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Adsorption of Lead (Pb) by Banglen Series soils including the influence of pH and organic
matter on Lead adsorption was investigated in this study.

Soil samples used in the study were top soils taken from Amphoe Banglen in Nakornpathom
province. General physical and chemical characteristics of soils were analyzed prior to adsorption study
performed. Batch method adsorption study was used to study the lead adsorption of the soils with original
characteristics as well as pH and organic matter adjusted soils. The experiments to investigate pH influence
on lead adsorption of soils were undertaken at pH 4.5, 6.7 (original pH) and 7.5. The experiments to study
the influence of organic matter on lead adsorption were undertaken at organic matter level 3 % (original), 4
% and 5 %.

The results indicated that Banglen Series Soils could be identified as Silty Clay soils. Soil
reaction was considered medium according to its pH of 6.7. Organic content was moderately high (3%) and
CEC was 32.40 meg/100 g, which is considered very high. It was found that Freundlich was the best fit
equation for all the experiments. The curve, according to Freundlich’s equation exhibits that there is no
single point indicator for completion of the process. A lead adsorption study of an original soil indicated that
the soils has a very high potential for adsorption of lead. The adsorption isotherm curve could be classified
as “H” type. Average K was 5.98 and average 1/n was 0.60. The study of pH effect on lead adsorption
showed a significant direct relation between soil solution pH and K value that the higher tite pH level the
greater the adsorption capacity (K). The results also indicated a low significant reverse relation between pH
level and 1/m. The adscrption isotherm curve at pH 4.5 was considered to be similar to the “L” type and at
pH 6.7 and 7.5 was considered to be “H” type.

Results from the study of organic matter influence indicated a significant direct relation between
soil organic matter and K value. However, it was not found a relation between organic matter and 1/m.
Adsorption Isotherms found could be identified as “H” type in all organic matter experiments, however it
was found that the higher organic matter content, the higher slope or adsorption capacity.
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4. Winudunisiagihnsdnmnie Sooas 3, Sevaz 4 uaxiouaz 5 Tashuam
anmpssuratSnatunsiingiesas 3 mmifuBinutundiiagluduliithiiesas 4
sedorne 5 Mijevamirmnmminudadssminlufesnaaia TR lud
stwAuie i Sinadunisaghuseuiidesmsnm

15 shulsnmidlumside
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1. AamINuaY vueds ﬁuﬁgn61uunmmmmmséhsqnﬁunmzlmuﬁﬁu
SahlnonsuiannitauQe) Fiqumninsaeglugaduunaey wulusdunevau fmia
unstlgy sy uiesiduiilaumniAlndRostugaininaon Augatnuauiingn
ﬁﬂumﬁiuﬁ'uu1aﬁqﬁue;ﬁn1amuﬁnﬁnﬁ’md‘ntnﬂ5'uﬂam~uau SmTaunsilgy Saushuum
Snhidu 30 wvinms eaudhdumilonuded dfiieduliunas Taciidioy
sz 6.7 Yswnudunidiaggelmunaeiodssinmiesas 3 Sanrwawsalumsuan
ulivuuanlessu (CEC)gs nanfeilszunal 32.40 meq/ 100 g

2. M3aZAWAU  (Soll Solution) . YANEHA - dafifhwesmaludusania
- fagnazany (Solute) A28 (9)

3. uafiuMeAY ( Soil Pollution) HUHH amzastudowvesiudaomaaiiy
afvdadiia suliduansreguam sunile anpAsuMTs Ay Tnvesuyuiinsdelisia
Fefmpzdad @)

4. m3RAFU (Adsorption) YR RIzIUMsHezaey Twananieleseuves
i3 (Adsorbate) gRRadu iR BseYAARY (Adsorbent) aausamanilivTeoRdnd ()

5. o3fignAAd (Adsorbate) Manads pzABy Tamna wiolovBuesmsiign
qadul3

6. @13AT (Adsorbent) Manble msTiflozmon Tuananse Teseuussmsiign
qaci‘f'mﬁ’i‘lmﬁﬂm*rzag'u%‘nmﬁuﬁqwn‘m‘luﬁﬁ 14un synman

7. Batch Method Adsorption Stady HuA8nswilefildlunsdnyinnuemnsalu
MsgadieiTvesAu TaoldFwdduiiminasifumsnsaelinasmilsfinlsfunay
Wutundeldosazmeiiiaududunsiudusiudardnsenhaimindudeniines
mazann Tavhmailfifansgadusudanizauga (6)

8. anududuvosmsilantizaugn (Equilibrium Concentration, C) Hirtefla A1
uduvesans lugsasmoau w gaitoymaduiamsgaduassudeaniizauga
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9. USumvesmsiigngau (Amount Adsorped , Q) M USwmvesensly
awazmesuduaudinfinums Tursesmdufanzauga

10. lolmmenvon1sgady (Adsorption Isotherm) vneds AWIEAAIY
FuiufsenhnSinavesmsfigngaduidseymapusvammduduvesas lumsasae
Aufimamzauga Tasmsgaduiialuanzitqungiineg (10)

11. lelomeusiladuen (S-curve Isotherm) vaneds ToTamouvosniagadui
dunsiifavazauduhlunsdiuiuezdiviuamnmududuvesrs umsasmoay
funsesildnvuiiv S-shape ndnfeiidnuuzadosausdued (38)

12. loTmmeuviladuea (Lcurve (Langmuir) Isotherm) vuena loTmmonves
mgaduiiduniwidasuFugannlusrduduinedesqaanuienrmduduvesasly
nsazAERANAY (38)

13. o Tmneusiiadney (H-curve (High affinity) Isotherm) ¥ne6s o Tmneuves
msgeduidunsmiinwdugannlusasdudy  (dlenBundiousyle lameousiiaduen)
dnvazdmnanueasimgadulinamannselunisgeduldgann (3s)

14. 'loTomousiiaia® (C-curve (Constant) Isotherm) #1669 1o Immouvnans
gaduiiduns milarwsune linlsfunmnududuvesans luasazamoiu 38)

15. fnlsAnBntsnszete((Sol-Water) Distribution Coefficient, K) fiusinadi
& neums Freulich unmstednsdmveslBnaaTsgnaadudeminuivesiudy
mmduduvesorsluanaeasduiianmzouga ) dumilfvenienmannsolums
QAFUMTvENAY

16. 1/ NeBs AAsA (Comrection Factor) Y84ANATS Freundlich sraseviwid
aﬁ‘muﬁ'ﬂymznﬁgﬁ%’uﬁsﬁﬁﬁu'ﬁ

17. arwquaniidsuunnleseu ( Cation Exchange Capacity, CEC) Hagia
Usnamanleesuuanniiey Idfmuniiauaumonaiu 1314 @)
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2.1 Ay
2,11 anunnasazaIvlszney

authm$nenssssvna aﬁﬁifuﬁ1ﬂﬂmmnmsﬂsﬂn‘rﬂﬁaaﬁwmﬁu
uosusfuBuveinquoningnindify Watudufunspeduialan @ laoilldudann
nsamedupisvesingAuduiia éqns...mumsmﬂﬂuﬁ'ﬁ‘luﬂswmumss'mszwmns.,mu
ANl Megnanosmediaz muﬂ'lsmfmqmﬂﬁ'mm‘i‘lunﬁﬂﬁuﬂqmﬂﬁﬁ*mwﬁm
mmwuazuinuaummnqmmi‘luwaumaq

Autlszneudisesiilsznoundn 4 diufle 1) ollunioing (norganic
Matter) ﬁ']mhuﬁsﬁﬁmﬂnmm*mﬁ‘;qﬁ'wmﬁuuﬁzus' 2) BuN3Bing (Organic Matter) AL
dndannasniilossivearundeRmunsdndiuouudy 3) 1h duduingly
TBvDIAY 1f1ﬁag'1uﬁ‘u'hi‘lahl’r-m?qm%"miﬂ'laﬂﬂmlmmmiwq tuegisiiouGoni an
AzANBAY (Soil Solution) LA 4) BN AHRG LTI AMTUTY

2.1.2 miaaniand

2121 riieau (Sofl Texture)



