acaruduflisdu rEiu rirfiroc n?fl$r{flo{tssou nlrrfir,lossusfindu

rncnr:rfirrAunudrdrhlluarracarofiu rfludu d.riinr:lunrrfrnsr{oryanr:qnfirlooou
i- Auufiufiroqnrnducru:ofr rld z ?i ldud

fi
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omn,lnlgTdt lxltTmoratarulrnal mr.<nralulntii{urnfu u) r r

Lll.+l Batuhlllethod Adsorptbn Study

rirldlnonr: ncududnrrrrirnrin{rururnuasrfitei:acnrufl os

laosufi dwnr:flnur naru{ruducirq lurJiunrdntdmf oorcldoarrur{udutornr:ntat

dasdrintuludrurjrfiudnrrdautorfilcisar:aca'ro ornrfufrb?fiuuaslooouluei:

ruarorir:lfiffiorfi'uouarqnd u qormqfintd dsorofrrldlaon'unaumfstllrirtirunal

dsndra o'mrfudrnr:usnoqnrn6uoofl0'rRffEaga'tsfiuloonr:Ptd0q (cenrituge) rfonr:

n:or Gilration) u&rinnrnarudrdutsrlsssutufl racnludu rjilrslsooudfiuqn.fu l{
ocrdrduiliuorlsssulua',rurulododuaudaorjilrarlooouluar:acarufi udenrn

rruqad Inoria'hJrlslrar'lessud6uEnfir'llocuensluuriaurililfnloooudgnqnfiul5eio

ri, nrinssrdudorynrl?lrornr:qefruloooudldornn',:noaoltrgndr'lilnasnfi'unrru

rdudur srloaoulu drEacorufi ud anrfi alqnduarrhlilurnarrihrfiuf,nrla6fi In sld

crunr: Regressim cirq niil amrrr{:ouddauisalnr:ualrfiaf rirduil:sAilfnrrnrcoru

(soil/ryaftr) DisEihilion coeffici€d, K) llo{mlR'ltdldoc?trlfn:udsoerleilr:nlunr:

qnfiuloooutwdulurhqnaurfududfrrnr:finur Barch Method rflufidrirurldlrndqn

lunr:fl nurnrrgnfuloooursrdu(s)ru'olmnfi do66o

ffi nr:nnosqnsnr: finnr:dogaarrur:nf 116'{ro

ldrcucranrlu nlrr"uuodu odri6 du

edtl:fi nrileGf iidsrtlu n's

{oryadldfi narilriou'lfi aciodn:rrirurorfiuuara,r:uralodld

rnofinnuuunoqnrnduoontlntntacaloorod.rnaoio{oryadt6'

- 
rnqfi ndl#luR15n?uoqnrn6uuncer:ac6irssrofr rhilfionr:

njdsuffiJasfl Sorlrars qatdnuownrlnrsnril[actniitotfiu (+o)
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rnfrqernnr rffircvruiio*#orr:o

Lll.42 G*ulrm llethod Adsor?don Study

nrrdnumrqnfuloooutorfiulnold cohrmn Method ocfru

douuoclfiaarurundl Barch Method ueidoryadldorfinaruruntroto{umndmlnffnJ'rro

n?llrpJdnmsnr:ilnoo{rl,rillsarl1d nr:flnsuuu column Merhod Srldlnonr:dnfiuar}J

lurnisudarisnarefinudadrucnrasa'rsq,orlsosudn:ruaarudildu:sduuulaslilluq^u

daodo:rluadnsd omdufrrnr:rfirdeoritflrasarodlflariru;#u6u'lrjirnrrgf?nnerilr{il

{ursrloooudrufioo{luarracarsdu ounrrfiidrp Break rbrough drldurilndnaru{u
y a dr J ^ a '

n ufl o{ fl rr a3ar0nunfl 'rusunu un 1rn'rnunzrrrdruduro{dlsacalsdrduudrnnon

BrakthoughCuve

d d.r I y duc,
fiu{Ym?{an0flo{an tn

nrrdnuruilil colum Method fi dodldrri

- arrr:olddn:rdausorfiueioar:acaroddr'ld

- bidord rnrru0n oqnlnAuo0R olndlrasarofiudsrfl ufl o i's

- lridorfr rn1: n?ilAu fi'ildr:ncars6.{aqn ?'rilfiennrar o{

doryaornrnofi nnr:nrufi 1#

- nr:ld cotmn nrrr:odrao.renrucnr:0t1ff ndrfio.,rfiuenrrn

rttilenfiumndrii sarcl

otir.rl:fi nnr colm Method fi{orflonarorl:snr:ddo..rdrfi6.r

lduri

- {oqaiildo;duogjdudn:rnr:lnafild

- RltooRulriluasn?uqilnr:rirsrursr colum }ilndrdarfrtr

enrnlur::runfidrldsrn

- nr:6'nurirduft?fi narrumirrauorirldsrnuljokierrasarua.,r

trjlufiuft rinrfi fl channel Flow

- 1{:susmarurun'ir Batch Method rurn rfiolornhiertr:ofrr

n9ounarol n odruriluraat6 sa tiuCopyright by Mahidol University



onn2 mao ufllmEmlnfttan ol{mnlulnidlmndou) / 3?

2Jrs qamnifiracfiufifiAn?nadom:qo{ulangrnfn

qorelffi ror 6udfi 6ninacisnltqadil'looourfufi r,rororl:cnr: desfiu

nr:Eadulnmaloosuuenwfinrrldlrf,'udi'lrirffusmor6u, f,nffinond (Redox Potential),

oqnrndurufiua, 6un€oinq, oon'lqdtssrudnmcurNnrila rmuJ?rlrsrtnntdstnrfilorun

*runr:gnfilluuuruurfuorilnrrrduf;uf,fiussnlsdtstu,tf,nrasunnrila, f,milas

fln#non $ usnrlnflrfrsrrrdruqararrffirwdudrndrrdrcdurd? g:.ltoilnwurudailr

mormorlnflrdrfiln$6ufiiinraeionr:qnfir1oeoulflua'u drdsFralfrInrrtrur:c,mdsu

dtjtuanorurss'uldurnduniorloonr

Ktrre unrnsc (+t) ldfrnr:f,nurnr:rndoudmllsosulancnrold

anrrglgsonftulunjudflrnnillnoilrnr{mo{doruRltsf uac'ldf,ndrdunurndeudmr

Iarmnin tt rfinludu ro n?n1{dsnnr.rd r Inolunr:f,nsrldrjiuifuwtmdul{d s

nuir lu{ruaulaflcloosuuandflnurdsmn nrfiruacnounqndsudldrloodqa uor

:J:on o) rndsudldurndqn tnnrd sl fiudflrdsauuriuuaafirorqrwdilr:oiinlardclfld

rnn lurorcdn'unr1u uacnriofiudflflroudrqnfiulanc'ldldfiso finiulanc'lsssumr n^u

rufi oadfl ssnlqd uacfl rirfirogdnccnltodnnrlossuaulfldrrn (nrnd o unsln:duu

OO rflular#enrurrarndoudldurndqn lnu eimo rar shinp (+z) 'ldr'ndrdrnaru

eur:olunr: rndoudtotlansilfn ett?nlufiuprilorsfi nmudlu?alaluduasnrlodluf
n rqr Jtln{il

Cr(VI) > Se>As (m) >As (V) >Cd> Zn>Pb> Cu>Cr(Itr)
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riEfi rinordo urtinorir'oliino

nmfi o annnr#ouflCfuetlooouauludu

)-12 ffouagfi ftrto.rnsffdufiil

m.l.(rnnlulo?dr urn&u) I sc

ervdrlq:Jnra'r0lddtJutdouar{6u drulnqiovilrrlfiffiorfiuorlnmn'urnflsr

rlsan{n frnlo nduorun lsn:onlqd unrdunloinqludu f rb?nrrruatur:nlunrracmo

nnasrflusrhflrn 6so{lugrldilslrierlr:nqnfiu'ld uonfluornGusnrnnrni'n lududfl

flmr urnndr o nrfiaorttcEofuBddun'rmsoqnrn6umfiueniarfinrfluar:ilwnsu

manrfiorun nmdorynduandunrrtd + wnudr nruldanragd{rnr:nnnot ntriarflu

Iormnindqnqnfirltluo'uldfidqndtnrrf,nurd'tndrrrirulmqitd o.or M cac! rilu
Background Sohtim Plus lmsnilc (43) uag Kotuby Amacher lttlc Gambrel (na):fuUU'if
oJ<oea'l
ludRTrsriilnunilnlr{€lou (complexing Lipnds) uac'looouuandodudqnqnfiJld

(conpeting cation) ervdbougnEosu'ldrloaal ua"ntfirerur:odnrnrsfiua'rrnudrJ:snnosf

nru'n'lffi frrhirfinrflurn:rtrdoudrwffrur:oandRlfirodoudldtwsrcfi?'ldtiluodtrrn

lrraee8lE iloHnv +

uonmndrudrnrriadrulnqj wo {lududu uum giinrsmdsu 6roaqi6u "firrirsfs silrn
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tiai qarmr nquflun:lruic'odrdolf,ol llo

"-.ii 4 n?r$rrumo,uoslanrlunrrgn6afifnafiurfiadrq

Soil or Soil Constifirent Relative Order of Sorptim Re,ference

Goethite

Fe Oxide

Momorillonite

Kaolinite

Soils

Soils

lvfineral Soils

Organic Soils

Soil

"-p602pgocd
PbCDZN>Cd

Cd:ZFNi

C#Zn>Ni

Pb>CDZn>Cd>'Ni

Zn>Ni>Cd

PFCpZn>Cd

PbCt>Cd>Zn

Pb>c'l>z!>Ni

Fodeetat, 1976

Benjamin and t eckie, 1981

Puls andBohn, 1988

Puls md Bohm, 1988

Biddap'paetal, l98l

Tiller et aL, 1984

Hliot et aL, 1986

Elliot et aL, 1986

Ilar@r, 1983

z.rsfloft fi fi 6n?nacioa'nuogfi ffsro$audooouuanlu6u

2.13.1 Compcthg C.adons

lauslooou:ran:nr'ndufi il s {tudu or nfi narhb?nrrqndu'lsssumnrfi n

?ru{ol rflutJlffi duuior?osao rdo.rornoc6nnuudrdlrnri{lunrro'nmrclluoqnmAil

cavallaro lmc Mcbride (45) ruj'ir n,|'qadunortun{ (Cu) uacunntfl0u (cd) 0saan{ilTrfl

runnrdur.ro{dro lnounndurlrsldiunnrncnilumndmo{unr ftrhb?anmmdoildldflo.t

unodisunAudu luvhuoqdurfiu lrrer (,+6):rgrnuil unatfisrlludffiasarud{naeionr:Ao
-t",drLnaf,arrnnd'rnrqnfirno{un{ uofltmfl uarter (47)1dilrnr:dnurlrlil ts92 Insmr-il

yro{rn{r finroa uaclnlond asldlu6udsAu6'rdaamardsrt nudr nr:fiunardoldlrilu

lassudvrllnorfrtJlufiudflfirovqrn'ir s.o hiiinacionr:qnfirilD{rm{ ueiiiflaionlrqn

dulnuoadrmcu'nrnn drrfulunr:finnr:6udrlurdoudaular.rcftfndrrinrgdrlnanr:ilir

rirfirocro{dudro ar:il:cnouunarfi0ul#firiril:srns z otitlrdnrunr:rduuaardaldrml

turjiurargirffior o.ol M fiormhl#anrr{rnaaoudldflorlnilcilNiru'orfirdu dwolo

unarfi sr'hJudqdrffif drdnrnr;uuorlnrn6u
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g|'ln2 rroS rffnrrmmflna mr.0nnlula?drurnilor) / lr

ilonnlnrnnrfiordrrfl udasrh{xo{Ia?rclooouu?ndnilunlufiu Grrtajor

cations) uda lau$J?urudog (Tracenebl) dorordrrrunudfiursrlC l&ro uac Baker (,t8)

rrsfiudr nstunrtsfntrtnrrqnfidrncdmcmndlsrlufiu dru rcroi ttae Doner (49)

nldr nr:fildqncilaslufiilwbidrnadorlirrorno.r$n{dAilgnf:r'l{ lurEcdnr:6il

mqmmrlufiun'nud.rdfl rir cnc dr ncf,irdrnr:qodudrnadlosdud{

z.r: nr:fineinhsnaurildou

lailclsosuuan eiur:oildfi6?orfrununudricrJ:rrnnu"tr6uniduac

ou-un5&fi nrfl uei:ilscnsu6{doudrwilrt#fi dwpnnanasworrRarorfl ulrraqndldfi

rJ:v1 uiorilurlrvplld B€njarnin uoc r,eokie (s0) :rssrudr enril:cnou6{dours.r

leooulnncfiudunudritdouorrdrnnlf,gn6efuldfiooa{ il3olrnfliurdsr:Jlslrfisufi:r

lssoulanc8d:r duo{n-uqareurifirsrlailc riisuncilirrilrs$iunud qorrruriliraldu

fi mqnra 6u orrf:Jrcnolluarcncnrua'u drf lml uascnrninond

z.rcs ririlnr

drifuoms$urfl ufl dodaniqrnR uaciinanrrnurfooloorluawrudsu

eionrrEefirlansfilufiu rdowrniinagion:c!?uRr:eirr r 'lduri nr:qad:r (adsorprion) I
R.|'n10 (Desorption) nrtnftgtgnoil (Precipibtion) / Rlfasa10 (Dissolution) nutfincr:il:sngu

