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ABSTRACT: Ronphibun District, Nakhon Si Thammarat Province, was tin mining area and resulted
in arsenic contamination in soils. Soil properties are an important factor affecting the arsenic
fractionation. Therefore, soil properties and distance from arsenic source on arsenic fractionation
were studied. Topsoil and subsoil samples from 12 areas within a depth of 100 cm at 0.5 to 6.0
km from arsenic source were collected. Soil properties were analysed and arsenic fractionations
were determined by the sequential extraction procedure. The results showed that topsoil and
subsoil had high total arsenic concentration (365.8-672.8 and 192.8-687.7 mg kg respectively)
when compared with the critical level (3.90 mg kg™) of total arsenic in agricultural soil in Thailand.
Arsenic fractionations in topsoil were mostly partitioned in the amorphous and poorly—crystalline
hydrous oxides of Fe and Al fraction, followed by well-crystallized hydrous oxides of Fe and Al
fraction and non-specifically adsorbed fraction was the lowest. Moreover, significantly high
correlation between sum of the non—specifically adsorbed and specifically adsorbed fractions with
specifically adsorbed fraction (r = 0.997**) was found and correlation between of non-specifically
adsorbed and specifically adsorbed fractions with some soil properties such as organic matter
(r = 0.681* and r = 0.606%), total N (r = 0.687* and r = 0.683*) and available P (r = 0.770** and
r=0.611%) were found. Whereas, total arsenic, non—specifically adsorbed and specifically adsorbed
fractions decreased with increasing distance from arsenic source. The results indicated that arsenic
fractions of potential release to the environment had high (23.2-49.8 mg kg"). Therefore, it is
necessary to investigate strategies for reducing arsenic in soil.
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figngedunuuliionzinnzas uasigngedunuy
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ArdA: JUVRLEINY, MsENARINaIAUTY,
auURvoInY
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Usginalnediuiivud euarsnyia
25 99119A (Khownpurk and Chandraambhorn,
2013) WU FwmTaay 1019 gnITauys Nans
wavduaseuiiyad dneveuiiyay mmﬂ
ummsﬁimw (Songsirikul, 1994) Faduilui
mﬂam'ﬁmmummmqﬂ INNITTNVNUUTU
mimﬂuﬁuﬂ%L’Jmﬁuﬁﬁaﬂénwudw NGl
arsmylufugs Tnefsesud darsvyiommn
31-247 un./nn. wazlud we. 2545 wuaisuy
mmﬂmwmmmumLL’imUﬂaqm 11,000 ain./nn.
(Francesconi et al., 2002) & smaqm'ﬁ“ﬂwmwu@
Iumummimwﬂuﬂizmﬁﬂma (3.9 un./nn.)
(Pollution Control Department Ministry of
Natural Resources and Environment, 2004)
autAvesiududladudAyiozdmanoguves
asyiazazannazgnUanUdeseengdanden
(Redman et al., 2002) fsn1ga1unuANUEUNUS
serinUinaunanuazesgiieanlydiuUsunm
asnygUiAsestumanuazezgiituoonlud
ofugunaransvyiiisdestuminuazorgiithy
sonlesiidundn (Krysiak and Karczewska, 2007;
Hsu et al, 2012) uenaNigmuAILELWUS
sewineanudunsafusswesiufuanswyd
gnaeduluuldianzianzas (Wenzel et al, 2001)
UDNANANTAVOIAULAITINUTT 282119917
wiasndnarsndudndadedrfgaessdu
mswu’tumu Imamwmmmuwﬂumaums‘vm
ushaeRniuiivmiles Terrubias fissazsiig
fondn 10 1. wuasyRanLAgIninTEeEving
10-100 . (Otones et al., 2011) LuAeIiU
Garcia-Sanchez and Alvarez-Ayuso (2003)