Hudiainods utinmdoyiian mamaTuladdwandon /o

e ﬁﬂﬁau‘lﬂmfmﬁﬂmmnfjnmgmnﬁﬁmmmﬁﬂni'l 2
fidwns Jelsznoudaens o (Sand) wiraudh (Sitt) wazAumiled (Clay) Hinsei18iudes
Ugiians (9) si'luﬂszmw“lmiauﬁuﬂgfﬁ’uam‘i’ﬁm'wmﬂijmmﬁuﬁn‘luﬁmsﬁmfu Tunn
AfiAtioudanguitsznmilonuiiu 3 ngu fie @)

MuilonEn (Coarse-Textured Sofls) ¥30AuNE (Sandy Sofls)
ynoda MufnaaeiRsueseynn lunguunanswluszduarndudainnndmnia
wvstaymn lunguuwiandndn 2 nguun ﬂszmm{faﬂ"uﬁﬁ'mé‘mmjﬂﬁ' 1aus nsw
(Sand) UAEN3 157U (Loamy Sand)

fudU (Loamy Soils) mNods ﬁuﬁuﬁmﬂuﬁnﬁunmaumﬂiu

nguvandnTsenguuszRuRTAuTaT hiunnmstuvieusndrsiuioudindes Ay
Asaoglunguil 1ud

AwriiesuTIaMET (Moderately Coarse-Textured Sofls)
Susauiidlszmideaudhis nahmse (Sandy Loarn)

auiiorlunane (Medinm-Textured Sofls) 33 1dunaudil
sziamiiioRuiiuAuIa (Loam) $7utumstautls (Sitt Loam) unsmsioufls sito

AuileAsudiiazi®on (Moderstely Fine-Textured Soils)
39%un audiiiszamitoaudiu Ausrumiled (Clay Loam) 3umiloanhns1o (Sandy Clay
Loam) itasnvtioadunsioudle Silty Clay Loam)

GwiileaxiBun (Fine-textured Soils) 3o Awmilea (Clayey Soils)
ﬁuwﬁaﬁuﬁuﬂmmlﬁﬁsﬁiwmaqmﬂ‘lumjwu1nﬁumﬁnﬂusza"ﬂmmﬁufﬂﬁmﬂnﬁ
mniAruveseymalunguuwandndn 2 nguann ﬂszmmifaﬁuﬁﬁ'ﬂagf‘lumjuﬁ’ Aun
wiletluns e (Sandy Clay) milenlunsieudls (Silty Clay) uasmiled (Clay)

21.22 Tassadnvesdu (Soil Structare)

=y 4 1) L) A 1 [
aymavesdudnann bilfegTanduuddondatueynndrafio
A A éﬂ . =) a  ad
Taudninavese1sidioy (Cementing Agent) AModiusynindauriaeymanAogiize
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=% 1 = oF ar Qr A
fionFond diefu (Soil Aggregate) anymznﬁem‘%uauazmsﬁeuﬁﬂﬂu-nmaqmmmwm
P a o A o a 2 2 o [
auithuiiefunazdnvazvesnsi¥oubatuveulinfuvianiu AsdsnBont Taseadisves
£y o ] - J

Au drednvsamire Inssadwau 1) Buaas 13 lunmi 2

2123 AIMUILHHLAZATINTUYB AU (Density and Porosity of Soil)

armMUINuYBsAull 2 dszns At avwwvuwusRMaEA Y
WMNiueYMA AT (Bulk Density) WiNEHs SasdusEnaaTeIAuTRET
uhseiinfuBanastmnvesiu (WFasvesdnlszneuyndausauiy) dauarmmin
iWOYNA (Particle Density) i SasidausendnuInvssiurazinuisaingy
USimsvesdaniiiueyniaRy (Sl Particle) iy

o
dmiunmmpuvssduiiowendhidmnunguioves (Total
A ) 4 A L 1 = A oS 4
Porosity)  dmuwdedSinasvesdanin ilvvswdaluin  diefaiiiuesazveslSutnss
NUATDIAY

2.1.2.4 & (Colour)

fussauduauianmsovsuihy ldsauniauiasug ausiia
a1eq Tnodn@dniiansouns (Pattern) vesmsuidoudmelumhdafidludruaznmeda
mitoufuvesAuiindy uaﬂmnéﬁuiugmiuqﬂmﬁﬁﬁnl‘é‘mﬁ'uﬁﬂ’nﬂﬁﬁmﬂd‘nﬁu #
wasAudnnalindiuTnavesgnia m‘iﬁmm'smﬂszﬂenvmmqmﬁnuazﬂ%’mmmmguﬁ
fiegluduidtuddmua aﬂ"la'liﬁmumqazqﬁﬁmmzuié«ﬁuﬁﬁ'«'hiqﬁ’a‘ludwﬁnfluaqnm

, d ; -
neuazduidiieynanmendefoniinansznudofuesdu

nsvendvesausionlfszuudiuead (Munsell Color System) %4
Mseduanuduiusuesdunls 3 stinfie Fdu (Hue) B (Value) 102A159A (Chroma) M3ia
1 e ' a = 1 ’
Fuzlfuduiondinasg iwu Jdulidr 10 YR 64 Taofl 10 YR = middu 6 = a1 uas

4
4=9139A
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2131 manuilunia-a1svesdiu (Soil pH)

sefuaruiiunsa-anvesdussueniiudfensuRssnindi
uananeiuiiuesannfie Aullanudiunsaag 2 wila Ao N3RS (Active Acidity) unznsa
e (Potential Acidity) anmnsasSsszifaaindauveslalasionloseuithigngadu Fuas
foriesvesdy  anmnsasiuiiudavesnsafiumumdeniuannsolumsazainld
vasmguazauiinlss lenmfvessmomafiy  srwanmnsaudufannduveslaTasiou
Toseufignaugaduiuasmmunsonannlfow14Taserngn loooududhlu i 1Weenineg
Tuensazaedu myvendSuansaudsiiouldminauaTuaden Tansu

2132 quunmﬂémnn"laaeu (Cation Exchange Capacity — CEC)

da A a ey
nishduiidszy Idftuiiusaiiennnneynmdumiiomasdunis
@ - A 4 = 3 1 1 =)
Fogludu dilszyifatudmingdulszgey Ausliarwmuselunmsfgauanlessy
P o o g " = o o
1 uanleseuiigngadulifunoassssdumariiszaansouany/aeuiuldfuuanleooy
a ' o C N e
Tuasazmefu Ssideiond uanlessunann/eu’ld (Exchangeable Cation) Aot AMY
= | & da o
uannfaouuanlessy Javmneds Whinausnlessuuanldoudmuafiduaunsagadi
v do ' P o o o 1A @ o
1314 i e 1aTminediu meq/100 g Fflogiuiiouuenithumii Tunden TansuAuuis

msﬁﬁui’luﬂw'lamm"v“iqnﬂﬂﬂfnﬂuqaﬁnuﬂﬂ'laaau‘lumiﬁsmu
au hidaulianmademsasmetiives msn/ounasiaglufu wu rsenssdusiios
msla Na* eenendu Suiluliledndeniiunesly mszdlousmlessuluasazmeonud
ﬂ?u'lmﬁaumuﬂw'laaaudauﬁuamﬂﬁuu‘lé’ﬂzdamQﬂﬂaﬁﬂéaumnﬁmﬁsﬂmam%maﬂ
wgduiiihunsazmeau uiidm CEC gelsdlifduivimesgeda
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2133 dNMeBNTATH — IAnTUvEIAY

aoMuzennTiadh (Oxidation State) vesuhumanmnAIZINMT
unzomrvesiu  Swanmemaluduiiuddmussiiaqiunidauiteziiudomsdesaas
asdwisuozasnfaeuzlluTanwludy wnRuimsszieemAia - magaiedaves
afusudunsdeuszldmamivovleeenlad  usmnAuvesendeunsamedaesli
mngehh i l¥nsadunduny  manfBougtlvedlulamoufidufu  Tulasioudunddes
affougplithuenTudledou  winAuimsdwmenediszianszuums luaiinduTas
puntaudeidemasendleduonTudiothilunsn uiddufiavasendiou qaunides
Whussaluassrumsmoleldmalulaseu suSunszuoumsiardhuasmbuies
gofu fnfinend (Redox Potential) vesiusediuilafodigiidwmumumumnsziounima