rftdou (complex Formatim) uarrJfii?oroonfrnf,u-ldnfu (oxidatiorReduction) nrnd z

uentdtnarstrirf,msruo6urionrrqnfiunvn&r finrfia drncfluacnsuro.rludu z fil'nds

rirfiro#f,nuro{rur,rir +-r 6.r a3 (51) nanrf,nur#irnr:qafulans'looou:nnlu6u

rcriilrdunrlririloa lnomnrcodtii{d:sd:rf,mnrnn'jr z drunnrd s uanrnr:qn$u

ftalurf, 1s.o) lu6u s sfind:sdrf,rorrirr 1 ul'ir nr:EndutaurJ:flnfiudurirf,rsc

nr:drlg'fisumrrqndulnmr'lsosumnlufiuduof fiurirfi rorf', fl *,nq
druru4onnornnr:dlnilrwqn'lalnrlad'ldrfirdurdsflroililduunclnraadgnlalnr'lad

dt4nEnftlddndrloosuda:c cavallaro uas nficBride(s2) rn:r'ir f,rorfidnina
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rIEfi n'ino'rdo untl noro'oufi na mr.(nralula?ft mnilo!) / 43

eionrrqafitno{m{ilTrRdlnmgnfir$nnfi0u flannf,nurdasnndo$'ucnl6gruddr nrr

dnogrnrgnlaln:la#f,rss o wfirlfrFuEndunoun.rldddu 1u$orcdnrr'lsln:lad

$nndluuocdndfirol e

druudtnrrEndu (acsorption sie) rmroilrcnyrlunu lduri sonlqdrsq

ntdn$acuu{nriic 6unlafrq n'rfuorun uasxouflo{or{nrnufdumilsr rvduo{fi:rririlrol

rgl6u rdsfiremnar $ruaurodruildsnrrEnfiilooouuanwonarlurarcddrffi{ilmlt

qndrlooouauor**udu uuoolorfudf, m:nitun:n w6n Af uac rf droru{rrrunud

etrunriworlosoumnlu6u

r indsay (53) fi:idrnsnollsnrsnlryd oonlqd nrfuorun uncrlorilT,bl

mr1afic ncfindenragrflurirwinf'u Rmacn'ufls{ncnsularcr?rdniirdufiudr firsrdu

rfl usdrurn Inorsnrcodr{ii{ lsniassnlqdrsqrdnuasrrlcn,lfia diufl rfisflfinlunrrda

lanclt*lufiu (s4) nracalsrssson'lrydnilnrira drwrfindfirs#rn'ir e 6.rilrh?rfianr:rjan

rl6oolnn#gnqnfir'lt'lu6uoonur{en:nrnrsdu (ss)

tdcBride uac Bhsiak (sO ldfrrnr:f,nurlufl trrs nu,ir nr:Endld.rruil

lufiurfildunrlrirflmr oritlrfisrrlujofirodirirqrndr zs naur{ruduroldrncfllu

rnocorsfiunduiurndu uagftiifnifiuilarsnudfiujnnanr:oidndrunftriu lunr:
flnurnr:Endulamclu6ufi:ndqnrliufirodfqlndr 7 @s) drarnrqtouJ:rnqnr:oi

drnrharrmnnr:dlaflclssoumnrdr1rj6'ufiudunudrftdoumanr:6unfd toemi"
Complexing rignnd) unudtcfiufruoqnmdu [asd'il:sRoudtnri'l6nnr:asarooontrlu

rn:acnrudu n{flrdfirrordunudf,.r,f;sudrulnqirflun:ntisu ftrfunrruradu:flosdrt

ilrcnollailcriqdouftdufiuilrot sah@ lmc sposiro (5?) uas Inskeepmg Babm (58)

rrorrudrnr:Enfirmsuawsruoudlrinln'lud luarmcnruddrinoonornncRouuac

o'unidar:irr 1 wanaudofimrr6rdu dsnqdn:rrd.rnriran:rfiudrlriunerrifun'udlno

rfr}Jm.rnr:qnfllanslsosuuenlue'ufiurirflromordu ornnr:Flnurro{ Baham uoc

sposb (sz) irndrrdndurJ:rnanarrr:flnsrftnnrd s dqnudrlunrddhiflarmudo^uniu

drr no{$nf0cqnqnfultludunrilueldr6or#.rmrndfiro:ru'rnndr z lurorcdn:6i16unud

ounSoar: nr:qnfiqrqnrfi ndfi ror s.s rmsrdofi mug.rndr ss nrrqn{rovnnar il:rng
nr:aid oruro'lddr d firordr rf wudrfiunorunrlunr:fncr:rf;.rdoufri6un?diorqCopyright by Mahidol University



2m0tqffnnr nrpflunrlnrif,oirdotdol I +l

uasrdsfiroilrirdu nuou"oorrfinen:rftdsufiu6unia.irrqlfurndu dqfidiuordqafr.rniu

oqnmn-ufiooar il:rnqnrroidfloanrar6'qrmluRun'nlrorrr6u{unrrrdoonrirfirsyrsr

dut?murrodnlaraglfldilrndu niormnlududflrJiurE6unioinqdnaaroldo{gr nr:

rnarlnirf,rolror6uorrrhltflaficfienrnrnaauudldr+irdurrnnr:rfinamftdsufi'u6unid

inq

o*n c ***,n*y*-1^*ffi 
#Xil:I*l""-

2.13.4 somosn0rnffu-5finr"umsfi u

rJfi niar:'nondrfl u il o frudfi o^vrinnrfl uo riNu rnciuo'rr,adou dto{ d'nra
a q a ict d I a a ja ,
nls'luolufrrilun:nrdRriosoudqilufirilusirl deodrsrsiu gtsfloutro.: Fe (m) niu nlof?n

'lsn:on'lqd ocilnrrufllr:o1unr:gnfuar:rafiuldd lurarsd Fe (tr) agnru'ldfiurn$ac

hierlr:nqnfirlauc!findulfld nr# r4my gn56:drfl u re1u) rfuwfi rldnlofie'losou
ruaclaflcCIau 1 ddarnro{tiudun^rrour{ofin'lan:on'ludqn:Janrl6ouoonrr{ar:arnro

c
ilr

finuolcu'dstorlnrdsuuac6rarfiorrfludrodrdfi6ndesdr.rndwoq6ninaror:Jfrfiior
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ugfln2noma llflTmtrn'lflna mr.(rnnlulo6druradou) r ls

insnd crffD udarrrrilufiuurnmcflrnromdoudlmuaulda lumr# cr (m) flnrru

rflun'udoondr acarodso ragfllr:odnrnrcftJdun'aorlnro'ldfi dnr:-ufrarflouriu s<vrl

wrndoudldh ueiitnmlrfluf,srlosndr se (rv) d{tndeudldrloon'ir Inorial:Juda nrrrfin

anrcoonfinfunsf rldlanagnqodll{luduldfi lurarcdcnrnrndsudlft srlnncw
AJAaaq,o

ITIUfl UIUOIRAflRmCTARint

z.rss mctflsdudrjururflulooou

lunuflnutl6^durf;'uf,:cildtfiuunalnmadrulnqi ocld Backsround

solution gix t niu o.ot M cacrt , xqse nfonrefrolo{6uyi?oihq rdofrao{anrnnrmfi

msn:marsdulumrurnn' orirlrfinrrlunrsFlnurrdorfi'um$tlsdcgnnlongorn

1:wruqnemnr:rrSoumdrdrru'ndu r hanrndrflur?.r rlniltouttuoau r rJnJuurfi!

laucdtdlnaeionr:qnfillamvrrrinfu rotoy-a.,l* ras &mbrell (e,o) ldrhnr:f,nur

nnAn&runnrfifluacncrialun'uuu Inoilrnr:dsrnrrv#touiloplfiruncrilrrrorfls

Ionsdflqnfrflunrn udatfiflil Bac,kground solrrion nJiuurfisui-unrdld caNoJ, rflu

Backgroud somm nudr lurolrtlod.rrnns##{ 2 su^a a'utifinorrqn#ilunndlouuas

ncda uonorndmt *ro*c(+t) ftnrrf,nurnr:qndlnrfrruac$nndlouluuinrflo6-1uf

Inoiin:ndunid s fl'n dnuriauu?raaranruddrfinilu"dunrrsluar:acaro flu.jrnr:Enfir

ncfirluflnacarsdfl nrnrft s in?n ihjirnsnnn{ rdorunncfrrfirfu n:ns'unldrinrfl urn:
rftdouftflnarrurefio:

z.rn nr:rlYuillsdur{qaurrnfiudrlurdoulansnrTn

au.r nrrliiilnrsaihlnle

tnurielrtrhldln snr:fr rlfifl rlaf lsludusrnncRou

o^unioar:n6ouddumflotdourlrenrnlfio{tufldavarorirldrlso arlnflduusilrlfild
n^unaoRr:rJYrrlqranrn6u:lrcnoudau fiurJuln rJuur !lo6un3d {onrin flonon {on'r
an uddlo'lari fiudoardn:rn rfl udu

nr:qndud'au
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'nf,fr qn'rnru nqufrrerrdiodrdrn{or r c6

zr4, nrrlfriim.tilanrrninio

rfl unrrri lsrfi.rfi f,inilrei'r0qadild1tfi soon srnAuldodrsrJaoofiu

uu?ntdfi0!1#duldlri nurindonrorflsnrsqad?, n:;fiurnfi 1 nrcfiufind, n:sfiuu:fff

<sr:*rfrrs1ulnrr0il0lnsrnuldrfl u{ouriduuacrlseis'h| :lqnrfl u:rmfrufirnadntfi s girq

niu lffiudulsrria QnrfirJgr-a) 1finranaclfinon-'1fi:J:cdu (nrunciu) drnrnludud'rnsfi

arrfiu-Ianc?rrinqr'hinanlgnnororr,n:mSofilssnn:dn{ t6nr:ntdanrnrirrinrinld

il:cnouriilnr:lfiinrsroiirdonuqrruafiuludul#o{1u:aduii:lqnfrmo?qrfulneiohJld
lt,6 e, ' ! alilrirdilsrsroerori{ff' (Phyooxicity)

r::unfirduriu

uarqduvri&irqddrolunr: dsuearoar:fiulu

aus nr:lffiitnrciflanx?il

-oJ- Gr eh 4l ao a , i o Clr 3" il?fil{U'IlJ'.lItltlRtolnffffifiutunuililtilsutlJmgrttuilnililmllu fiilYl

arafir drseionr:Qnwdl{ilioo$luuiraarprru d?rJ.nlrtatg l:{6au {aq nt5ili;fiilalo
6arcr 9a 3 |
?! nflaoflruognil{uursularlunr:rhf,n olfiniu nr:rloaon6udilurdoueonhlolof,,rud

nr:frrmu'ldufu6u(contour Line) nrrfrrduriuiln(Terrace) R'lt'11{tslrusgdrtG.acling

System)Iaficfirinsonorn6u ti tt-"o","fiHdusrhhlrirriouasnt?ndolJrioilrliooasqi

m,rdrrimisrirlill&J:gl0aforirdueio'hj nr:frruueduar,(wmd sreak) ortlflr?dudu

lnria reiu au gnrfirlda rfludu
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tjgllnfiomo |l l2ntloolt'ntn

r.r grluulor:?ffo

'rnr.0nalulo&drurndol) I cz

A'ilnm 3

at qll,
t ugtoufllt?ou

nr:;flnurafidl#lrluulnr:ir'urnl:J Frpqinmal Reearch Desiga lnorhnr:

noos{d#o{ilA'rinnr:nminrism::rqtr6ura nsstrmtoqfl rnani urrin ordorfi aa

s e iaqqrln:aiuarcranfl dHlum:?ffs

ser iaqrm;qrlnrdii'lilunrafiuffiarin

- qmnrcfindruiukislaorirfiu

- rils!