Tenudssezlnduaaiiilaasuy (<10 u.) wy
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asvynumasiLdnansauns nsz1egas
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a1snylias awu%mmﬁuﬁs’m (Visoottiviseth
et al, 2002) Bsavdsnansynusonwd &l wazile
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99U 139a19U (Abedin and Meharg, 2002)
nsreudlngnudn N1sATIE
arsvylufusindinsedluguansmyionun Fed
swriuhifamuBuivlitin dhided
Ielerandafuansnyiddnenmiiazindoudne
Iwludunseansnylusufidneninlunisuan
Udeegaundon 393sldludaqiufeitnsara
sy (sequential extraction procedure,
SEP) (Wenzel et al.,, 2001; Taggart et al., 2004,
Smith et al.,, 2008; Hoang and Hahn, 2015) a8
arsindifdanusuusafistuluudasdune 14
ansuyglugueing q &l 1) ansvyfignandunuls)
1aN12191899 2) a1suyTignaaduLuUIanIe
239 3) ansvyiAsudeatuimdnuazezgiivu
oonladedagu 4) sy ndesiumanuay
ovgiitueanludiiundn wag 5) ansvydiud
wide \Huansnydndimdenndsegluusdalus
waziseaiiluddinnensenisania (Kim et al,
2014) Topansvflusuuuuil 1) wag 2) fdnenm
flzUanUdesgasuindon Tusazdl ansvylugy
wuud 3) uay 4) liansadanudeseangis
wIngeuladiy MInTuUTINMasYUAInNEn?
T35 Tnlannzansvyluguiigngadunuulal
NN UAZATULIUIANZRZRS MINU
FuuTnnilfmamyUiinags Ansmuumnsly
miﬁ]mmim'ﬁmmﬂumaﬂumumdﬂ AINTIYIU
mmﬂmmwgiummasauwgaa Jandn
UATATEIINIIY WU LitmednnsAnuiguves

ansvysanadlusu daty Jeaulafnuaudives
AulagsyegsInuuaIiLiaa1snyResUves
ansvuluau
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nMsiuLazInTziaNURve IRy
Audogsivuuuavasitinsuuilou
GRERAY TngvhnisuanuastuRuUuLazanLTY
ALUAAY 91U 12 S (Figure 1) UTLIM
as 3 91 WiuaelumuEn 100 Wy, Tiszezsineiy
dseuas 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5,
5.0, 5.5 uay 6.0 ny. Tuduneseuiiyad Jmin
UATFSEITUINY Ima@‘mmaﬁnﬁlwammLméaﬁ’uﬁm
mwuwuwaﬂ v 3 smmamamﬂaﬂwmﬂu
swRuuuTIiue 12 feghe waziuasiaun
35 et thaumRsauliuie unnassouriy
peunswInteule 2 uyl. Wiednsziaudiives
A lawn Aanudunsaduniasazarnisiilng
(Ru:1h=1:5) dunIging (Walkley and Black)
Tulnsiausianun (Kjeldahl) WoareSadidu
Usgloau (Bray 1) Inunai@on wpaldeu wag
wuniiBeudtatald anuquanidsuuanlessy
(1 MINH OAc pH 7) (Onthong and Poonpakdee,
2014) maﬂaaﬂiwaammu (0.2 M NH, '-oxalate
pH 3) (Schwertmann, 1973) wianeenlaaiiiy
nan (Na—citrate—bicarbonate—dithionite) (Mehra
and Jackson, 2013) %aaagaumﬂmw N804
wazAumilen (pipette method) (Day, 1965)

nsanALaAATIERETAY
N153ATIENTUVDIETNYAIEITNTaA
pruddutuniBues Wenzel et al (2001)
Gsatnansyyoonidu 5 5U Ae ansvyiigngadu
wuuliianza1z99 (non-specifically adsorbed)
affashae 0.05 M (NH,) SO, (F1) enswyiigngady
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WUULRNIZLA12A4 (specifically adsorbed) afinge
0.05 M (NH)H PO, (F2) mswgﬁlﬁﬂuﬁmﬁumﬁﬂ
wazevalitusanlededngiu (amorphous and
poorly—crystalline hydrous oxides of Fe Iand

=

A) @fineiae 0.2 M NH -oxalate buffer 9 pH

a o

3.25 (F3) ansnyiinendesiumdnuarezgiity

U

sonlafiundn (well-crystallized hydrous
oxides of Fe and Al) @fingie 0.2 M NH -oxalate
buffer + 0.1 M ascorbic acid 1 pH 3.25 (F4)
a’ﬁm&d’mﬁmaa (residual phases) (F5) Wa
miméﬁ”’wm afneng (IHNOZ/HCl) (Lynch, 1999)
TAUTUUAITIYAIELATEY ICP-OES