Funilluay

2.2 szuumiswunauiualszmealne

Luflogiuilszmumadunnauiiumsvashuvasequeslannaeszuy udszuy
sy el @ lunilgefe szuumsfuunduvesnsznsiunyasaniy
813/571" (United State Department of Agriculture) fisneroraTINeaAsMeAuveTanlyil
A, 1938 HEoniulusledh USDA 1938 ualuilegiussufteglunueulevenlszmedieg
Tulan fie s5VULYNIUIF AU (Soil Taxanomy) 'umimi'gam‘s’ﬂmﬁzm.i'w‘ﬁ‘mmuﬂuﬁﬁu
Tanfisarmu Tnsesinmsensunsinuasivisanlsz 9@ (FAOUNESCO Soil Map of the
world) 1wl a.61. 1974 wazudlude .9, 1990 Tuseduaas iy 1:5,000,000 dauszuudun
sty nuhiims1umsvanedennd

dmdmlszmainoszvums suunduiilfeniuszuuvesanigondnunlae
anaasdaovesELL USDA 1938 unz'lddnmsdaunsmudoyalmia Auduluns
Wsmlgsnsduunluvnei@oas Sueendoeld (Dudal and Moormann, 1964) Galdhmiaont
fuwumilungudundn (Great Soil Group) Bufauddl wa. 2519 (. 1976) Maduunduly
tszmeing T85umnifeynsinuaneduninen uiloguilensendnldh alsemea
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eldoynsuisndudlussuunsduundy  Tashilasdanlawdednla wdfinsudl
o ¥ 1] =) A y
dnvaizmsduundn voeisauimy ludsemaliiiuldauszuuil (12)

4 ¥
JunsumsSwunaumuszuueYnINITALTiAY fe

1. SuffL (Orders) Tianun 10 Susy Ao ]

1.1 ﬁ'aﬁimaef(Alﬁsols)ﬁ’ﬂytuzeumﬁu“lué’uﬁ'ui‘fﬁaaumﬂﬁumﬁtngn
mﬁauﬁwn?wzﬁninnﬁui‘k"unu'lﬂﬁzﬁuag"luﬁuémhmg'nszﬁ'ﬁﬂszmuﬁmﬂmﬂﬂm
Uszine

12 uesalond (Andisols) szwuhmSnauiufwmietududs fedh
Wnuivmmsninieunnest SlSneiBuns§sagd Feaulususuilbiflulszmelne

13 ouAlond (Eatisols) ShAniifatiantmi  Fefidumhaudainsy
auysel e109sildu A, C udhifl$ B nueginan lilynanveslszma

14 Balaland (Hiswsols) Whidnvazussduiiinsazauvadunisiagly
seAuanda 80 MuANIATEININ wwnfadendudunsd (Organic Soils) 19U AUAN (Peat) ua
Auiia (Muck) 481 nuluSnunialdweznnas Tuesnuisdiuveslszme

1.5 SwarlAlond (nceptisols) Snvazvespufinanfounasquauiing
menmsezmanl uRuuTSnumaeeveslsemAuaniiuFunse Suidu B Fatu ud
ﬁuﬁuﬁnffﬁqﬁmqwmﬂﬁﬂ

16 wsadlwad (Mollisols) Shiuitiisnuasiadilufuduuy flnseatied
whivdn  ueelinoummmselumstudadiessgs  eswudusiiailuSoudminemd
mysyysal uaslgy uaz s 909

1.7 eondload (Oxisols) BnuuzvesAudnIazauminuazegihiuoenlan
9 (Sesquioxide) ¥iinvasusAumilenilu Kaokinite (1:1)

18 aielalond (Spodosols) ShifuiiBauinarunnyniinsazamuvin
sonled  Fatialududusg midaususeididunnfuduy SagAuruiiavesAuiiuau
1318 wulumald seaziusen@oavile Tasmwizfmiauasnuy

1.9 gadlead (Ultisols) fdnumsadienu Alfisols ualinsyzdrannath 3
AvmgANaIeli nusnuaz Tunarvenlsme
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110 efAland (Vertisols) WhiAuiiddnuusasiausnadige feflnsuan
seunsTugranguie vilavesws@umilos o Montmoriltonite (2:1) AT wesAuTud wy
TuuSumanan Wy aszys uasaassd awys mysysal aas

2. Sududon ( Suborders) M3sauvisdu Tnsendonwiuludy anmmsaaisd
yesingduiuiiavesduiiuandiedu annsouiseen’d 47 Susudes dmiuluilszmaing
wuifies 20 SuFudeoiny

3. NHUAY (Great Group) Aensiauiwennguiu TavosmssaSouazanuda
uvBIARAY muﬂmnmm%uazqmnqﬁ‘iuﬁu gruzassmgiiiude Smua
227 aquan dmivlulszmalnenudszana 40 nquay 19U nguAY Sulfaquents nguAY
Tropaguepts 4841

4. njuAngen ( Subgroups) Hhrunndu Taverfonumnidvssmeotunguiui
usnssuinisdesassndumile fhunguAudesitdnyasvesdudon Tsafussviiu 2
nguAY szt 1000 nguAudos

5. 29 (Family) iufnvasmsihpaufilndifosiuns B luisdiaodu Tae
ﬂ’lﬁﬂguﬁuiiﬁﬂﬁ'ﬁﬂ 131 ayMavsedu auilunsa-Arussiu anudnvssiu avmaiam
nruAnTzng msnefvestiudy Fmstunnduithiehiiu Aoudnzlawdiigdons
npennnazansaillheneamaTuladlumssansuaznseydndilfnlysdulieodlu
anmiansmenslgnAe1d dmsunstuuniulussfuisienlsumanedy fould
fnvusvesuiiu 4 ot Aeoymavesdn audunsa-Aevssin quvgiiunzusiiiued
lseneyvesdu

6. yAAY (Soil Series) umaduunAuiidigadmiussuveyns Ay (Sol
Taxanomy) TagBavdndaignivesdu (Soil Morphology) fhun3esdunin 14un quieudame
menmtasmiuntivesiy Fvosdu msﬁmﬁ'wm%uﬁuuﬁzﬁ'nqﬁuﬁnﬁmmﬁu AnDATY
Hodumeafldduiiany 1a9 Jumslidomuniuszends Smda sune viediue anonsude
sowiifineeisniuiall iy gedusda ﬂﬂ'lﬂﬁﬂﬂ’hﬂﬂﬁ;ﬂﬁﬂﬁﬂéﬂ;ﬁnﬁv‘hua%’aﬁﬂ
Sovsmlnumil uasiiiuitlideond 20 msredTawns s lanligueniAvesdiulng
Fofugpauiedn  Arunsodcedugedudidalddudedy  dwsulemainedhi
lyzanes 250 AR 1 gRAUFUTIABS YRR YRR 1849(13)
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2.3 g hvesduyamnuan

AugAUINAY ( Bl : Banglen Series) sﬁﬁmﬂmznamﬂm’auﬁqnﬁ'ﬂmmﬁ'unv
anmindinuidvasswioy Saowaedud o1 wefithd ﬁuqﬁﬁxﬂuﬁuﬁﬂﬁﬂﬁ
szt ﬁuﬁmmmmm‘lﬁmfﬁmim'lé’%maaﬂnm‘;"u fn ehwesiuimaudh
annlndudaseduiidauding: 120 uRuims Tusenguas Auarudn luidiu 30 eufues §
loauiudumiien Sududmidinnieda fyelszimamisnluas Y§isemes
aufhinsadndesiaiiunan faiemlszng 6570 Ausaioaudufumiles dudy
G fqﬁﬂszﬂfm‘mﬂumﬁm Ufsewesdudiuanihunan faferlszana 8.0 sewy
wanBUdTeABTs I ANLMIazANG N dmiuludasaamdn 120-160 Ay Auesid
mudy  vietiduveannludion innnams"imﬁzﬁmmﬁmmﬁ";nmuﬁuqm'fﬂs'mgi'l
Aumsuuunumlszng 30 udwes HiSnaduniifaggeihunais ﬁmséuﬁ';é"mmaqa
win Snamamnselumsuannlfeutlseguangann dauAumeussAnAcA 30 Anmsas
Tl Smstudadaeuags SaruamnsolunsusnalBoulszquangeun(i4)