- n:tcuoRtols6uGrandeuser)
Jc-or- rurufin-uilrninun:ilgu urn:rriru l:loo,fiD (14)

- douorr

- srdtrun:

3rr ioA qdnraiuosanmflfrflude.rrlfirlBnrr

iaq uar q rJ n: nidlfl ufioqJfr :i6nr:drrdunr:imrw#qorarnifi rfrlrJmr

6u lduam:roasr6oa'l{1un'mnu?R n riruiequnrqrln:aidlflunr:fnurnr:qndunsfir

cJoln'ufl d$roisdsneioldd
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2'rdQl Qnr|'u funounrriiaAs

- narefinrJdudrmirf rn'utrft ntb?u#l

- qrJn:aie?rtiulnfiu

- ncun:{iou (sieve) {rrm z fiadun:

- rndsdrldflr nnfior + drurris

- roroorruiorngoruaoonarcdndldfiurndoq,urn so fia66nr

- n:coRurfrnr

- 6uu(o"*)
- Ioourtril @esicator)

- rniotnrir ( orutal shaker) dr{u x.c-wRAx iu vxn
- Rtcnlgfltort WbatmantUOf 42

- rndotornoufinrmrqsfiLdu anjnlnr}{1n:r'rnoi aesl du spectr

ae-oeo nloldeoq:lnrai
A o,o- mto{?Q?t[ot

- nr:rfldr
- rndoqrdedro r d{rrflu lduriflnrnof ilnJn fiar:n trogrJ:nrrj n:aoufia

rnslloRn?{ miqrdrnuar: doudnar: rfl udu

l:: cn:rn5l

ar:rniidl#lu n'uirn :rur{qararf 6rf:'lrJr o.r fiunanrlfl unra nu.r n

drrtiler: rn iidl#lu nr:fr ns rnr: qn fir.r oafirr o.rfi ufi 61ff

rnnnasl:d(rtct)

mardsrrnaolrdtcucD

n:n'laln:nns?n Grcl)

Iqr6uu'l an:on'lryd N"on)
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33 dolufiftrfiunr:3frs

fr .rrlfi rirr'nrrnrnirm'Renr:rqrrfi urn

ta ifirilfium:?fu

m.u.@alulnidlrnndo!) / 49

r.+r nudnnraqnrfuffiarinEiu

d rrunil ruurir lnrflufrao drs6u 1n uf, olrann lRuFruddurs.rfisuin

un:rlgr (14) mnrrdru l:rfl),fi)0 drflnrhlnunrur{amdn'urilur,rAn '#.rdldrtruuaprfil

drsrirrn'ulududdfleo{luduEnilNrailunco{rirrlnao'rnfirn::ldrfluumriqrlrrfinncrir

lduri ouu lcrvru?6nncR'aua"mouncn1raclrrffiidul {dou-riutl:oaild dudu ftd
6udrhrrf,nurocihliurnncfia#rnlno{luzan'udnulun'uiuuuriatJ nrireds o{:sn.hr

tz.66t+lppn(nr:td r)

r.l: nrafrrffiadrqrocre?silffxodr.rhu

rhnr:rfi lfrorimfi uduu (srece soil) unmdudro rhffi'urpiarln lao

dulnuuauild#fu uuiintir6u so rerun^$nr ft ilrnrlffu drorhs6udu:rud:gn'unrrildn

o tfu go rmrfiurn: lunrlfiud:orh.rfiurflurfirdrodrquuu coryoin lnurfiudrodtdru:u

s nn rdorfildrsrimrrnuiorlnndawrhuldluqwaran'nacorndmisr'l&d?frnfrrrrr

ilrnr: rduufriorh.rdr?a.rrJg'f6nrr Inoifuduucnrhnrflrsnrmlulfi rrnlfi fiu rovdul

son udadrdeorirm'uudslfiuri.rhddu GiF.o,ied soD dnnunl#asr6an nrndudrrriou

druncm:rilura z fio-fisnr uocilrfiud{ I lnrr:auiiudrodrqdarfiulnodirlfiirfinrin
rrnfiu rdllfruqmaraFnccsrn rdorortrtJirn:w#qoreirri6nl{Rr0R1fiuasmfi uas

dnurnuqnduncfiatsln'uis}J lnoirurun'aoritdfrnr:f,nuriidrueutf.rdu ro, drorir

uriqflu{nnudroritlunrrf,nurnrrEa#rnafialudusrruanrru::ln6 6ruru ro drorirq

rfluirurildrorhrlunrrflnurnatorririhswionrrqnfiunun'r druru so drorituacrflu

drurudrorirslunrrf,RsrnarsuJ?uraro'un?dioqeionr:Eoduncfia {ruru re daorirq
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tilqlqnrru

o-J
lfll| n{u

firnounuldorso

3.43 nrrana#qorcnnhnlmtsnmuailnfi ts$u

rhdrorir.r6ud composite u#:urhnr:irn:rariqoralri6nrR'luRlnrms

3.43.1 qglarnillnNnunlil

3.4.3.1.t nr:im:rcr{nrrnrc0't0flo{oqnm6u @amicle Size

Analysis) lnsaililuJn eiper Method) nadldrrnnr:irnrtrfiluu0nu0{il:cnnxosrdon'u

(Soil Texture class€s) Insnrtnjio:Jriiorfrr.rdurudodunudorlrrunro{flrsnr?{rnunrffi{i!

(usDA Textural class€s) deurj:stnnduoqnlnn-u (Prticle size classes) lfinitnrlrnardror
oqnrruar1il6u

3.43.t2 An:rcfnrruilururiu:'ulnsii core N{erhod

r.ls: qararrrffinrunil

3A-32.r r'rnrrnfrinlfifiiorfiu nisrirfirsr lnolffii
Potentiometic M€fhod

3l,.322 irn:rcfrJiurso'unidinqludu Tosi;r,ol warktey-

Blsck Modifed Aciddicbromate Saturated Method

3.4.3.L3 irn:rs# mrirnarru qlunr:nanrilduuunnlooCIu

(Carion Exchange Capacity, CEC) lnUi6 Sodium Saturabd Method

3.4.3.2.4 irn:rs?fifrfirnrrrlrb'lfh Gbcrical conductivity) lnold
if, Pot*tio-"tric Method

3 .4.3.2.s irn : .rg dilir| rar n s firrfw l n lu n'u ln 01ffi ii o c n o rJ|J'R

us:rqo$rdu ar:Jnln:nrn6
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3.4.4 nuilnurmrrcnilrmluor:gn{uswnt?rerfiu

fr rnr:f, nur:J:.rurunr:qnfi rncrirludunruiunou6'.rcio1ild

l. rhdrodrsfiu s nirrrldlumagrJnrj

z m?oraracaru pbct lu o.ot M cac! 1ffin'rrur{u{urdrdulurh.r

nrrurdndu o:cdu lduri o fiadnirlciefin:,2sLlc:6r.u iindnircioa'n:, 564.80-723.68

fiadnircisn'nr, 84z2ol085sz iiafinircisdn:, ltzg.&tlprt3o l'adnireisdnr uac

t4sz6G I 899.66 fi ndnirsisa'n:

3. Enrnrruarouriacri:{naflrd!{udruru so finfifinr kiarlutrnErl
rJa

?rurlilur:lou

4. inrirfhocfl srdlincnrufiu udrrhnr::Jir:ihocroren:acarsduluri

namnh?o{lurhr e.z Inold 0.1 M NaoH nlo 0.r M Hcl

i. rhtJnfi drurndoqnfi (shat er) rCoMrnanr:qnfrncfimuo'renrl

aruqa lnolfirnruru 24filu{ (5)

6. rlrehunarftndraur$oRnsRsudusonlnulfinfNrfiCm dnrrrr$r

rou 4'sql :oniourfiuru to urfiudrrlrrlaurirlalrn:o{ncnouur'luaouosRdaoR:gnrs

OtO{WhatmmNo.42

7. drarracaru6udldhjnreriorjilrarncfiadrurndsrocsrsuiinusu

qsf:rriu enjnlnrb{ln:snE Gas)

8. nnJ:'lrarncfiadqn6uEafurorl{ losrhuril'ldrrnnrrilmneit

c sil'irfi J?uror n cfrrlucn:agarsr:,i! duuasrJ?lrornafi'rdnro {luar:acar gfiudanrnalqn
tt

$eincd?odtnrgilrfi r oiq

g. nasn ncrl:crix q {rJiurornr: qn dl n r fiaci ori1fl fns^u, l'aa^nirul

niu) ung g (narrrdudumrncfrrluff"rrasaro6udlnauqad, n'annil6rr:) Inold q o{

lumuvuasgo{luunuxn:n'luansalrdilr{uf,:c?tdr.rrirftnrirrrfundr'lolqnnolror

nuEnfi rnarte dr wilr1fin:rudrdnua$r,omr:qa fiudrfindu

to. rlrroqnlioqadldnrnnr:nnaor'lilnasnfiun:rr{rdunr{{ordunlt

Fremdtich uns Iangmuir rasdrmrduR,l'dfidqn Insn^il:orrtrnauo'r:dfirir f ufo

rirfrnJ:cAnftomrrd'ntulrdqodqn uoirronr:Enfirdrfindurngolnrrirasdci'r{dlrlrlCopyright by Mahidol University



tilqiqnrru dlnolrmldarz

dunu Inorhnrdrormlnr: Fremdlich lduri rir K (nrruflrrolunr:qa#rLncfirrs$u)

[acfir tln (C*t""tioo factor)

r.ls nn6lncrfla"a{eirfuordonr:gnfuw*rlt au

lunr:f,nurnasmririlnsocrlrnr:nnnsrrriloudo r ft r ftndradr.rdu

trnriuinrirf, [o!i, o{dltacnruduuaciliurirfi romarcr:acnrun-uInoldcn:asarsn'oorr

m$ro'lsls:naoin Gtct) rnlo crr:asarulryr6sllsn:onlryd o.rroH) lfiflrirf,rw 4j mt
zs mnrfurJrlrjnrird'rorndoqrrjr (stater) lnoldmnruru z+ dallqrdrflolrrruuodlfru
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nrnfi rs Frermdllch Admrldon rmrtem dfiuralBunldisrqlosac r t;d r)

nrnfi so x'reundlch Admradon notherm drl?trorBunidfnq{eaac r (drd z)

nnnil rz Freundttch Adsorpdon Isotherm ih.Fuar6unidinq$osac r (dfr rl
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41, nrr6losrnanr:gnfrrn"*eiirJilrordunidinqfeoav I

ornnuf,nurnr: Enflnrfiar or dulnrNmudfi il:'rror6uni dinq:l:auar

9ouns q rJ:rngrdulol$rilouto{rRmqn#ufturrnrl{udelunnrd sz ftnrnd s ftrdu

lolqrnouildnsaradurfini'rmr (rD uan..rd.:nr:d6uilnrrleiu:olunr:Enfirnrti.ldqo

,'to tfoduro,:dilursiursdnuaunr:qnfulffidqn noo duRlr Frermdtich (nrnd +r dr

nrnd +s)laofirir r' o{lurhr 0.9789 fi{ o.s9s druaunls rqngmuir (nrnd l+ d.rnrnd cd)

firir i o{lu:ia{ 0.e321 dr o.gara rir r dldtrna!fll! Frermdrich draqrl'lllunr:rd z firir
g.46,s.7ruas z.8l lunr:vrnnoqfid t, z ua, g nudrn'u fiarflurirrnds s.ss cirufir vn firir

o.4z,o.42naso:s lunrtnnuuo# 1,2 unc g nrrdrn'u fiarflurirrnda o.+t

a.ag nrrilnurnonr: gndun:ff#fi uroFunidigrq{eua; s

ornnrrf,nurnr: qn fiunrn'rruorfiu trn:nuaudi:J?r ror 6uni dinqrh ruor

Sounc s rJ:rngrdulol!ilno!ilo{ntEnfiuftnnrd +z ftnrnd sz drrdulolennsuii

dnuaradlusfindrros (u) rdurdsrd'ilfiudfirliurardunidinq$ooar I uacgosas c usnrdr

nnd6ufln'nrcnmolunr:qnfirnvrialdqur'to tiodarnrrddrrrsirrod'nuarnrrqnfiu

ldddqo fio arunr: Freundlich Inufirir r' o{lu:irr 0.9514 6{ o.g7*-li.tuctunl:i r .r',gmn;'

firir r'o{ludr i o.s3n 6.r o.saze rir r ii'ldrrnarRlr Freundlich d.raq:J'l{lunr:rd z firir

13.33, 13.00 ua s :r.26lunrrnaaold'rd t, z ,ra, g nrldrdu n'nrflurirrnds t::o d.lurir Ua

firir o.zo, o.sg rms 0.63 lunr:nnaor#rd t, z ua, r nrudrdu n'orflurirrndo o.e+
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nrnd a I'reundneh Adro4rtron rsotlerm drFlrar6unidflnqSosa" I t.hd rl

nrnfi lz trttundlch Adsoradon lcotneIrm firJ?lrs6unidlnqieoas l1d# z1
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nrild 50 r+nEmntr [fleorpdon rmthe"- drFurodun?dfnq3oaav t dtd O

ornd sr r.nngmntr Adsorpdon rsotherm drFura6unldlnqfooas s f1fi 2y
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gfl n2ruloo lmlt'|Dmmtfl no ma.(rnn lulnidlurndor) l n

4s nmrffii#ud{odrihorumrl?urar6unidinqffunarunnur:olunrrgnfiungffaml6u

4s.1 n?ruftifi{drosirftoufrunaruanilmolunmqefirncffmerfiu

ornRmdruaatnrrirdurj:cAnc"dfidufruf,odr.t{ru ( simple correlation

coefficierlt) lnslffiifuol peqsm dtuanrtuctrrrd s nudr Rrrurnlr:nlunr:Eofilnuria

fl o{dilTnurmu drwfr'trrummril K xo{rruRu Freundich dil fiei,rdur{udlun'flynrrdur
, a ar, . e aa
fluoollruusclnqntrron O-value < o.oot) fiurirfirs:iluo{n'il lnufirirf,u:J:can;m,ralmf