Study area and sampling locations at Ronphibun District, Nakhon Si Thammarat Province
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Figure 1 Study area and sampling locations
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95% (Kispredarborisuthi, 2010) waglAs1zh
avaunusaie Pearson’s correlation M1s¢@AUANL
WolU 95%



Table 1 Some physicochemical properties of arsenic contaminated soil, with range values derived

from interval estimation at P < 0.05

Soil property

Topsoil (n=12)

Subsoil (n=35)

pH (soil:water = 1:5) 540 to 6.44 6.07 to 658
EC (1:5) (dS m™) 0.040 to  0.079 0.035to  0.061
OM (g kg™) 1582 to 36.74 301 to 4.93
Total N (g kg™) 093 to 1.97 025 to 0.39
Total As (mg kg™) 365.80 to 672.8 192.80 to 687.70
Avail P (mg kg™) 1490 to 45.36 10.47 to 35.12
Extr.K (cmol_kg") 0.16 to 0.27 0.07 to 0.2
Extr.Ca (crnol_kg™) 6.95 to 15.25 6.50 to 11.55
Extr.Mg (cmol_ ke™) 0.85 to 2.09 0.64 to 1.24
CEC (cmol_kg") 9.15 to 18.62 7.05 to 11.05
Amorphous Fe (g kg™) 488 to 9.46 401 to 6.46
Crystalline Fe (g kg™ 577 to 10.67 6.01 to 881
Sand (%) 1886 to 62.72 30.77 to 54.34
Silt (%) 1251 to 29.49 1796 to 29.43
Clay (%) 2199 to 54.43 2631 to 41.19

Note: EC = electrical conductivity; OM = organic matter; Avail = available;

Extr. = extractable; CEC = cation exchange capacity

NANISNAADILAZIRT
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USaiitiusonsalulwlsd Wsznaushe win 34.3%
a9y 40.0% uazrugdu 19.7%) wididmann
avagluituuazluansusiyn Jauvlsu iianisaane
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asfluna@euiatalduiunatafisgeus
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AuvuagAuasiivdneenlededuguuaz iy
wingeuariidefudufumien (Table 1)
WumWummmiumuuuuaumumquﬂﬁmmaqmﬂ
ImhmuuumwumwmuLtuﬂuummﬂumuma
aqﬁlumq 365.8-672.8 Wy 192.8-687.7 un./nn.
U (Table 1) Faganindnannsgiudiesing
aundiglannimuald fie 40 un./nn. (WHO, 1981)
Uis:Lwﬂlmﬁmumzﬁuawswgﬁ”ﬁwm‘tuﬁuﬁwm'ﬁ
wnuaslaiiy 3.9 un./nn. (Pollution Control
Department Ministry of Natural Resources and
Environment, 2004) winuh U3nsituiicang
ansvyranualufuiuultuanasan 27 Dk
il mmawumwummmiumammuaa’tuma
50-5,300 un./nn. (Suwanmanee, 1991)
sUvasasnyluduaindnasouiiyad Jamin
UATATITIUIY
Fruannsiesgiansmylufudng
Ansiluglammyiann Ssasvouduiiiufy
sodauandeulaiitn osarnansnylusuid
ﬂﬂamwiumsﬂaﬂﬁaaaaaaLL'maanuuiuiﬂma
ﬁnﬂm'mmﬂ'gUstwawswawmwﬁaaqiug‘qu
s3alail (geochemical form) 1y JUeenlusi
\@fios e1nsen1sUantasegiuinden (Sarkar
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and Datta, 2004) fau3diinsgvianssygusig 4
Tufuuw wudn ansnydulngeglusd F3
(188.2-332.5 un./nn.) Anlu 62.67% Vosa3nY
e (Figure 2) mLﬂumiuumﬂmmmﬂumaﬂ
LLauanuuuaaﬂlwaamgm Anluaniig
pandiaduluaninuindeuduntasoidunans
ansusznavensimunaziinufisenlalaslada
Ingnsanagnausiuiumaniazezgiiueanlyd
(Wilson and Hawkins, 1978) 5098311 A9 F4
(25.65-170.6 un./nn.) Anlu 23.62% vesanny
e (Figure 2) JuansyiiAsniestuman
LLazaszumaaﬂMmmﬂumaﬂ %QLUuaTﬁWémuw
mssfumanuazezaiitueanlanlaagndal veunss
Fimdeuiy Wenaulvaziudeuluuansd
H&N (Wang et al., 2015; Lock et al., 2018) &5y
U F3 uay F4 uiua’]u’]ﬁaﬂaﬂﬂaaaaaﬂma
awandeuldienievandesnenuiosun
(Sarkar and Datta, 2004) aamﬂé’aqﬁmwmmmaq
Hoang and Hahn (2015) mwmw AuuU (0-15 w3l.)
UsnadumasUnudiiuns Yssmeseauny
aﬁmémuslmgaqiugﬂwLﬂsnl,umnumaﬂLLaz
ozgiviueenledodugunasiifsiesiuman
nazergithuoanladidundn 1osnausingn
LLavavamuuaaﬂlﬁvﬁm tipan Ao F2(22.13-45.823n./