2.4 ANZUaNYTBIAY

nTIsNRYYesAY (Soil Pollution) mneds anznmtudiowvesdudromsuaity
( Soil Pollutant) WNNIfIUTASINA suTidunsisdoguaIw oulle aasasumsIsyAYTAve:
ppiunzddiFiatiosardnd @) MIianzaRBYBIAUIMRAINT UMY IAESSTUNA
wu Fuiu Al Taedile viooainnInnInszilvasyud 1 arzuaRyYssdu
mnnﬁﬂm’ﬂ'ammmsﬁﬁ‘ﬁﬁn;ﬁfr flo vl swmAn Tasnmzuaivvesduinfaninais

nszivesypdiiuding

szfuvesnmzuaiyluinfiuduegiuamaduduvesmuaiulumsasmedu
(Soil Solution) MANSIRvesMsHERYRIMuatuAY Fotusu mevaRusiianilend
wnluAusunnuansfda uampmunsersiulFmsuaRveiaty  Sanudududesly
mazaeay 1 o1 TaensSudriiesvesiv nietuldanaznouduastu vienldou
mlasenizesnfiatu-Sanduvesau ﬁfiamzm‘uqnn‘é‘amimﬁzﬁ'nmuznaﬁmmmﬂfu

o ]
a9 1 luszdunile
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musvaRvvesinin I8 Waugydemssnihivesaomuiudullndnde 1)
wihiesmsihiilsdudlosduveinisdisedintilon wu fudledo 4 veanwd 2) mibilves
msiundesnsesmmuaiyhilfidlowumdniuenilday  TashuowoamuiAvesnss
Uszqifegaduaninlszyiuroniidmiumainl§asvuafiszninasdeg e
am‘j’ﬁmaanﬁi‘rﬁuﬁﬁ's11’1m1zqenﬁaﬁaﬁumsmaﬁw§aﬂm‘ﬁumgalsmm'l’iﬁmzmﬁ'ﬂqﬁw
eluduiRedesamemsdleg  arurhiaws hidfvarueRvesufuianmmunsoiies
5318 defanmzuafiuvesdiu fvnomwh anmanuihuadesnsoswesiulinundy
Tl ufteztlonildesmsuniinsengddunadonTaomedieq 18ud

- pniirmad Wi Feensuafivezazaniuiy donmihlvS Inafexdy
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2.11.4.1 Batch Method Adsorption Study
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Cr(VI)>Se> As () > As (V) > Cd > Zn >Pb > Cu > Cr (IIT)
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Surface Free
Soil Order pH CEC  Area FeOxides Clay Texiure
meq/100g m/g % %
Wagram  Ultisol 42 2 8.0 06 4 Loamy Sand
Ava Altisal 45 19 61.5 4 31 Silty Clay Loam
Kalkaska  Spodosol 47 10 8.9 1.8 5 Sand
Davidson  Ultisol 62 9 613 17 61 Clay
Molokai  Oxisol 62 14 67.3 23 52 Clay Silty Clay
Nicholson ~ Alfisol 6.7 37 120.5 56 49 Silty Clay
Fanno Alfisol 7 33 122.1 3.7 46 Clay
Mohave  Aridisol 73 10 383 1.7 11 Sandy Loam
Mohaveca  Aridisol 78 12 127.5 25 40 Clay Loam
Anthony ~ Entisol 7.8 6 198 1.8 15 Sandy Loam
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mInT 4 anuennssvsslanzlunigngadulanfusiianag

Soil or Soil Constituent Relative Order of Sorption Reference
Gocthite Cu>Pb>Zn>Co>Cd Forbe et al., 1976
Fe Oxide Pb>Cu>Zn>Cd Benjamin and Leckie, 1981
Monmorillonite Cd=Zn>Ni Puls and Bohn, 1988
Kaolinite Cd>Zn>Ni Puls and Bohn, 1988
Soils Pb>Cu>Zn>Cd>Ni Biddappa et al., 1981
Soils Zn>Ni>Cd Tiller et al., 1984
Mineral Soils Pb>Cu>Zn>Cd Elliot et al., 1986
Organic Soils Po>Cu>Cd>Zn Elliot et al., 1986
Soil Pb>Cu>Zn>Ni Harter, 1983
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2.13.1 Competing Cations
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m31971 8 aqdmnnaTinaeyimaa@if (Simple Correlation Coefficient)

Distribution Coefficient (K)

pH Pearson Correlation (r) 0725

Coefficient of Determination () 0.525

n 108

P-value <0.001
Organic Matter Pearson Correlation (r) 0.775"

Coefficient of Determination (r2) 0.601

n 108

P-value 0.001

** Correlation is significant at the 0.01 level (2-tailed).
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L vnrantsane aglldh AfliervesssazmAuiamuduiuilufion
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- &
A1 PIATITIRTIEINERAM (Soll Texture) KAEMIINTNULUIIBAY (Textural Class) (Pipette

Method)

qiinsdl

Beaker UY41A 600m!

Cylinder ¥141@ 1000 ml

Automatic Pipette

inFeetalvith

High Speed Stirror

17384 Centrifuge WiouviaeaTi 19 N3 839119 100 ml
Waterbath

Plunger

inFoaviInfhmieunzunsssouug 1, 0.5, 025 uaz 0.1 w.

A
(tWBLIAYUINUDINGIB)

UIRNIUIAT
o = o
mes luiines
Stainless can
azunssdmin1dou (Sieve) ¥1IA 300 mesh
ASSINUINM

NP ]

madl

TeTasouleseenlad (1,0,) Wudu 50 %
myazae ImAsussHan (NaOAc) pH 5.0 S oudil

) 9 3
%9 NaOAc 82 n3u ldaslu Volumetric Flask yu1a 1000 ml @ninau Uszauna

» "
500 ml Aulaza1e Ay glacial acetic 25 ml udaAminauifily 1000 ml USu pH voss

P ' o
asmofieTonld 1Ay 5.0 Taeld glacial acetic acid
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- ahiasazaofanisuannsze1o (Dispersing Agent) Tufiidle Calgon 1#3 0%
saif _
4 Sodium hexametaphosphate 35.7 n§¥ 1d1u beaker 411A 1000 mi @uhnindu
tl3zanal 500 mi Aulviazans i@y Sodium carbonate 7.94 AFH adl)) auldazaodiu uda
" s5miBinasTviths 1000 mt &amiindu

a A Y
- Demineralized-water HA910A5940589111
803

Sufupuiifindemsuenmuazauily  deviifasondeu  Ansifussvinlions
HYINEBTNE pipette WOUAY (Flocoulate) Yl linsausnoymadumiles (clay) sonn
8

fumoudl 1

1. $sdnthsAuuia (Air dry soil) firunzunsaTou (sieve) vuia 2 u. uda 10
n5u a1y centrifuge tube W41A 100 ml Famousu 2 y)

2. IAYTIaZaI8 NaOAc pH 5.0 50 ml

3. QUM water bath gl 70 BIFUTTOT WM 30 WTH

4. hiaetwliidneinad (Batance) udnindundos Centrifuge

5. miledhenuiia

6. iy 50 ml QUUY water bath N 70 B uBaed UTU 30 Wil

7. Centrifuge Bnnsa imirladt 187

8. thoiaet1easTu Beaker vutn 600 ml e iR ludunord 2 dola

4 o ¥ ] 1 1 1) 1 3 ¥
nsdndets liiindensvomauaz 119wy Tsdudesddunout

Funoui 2

¥ :
1. @uiialseana 50 ml wdrdesfy HO, Uszana 50 ml aaly beaker AUAT
Binuduniéiaquin ssifailfismnguuss et eduduoenuon beaker 14 Tsdoady
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Ho, fazlesedwszipszih  fuielffsoguussmunseardfitodananlaemah
beaker Tolugeraniudu

2. 1@ beaker AIWNTZINUNAN

3. 1h beaker Wi hot plate fiqungdl szane 400 verron

4. dupedh 1O, MifAsedudunidinguuanieli (@unwsounmunedves
A linedeansody 1,0, adludn swhivsnglfaseuiathisn