G) nirfii o.zzs rirdurj:sfinfnndnfiuh ("1nirri'u oszs

asz aeruffufiudts$l?uro6unidiorqffunaucrur:slunr: gn&rorv*rte$u

orRnr:rhuasutirdurj:cAntdeuft rf,'uforhlriro(sinptecorrelation)lno

lffiitoq peason iluandunr:td e nldr aaucrrur:olum:Enfunvd'ltolo'uqnurnu

drtcflor:flrornrir tr mlmril: Frenodtich rfu fimfurfluf1ufi'nnrr.rrduariuorfuflrlodrd'q

ntd6n' e-value = 0.001) fiurJ?uroro'unidi'nqlua'u lnufidrfirlrJrsfnsdrrflftfruf, (tl

nirriuo.nsrirdurJrcAnrdnr:daduln(r1nirfiuo.eor
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?1d0t Qcrml dormlis/?t

mtNfi o afll6rnrrirnrwrdnrwdfi (sr,nil" Corretadon Coeftctent)

Distibution Coefficient (K)

pH Pecson Correlation (r)

Coefficient of Dehrminadon (r1

n

P-value

PeasonCorrelation (r)

0.725

0.58

108

< 0.001

0.775"

0.@l

108

0.@r

Organic Matter

Coefficient of Debrmination (r1

n

P-value

.* Correlation is significsnt at the 0.01 lwel (2-tailed).
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unfi s

nmonilrlsfla

nlnnanrGlnumriqnfirncn'?ro{Au1ailrlmu dsldnrirursasdon'lflu:Jnd +
)J

fu enrr:oon-il:rs'ldftfi

d.,.:a6ra
5.1 R',ttf, Rgloltgo.uu9rcn?1to{ou{nur{nil lilflnDlfttlt!'tgl

n1nnrf,nurrudldulolqrnouilo{nffi Andudnufl dnsEsrilu'lslqrnsurfindr

ror (II) rirdirfiufl nmaur:nlunrrqnft eradaldqrun lnuwrrtruldornnr:drdun:nlfi

nrrufrrgruao{oTroqRmecri'4nEaft lfl u6uunndm{lud1caca1sn'u lnudrurorrir r
to{ Frermdlich'ldrnds 5.98 uac tlo rnds o.eo nr:qn#uludnusrcdsrufinldrisorn m"*
S@e Complexation ( Specific edsorption)rdo ururumofarad ( gs) lau rm*spnere

corylexation rflunr:rnrcdnlssoudrfin:cn'hrllraqanfoloooudqnEnfirdln{fl.rd#ud

o{u?r:orCufiaorlnrndulnonrrlnstiiiluraqarosriro{:rn'ir.rduinri.raor drnr:qnfir

rJrcrnnd0cr6nu:rqndnnrsrnfl duiiunqilrnuacrinrfl un:curunudfiu ndu'hild
(rrev€rsible) *luu:trnumsfrrneftfluu:riinrndornrmrunrnr6ndurdsoqnrno{tndd'u

umrac0ranamdrr:nr$rnrrnrurnrsd?ir.reonlil *r,rrs'nmdsrrj:rrnndiinaruuiilgr:r

rlo sndr l-o-Sphere Complexatioo

tdsn'tuottcrdr.trlrnr: Frermdlich uag'iluRr: Iangruir aunrrdeirur:odrrur

or'urunr:qnfrinvfrrrorfiulnrLruaudddqalnafirirdlrJ:cdnBtornrrdniulotrl qrdqn

'lduri alnr:ro{ Freundlich lnuflrir 12 = 0.9881-0.9947 (nrnnurn r) dleonndstfiln:nl
'lolomornr:qa,fudld lnardun:n{iodo'ofior*rouEndudovrfiaciolildoar nrrlnird
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ligtqnnrnr nrroirjrrono r to

n?1uu?ur?urollsoouluc'naca't0Ailflrfilr,'rndudoa0ondo{fiilduu69rutotalRr:

Fremdlich

nnddurnlrrnqnfi rnsrirlddrfua"ur,rqdrriqrJrrnl:uutsurrnqildrlrin-$o{

6u Inon'unorn{muihlmlrfrnurfi dnuarrrfl udunrfi oa droqnrnfiumfi aarfl uoqnnrdii

rurru6nrrn fldudfia,$rrnrrqrunrdtororlnrnrordurmiioarafirJ:vgflun:r (z) ilrbi
atnnqnfi:tnsrirdrrflulails1ssou:r?n1d6 ruor'rodilrrqaldoqnrn6uriaunue{ocrr

mn6uv6dinq drmnnanr:irn:rcf sr'asdrs6ufirj?lror6unidinqo{luradrqrdrunat

rirf,romrs{6urfluqarau:i66n:J:cnr:fidrdiinarudrriqrfluorharrn fr:rsrru.ir lududfl

fi prmnndr e nrfiaornnrqnqnfiJudfrdun'aroroqnra6umiioaniorfinrfl uarril:snsu

mnlum:n (pbNoJ (s) orirr'l:finu qsduf6rol6udarurmitdo'.rnarleiu:olunr:

qodr'looouurnldddqo lduri rir csc drfirirlu:vd:rdfrodrq.r lnorir crc osrenrdr

rjiilra!'losouurnunnnjdsuHrf*rr,rrund6uarur:oqndul{1d :cd:Jrswir ctc oc'ldiu

6nf;nnornqorarrificirq d.rnrirr{rqduro$u 'lduri nuilorlnrnduruiior 6unidiorq

:urd.rrirfiromor6u

s: nr:Finsrnamvirfi roroionr:qnfiuns*rmsfiu

orn nanr:dns rfl aro.rrirfi rsssion r:qn6:Lnad'arom'u In srhnr: f, ns rrilF sil

rfiuurirfiroerroro'ud:cdu 6.2 (nlurrrlrrnJ uagd:gdrl 4.5 $ae r.s tf, ocnrdrd:cdil

fi mc a.s rJ:rngg:luurroqdu'lolqrnornr:qnrfiidunnsirroon'lilornd:sd'ufi rs q 6.7 LLag

7.s Insdfirsc 4.s rdu'lol.xrnalromrrqeduoarJ:rngrfludnuErgndrunlolEnnurfin

ri'rusa G) luralsild:sdilfins o.z uas z.s fidnuatgnr:Enfilflulolqrnsilsfiodamr

(H)

dn rirrdutolqnnoufi :sduilros 4.s rfu ociid'nsscndro'lolernoilcfieeirrsa

(L) ucieitriudnrrqnfirfiuurldldogrfinuAoar n:r:rnirdfinarlrduduro..rocri'rlu

eirararsfiudiildu lutaradnr:qnfildfid-nsa$ritugrleiruoarfurdonrrrr{ldursrnrfir

rfiildunit:cftJuduor'rre'rul:olunr:qnduncn'arglo'ilrcftqerqrqn dnsBrcrosloluron

findru'lolqnnoutfinst'rusadtnrhr uan.rhintudrfiufinerucru:alunr:qndrsrcrielddCopyright by Mahidol University



oflm omd ! Tr lrldmflno mr.(rnalula?dcmndou) / 8t

rrcifiosnd'd:cd:rfi ros 6J Inonr:q nfiincdamln^uii nrru dufiuduuu birfl urdu n: tfiu

nrurdrdurorrrcfr:luar:acarsduuncnrueilr:slunr:qafiloufrars$uiiuua}?lan

a.rrdonarldudum$cfirluarracarsdudildu rfod*'uoulodun'aorlnrndugnrJnnqu

#rsn;drrrndu frldfidrurriqdnmrsrlooat ftilrJiurarsrcfiarndoo{luarasnruduun

du w#u'l#hlurhrnnu{r{udrnrrr,losfi neruf,uurnrurodrdufl nnmrrr:otunr:En
- & tt<a < ra & d o bqb a
duncfiald?i ftililiurelncriafiqnEnfrll{lu6uurnndr:Jiurorncfialufi:acnrsdu ndlrrR

rfurdodufrerlnrnn'ugnilnnqrdaonrfirilrnduunsfldrufidrdnrnrsr?osnrftilil?ur0t

nvd'andoo{lucrtasarsfiuurndu drwrfiuld'irlurhsarrur{l{udgrriun:nhviinrrl

firnnar drniurdulelsnnoilliinfirrw arur:$silrslddrn'uflanuaturrolunr:Enfin

nrribldgrrrnuacdndrlslqmsilcfr n frauoa

m,nrrdenrr:orhrrst':.nsd'nuownrrqndudrfinduldddqn'lduri mnr:m.r

Freundric,h Insdrcd'rf,ror +s Shir r' o{lurht 0.989d 04{ 0.992i rllil?alrir r rqdold r.cz

rmr ta ndo o.e+ daudrcduilres es flrir f o$luda{ 0.e881 ii.r o.s%z rhurorrir r radsld

5.e8 uas tn rndu 0.60 drcdufirsc zs ildr ,' qilurhr o.rzg ft 0.e601 ri1 r rndu s24 LrrE

r,t rsds o.sz dswdrrnn'ldduas:cdufl romnaildu rir r ocfl rirqrduniurfiorfi'u

rdsilrnr:nnasln'rrudrufr'uf,rcildr{nrrileitr:olunr:qnduocfr?rs{n'il dl
fim:on'ldrrnrir r mleruRt Frermdlich fi':rririfusctosdu nuaulfig*ddtHdlorm
crur:olunr:qafiucrcfiarsffi'uqn:lrunufinarrdlfiuddurirfhommdu lnofiudflrirf,res

qrrrurroqnfirnsn&a'lddndro'udftirf,rocdr lnol# r.urr* simple Correlation coeffisi€nt

n u'irn arr eur olu n rr qn fi rn c firr oGufl ff rfu f,uflufi ffi r$fisrfiuori'lt fl riodrriqnrs

d6er'1p-naloe < o.oot) i'lririlmsruolfiu Insflrir r nhfil o.zzs rirdlrJrcdni"{srnr:6'nfiulr

Ct1 nffiu oszs mfssrtncira'lddr naucrur:olunr:qndlnrfia$ssfiuosrfiildusrrrrirfi

rs#rfiudu dsocrilu'ldnrnrir r drtiudurdsfiroun"udu draonnds.rfiunnf,nurdtdmoflfr

finrrFlnsr'l{uaroau 'ldud lrarbr (51) 'ldilrnr:flnsrnaro{rirfirssdueionrtqofueraria

no{rm dtnctluacu'nfinlu6u z mr-n lnoilrnrrflncrtueh$lnr a-r a'r a.g fianrsffnur#ir

rirfirsEruosfiuflnaeionr:qndulailgilfnfiuotjrurn uaciidnuarcunnsirdu'lilnt rrei

dRssctorfiuunclnilcdf rnrrflnsr Insnuucrur:olunr:Enfiuos$ilduodtdtutdfnd

rcduflmsurnRdr z uonorndAt:ioti<eolnldrhnrrnnamnr:qnfiusrvtia iT..rnsil uonfiar

ffic In:duil droeiaqnfiLeirq ldlrri udfiunrfisr Kaolinite uos Benronite uacdur?riisrorn
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dmofo:nnrn ftu{nanqi dunrfi o:mndrmourndr ft fi innca8{rn:r unsfiumfl aenrn

tililor \,no-scc ftrdhrirrjt nnnr:dnsrnldr rdsriildrfiofi,wdmacarudularcrfn

riudu arruarurrolunr:qndumldrqndueirl firurfildustrulild?o Buchter racnorc

(or).'ldilrnrrf,nurnarudilfudtowir Frenndlich pramerers n'uqoreuffieir.rlrolfiu ludu

tt rfinua;Iausilfn 15 rn'r=^n aqrJnalddr ririlroufluqord'nuorcssrdudfinacisrir K rnc n

rrodqn lnurdsfirs:nfilduocdrl#rir r rfiududro

drnr:dnr:qnducrsri:lududuo{fiurirfiro#u oroiiarnrqdunu4w'rornnr:d

rirf,roffinasisntc!?ilR'rtsrannJduu'losouilrn (Cation Exchange) uacnssu?ufll:

protonation (5) uon olndlafi c'lsoouilanorqnlalor la.ildrfiudurdof, ,siln*udu dstarcd

qnlelo:hdwqnqnduldfindr'lossuda:c uuoolodo?runrjrnr:qnfunnrnJrgmnlu

6ud.rtluo$d'uririlrssxs.!fiu rdsfrrsmnardrurudrurnisnr:ga6u'looou!?Rtcana{uas

rdof,romfiududrunri.rnr:qafiilosouuanor,sird, rmrnr:rildsuuilawowirilmmsiina

oiogrluuu (species) mrlnflc dtloooutomvfi'rtyfig:luuueirqd'uduo{furirfiroc$orff1:

acarodu Insdfirosdrn'ir o nc6'awo{1ug:J ru* rfludrutnqi ueidfirorq.rl 'lossursr

ncfraoc:rudrfiulunqamrriln'srfluerrrJrcnouil:srnn h5droxocomplexes rfincirq niu

pu*, pt(on)n*, pb6(oH)84' unr lbr(oHf uuoolodrrdrrirfimsnoreracnroduocfiflneis

rJ:r1dfirto'rdudau 1gr d€pend€nt charge) dtrilur,rnurrrnalt Ionization rowr{flsriftdfia

t om^uni dinquassu'u n? dinqlu6u

drr.rir rir tlo riu rdon^olror'rt rn r{n Rffi naaowrudrril Lh dldo ln du n'rr n't: go

dttorqn:ld'ttifuodrirsirndr t dleroonds.rfilnr:f,nurro{ rnske€p uos Babam (58) dfr1

nr:f,nurnr:Eoduno$rn$mcunndsrud:o Na-moffiorillonire Inunudrn'r:qndunounr

rmsunndsrdfiromirrl (firffi s.&2-z.as) aonndorfluarunrtn'uqnfiuflo{ Freundlich uoc

rir rn dldflrireirnir I raro olRRl:f,nurnr:qefilngfia drnctl mndou$acln:rfisudas

oirqndrLeirqrorfiI:inri(eo) nu'irnr:qndurdeuftramflrir vn sirndr r dsrir uo ddrn.ir

eirr:oofiuro'lddrrirnd'rrrulunrrqnfuouu"uu*"ududr,rqnrJnnqrdaolooounor

lan$ninurndu ufoorrnrirrlddrduerlr:oqoduovd.lldddrcdunnildldudr uonorn

dtfludti''doton'ireir tln ilnrrrdlrf,udlufimtn:sfiurirufrurirfi roc ndrrfiopranr:dnur

nr:qn#rd:rduffuorgrovfl rir vn drn.irdrcd'ufi rordrCopyright by Mahidol University



rlorn'rlinom"ourintndodr'na ml.(rnnluln?drurndol) I gl

s3 nrr6flns1flaflo{rl?il1otaun€dioqrionmqodilnsff?m,qAu

0rnn'tr f,nsr{ano{il?rnilAunidirrqoionrrEndunrfiitolfiuqnuruaudllddr

nr6lnumanolrJ:'ursrs'unEdinqd r rcdu ndrrdo rJirrorduri?dinqfouav 3 (nil!:ru
a- ra a ado tfin) ilsulolounru?nqioonc 4 rmc gooac s nudr rdulslqmoilro{RffiEn.fiuiirJ:'ruror

6un?dinqqn:sdrrildnuarsrilugrjo'rrsrGl) dlormqrllddrduilnauc'rurrnlunr:qndn

nvrhldgrrnn amr:dfruoilrudnuflcnr:qnfrr1d?idqn noo dunrr rremdlich Inod

rJilrsrdun?dirrq9ooar g ihir r' o1ilurh o.e88l d{ 0.9947 dTr?flrir r rodsld sss uacrir

uo ndo o.eo ndrlilrar6uyridinq$ooav 4 iirit r'z odluih{ o.e78e 6s o.ees drurarrir r rndo

Id s99 uacrir vo rsdo o.+r unsdili'rlrilEuvrldinqgoanc s ihir r'o{lu:ix 0.e514 6{

0.e?46 dNT ?auir r roduld r:o uncrir vo rndo o.e+ dcouil:rdldsrJ?unr6ur6,$inqrfiru

durirroaqrdu

ornnanrrdnudrndrr nudr nr:nJdsuurJawsql?troro'un56ierq1ufiufi fl acis

nmnrruoluntqnfirtnvfirmrfiu lnonrruarrrrolunrrqnduncfirfiuurlfildnrriir

duruaofl rj3uraro'un€ dinqlufiurffu du rdsfi rnr:noeoun, dlf,udrcrdrqRerlrnlrsn

lunrrqnfiunvdrmsdu d$orrnrrldornrir r s,o{rrmnlr Freudtich fi'url:^lror6unidtnq

msfi u nuoruagrudd.rHtrnrruarur:olunr:qeduncfirtor6uqnuruauil n:rruf,lriud

fiurj?rmro'unldirrqlufiu Inududfl:J?uroo'unidioqgrarrrraqnfi:rncrialddndrdudfl

rJ:'lrordunidinqdr 1n01f; Pearson simple correlacion coefficienr nu'irnrrueitr:olunrr

Enfirnafirto6uflarrfrrrf,udlufirnrrrdoafi'uodrdhisdlriqnrwfiF (p-value - 0.001) fiu

rjirrordunidinq lnufirir r nirdr o.zzs rirdrrj:candsrosnrrdnfiuh <r1 nirfirt o.oor

auneldrFlrodunidinqlufiuiinagisnerrcru:alunr:qefilncrir ruaowrorndun?dinq

lu6urj:cnoildrus{r{rj:snsu%dnd*rfiq : sff{rjrsnouftsd'u1ftffi r) drfifir^n 2) drr
6lnfi dacarold lduri n:noil'Iu, lil:6u, nrfluliln:n, nrno'un6d, Indurynnr'lad,

6nu^u riludu $ac a) cr:8rfindhjcrilr:oacarsnld fteirunjrflunrrfiarnfluacfl:Eriin

rhhi6un?disrqfldrunrhdlosoulaflcarur:ordr'lrjdornrcld tsl uuoo.,odo.,rriiurjirrsr

6un5&ierql#fru6uosrflunrrriaorfiududfi.lfitiu6urdo.rorno'uvr6dinq flruiodfir{rnrrc

qwrnuau6unld{orqrorflrJ:aqrfluau o'irfuRr:m^uil:^rurarounidinqlfifri6uftnirfi'lrflu

nr:rn'ududfialunr:qndu:.lrv1urn'ldrrndu qararuffinrJ:cnr:fidr{Ndudflo.rrudrr{'qCopyright by Mahidol University
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cionrililur:nlunr:qadrrhslurndluorh{ilrn'ldlrririrn?lullunr:uanr:Jdoulsoouurn

nforir csc drurursn''r rinJ:'rror'loosuuenuannjdould'#.rnrndduflu1rogn.f,u'lfld

Bucher ltdsfialc (or) 'ldilrnr:frnurnrudlrf,'udtswir Freimdlich parameteis fruqoralriB

oirqtoldu 1u6u tt sfinunclnficfifn ts rn"l-n'ldnaaqrJrhanr:ruardr rir cnc ilnacisrir

r drniulooou:nn d.rrir cec dqwiu fi nnlt?n'uarur: nqn fii loooulrn lffi du fl o frod
.,

nruquir cnc lstduriuiimatoilrsnr:drotiu uasrJiurordunidistqfirflunudllufloflod.r

nrirr rdmrrn8rrialufiunciirir crc grun drrfu fiudfidunfdinqqrtioruflrir crc qrdaa

nurn;rrjiruraro'un?dinqlu6uwlhsmaurir crc l#urin-ulns rir cgc mm'urrr+iudu

il:curil z iaa^o^n?amudcio6u roo niu rdotarialudufirjiuro'firuduqndt I % ftrfu lu
^ f,<i- a dr rr ^n-ufriirfrodurilunrrsuacfirir cnc rfiu{ + fina'snirlaufcioau rm nir nr:niurj3rror

Guvridinq r "2" wilrlfmrr:nrn"rrir crc rsl6u'lffirn:irr.ruis (:a)

ornnnnrrf,Rsrdwrdr nnuaurr:o1unr:gnfiunad'rfluur}hdwrn'ududsil

rJ:'ruror6uvfi6fnqlufiurifudud'r'ldndrrdrrdu asnndwfiuranr:flnurrorfnif,afiarsnu

srfi petuzexi rasnuv (ez) nldr nr:drf,ao'unidinqoonnrn6ulosldlaln:rounlsf

osn'lqd ( qor) flnarhl#6ufinrrtenlrrolunr:qn6unrfir'ldannl Lion uncnuc (G3) 'ld
04-;'rhnr:f,nsrnr:qa6unrfiauacmnduu luncnouGunrsudrnr:crindruil:cnouuwiru

ooR flanr:6lnsrnrdr dunidinqunvoonludrormdnuacuu.rnrilarfluflrfrudrdqdn:uql

nrrEndlnsfiamsrnndiuilluduncnsud{nrire fiIricni (eo) 'ldfrnr:flnurnnro6unid
inquaaar:rJrsRo:rnadnoonlwdrdonrrqnfirnafia dsncfl uaedouuasln:dor ludu

ndoaornfrqfiieanqi ftninncrtw:r$acrrnrfifio.rluf,cr,rindrrJr nudr rnrrnror
6unidinquacer:rJrcnour?r6nsonlsddon'rrqndulaucrfnrlor6urflfisatch?nnuurt

e{rtunffru ndr:do o'uv6dinquaaar:il:cnolrl.rdnoonlqdlus^urfifismrnf,r?r{nanq5uar

ornntnootlufftrindrrJr.r oafluvrurndrd'qdrholuor:qndulancnfndrnrirr odtt:finrru

druit6urmfi oaornfiiuinsgtf,w:rndumrdrduni dinquac€nflJ:cnourrdnosnlqdrfl u

d'adnmrrnr:gnfu uonmndnr:dnurnrrqndular.rcfifn'loeouu:nsfindulr.rarovfiolu

o'u finunanrrdnsrdaoonds.rriu los shuman (64) nudr nr:rirfinduvr6dinqludu

bavidson ornigoofr6o il:vrnaarigoruinr frr1#nrunrur:olunr:Eo#udrnrtldssa.r

nr:do'uvrid{grqflriaudrril'qlunr:qodularcmfnfiSoloouuu.orfu rdowrorndun:'dinq

fitJ:vpriirfindundrnr:unndr (oissociation) c,srcr:iJ:cnouurrntju uiu rr,inrfuonfia^n

rrarnr,jfluofan Yermiyahu, Kareo uas cb€n (6i) rhnr:flnsrflnrolrjilrardunidinqlufiu
Copyright by Mahidol University
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eionr:qafilurou(B) 'laul#lluflfntrnr'hq{rrrfluumdsdun6dinqddiuftlilludu nu.ir

n?Trd'rrl'rsolunlrgndul!rCInro{6il0crfildunutilodruro.ro'unidinqlu6udrnturiu

Elrashidi lms o'conor (66) nufi Raudrrur:olunr:gnfulu:ouilnerldln'uflun'mrt

16 mfiu d'lrlirror o'u n? din qlu6u

drriurir yn rfu urasf,m:ormrnnnnffiilnno{iludrrir vn dldrrneirnr:nr:q"
gldrruraraunldinqqn:rn-ufirirdrndr r niurdsrfiilnnflnrrnmorfirm drrir rrn ddr

nh t rrrrrrooc'ursld'hrhndsrulunrrEnf;riwnnardodudfrrgnrlnnqudruloaouror

Innaninlrndu mfssrmrirrlddrfiuotrroEndunvrirldfidrcdlnr1lrfiidudr clmil
narudufudrowir rn n'lrJirrordunidinqlufiurfn nudr bifl nruft r{uffiu
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'naqtqnrmr rmalrlumdornroul:nc

ilnfi 6

alrluavr?orailoilr{s

6.1 n!il

nr:f,ournr:gnfiuncf,rmGuqansmuluafoif 1d*'rondnsrlnsilrnr:rdrdr

orht6uduuu mndtnsmrmu fr.rniaun:rJEr rrrlrnrrflnurqorrruri6rir'hJuaanr:qn#l

nsfirmrdu Inslder:acaruncrirdrm:rcrf f,rnr:nano{uulr Bolch Method Adsorption

smy nfllr{xduidrdursreiraruru"rfr'au{luthmmrdldu o :cdu lduri o finBnircis

6az,?sz.+36t.gl u'na'nirusisfin:, so+.gozzl.os fiadnireiodn:, gez:etosssz fiadn9!

siodn:, tr2s.&rul3e findniudofins uoy 1482.60-1899.66 iiadnircioiffi usntrnrfuld

ilm'r6lnurnnrs$riirorcionarrnrr:o1unr:qndlnafiato$u Inurhnuflnsrfi ro# s

:ciu6o d:gdu e.z (nrrrr:urrfi) uailJiuririfusrro{rnraca'rufiurilu 4.5 rmc 7.5 uonrlR

ii'ld*nnf,nsrnamuJirruo'un6dinqlufiusdsotileiur:alunr:EnfiLncfiato$u Ino

ilrnnflnurdrFrror6unidinqlooar 3 (nrrr:rilnnluacilrnr:rdurJiilrs6unidinqlu

6u6n z :adudluisanc 4 uasfooac s nrrdrdu nnnr:f,nureirr:oaqrJldftff

a 4 c,o o1 u r - , ^ J a
$'lflfl'Ir?rfl rlcfiqardulJnn? t!x0{nuT9u1{mu fl u?'r oufiJUr"rfl o{nilTn u'}r

raudrirurf,nuriidnuorcruddurfludunrfistJufiaf (slty clay) rJfifi?urrosdurflunax

loufirirfirsnJ:clml 6.7 flrJiurardunidinqqrrJrunntfiorl:clril9oonE 3 firirnrrr

rnur:nluRr:uanrildourJ:a1il?n (cEc) q{ ndr?6orJ:guru 32.40 meq/l@ g

4raoa-loc,
olflfllrflRuTnil?'l silTailN3ail tildRllt!:rltslniln?1ilrnil,l'0 luR'lrqary:JnsR?