nn.) Andu 8.18% maamsmmwm waz3u F5
(13.02-27.93 un./nn.) Aendu 4.93% vosanny
e
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Figure 2 Sequential fractionation of soil arsenic

Note:

T 1

5

—
Fs

F1 = non-specifically adsorbed; F2 = specifically adsorbed; F3 = amorphous Fe and Al

oxides; F4 = crystalline Fe and Al oxides; F5 = residual phases

Tuniiansvysy F1 teoiian (0.18-5.22
un./nn.) Aniu 0.61% vesansmyviavan (Figure
2) Badusuiilidnenmazlanydsegaandonls
Wuansuyiigngaduuuulsiianzianzas gngadu
UuRvesAeaasss MigadusinaziAndulessud
fluanaveshdonlilneseu wasifnanussiagn
wuugaeNyiosanuseqlndisnety Tneansmy
é’fmemﬁwﬁﬁ%mLﬂulaaauL%a%’auﬁﬁa%uuaﬂ
(outer-sphere complex) V%@LLaulaaauﬁagJﬂu
Fuuninszats (diffuse layer) arsvymaniiay
annsawandsuldireiuieulessudu q lu
a1sazanysauusn (Wenzel et al,, 2001; Gleyzes
et al, 2002) dansuygl F2 iuanswyiignga
FULUULANIZLIILA Qﬂ@m%’uﬁﬁa%ﬂu (inner-
sphere complex) %nawam%’mwuﬁhﬂﬁﬁmmﬂ
Aumiafifiuszauanvesneaassd Usunaueu
leepuiigngadulddndudedauyaviifuuszg
UINUURIADARBEA N1IYATULUULRNIZIIE DN
Lﬁmﬁuaaﬂ%uaulaagu (oxyanion) (Asoj‘, AsOf’)
Faneannswaniuaeuawnua (ligand exchange)
seninaneulossuiuvyfleddudiousigaing
wilsrudunndsduuuinvesnoanesd Au
(Wenzel et al., 2001) Fenuin U%mmmwgﬁ”’q

a0aguil (F1 + F2) feganinenseduamundufiy
yosmsnyiauadituunlufuiinisinenslu
Usaelve (3.9 un./nn.) Al USunauenswy
Tusuiiddnennlunisuanddesgduande
(F1 + F2) lugwneseuiiyad JminuasaIsssusy
fUnageniiidmualuyszime
Fothansuygusine q svnaudusiug
M WUANUATUSTENINS FL AU F5 (r = -0.619%)
wagnuAMUENTUSaIsENINg F2 AU FL + F2
(r = 0.997*) (Table 2) LLam'jwmsmﬁgﬂ@m%’U
u:u*uLawwzLmzmmmﬁaﬁ%Lﬂﬁlaulﬂaq”lugﬂmm
asyuuylidiemzianzasiiidesuansuyuuulyl
WRNzLzAsluAuanas (Zhang and Sparks, 1990
919lmy Wang et al.,, 2015) UonANLINUAI
duiudsendng F2 fu F3 ( = 0.619%) (Table 2)
LARIIIENTIYTIgNATULUTIONIZLINZ @I Ta
fazwasulueglusUvesansuyiiieiosiuman
uaveraiitueenludedugiuldidessoziiai
Ju (Tang et al, 2007) warsewing F4 fu F5
(r = 0.647%) (Table 2) LLaﬂqdwaﬁmﬁLﬁaaLﬁaﬂ
fuvdnuazezgiitueenlediidundnausafiay
Wasulvegluguvesarsnydiuiiinield @
#ORAABINUTIBUYBY Wang et al. (2015) g