5. §u beaker 1y hot plate figamgiithszanm 100 ssnwadon dolidn
lszan 1-2 e ld H,0, Rnniduwesen sz Sietil¥iut)

6. %1 beaker mﬁnﬁa'lﬂﬂuﬁqmnqﬁ 105 edfnuraiied W 24 ¥, (VB
minasiugniwentimmiey i desicator dledung thluaitormiwninauson i3

1 d [-] ) n’a 13
Mnmdeal Snyanilah liduiums luduneud 3 deld
Tuaeun 3 ThivtAedsAuNAN AN (Dispersing the sample)

¥
1. 1Y calgon 8811 lu@I0618 AaBd 190 10 ml walhid iy e Viseana 24 o,
2. ilu@2e high-speed stirror 1583784 3-5 U

dunouil 4 nsusansweennmmoniluesAumiie (Seperating sands from silt
and clay)

1. fedednendunoud 3 adlunszuenmening 1000 m Hwnsaonsosiil
ASUNTITOUVUIA 300 mesh eymanseutiwazoymadumilen szrimaslylunszuenan
Zdeldonses (Demineralized Water) weymanseuiluazeyninfumiisioantin
symanssunualiuiTnas ity 1000 mi

2. thooymansiofiuon¥aely can Fnsmninninuds thilveudigumgd 105
esrrumraiion umi 24 . wionnhminasiudademinnin

funerii 5. msusneynndumilsaTaslditga

w oA a
dpduieglunszuenanssiimwizeymansoutlwazeymadumiles nuld

L o 4 4
17#20 plunger SuaileSunIU
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14 automatic pipette gaRIBtROYMAAMINTIEIZsegluanmaIuYIUABY 20 m
' - 4 Y - o >
Tdaelu can insmninnin thlleuiigqungii 105 ssrmaBod uni 24 su. viovunimin
A & > o a
ath FevmimineymaAumiles

Fumeuile mafimnanlediiudustoymafuudazia

1. Bmsdnnaledidudueseymaniis
] Sy P P i ] [
sesimindutei Idvinmah Weuds snduseudt 2 Sidwuatdh e

Wiugmlumadnom
mnAdAutuseud 2 dewdudathimnin = 2 au
é‘}'quﬁﬂaun1ﬂnswﬁr«i‘mmmmﬁ'@ = b 0w
wiloyniansie = (100xb)a %

2. Fdnnunlefidudoynnfumiies
A a < 4 4
iheniminvsseymadumilean ldnndunoud 5

muAhsamineymaRumilos1d = ¢ 0y
iuRensuvavaoody 20 ml 3l clay win = ¢ 0y
A1INVIUABE 1000 ml # clay = (100x c)20 AU
maeasiuRy a nu i clay =(100x¢c)20 iU
AU 100 N3u 923 clay = 100 x (1000c/20)
= (5x1000c)/a
ms‘uzuzifuaumﬂﬁumﬁm = 5000c/a %

3. Fdmnalesidudeymansoudle
%nsonth = 100 — (3519 + Aumile?)

ar "' A y o =
dniu Wenswiinsinnse nieudls Auwmiien ﬂsmsﬁnzmuﬁmwn textural
L} L] A

class 'lﬁinﬂmuﬂwmmﬂamnmaﬂnmmsm
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Funeuit 7 NISHBNVUIABYNIANS 18 (Sand Fractios)

1. thsﬂ%'mium1u?fwuamuué‘?uuuqmm‘qﬂnznﬂses'ﬂu

2. ﬁwmsumqs'amﬂ'uﬂ?mwth ieusneynIANI WA BBNTINAY

3. sathiiimiminsiolusazfunsunss AnnuvmiBnansoudozvng 58

9
AN uiusvlTumInonsya

1.2 ANUHHILHUIIN (Core Method)

4913,

P
NN

gin3niuazindesiy
Ed
1. 2uvuTans wiewshiavisassdne ifusngudnansilssana 7 aw. galszunm

2. #o1 (Oven)
3, 1nFeed (Balance)

58013

S e & 0 >
1. Meswauiiuiaeldrumulansuastladwisasde hudadvisges

f 4
Sneonuaznendlunszilonfivarmiy hlleuflgungdi 105 swnwadon suldinnin

[ » - v

2. Haihmiinuesdau + thminlumu + dhminnsziles
3 9 [ 4

3. FuiminuvY + diminnsziles

4. Wwlsnesvearuniulane

NMINUIN

»
ANUHUMUY = ﬁmunﬂuuﬁ’a/ﬂﬁmawanmmuTﬁwzﬁmiu (ﬂgﬂ/ﬁﬂ.‘m.l.)
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1.3 AiBYYBIAH (Potentiometric Method)

gunsel mivetafliow
o - »
Fhaned mytafierhnh Taoldsasrdudusii=1:2

[ » 13 '
Fsau 20 n31 1du beaker Hanindu 40 ml auldidiudrouudutiuszozq Tu
¥ ¥ 9 [}
T34 30 Wiusn Mg 3ouase 1 FaTus MuvsudauidtidhiuudVeda p ves
AudlninIeriafioy

.4 M3 Potentiometric Method)

gqunsal wisetanisiliih
F8hmaed asdammsii thvesiu Taeldensduduaii = 1:5

& o ' > ¥ A '
$9au 5 n3u lalu vial vuia 40 mi 1ehih 25 ml Tlagn wdamieavd 1 . Tu
o Qg ; \ 2 )
mfin hifnToavirliuddaeile Tamut 4 afsqaz 1 wiit Tundeda Tuamsn nsesotms
=) A o
azas udnii e Ec fanTesiamarilidh

n.5 Y3neduniding (Walkley-black modified acld-dichromate digestion)

manil

1. sazMeNIASIUK,Cr,0, 10N
n3adanTndudi (Conc. H,S0,)

1302810 Ferrous ﬁfmmonium Sulfate 0.5 N
O-Phosphoric acid

Diphenylamine indicator

Solid NaF

AN S ot
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Tadunhound

L. Standard 1.0 N K,Cr,0, solution : 82218 K,Cr,0, (AR. grade 8u# 105 83f
raifioar 24 $210) 49.04 n5u hnandu udrhansazaneldidhy 1 a3 andndu

2. Conc. H,50, : 14nsa H,SO, (AR. grade) iflaamunduduTaidnd 06 %

3. Diphenylamine indicator: 99 Diphenylamine 0.5 031 azaeliniingu 20 ml 1
(A H,S0, 1¥udh 100 m1

4. Ferrous Ammonium Sulfate Solution (FAS) 0.5 N: a¥818 Fe(NH,),(SO,),. 6H,0
196.1 A3 Tl nd 800 m Anze H,80, iiudueg 20 m wdrhiifiuesazain 1 fas dae
thadu dBiuwstima

5. O-phosphoric acid: Aamdudy Tidesndi 85 %

6. Solid NaF

Y

1. $9Au 1 033 10 Erlenmeyer Flask ¥11A 250 ml i Standard 1.0 N K,Cr,0, 10
mi Taold pipette 139 Flask a9 site Wauuazensazaonaniy uduiy Conc. H,SO, 20 m!
Taommewlvingalvaasdiey fask WerdndeiasTilegly fask Wua iledosiululsd
diaRunzAnegaudhs fask Widmmihuoanszing 1 wil dsisBoumsasmodunn
qungiives

2. fnindu 100 ml udaSeR 3 HEY udud O-phosphoric acid 10 ml 118 NaF
02 5y w1l uduRy indicator szana 30 veR WHBNATIVUNANALRA Ruesars
aeawssihuhizethnincy AiiRdswaasnilifinaduniifaquniulyl deshinilae
Fedrednednldiiovas)

3. lounsm mixture A28 FAS 0.5 solution figngRdussssazawesaounindiag
umnhdudhi@Seunniiiy

4. ¥ Blank Liﬁﬂmﬁﬂ'ﬂﬂﬂﬂizﬂ

T

% organic matter (O.M.) = 10 x [(B-S)/B] x [0.6716/ g.soil]x N

% organic carbon (0.C.) = 10 x [(B-S)/ B} x [0.3896/ g.soil] x N
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B = 151 FAS 7l un1slomsn Blank
$ = YSina FAS 718 unms lansn Sample
g= dminauild