ldgwrn Inardulolqrvrorr ornr:qodudnlfi d'nuorsrilulslqrnourfiacirrorgl)
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dunrdGmTodrumiurunrcu?unlrqnfirdrnnriuldhdqolduri aunrrro{ Freundlich

Inonudr 6udrlrnr:f,nsrihimmorrrrnlunr:qnduerrd'r6)rsds s.ss uaciirir correction

Facto (vn)rnds 0.60 r&rn:T{lslmnsldnrfidnuorsdu'lslrymsucu'nnjrtor 0D ri.rddl

6uilnauenrr:olunr:qndun"ribldq.rurnunvnr:qnduarur:orn'nduMrdool n:r:rnird

rcduarrurdildumcawfirlufl:ncarafiudiudu rir ra drlssn.ir r sl'urolddrndrrrulu

n rrqnfiu omtuo tdudu d fi . gnrlnaqldaolosou s,sslaucminilrndumcn'urnr rrnqndl

ncdb'tffi dnarudududr qarrruriiifn'qrorFulnuuaudd.rnralfifiurnurroqnfunvfie

lffi lduri olrdrduauflfrousrgdufiumiloadroqnmn'undiorwiiwrnrf,nurn nduda.

dmrqrunaihJaslrfluaurlrl#rrrurroqnfil'looouurnldd uuoulod nmdfiuflrJiuru

dunidirrqturvftrqulrunnrr ririfuowsqduungrir cuc dfrriro{tu:vduqrro$u dru

drnn1fi6ufi a:rmnrrrolunrrqnfiuwrhdtrfl u'lsosuurnld6if{ifitt

mnn'rf,nsrnaso.trilfiCIryionauanr:ntunr:qnfiunvfir oroeqrl'ld,ir nrru

arunolun'nqnfilncfi?rom'u{aurnu d.rf,or:arrornrir r rowtnu rreundicn du
doror/aaailnandrfudlufr nrr$6u?fiuorhtihlodrd'gnrw6n' 1r-value < o.mr)frrirflncrmdu

lnsfirirdurj:cfi#anftrf,'ud (pecson sinple correlrrion coefrcieor, r) nirn-l o.zzs

rirf,l:JrcAnfrsmr:dodulo ttl nhfiu oszs Inurir r #uflridiudunrurcdrrilrs#rfir
du lnoflrir r.42, s*t $as s24drcdilflffi +.5, 6.2 uas zs nruihfru uonorndgrJurltor

rdulolcmounr:gnfirdnrdccdilfiffi 4s ilnaril$nndtlrJorndrdulolnnoudnud

rrdufiro#qrdu Insdf, res +s nr:qefililfinuorsndrololcmsurfind'rusn lumrgdnr

Enfiudrrdufi ror 6.2 rac 7i fidnsarsrflulolqrnourfindaror drlolqrnoilrfindruaaw

rhdf,rnarruaur:nlunr:qndrmrfiudsirndrlolnuvrsulfied'aros errmqdririhodnraeio

nnEndrnvdrrsq6uororu%surorndrilrogrirnarionrcleunr:drrTqnarmJ:snr:ludu ld
$ri n:guruRrruannjdou'looourl?R fitclt?uRlt protonation n:grrunr:lslnr'ladror
lnns rfl udu u*olod drfirsmom'u&fi nacisdrunritnr:qnfir'losoulrnludu grJrruu

(species) rlwlofigtudumcfl fl aeisil:cgdfu rordu6ndro uonmndnrLdrsir v n dqn:vdu

firsrfirireirndr t drel'uro'lddrndwrulunrrgnduwaaarnraodudnlgnrJnnqrd.lolooou

mrlarunfnrrnduuasfiuflurroqndurrafraldddnrnrrdrducir mcnudrrir ra flnmr

ft r{udlufi rnrrrcu{fiu{ril6':rririlror
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zr?qfqarnnr una$luo:doreuauucng

nildrgrl

ffiunrlqadurfl udnssgdulolqrnourfindap{rD luqnrlilrordunSdinqdrirnr:dnur
A tY r ro a ddeft'l6uri rJiuroroun5dinqfooa;3,9oona 4 uns 9suac 5 Ailuililnrqndudlnrirttcnulu
Fudiinaueiurolilnlrqa#ulu:rd:rgrlrn dunr:nr gadudcrlr:orinrroiurodnsars

nrqnfirddnduHfidqn rdof,orronmnrir I lduri duRl:r,o{ Freundlich drnr:Enfiud

dru:ool'uto'lddrudtnr: Frermdlich wfidnsawnr:qnfiidarlr:orfinduldrdool n:r:r

nirdnarudl{uroscrcfialufi:asars6urfildu otirq'lrdnu nr:qoduncfr'rrs$uiinarri

ftfirffiinr:nldsiluilaworilirrar6unidinqlufiu laoeirrroslrurorrir r rnduld s.ge,

8.99 $ac 1320 dd?!ru6unidinq$ooac a, gouac e uaclsoas s nrridrd'u rdoilrnr:

nnaourirnerrdlr{uf,nra6o':cudtrir rfiurJiurardun6dinqludu nudr ri'.unJ:rftaoril

a'nudrrf,'uf,1ufirmtrfisrfi'uorir.rihiodr6'qnr..rafi6 e-value o.ml) Inofirir

durj:gfinf,ffidrurf,'ud G) nirn'u o.ns uacrirf,u:Jccfinrdirwnrrsl-nduh (r1 nirfrl o.oor

ilRRr:6lnurrldrrdorJsrurora'un?dinqnirriu fiuovarur:nEnfirnsftldrllodu doutnqd
ta a ddo o a a

iltrmroun:o?nq tunuunarion?run!1rolunr:qndlnrn'r rdourmne$irJ:cnoildrfl u

ar:ierniluacei:Safinrsr6unSdinqrhh?o^unidinqfidrunrirdlosoulnficflulrouhlil

dnrnslduonornd6unidinq fldudn'rtrrnwqrrrnrmvfirJ:sgiluar 6rrfunr:rfilrJ:'rurar

6uni6hqldfiu6udsnirfrurflunrrrn'rdudfirlunrrqnfirL:hslurn'ldurndu nr:d6unid

inqerurodrorfirrir cnc h{f,udu firfludnflf,urftdd.rnral#6uarrr:oqndunvri.lM6du

6nrJ:snr:fidt ehnilrir vn riu nl'irihindrndr r drJilrardunidinqrXn:a6'u oilrold.ir
rirnfis.rrulunr:Enfiiwana.rrdodudfi.qn:.lnnqudro'loooursrlancfirinlrndu risorn
nrinlfidrduarrr:oqodrnufialddd:sfunarrur{uriucir drr.riunrrrdrrf,uf,rowir rin fri

ta a ddo a a !
rJirrordun5dinqlun^uriunu'irhifi nnldtfudn'u

c: frodrfrolunlriffs

l. nanr:dnur'lolcilyroufl o{Rtqnmlun$.rfirfl un.uflnurlu:cd'u }r""- d.r

hiemr:oaqrJldurifrnftnalntorrJfrfisornr:qnfildrfinduld d.,rnrrvr:r:rdsnn'lnfrinrirr

nudolfrn'nflnurlu:s6'ud:sr6uoat'hJ rEiu trtote",rt* Investisation riqdur.rrieurolsrgfir

dnrs'lil Insnnrcorirto^ld:vn'ufirorql omrfinrmnr:onelcRou (precipitarion)
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2. lunr:dmrrir r bjl{luernrflu'r0Rlrmdoudero.rcrr:uan's1udu Rr:

rJ:aqndl4fiuonrcnarlrdu{udo{tu rir.rd{rnr: fl nsr

cs donuouurdldoloorriffsn9{d

l . un nrrfl Rurnfsdfl ildr6utreuxrauSlqoralrifi lunr:qnfilnudrldd
orfu'l:finrr nu'irnr:nJduuurJnrrirflrorflnasisoerraurrolunr:qnfiincfirrsrfiu los

rirf,rs#nneira$cdrnnl#nrrrcurrolunr:qnfimafiasrduannr Asfuhduddfl

fitn::uderrioh?r6nnrnJurdounrdrn$6u aa:iinuf, trenn'nniln:?$rrolrmcn?lqu

rirfhsmsrdutfio{lu:vdudrflunnr.ro{ralsrdonnlsnrrndgrlunr:unin:rororsmrfir

a$undtrfiffiFu

2. trnnr:dnunn:r'jldsilrnrrnjiolrfisu:sfldtrruRtilo{r Freundticb ttac

dltRlttort Lognuir lnsfitu0t'tt'tnririfu:J:cAnfrosnudntluh trld$dqn etnrrd

ann:orlrrnlf;oiuronr:6nfrrcrcrirrs.r6uld6dqe lduri flrR1no{ Freundtich ftrfufr
enrn:nrhm'rm,lnr:ft ndrrtJtd oirronr:qafirn gfirrst6uqnuruauld

c.t domuouucahfi Yunrriffsaiqetotj

l. uRnonr:flnur cqrJld'ir rirfLomomrrasarsn'uilnfl rdrrn'uf,lun'nnrrr

rdsef,ufrunauarrrrnlunr:qafiunrrirmsfiuqeinuau orhrlrfinrr nurhnr:flnurlu

enrnCudrirdsiianrnucrnirrrnnr:flnurlut?oul6'ffiR'rrrasnnno{ldarrrnfllnr'ndu

rdu rJutm fiurJuun n.rfirlud drdrnoo rfludu tf.rdnanr:flnurn-snrirrogrflurjscloililu

nr:rh'hhlraqndl#lunrddscnrr du{anrndrddldyuorcrlurdoutrnncfi.r

2.luffi dmqil:'rlror6unidinqnr:rhnr:f, nurmlfiuluanmdudriwiudu

nJortrnnnrfirrJ:'rrsr6unld{nqluduuonnrnwihsriunrrrcrrr:nlunr:qndrnvrirror

nuufre dqdunrrfi siliurJqqarnrnrornulfirilrrrcaueionrlriqrn'ulntslfirldbndro

drnr:rlEnffmirrqodrLlausurin rflu'l'inr:durJaornduddld:-unrrrJurdouiir.rdrd

ruusarfl:nj:rrnndrhft fo,ur rdowrn'hidomrrmnlula6duqsuavldrurjrclro! gir

3. ilr6'udfinaeisnlrucrrur:olunrrgadunvfirilo{unru:J:vnr:drsfiu dr

uoRtlRqsffJriFirolfiuroqrda nrrflIarslaoouurnriindu (comperine cation) ludusrrCopyright by Mahidol University



2rd0t qnrnil ilrqJur:-{otcrlor$!P0

rknnl#fiumur:oqnduwfraM6duuforlsoaq:iufiu Inslucnrrdrflut?s nr::Jurdou

rosnadmrqi6uriodsuandoudurinocrflu}Jlufinsscdnriurfiulnr.rrnu-nlfindu1 6r

nr:iinr:flnurfirfl arsrlnnglsssumnn?ndur+ilral

4. fl onriulurlrvrnnlnsfi duddfrabi,fl ,rn"qnarrn::uolinarududdrofiu
4 o ao , dlofirntrdrurnlunr:qnfruuan'cusiasrfrn rslnulurrdacfr'ufr iiunndrrn'uson}Jnru

o,aoJa.r4o-"iJqardnuorrotnuriinriul 6rnr:iinr:f,nu'rn?1urnlTolunr:Enfilan'urs.rnulufrufr

tir ricdnuolrf,o"rdrndrrororhurld:J:cnounr:n^rr:orrm'ond:vlnnrorqnenrn::rd

oqrynlffi l6ludu dtfrlCsnn nanr"nld wfi doq arnrnAuuacdlffiiu ludud: alft pr
I ' ^ o 9d

fiJll0gl|:r?ar tflatno{
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ill nrtfrt?0?tntt#tdoail (So[ Texture) uacnr:uootto{tdoau G€Ehral Clsss) (Ptpette

Method)

qrln:oi

- Beakerllll'ln 6fi)ml

- Cylind€rIilm 1000ml

- Automatic Pipette

A &r rel- tnro{!{ rTtfl'l

- HiehSp€edStiror

- rndm cenritugs n3ornasodl#6'urndo{cJurn tm nl
- Waterbath

- plungo

C rur- nro{tt 0't tilfhn90uncunr{:'outum 1,0.5,0e5 uns 0.1 r|u.
A

rfiottoflt um{o{f|:'Io)