JsasIngIMansinuas UA 50 aUURA 1 UNSIAL - IWBIEU 2562 29



@ sUupvaskyluau

mMANUFIRUSIEnIEYIUing 9 Tufiumne
Ugniiy Audn 0-20 . 91U 40 fI8Es
lusiumaynuiu a1515usguservuiy wud
wuasrugy F1ouay F2 danuduiusivansmy

U FL + F2 (r = 0.79; P < 0.01 uag r = 0.73;
P < 0.01) asmysyu F3 danudusiusiugy Fa
(r = 0.64; P < 0.01) uazansuysy F4 Ianuduius
ffugy F5 (r = 0.66; P < 0.01)

Table 2 Correlation coefficients (r) among the various arsenic fractionation in soils

As form F1 F1+F2 F3 Fa
Topsoil

F2 0.484

F1+F2 0.545 0.997**

F3 0.003 0.619% 0.593

Fa -0.519 0.199 0.148 0.562

F5 -0.619* 0.168 0.110 0.433 0.647*

Note: *, ** = Significantly different (P < 0.05) and highly significantly different
(P < 0.01), respectively; NS = not significantly different (P > 0.05)
F1 = non-specifically adsorbed; F2 = specifically adsorbed; F3 = amorphous Fe and Al oxides;

F4 = crystalline Fe and Al oxides; F5 = residual phases

andunusszniteauURvesiiuuasgUvasasuy
Tuduuu
autAvesiududadenisndawanogy
maqawswgﬁlwazamLLazQﬂUamUa'asJaaﬂ@L%i
winden (Wang et al,, 2015) 21nA15ANEIATIN
wud arsvuguane 9 danuduiusivaudives
AuUUTENT (Table 3) Tngansnysu F1 uay F2
feuduiusiudunadunsedng (r = 0.681%
uay r = 0.606% lulasiausianun (- = 0.687*
uag 1 = 0.683%) uazvleanlosaiiuusslovl
(r=0.770** ugg r = 0.611%) @15ry3U F4 A3
duiugiunuguaniUdeunaslessu (r = 0.666%)
wazvdnoonludidundn (r = 0.629%) waganswy
U F5 flanuduiud fumiuquaniddsuuan
looau (r = 0.695%) ansanlysedugiu
(r = 0.679%) wazwdneen e dusdn (r = 0.629%)
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desnluanavesdunieinglufuiiuszquined
viwhianuansalunsaaduieulessu
1§ druvszguandanandniAntuainnssuiums
Wulusmau (protonation) U89 amine group
uuoymaduvteingdduanneimudunsavil
AnUszquantandsdanaliansnududiivdunsy
Tglad (Meharg, 2004) wagludunieingd
Tulpsudussdusznaudszanas 5% (Havlin
et al,, 2005) yilviensvysu F1 uae F2 anaduius
fululnsiauionmndae wagnisnuaudusius
symieansuysy F1 wag F2 duveanesaiidy
Usglowd ilesnnluduvieingiineaealuesd
Usgnouuseunu 1% (Onthong, 2014) wazlu
anmuunsadintoengfnssuvesansnyasadng
fureaun uarlesauiisassazgnaaduagis
wilsuduvuiiuiivesiumieuazesnledues



wianuazozaliil (O'Neill, 1990 §19lae Alam et al,
2003) Fam3geduvesloamninaInUFATeNS
wanUasuAwnue (ligand exchange) $%11900N
Fueuleosuluansarareiunyileiduuniaveus
iomeaanunaL WU Lsianeenles n1suan
LﬂaauaLmummnm'smawﬂmﬂﬂmim%Lmu
losaudedouiinaduly (inner-sphere surface
complexes) (Goh and Lim, 2004)
YBNIINANITNUANFUTLE 59319
asvysU F4 fumBneenledidundn ifosan
Auiusuusususativead foonledaes
wianuazerglituuin iliarsnygngadu
WATANAY ﬂauiuiﬂu aamﬂaamumimaaa
283 Novoa-Munoz et al. (2007) fiwuin Iy