N = anududuss K,Cr,0,

a6 mnanQlunssanilasuunnlessy (Sodium Saturated Method)

asiail

1. Sodium acetate (NaOAc) 1.0N
2. Ammonium acetate (NH,OAc)
3. Tsopropyl 99%

Waane

1. Fidulszana 4 nfu dasluvianienana centrifuge 11418 50 ml

2. 1A 1.0 N NaOAc 33 m! Tanasaudnillwidheniouvé 5 inf udSah
T centrifuge Sumsazaolaudasunasazanoeon dmlszina 3 afs udded AU
Isopropyl alcohol U523 3 a¥s Tashisuideafunisifiu NaOAc

3. unufl Na figneadudae NH,0Ac Taon1sify NH,0Ac asludunfens 33 ml
Wlidaenieandr 5 wiit udaah llnesazansdulaesndrenms centrifoge mans
avmodnlaasly volumetric flask w1a 100 ml e 3 A YuFinasdan NH,0Ac 910
fuhlumfinaves Na fignadasenindomdes atomic absorption spectrometer
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lumsinwmavenfunmsurisagronuannsatunsgadunsiavesduiy
shmsfinufilfinaduniding 3 sedufle Yinudunidiagleres 3 umnmasy
) Rnusuniiiagiesas 4 uozifinabunidiagievas s TumslimiSnasunidtag
- TufuliiuSinueniidemn s fjsivanihunvinudgdiimiceglufowmmai
! Tauswaeongede Uil

1. ihilefvaamniaulfuiudnihlualdesSon

2. nndnssimBuatunisiagluilofvas Tao1935uss  Walkley-black
modified acid-dichromate digestion

3. himsdmumdandivvesnsnauijofyaanasiuesuas name 1l
PSinaduniidagiudmmauvesiunnsilsfizannuiidesmandiiiie fouas 4 uazdonas 5

a. weuAvaelloftvanlusandumuiidwanld  agnindlineudhudedo
mudmbdurmudindnhibinsdnseimmBnatundsing  mod i3S
FomsimsiivsandanmifooquasimsinseimSinusunisiag lmisund
wldBunalussuiidesnts

5. wioudumanvesAufuilefraanusasiduiidonmnaasclude 4 u
WBnennifeseitozih hidnmmsgadunesia udngmind ifdnmadhuidodefuuns
il lumsinnmsgaduasiade
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Ml A1 FanTmARBINTIgAFUREIveANYALuaUTIIsALTIBY 4.5 (41l 1)

& o o o o
srududuvesnzialu  anududuvesazilumsazan  WSinanzmngngadu

MsazmuBuAY, (1n/a.) ﬁanmﬂuqa(c,) , (unJsa.) (Q),wnsmn.)
0 0 0
361.84 4,764 3.81
723.68 16.11 7.55
1,085.52 25.38 11.31
1,447.36 35.37 15.08
1,899.66 59.57 19.65

AN A2 HANMTIMARBNIRAFLATHIVLIANYAUIIAUTIIZALTIOY 4.5 (4111 2)

& & o o 4 "
ardnduvesasialy  amaduduvesasiilumsazas  WSinanziigngady

asazawisudu, @) flanmaugac) , @n.sa) (Q),Mnsn.)
0 0 0
361.84 4.183 3.82
723.68 14.08 7.58
1,085.52 25.77 11.31
1,447.36 33.83 15.08

1,899.66 53.63 19.72
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MInf A-3 NammaresnIgRFURzivesduymnuauiliziuilios 4.5 (4 3)

amududuveseialy  anududuvesssialuasazan  WSinuasiafigngadu

msasmm?uﬁ'u, unsa) ﬁﬁﬂmmjaa(c,) , (Un./a.) (Q),(n/n)
0 0 0
361.84 4.69 3.81
723.68 15.15 7.56
1,085.52 32.48 11.23
1,447.36 39.37 15.03
1,899.66 75.62 19.46

AN A4 wamImaasInIgaduasiavesAuyanuauilszduiiey 6.7 (i 1)

o o o | @
amududuvesnsialy  anududuvesasialuasazan  PRinuszdavigneadu

MsnzmuEuAl, In/a.) flanmangacc) , (un/a.) (Q),wnsm.)
0 0 0
282.40 0.342 3.01
564.80 0.915 6.02
847.20 1.996 9.03
1,129.60 3.563 12.02

1,482.60 5.061 15.78
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Ml a5 ManImaReIn1IgAdUAsiIve AuYAIIuAuTIsTALIBY 6.7 (417 2)

w ar o & o
amududuvesnzioily  mudufuvesmemluasazay WBwansifigngad

msasmeudy, unm)  fanmeugacc) , ansa.) (Q),unsmn.)
0 0 0
28240 0.324 3.01
564.80 0.929 6.02
847.20 1.589 9.03
1,129.60 3.056 12.01
1,482.60 5.004 15.76

P Y i -
M3l A-6 HanTIMARBINIgATUATAITBIAMMNUANTITEAIeY 6.7 (311 3)

P T Ed
anududuvesaznily  aomduduvesasialumsazans ihinuszsminigngady

msazmm?nﬁu, @nsa.) ﬁanmmuqa(c,) , (nsal) (Q),wn/mn.)
0 0 0
282.40 0.365 3.01
564.80 0.901 6.02
847.20 2.097 9.01
1,129.60 3.896 12,02

1,482.60 5.133 15.77
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amedl A7 NanTINRReINIgAdUAzivesRuymMNuauTiseAUeY 7.5 (A 1)

o o : P o
anududuvesnasiily  aomududuvesmsidluasazan  YSuuesiangngad

msazmm‘éuﬁu, (un/a.) 'i"llﬁmwauqa(ce) , (un/a.) (Q),(unJsn)
0 0 0
282.40 0.134 3.01
564.80 0.334 6.02
847.20 1.014 9.03
1,129.60 1.74 12.04
1,482.60 2.457 15.81

4l A8 HanIMARBINMIgAdUnzivesAuymNuauTlazAuTiey 7.5 (#1F 2)

z : T
aruduiuvesmeialy  mwduduvesazilumsasans  WSunansifigngad

msazmm’éuﬁu, (unsm.) ﬁﬂﬂmﬂuqﬁ(c,) ,(unsa.) (Q),(un/n)
0 0 0
282.40 0.179 3.01
564.80 0.332 6.02
847.20 1.173 9.03
1,129.60 2.639 12.03

1,482.60 1.687 15.80
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; - d e z 4
m3efl A9 wammasenIgadunsinvesivyauauiszduiey 7.5 (4 3)

o o a & o @
anumduduvesmzinly  amududuvssmziluasasas  PSununziaigngad -

awozaeSuduy, (n/a)  flenmeugalc) , nsa) (Q),@n/m)
0 0 0
282.40 0.181 3.01
564.80 0338 6.03
847.20 0.808 9.04
1,129.60 1.809 12.03
1,482.60 2.349 15.79

as1sdl A-10 manTIMeRBsAIgRduazilvesiuymseuiilBInaduniiTnagesas 3

@i 1)
amududuvosnsialy  aomududuvesnstilumsazae  Winansiiignaedy
amaemeBudy, nsa)  flenmaugalc), @nsa.) (Q),wn/m)
0 0 0
28240 0342 3.01
564.80 0915 6.02
84720 1.996 9.03
1,129.60 3.563 12.02

1,482.60 5.061 15.78
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Il A-11 WanTImAssIsgaduAzivesfuyanuouiitinadunidingienas 3

@it2)
armududuvemeialy  anudiduvesnsilumsnzme  WSinansiafigngad
amasmedudi, (nsa)  Ranmeugalc) , (unsa.) (Q),Wn./n)
0 0 0

26240 0324 3.01

564.80 0.929 6.02

847.20 1.589 9.03

1,129.60 3.056 12.01

1,482.60 5.004 15.76

a1l a-12 wanTmeneInIgaduAzivesiugamueuiiffinadumidinglenas 3
(311 3)

& & o o o
anududuvesmzinly  mududuvesmemlumsazaw  USinueziiigagady

asaraeisuA, (Un/a.) fenTweuga(C,) , N/ (Q),wn/n)
0 0 0
282.40 0.365 3.01
564.80 0.901 6.02
847.20 2,097 9.01
1,129.60 3.896 12.02