- urfrnrolrnar

- rnoflrlu'rnof

- Stainless can

- ffiun:{tdTriulddsu (Sieve) rum 3fi)mmh

- n5conulfrfll

- [n1:c$to

6'lilnil

- 'lcln:rturilofoon'lwd{rqor) rdrudu so x
)- fluacnluls6oros6mil (NaoAc) pH 5.0 rniold.rfl

fu N"oa" 82 nirt kiallu votrmetric Flask rilm tom d rfirrirndu rjrcrral

500 d nilh?asars 16rl dacial acetic zs mr ud'lr6lrirnitulfirflu lcno ml rJil pn flo{d'tt

aaatodmisill#ldnirfi:r s.o lnuld gUciar acetic acid
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t)- 6'rrhlfiar:acarot6nmtltnnn:s010 (oispersing aesnt) lufi fi 1{ cagon rn5ol

-3o{u

Eil sooiunrexameraphosphare 35.7 nix ltilu teat", ulm 1000.r r6llurirndu

il:curs 5m rnl nulfiacaro rn^l soeium carbonaie 7.g4 frfu altj nuldacarordrfiu udr

rjiurjirrn:lfirilu lom ml d?otitotiu

- Demineralized-waer nfinmnrndsmro-rrir

iilnrr

t4 - dd Aolluunurunaoaltilorunmsdu#u dotihfinsonrisu n'ucduocilrlfifl:

$Tauaoodw pipene uoudu Frocsulsb) fib?trinT ur:ouonoqnrndutililox (clay) oonul

1d

ft 
"urrd 

r

r. risdrstfudunfiq clir 6ry soil) dlhusrcun:sdou (siew) tum 2 uil. trdx l0

nil nllu cenfiituge tube $il'n 100 d Ohruiloufiu z qn)

z fiueuacald NaoAc pH 5,0 50 nl

:. riuru waterbarh qotilqfi zo osnrumtdoe uru so urfi

+. rhdesrirl:Jr$neuqnd 1e.ho) udrrlrrdrrndm coufue

s. rnti'tlud'r.t rntu

o. rn'ufi ndu 50 Dl riu!il wier uurn qnrmql^ zo sffnrsa(dua uru go uril

z. cemr'ee 6oo9o,nti tudH'd..t

s. drod?odrsarlu nerter rilln 600 d rdorJg'rifiluriunoud z ciold

<J- r i ra a J
fl runn?oul{ rurJrfl aonffi uorunuaclilldfiurdu'hi irrfl udmriruoiusroud

ft 
"ut 

fiz

)
r. n'uir:J:cil10r 50 ml udrrioutrfiru rqq r.lraruror so.t arlu t".to 6udfi

rJilrar6unidinqrrn orrfinrJq'ffiurquu:r ilrldfirorirfiuduoonuon teans lddrdoun-u

Copyright by Mahidol University



usm2nomo lrnndllor na 2r-!.(ililul!6d{urador) I gs

\o" fianlosorhucria:cil drrinrlfifiiorquus{frluroanrJ6'ffiorftndlrlaunr:fr

barerlilrnfuir{fidil

z. iln ueater dasR:ctRutfrnr

g. dr beaker'hJdouu oo, n* dqonrqt- r.bvumr ,m ornrrryardue

+. drrnn'ir qo, *nJ6fiiorriuo'unidinqrlnrfo'1il (qrrnmrounumc€h,or

6u)dr8'rhinrndaru:nm'r n q alhJdn rubhJrrngrJfi fi30r6ndu6n

s. rju ueater lluu not prare dqarnqu':Jrcurs tm swrtoardaa cio1il6n

:J:curar r-z rdstin q dlrnrn'uilooon 0rci:girodrlfrd{)

o. rJr teater qadudrtJoldqonqfi ros s{nruqar60.r u1u 24 lrLt. (niou
ririlrinnqd)$drrlmoRtmmml rdr ooirrton rdsrdum rtrljihrdsrnrirnrinn'u:rl rdrl{
lfirlrurarciobJ6nXnndrdrlildrru'unrelurfuooudrcio'lrJ

,#*u"d I drlfidrsrir.rn'u6nnr:unndr (Dispersing the sample)

t. 6t catgonar'hjludeorit sirodrtns rorr ndrldrdrfiu ifl.rHrj:culil 24iru.

z. fludro ngmpeeo sirror il:suror f-s urfi

,fo"uufi I Rttl0Rn:'t0oonnrnil:rgut:lqmg6umfi ga (Seperating se'ds from silt

mdclay)

t. tirsdrorir.rolooiunuud 3 arlun:ciloner?rrruilm l0@ ml fiunrrsn:ordii
nsuRrrdsurum 3fi) mesh orlnmnflouihuavoqnrnfiunliisr wdrunl'lillun:cuonnfi
drsciolilfiaodtfl:o{ (Demineratized warer) ouoqnmnrrouflqravorlnrndurrfioloofinlrl

oqR'nnr100urrn:Jr'rLrJirurn:1t?rfl u t0@ ml

z. tirooqnrnn:rudusn'ldarlu can iin:rlrirlninudr rhhJs$iqnrrqfi ros

orenrsardsa u1u 24 r!. uiorurirurinnrdudari.rnrrfrnrin

,foruud s- RtusRoqnrnn^unifi srlnolffiiqn

drorfudo{1un:cuon$rwsfirofirsoldR'nnrruuflruasoqnrndurufi or nrulfi
;'e - i d
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ld auonatlc pipere qaftodrwqnrndurmfi oadro{luantrdlunrxuaoo 20 ml

lriarlu ril dn:rurinlrin rhlrJoudqarnqfi tos ownrryardua u1u z4sr!. fiiorurilfifn
nd drmrirnrinoqnrn fi urnil ua

,f""*li o nr:druaoudofrdudromqnrnduusdacmfin

t. fiinrrslnraourJsfrdufirs{oqRlnilrlo

rirmqdmrinfiuufisdldrrnnnrhlrjsuufrs oloniuruud z drdruunl{'h iE
ldrflugrulunr:drursl

mrun''irfi udeilurfrnur d z rdoudr udrfl rirrrin

doti-tioutqoran:rsdrhunr:ourdr

0cr|or{nlant10

z iiidruaornJofrfiudorlnrnfiunrfi oa

rlmnirurinuomrlnrn durrfl urdldmntius,urd s

mu6dr*rirurinoqnrn 6u nril oald

riudscr:utruason^u 20.l ii clay r,nfn

dlurxtunoo tomufi ctay

rn:rcocfudu a niu ii ctay

6u too niu nvil ctay

,O'AA
rTrslcosuuoqfl m niltillJ 0x

r. ffi druaaurJofrdudoqnmn:ruufl r
oz n:roufls tm-(n:ro + fiurfiilsr)

ftrfu rdon:r:nirnrinn:rs nrruuflr fiutrrfior n:u$drrcd'ru'Irorr0R Fxrral

cuss ldlnodrunirornnr:rralrurndoruurn:gru

a niu

u niu

= (t@xb/a %

o RSI

c nin

= (l00xc)20 niu

=(l00xc/20 nin
: 1@x(l@c120)

= (5x l@c/a

= Sfficlx o/o
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r!
ffilneufi 7 R'nrrsntumoUnmn:lu (Smd Fractios)

tt
t. thuililrsnr10?i{illna{ilu#uuudnrolrnnsun:{iou

z. drtrnnrun:.rdoun?rrnfoqnrir rdouonorlRmn:1or,ilmeirr1 oonmnfiu

:. m:iun'nrirrarinn:rslurriurduo"uoro dru'rormr:J:'u'rslrn'r0ueiacrum ai
r6o:6'ufi'uriru?ar?nil?ilm:nrruri{run

n: narrunururiut?il (Core Method)

qrJnraiumrnioai's

l. rqrmrulnns fl9ouhflnd{asrdr rdunirgudnaruJ:curs z nr. qril*uror

4slj.

z. {ou (oven)

- 3. rndol:il (Batace)

iSnrr

r. dmrirfiudlfi:rlnulfirurmulailcmcflnelrri.raordru rlrrrrflndrrftesr

J
n{n

#ruosnuacrrffirlun:sf,oufirnrudu drliloudqorr4ru' ros orrnrsarfioa ruldrirnrin

z. *rirnrintor fi u * rirn u-n?{ u?r?u * rirfl rin n: cfl o.r
.))

s. frdr?rfna.:uuru + rlrnrinnrcf, ol

+. i'niliurn:ro$sufi ru1afi s

nr:riruael

t
alruu'uniu : rlnninduuftnjirurnrtou.ruurulaucdrulu (nilrail.'nu.)
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nS drftelmlfiu @otendomertc Mcthod)

qrlrnd rndodnflror

ii?rnrr# nr:inifumlurir lnolddn:rrleufiu,rir = t,z

*6u zo nil ltitu *ane" rfurirndu +o rr nul#r{rfiudrurniurdrrflurroq lu
rht go urfiurn ildqorndud{n301&un:u r iirfu.r lsrniurdrnulfrdrfruudadrin pn mr
6udesrndedsf,rsl

m drorrrhthlr gotendometlc Method)

qrJnrei rndodnnrrrhldfl r

?i?rn*n{ nr:inrirnr:rh}{flrrom^u 1nu1#dn:rdru6u,rir = r,s

*6u s niu kitu yial xum 40 d lftfi zs nt ilnnn nrirdaurndosnfi r ul. lu
n:ddlriflrn:"sqrrirldntirdrufis Taondr o o906, r urfi lun:a.r{irluu:n Rro{rornt

acar u udtf rhjnnJirnsr nc #rurnf odnnrrrlrlrlfi r

ns rl?urardunidfnq (wsttdcr.btsck modttred scld-dtchromffe dtgpston)

or:mfi

1. dltasalor|mtflllJ IlCrrQ 1.0 N

z. nrn#afnr{u{u (conc. r!so)
3. 3lllOCOl0 Fqrous Amonium S.lfate 05 N

4. GPhosphorio acid

5. Diphenylamine indicalor

6. 9olidNaF
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ffirnlsurirslaSl

1. Standard 1.0 N IlCrrQ solutim : AEa10 KrCrrO, (A-R- grade oud tOS o.rrn

watdsa zcqalus) as.04 nftr lurirndu udarlrarrasaroblrflu r 6nr drsrirnd'u

2. cooc. tt son:l{n:n ursoo1e-n- erade) dflnarilrdldutidrndr go 
"z

3. Diphenylamine indicalon *l oipneoytamine Os nfi asaruludln6'u ZO rt ud,r

6urqsqrdrdu too.t

4. Femous Anrmontum Sulfate Solution (FAS) 0.5 N: nsA10 F4.IH)2(SOJ" 6IIrO
J.

tgo.t nir turirndu sco d fifin:n 4soo r{r{uo{ zo mr udrfrhirfluar:acalo r fin: dru

rfi ndu rfi ulllu t rotlrirnrn

Gphosphoric acid: nrnldl{u'lilrlaon'ir As "/o

SolidNaF

?idr

f . {hdu r nil ldlu Erle eyer Flask num 250 ml lst'rt Shndard 1.0 N IlCrre l0
nr Inuld pipere undr nast rurl rdohiauuasrnsacaruflGtufru udarfiru co'c. Irrso4 20 nt
lnunursrlhfln:nlnanl{r1 oa"t 1#scdrd'rorirmr'hjo{1u nasl ldum rn%fls.rfiuhibf

rfin6urnrc6na{errlr?r.r nasr lfi{rd'udrflurearrJrsrror r urfi dsdq'l{ruatasnrsdunir

5.

6.

qanrqn'fior

).)
unlrlrriurfl utlrioaunlrirriu

z. rn'uirnd'u roo rr udrftd.rlllfirdu ud'lr6l Gphosphoric acid l0 d ras NaF

o: niru ndrlfirdrfru udrrfir indicaror d:cilru 30 ilsn nrir6nn:fuunaufiud €lsorerr

acarsocduthir.rrJurirr.r'u (driltlriiolransdrihJiurardunitiinqurnrfiubJ do.rdrlnrilno

frdrodrrn^ulfirlouar)

r. nlnm:n 
mixrre dra rAs 0.5 solution dpq6fuosar:acaronslildoutrnthi:l

t
4. flr Bunt n liioufi au4nnir

if;riruaor

% orgmic matter (O.lvL) = l0 x [(B-S]B] x [0.6716l g.soil]x N

% orrgmic carton (O.C.) = l0 x KB-S/ BJ x [0.3896/ g,soil] x N
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s : ilr'rlril rAs d1*1unr:'lErrsrrn Brank

s = :J:'!rar rrc,s dl#lunulnrsnn samiple
trocraAg= U'll4uflAun1d

N = nrrrurdldum{ rqcrrq

n o irnrrlq'lunuuonnJdsrunnlooeu (soon- saturated Method)

mrnil

l. Sodftm aceane NaOAo) l.0N

Z Ammoniunaceae(NHnOAc)

3. Isopropyl 99lo

?ilirnrr#

t. fitn'uilrsurar + nil kiarlumn?do?mon centrituge tuln 50 El

2. 6u 1.0 N NaoAs 33 mt itnraonuderlrtjnrirdrumdosrrh s urfi udrisfr

tJ c"mir"gr urn:acorulcu#rdrmrn:ncatoon ilr#nJ:cu'ror I nft udro'rdr.rdudeu

Isopropyl alcohol drcuru r nft lsoillduriloafrunrldl NaoAg

t. unud na dgnEnfiud'lu Nttooa" Inonrrrfil NHloAs Ntufiunf.rac :r rl
rh'hJnrirdrurndourrir s uriludrftrh'liluonntracarsrhulasondrsnrr cenfrifirge mdlr
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EXECUTIVESIJMMARY

Introduction

I€ad is 6 highly toxic substance to environment aod can accrxnulate in soils for a long

time and hanlly decomposed by microorganism. Lead contamination to soil can be generated

from serreral activities eg, industry, mining, lead smelting ftctor5r, oils combustion' lse of

chemicals in agricultural, recycles of indusfial and domesfic vastes e!9. One of tbe major sources

of lead conhination in Thailand is a lead snelting facto'ry. It was foud tbat some of lead

smelting factories are lwated in the improper locations according to the Notification of MinisEy

of Industry Regarding Critsia for a Secondry Lead Smelting Factory. As a conseguence' impact

on envirmment quality and human health could be ge.nerated. Thsefore a particular moniroring

sbouldbe rmderuken in ordoto investigate such impacb.