1,482.60 5.133 15.77
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maeh A-13 HanImARRInIgAdUnziIvesAuauaLiSnadunidinglenas 4

@it
anududunesmsioly  anududuvesmefilumsazae  Wineediigngadu
amsazawSudy, in/)  flanmaugacc) , (nsa.) (Q),@n/mn)
o 0 0

319.50 0.094 341

639.00 0.464 6.82

958.50 1141 1022

1,278.00 2.047 13.62

1,677.38 5172 17.84

: AT 4
MIN A-14 HamInARBINIgAd R Ive AN AmnuauTiUBInatunIdingiesas 4

@il )
armufufuvesssialy  anmududuvesaeialuasnzas  PSnaneiiigngash
awazaeSudy, /) anmaugacc), @nsa.) (Q),(masm)
0 0 0

319.50 0.073 341

639.00 0513 6.81

958.50 1.141 1022

1,278,00 2491 13.61

1,677.38 3.555 17.86
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' A 3 das
M A-15 samInaesIMIgAtuRsRvesAuyAUNEUIfRnaBwmIaTagiesas 4

@M 3)
arududuvosmsialy  mmududuvesmeiiluasazan  Binunsiafigngad
msaemosudy, (insm)  flanmegacc) , wnsa) (Q),mn/mn)
0 0 0

319.50 0.152 3.41

639.00 0.475 6.81

958.50 2.153 10.21

1,278.00 4.096 13.60

1,677.38 9.249 17.80

M #-16 HanTMARBINIgAFUAN Ve RYMNuEUiRInedunId Taglemas 5

@il
anududuvesmeialy  aomduduvesnsialumsazae  WSueinsiafignaadu
asarmeEudy, (un/a) flanmaugacc) , ansa) (Q),Wnsm.)
0 0.002 0
319.50 0.6 341
639.00 0378 6.82
958.50 0.69 1023
1,278.00 0.741 13.63

1,677.38 1.874 17.89
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MINA A-17 wanTmasswisgadunzivesfuyanaauimfiinadunidiaglesas 5
@f2)

@ & o o o o
anududuvesnsiity  aoududuvesazmluasazan  WBinuaziifigngadu

ssazmesud, @) fanmaugac) , (Wnsa.) (Q), wn/n.)
0 0.002 0
319.50 0.107 341
639.00 0.345 6.82
958.50 0.732 10.22
1,278.00 0.799 13.64
1,677.38 1.964 17.89

e il A-18 ManTMeassIgAduRzivesAuymNuEuiTinaduniiingdenas 5
4
(@M 3)

o o o o o
amudnduvesasialy  aomduduvesasiiluasezan  Wnaasmiigoeady

assmesudy, nsa)  flanmaugac) , @nsa.) (Q), @nsm)
0 0.002 0
319.50 0.12 3.41
639.00 0.37 6.82
958.50 0.701 10.22
1,278.00 0.745 13.64
1,677.38 1.89

17.89
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HNANHIN 3
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A1514A 41 TN Freundlich HAS TM3 Langmulr fudazazdufiey
ey Fremdich - Lagmult -
qums R qUNS R
fowas@R 1)  Y-06675x+0.114 0.9906 Y=0.0288x+1.3874 0.8893
fow4s@f2)  Y=0.6496x+0.1608 0.9925 Y=0.0299x+1.538 0.8668
Fovas@EWI  Y=0.5973x+0.1785 0.9896 Y=0.0351x+1.3531 0.9282
fuow67 @M1  Y=0.595x+0.7733 0.9947 Y=0.045x+0.1138 0.9534
flow67 (@A)  Y=0.605x+0.7937 0.9924 ¥=0.0441x+0.1058 0.9826
fiov67 (M3 Y=05921x+0.7632 0.9881 Y=0.046x+0.1167 0.941
fpw75(@M1)  Y=0.5776x+0.9652 0.9601 Y=0.0466x+0.0524 0.9334
fow75@A2)  Y=0.5355x+0.9531 0.878 Y=0.062x+0.0396 0.884
fow75(@H3)  Y=0.5821x+0.9778 0.957 Y=0.0475x-+0,0488 0.9452
KNG ?UNT Freundlich : Y=LogQ,
X=LogC,
UMY Langmuir : Y=C/Q,
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@13197 $-2 7013 Freundlich 4a2 @303 Langmuir fl3inedunddingazdueag

Iinuduniting Freundich - Langmly -
aums R qums R

inudunidiag fevas 3 @M 1) Y-0595x+0.7733 09947 Y-0.045x+0.1138 09534
Snudunitiag fovas 3 @f2)  Y-0605x+07937 09924  Y=0.0441x+0.1058 0.9826
Vinusuniting Jovar 3 (1A 3)  Y=05921x+07632 09881  Y=0.046x+0.1167  0.941
Ywnadunidiag fevas 4 @A) Y=0428x+09758 0995  Y=0.0491x+0.0419 0.9838
PSnudunisiag fevas 4 (6'1% 2)  Y=04167x+0.9874 09904  Y=0.0496x+0.041  0.9321
inudunisiag fesas 4 @W3)  Y-03858x+0.8924 09789  Y=0.0514x+0.0634 0.9765
VSinubunistng fovaz (1M 1) Y=06955x+1.1247 09514  Y=0336x+0.04 0.9327
YSnadunidiag esar 5 @f2)  Y-05883xt11141 09746  Y=0.0398x+0.033 09476
PSinudunidiag feoas 5 @M3)  Y-06254m+1.1225 09647  Y=0.0376x+0.0349 09385

yanowmg : @UM3s Freundlich :

f3N13 Langmuir ;

Y=LogQ,
X=LogC,
Y=C/Q,
X=0d,
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EXECUTIVE SUMMARY

Introeduction

Lead is a highly toxic substance to environment and can accumulate in soils for a long
time and hardly decomposed by microorganism. Lead contamination to soil can be generated
from several activities eg, industry, mining, lead smelting factory, oils combustion, use of
chemicals in agricultural, recycles of industrial and domestic wastes etc. One of the major sources
of lead contamination in Thailand is a lead smelting factory. It was found that some of lead
smelting factories are located in the improper locations according to the Notification of Ministry
of Industry Regarding Criteria for a Secondary Lead Smelting Factory. As a consequence, impact
on environment quality and human health could be generated. Therefore a particular monitoring
should be undertaken in order to investigate such impacts.

Study of lead adsorption into soils plays an important role due to ratio between lead in
soil solution and lead adsorped at soils surface is an important factor in controlling of its
movement and availability in soils. Lead adsorption capacity of soils can be achicved by
undertaking lead adsorption capacity. Generally, downward transportation of metals does not
occur to any great extent unless the metal reaction capacity of the soils is overloaded. Downward
transportation of metals could generate groundwater contamination and increase a risk to impact
human health. Soils heavy metal adsorption study also play an important rules in site assessment,
remediation of metals contaminated area and prediction of metal distribution in soil and
groundwater using mathematics model.

This study focus on area located adjacent to a secondary lead smelting factory, which
have a high potential to be contaminated by lead. Banglen series soils found in Amphoe Banglen,
Nakorn Pathom province were choosing due to several reasons, eg one of a secondary lead
smelting factory located in the area, most of the areas are used for agricultural purposes, a shallow
ground water level was reported and some part of the areas use groundwater for domestic

purposes.
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Adsorption of Lead (Pb) by Banglen Series Soils including the influence of pH and
organic matter on lead adsorption was investigated in this study.

Methodology

In this study an Experimental Research Design had been undertaken at the Sanitary
Engineering Laboratory, Department of Public Health, Mahidol University. Soil samples used in
the study were top soils taken from Amphoe Banglen in Nakornpathom province. Sampling
locations were designed to be in the areas where are located away from lead gencrated sources.
Soils samples used would have lead concentration between 12.6 to 44 ppm, of which are found in
general non-contaminated top soils.

Number of a soil sampling location was 3 in total. Soil samples were taken to the
laboratory and being prepared to be ready for the study. The soil samples were pass a screening
processes, of which undesirable materials eg rock, debris etc. were separated before being air-
dried. Each of air-dried soil sample was then sieved in a 2 mm mesh sieve prior to be mixed as
one composite sample and stored for use.