Stgdy oflead adsorption into soils plays an inportant role due to ratio between lead in

soil solution and lead adsorpd at soils surhce is an imporbnt fastor in coffiolling of its

tnovem€Nrt and availability in soils. Lead adsorption capcity of soils can be acbftred by

rm{ertaking lead adsorgtion capacity. Generalln downwrd EansPorbtion of meals does not

occur to aoy gr€at extent uoless the netal reaction capacity of the soils is overloaded" Dowuurard

6anspoftdotr of metals could generate contamination and increase a risk to impact

human health Soils heavy metal adsorption study also play an imporant rules in site assesnent'

remediation of meats contaminated area and of mebl distsibution in soil and

groundwater using malhematics mdel.

Tbis shrdy focus m rea located adjacent to a secondary lead smelting factory which

have a high potential to be conminated by lead" Bmglen series soils found in Amphoe Bangleo'

Nakom Pathom prOvince were choosing due to sev@l rcasons' eg one of a secmdaq' lead

melting factory located in the aleA most of the reas are used for agriculAral purposes, a shallow

grord water lwel was r€edted and sone pat of the reas use groundwater for domestic

pnposes. Copyright by Mahidol University
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Adsorption of kad (Pb) by Banglen series soils including the inllue,nce of pH and

organic matter on lead adsorption was investigated in this study.

Methodologr

In this study an Experimental Research Desig had bem rmderhken at the Sanihry

Engineering Iaboratory, Departue,nt of Public Healtb, Ielahidol UDiversity. Soil smples used in

the srdy w€re top soils hken tom Amphoe Banglen in Nako'npathom province. Sampling

locations were designed to be in the areas where are locatred away tom lead gs'nerated sources-

Soits sampls used wolld have lead concentration betqte€n 12.6 to 4 PW of which are formd in

g€n€ral norconminated top soils.

Numbs of a soil sanpling location was 3 in tobL Soil samples were taketr to the

labualory md hing prepred to be ready for the study. The soil samples werc Pass a scre€tdng

troc€ssss, of which rmdcirable materials eg rwk, debris etc. were seParaled before bing air

dried. Each of air-dried soil mmple was thm sieved in a 2 m mesh sieve prior to be mixed as

one crysib saoPle md storedfquse.

prior to a lead adsuption studn soil physrcal and c'he,mical chracteristics were

malyed. Parametgfis being anabzed include prticle size mallais, bulk density' pH, o'rgaoic

matter cmt€n! cdion exchaoge capacity (CEC), electical conduotiviry (EC), and tohl lead (Pb)

conc€ffiation Ba1jn MethodAdsorption shrdywas eryloyed in the shrdy. For the study of lead

adso'rption of oiginal soils, five grms of airdried soil was mk with 50 ml of lead solution (PbCl

in 0.01 M cacQ. six raogos of initial lead concffiation used in the sBdy were 0 mgfi 282.*

36t.&4 mgll,5@.8v'1?3.,8 mgll, w2u108552 mgll, 1129.&14.4736 mgll and 1482.tu

lsw.6 mg,t" soil soh$ion pH were adjustd tob 6:l Lsing 0.1 M NaoH or 0.1 M HCl. The

mixtures of soil samples md lead solution were allowed to eqtdfrraie on a shaker fctr 24hr'afta

which time they were ffiifrggd to claiS the solution The solt[ion were then filtered and

analyad f66 lead re, aining in solution by atonic absorption spectophotmetry. Tbe difference

btweenleadaddedandleadremaining in solutim @uilib'rium Cmceotration, C J' was assumedCopyright by Mahidol University
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to be adsorbed. Adsorption Isotherm were developed by ploting a gaPh of tbe amormt of lead

adso'rbed (Q, ng/g) ag:ainst equilibrium concentration of le.d (C" myl). The linearized form of

Freundlich and Laogpuir equation were plot in ordsr to find the bet fit equation Adsorption

conshnts, eg K and l/n, derived from the best fit equation were used to dessribed lead adsorption

by soils.

In addition to the pH 6.7 ofthe original soils, itr the study ofeffect ofpH on lead

adsorption, pH of the mixtures of soil vmples and lead solution wse adjust€d to be 4.5 and 7.5,

The study of effect of organic matter on lead adsorption were rmdertake! ushg soil

samples contain organic mtler 3o/o (original), 4 % (adjusted) auid, 5o/o (adjusned). Soil organic

matter codent were adjrsted bV rs'.g a compost€d fertilizer. Correlation b€tc/e€o a*orption

costsnt and pH and orgmic macer were analFed ucing Pearson Simple Correlation

Resulb and Discussion

Tbe results indicated tbat Banglen Series Soils could be identified as Silg Clay soils.

Soilrwtionvasconsideredmediumacco'rdingtoibpHof6.T. Orgoniccoobntwasmodqately

high (37") and CEC vas 32.40 meq/l@ g, which is considered very higb" L€ad co@ntration in

tbe soil saoples was not detectable.

A lead adscption study of an original soil indicared th't the soils has a very bigh

pototial for adsorption of lead" The adsorption isotherm curve could be classified as Tf tfrye.

Average K was 5.98 and av€rage l/n was 0.60. Freuodlich was the bet fit equation for lead

adsorption ofm odginal soiL The curve, according to Freundlich's equation exbibits rhet there is

no single point indicafc for completim of the pocess l/n which is less thm I indicated tbt

adsorption enogr decrease with an increase of snrrftce coverage. It dso indicad rhet soil lus a

high potential to adsorb lead at a low corcntratioa Thqe se mmy chdaceristics of Bmglen

serie soil, which pronote lead adsoprtion carpacity of the soil rlg, its high colld of clay prticle,

medium organic matler coDtetrt, highpH md hig[CEC.Copyright by Mahidol University
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The study of pH e'ffect on lead adsorption 5fosv6{ 6 significant direct relation (P-value <

0.001) between soil solution pH and K value that the higher the pH level the greatfi the adsorption

capaciry (K). Pearson Sinple Conelation Coefficiot (r) of the study is eqttal to 0325 and

Coefficient of Determination tr1 is .q,ra to 0.525. Freundlich vas the b€st fit equation for lead

adsorption of all the pH of interesl K rralue at pH 4.5, 6.7 arrd 7.5 were 1.42,5.98 ad 9.24,

r€sp€ctively. Tbe resulf also indicated a low sipificad revsse relation betwe€Nr pH level and

l/n It was fouod that l/n value at pH 45, 6.7 and 75 were 0.64, 0.60 and 0.57, respectively. The

adsorptionisothsm curve atpH 4.5 was consideredtobe similarto the "L" tne and at pH 6.7 and

7.5 was consid€red to b "If typ€. The 'L" tf'pe isotherm indisabd a lower adsuption capasity

comparing to the "If t'"e isotherm. The pH affecb lead adsorption capacity of soils dre to it has

influence m ssv€ral mecbaniss in soils eg cation exchoge, protonation, hydrolysis of metal etc.

The pH also afrects cation adsorption site ofsoil panicles, meal species and type ofcharge at soil

srsfas€. lrh which is less than I iodicated that adsqption qr€rry decrease witb an increase of

surfrce coverage and soil has a hiEF potential to adsorb lead at a low corentration

Resulls fro'm th€ study of qgruic mafier influencc indicaled a significant direct relatim

(P-value = 0.@l) between soil organic mafier and K value. Pearson Siryle Correlation

Cefrsient G) of the study is egnal to OJ75 ardco€trci€nt of lletermination (t1 it .qo"l to

0.d)1. However, it was not formd a relation betryeen orgmic ma$er and l/n Adsorption

Isotb€rms formd could be ident'rfied as af t'lpe in all organic maAer experimem. Tbis type of

adsorption isolhem indicated a very high potenfial for lead adsorption Freundlich was the best fl
equafion for lead aOsorption of all the orgnic mafter level studied. The curve, according to

Frermdlichs equation exhibie that&ere isno single point indicator forcorylAion of the procese

Howwo, it was found that tbs bigher cgaoic matter cootent, the higber slop c adsorption

epcity. K value at organic mattsr 3Yo,4o/o and 5% were 5.98, 8.$t and l32O respectively. l/n

vahre at orgnnic manu' 3To,4o/o afi 5% were 0.60, 0.41 and 0.64, respoctiveln Due to organic

matter has very hig! specific ceas and has negative chrge surfaces, increase of o,rganic matter

codelrt tberefoe provided to soils a greaf additimal positive chrge adsorption siEs. Ilcrease of

organic mattq cm also itrcr€se CEC which comeqtmtly raise lead adsorption capacity of soils.Copyright by Mahidol University
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l/n which is less than I indicated tbat adscption eoers/ decr€ase with an ircrease of surftce

coverage and soil has a high Potential to adsorb lead at a low corcentration"

Conclusion

The resulB indicated tbat Banglen Ssri€s Soils could be id€Nilitred as Silty Clay soils.

SoilreastimwasconsideredmediumaccordingtoibpHof6.T. OrganicconEatwasmoderately

bieh (370) and CEC was 32.40 meq/Ifi) g which is considered very hidtt

It vas fomd that Frermdlich was the best fit eguation fq all the experimenb. The curve,

according to Freundlich's equation exhibib that there is no single point indicato fc completion of

the process A lead adsorption study ofao ciginal soil indicated tbat the soils has a v€ry high

potential for adsorption oflead. The adsorption isotherm curve could be classified as'If tpe.

Average K was 5.98 and average lh vas 0.60. The study ofpH effect on lead adsorption showed

a signiffcant direct relation between soil solution pH and K value tbat the higlo the pH level the

greaffi the adsotrpdon capacity (K). The r€sults dso indicat€d a low sigpificmt renerse rElation

between pH lwel and lln Tbe adsorption isotherm curvt at pH 4.5 was €onsider€d to b€ similar to

the "L- tlTe and at pH 6.7 and ?5 was considered to be'Il'' type. R€sulb from tho sndy of

organic matter influence indicafed a sipificant diret relation betute€n soil o,rganic mafier aad K

value. Howwc, it was not found a relatim b€tw€en organic mattsr and l/a Adsorption

Isotberms formd couldbe identified as Af type in dl organic matbexperimeffi, howeva it was

formd that the higber organic mtter cotrtetr! the bigber slope c adsorption capacity.

Limitalion

l. Adsorrption iso&erms are purely descriptiom of macrmcopic

tlefinitively prove a reaction mechanisrl Mechanim mus;t be gleaned

investigation

data and do not

from nolecula
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2. Application of the derived K values in tansport model $ould be applied to only the

concentration of intercted which are fall between the concentration range covered in the study

Recommendation

l. Althougb, r6ulb from the study showed that Banglen Seric soils has a very hidtr

potential for the adsorption oflead, the monitoring and contol measures relating to soil pH should

be provided to the areas that have a high risk to be contaminafed by lead Due to soil capacity to

adsorbed lead can be reduced by decease of soil pH, a medium soil pH lwel sbould be maintained

16 minimize 4 fi5! of grormdwa@r conbminati(m

2. According to resuls ofthe study, the best fit adsorptioo equation which en be used

to describe lead adsorptioa ofBanglen Series soils is the Freuolich Isothsm equation

3. An on-site Sady of pH e,ffect on lead adsorption should be underbke,n by using

others applicable chemicals eglime, crushedlimetme, cen€ntpowder, fly asherc.

4. An on-site study of organic matter efrect on lead adsorption should be rmdertakeo.

5. Effect of competing cation on lead adsorptioo should be studied.

6. The on-site studies of soil adsorption capcity for a various types of pollutaot were

recommoded to be mderbken in the potedial indr*ial areas Resulb from the studis could be

used in selectim of tpe of inhstry allowed to operate in order to minimize a potential impact on

soil and ground wato in surromding comlmities
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