Prior to a lead adsorption study, soil physical and chemical characteristics were
analyzed. Parameters being analyzed include particle size analysis, bulk density, pH, organic
matter content, cation exchange capacity (CEC), electrical conductivity (EC), and total lead (Pb)
concentration. Batch Method Adsorption study was employed in the study. For the study of lead
adsorption of original soils, five grams of air-dried soil was mix with 50 m! of lead solution (PbCl,
in 0.01 M CaCl,). Six ranges of initial lead concentration used in the study were 0 mg/l, 282.40-
361.84 mg/l, 564.80-723.68 mg/l, 847.20-1085.52 mg/l, 1129.60-1447.36 mg/l and 1482.60-
1899.66 mg/l. Soil solution pH were adjusted to be 6.7 using 0.1 M NaOH or 0.1 M HCl. The
mixtures of soil samples and lead solution were allowed to equilibrate on a shaker for 24 hr, after
which time they were centrifuged to clarify the solution. The solution were then filtered and
analyzed for lead remaining in solution by atomic absorption spectrophotometry. The difference
between lead added and lead remaining in solution (Equilibrium Concentration, C ), was assumed
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to be adsorbed. Adsorption Isotherm were developed by plotting a graph of the amount of lead
adsorbed (Q,, mg/g) against equilibrium concentration of lead (C,, mg/l). The linearized form of
Freundlich and Langmuir equation were plot in order to find the best fit equation. Adsorption
constants, eg X and 1/n, derived from the best fit equation were used to described lead adsorption

In addition to the pH 6.7 of the original soils, in the study of effect of pH on lead
adsorption, pH of the mixtures of soil samples and lead solution were adjusted to be 4.5 and 7.5,

The study of effect of organic matter on lead adsorption were undertaken using soil
samples contain organic matter 3% (original), 4 % (adjusted) and 5% (adjusted). Soil organic
matter content were adjusted by using a composted fertilizer. Correlation between adsorption
constant and pH and organic matter were analyzed using Pearson Simple Correlation.

Results and Discussion

The results indicated that Banglen Series Soils could be identified as Silty Clay soils.
Soil reaction was considered medium according to its pH of 6.7. Organic content was moderately
high (3%) and CEC was 32.40 meq/100 g, which is considered very high. Lead concentration in
the soil samples was not detectable.

A lead adsorption study of an original soil indicated that the soils has a very high
potential for adsorption of lead. The adsorption isotherm curve could be classified as “H” type.
Average K was 5.98 and average 1/n was 0.60. Freundlich was the best fit equation for lead
adsorption of an original soil. The curve, according to Freundlich’s equation exhibits that there is
no single point indicator for completion of the process. 1/n which is less than 1 indicated that
adsorption energy decrease with an increase of surface coverage. It also indicated that soil has a
high potential to adsorb lead at a low concentration. There are many characteristics of Banglen
series soil, which promote lead adsorption capacity of the soil eg, its high content of clay particle,
medium organic matter content, high pH and high CEC.
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The study of pH effect on lead adsorption showed a significant direct relation (P-value <
0.001) between soil solution pH and K value that the higher the pH level the greater the adsorption
capacity (K). Pearson Simple Cormrelation Coefficient (r) of the study is equal to 0.725 and
Coefficient of Determination (r°) is equal to 0.525. Freundlich was the best fit equation for lead
adsorption of all the pH of interest. K value at pH 4.5, 6.7 and 7.5 were 1.42, 5.98 and 9.24,
respectively. The results also indicated a low significant reverse relation between pH level and
1/n. It was found that 1/n value at pH 4.5, 6.7 and 7.5 were 0.64, 0.60 and 0.57, respectively. The
adsorption isotherm curve at pH 4.5 was considered to be similar to the “L” type and at pH 6.7 and
7.5 was considered to be “H” type. The “L” type isotherm indicated a lower adsorption capacity
comparing to the “H” type isotherm. The pH affects lead adsorption capacity of soils due to it has
influence on several mechanisms in soils eg cation exchange, protonation, hydrolysis of metal etc.
The pH also affects cation adsorption site of soil particles, metal species and type of charge at soil
surface. 1/n which is less than 1 indicated that adsorption energy decrease with an increase of
surface coverage and soil has a high potential to adsorb lead at a low concentration.

Results from the study of organic matter influence indicated a significant direct relation
(P-value = 0.001) between soil organic matter and K value. Pearson Simple Correlation
Coefficient (r) of the study is equal to 0.775 and Coefficient of Determination (') is equal to
0.601. However, it was not found a relation between organic matter and 1/n. Adsorption
Isotherms found could be identified as “H” type in all organic matter experiments. This type of
adsorption isotherm indicated a very high potential for lead adsorption. Freundlich was the best fit
equation for lead adsorption of all the organic matter level studied. The curve, according to
Freundlich's equation exhibits that there is no single point indicator for completion of the process.
However, it was found that the higher organic matter content, the higher slope or adsorption
capacity. K value at organic matter 3%, 4% and 5% were 5.98, 8.99 and 13.20, respectively. 1/n
value at organic matter 3%, 4% and 5% were 0.60, 0.41 and 0.64, respectively. Due to organic
matter has very high specific areas and has negative charge surfaces, increase of organic matter
content therefore provided to soils a great additional positive charge adsorption sites. Increase of
organic matter can also increase CEC which consequently raise lead adsorption capacity of soils.



Mg AU Executive Summary /130

1/n which is less than 1 indicated that adsorption energy decrease with an increase of surface
coverage and soil has a high potential to adsorb lead at a low concentration.

Conclusion

The results indicated that Banglen Series Soils could be identified as Silty Clay soils.
Soil reaction was considered medium according to its pH of 6.7. Organic content was moderately
high (3%) and CEC was 32.40 meq/100 g, which is considered very high.

Tt was found that Freundlich was the best fit equation for all the experiments. The curve,
according to Freundlich’s equation exhibits that there is no single point indicator for completion of
the process. A lead adsorption study of an original soil indicated that the soils has a very high
potential for adsorption of lead. The adsorption isotherm curve could be classified as “H” type.
Average K was 5.98 and average 1/n was 0.60. The study of pH effect on lead adsorption showed
a significant direct relation between soil solution pH and K value that the higher the pH level the
greater the adsorption capacity (K). The results also indicated a low significant reverse relation
between pH level and 1/n. The adsorption isotherm curve at pH 4.5 was considered to be similar to
the “L” type and at pH 6.7 and 7.5 was considered to be “H” type. Results from the study of
organic matter influence indicated a significant direct relation between soil organic matter and K
value. However, it was not found a relation between organic matter and 1/n. Adsorption
Isotherms found could be identified as “H” type in all organic matter experiments, however it was
found that the higher organic matter content, the higher slope or adsorption capacity.

Limitation

1. Adsorption isotherms are purely descriptions of macroscopic data and do not

definitively prove a reaction mechanism. Mechanism must be gleaned from molecular

investigation.
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2. Application of the derived K values in transport model should be applied to only the
concentration of interested which are fall between the concentration range covered in the study

Recommendation

1. Although, results from the study showed that Banglen Series soils has a very high
potential for the adsorption of lead, the monitoring and control measures relating to soil pH should
be provided to the areas that have a high risk to be contaminated by lead. Due to soil capacity to
adsorbed lead can be reduced by decease of soil pH, a medium soil pH level should be maintained
to minimize a risk of groundwater contamination

2. According to results of the study, the best fit adsorption equation which can be used
to describe lead adsorption of Banglen Series soils is the Freunlich Isotherm equation.

3. An on-site study of pH effect on lead adsorption should be undertaken by using
others applicable chemicals eg lime, crushed limestone, cement powder, fly ash etc,

4. An on-site study of organic matter effect on lead adsorption should be undertaken.

5. Effect of competing cation on lead adsorption should be studied.

6. The on-site studies of soil adsorption capacity for a various types of pollutant were
recommended to be undertaken in the potential industrial areas. Results from the studies could be
used in selection of type of industry allowed to operate in order to minimize a potential impact on
soil and ground water in surrounding commumities.
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