E‘UQ‘IL gudlosfunanuazey amuuaaﬂismmﬂu
WAndanuduius fumineonlesiundnuas
avqdl Tuitarnselodelansonlen uazdonndos
f"f‘Uﬁﬂmgﬂmaqmwﬂuauﬁlﬁ%maﬂix‘wumﬂms
Nudlos Aznalcollar 8udui1dnsnaves
a15Usrnovorglduunasindninasnon1swns
ns¥evesaInyluiy (Taggart et al, 2004)
dauansnygl F5 Sanuduiusiumaneenled
aammuuamﬂumaﬂ #OAARBINUNISNAADIVDS
Novoa-Munoz et al. (2007) finu ansvyludi
Hivdefiauduius fumnoenlesiidundn
Laroy amuwaﬂﬂmaism,mauimiwialummmm

mazauuumﬂmaamwuﬁﬂumaﬂaaﬂlemnlumu

U

Table 3 Correlation coefficients (r) among the various arsenic fractionation and soil properties

Arsenic form

Soil property

F1 F2 F3 F4 F5
pH -0.295 0.067 -0.261 0.230 -0.018
EC 0.517 0.413 0.041 -0.350 -0.484
OM 0.681* 0.606* 0.189 -0.497 -0.118
Total N 0.687* 0.683* 0.242 -0.459 -0.116
Avail P 0.770** 0.611* -0.170 -0.533 -0.383
Extr.K -0.548 0.011 0.198 0.394 0.592
Extr.Ca -0.479 0.156 0.215 0.542 0.448
Extr.Mg -0.543 0.036 0.234 0.508 0.530
CEC -0.496 0.174 0.353 0.666* 0.695*
Amorphous Fe -0.506 0.201 0.560 0.594 0.679*
Crystalline Fe -0.588 0.120 0.512 0.629* 0.629*
Clay -0.633% -0.092 0.251 0.581 0.588
distance from arsenic source -0.663* -0.665% -0.480 -0.452 0.221

Note: *, ** = Significantly different (P < 0.05) and highly significantly different
(P < 0.01), respectively. EC = electrical conductivity; OM = organic matter;
Avail = available; Extr. = extractable; CEC = cation exchange capacity;
F1 = non-specifically adsorbed; F2 = specifically adsorbed; F3 = amorphous Fe and Al oxides;
F4 = crystalline Fe and Al oxides; F5 = residual phases

JsaIsIngIMansinuas UA 50 aUURA 1 UNSIAN - IWWgU 2562 31



@ sUupvaskyluau

srgzinenuuasiliagsuyragUuvasEsuy
Tufu

mwmuma gorlndunasnuiaasny
wumwummmmmﬁ gglna (Garcia-
Sanchez and Alvarez-Ayuso, 2003; Otones
et al,, 2011) AN INTUNINTLINLVRIATNY
HvualuRuuuLas ZAUA9NUNAIN L LAFTUY
(528119 0.5-6 NL.) WU wummaaammuﬂﬂa
widamiilaansryiiuuldunisazauvesasny
m‘mmlumuaq LLa‘“ﬁ’l’i‘ViuVlWimiJLL‘L!’JIL!&J&G]M
dlosvey 1/1Nmmmaqmmwmwummu AU
ustadlng Lmauwmmmuﬂ ﬂuaauﬂimm
mmumwumaamniummuaw (Flgure 3B)
Luaamﬂmu%umwmmiﬂaLmamsm YULHN
0.5 flatuns (a13vy Wiy 882.5 un./nn.)

-

o

o

o
|

>

Total As concentration (mg kg™)

900 -+
800 -
700 -~
600 -
500
400
300
200 -+
100 A

B ~ 3000 -
2700 -
2400 -
2100
1800
1500
1200
900 -
600 -
300 -

Total As concentration (mg kg™)

0.5 1 1.5 2 2.5

:mJﬁmmWaaWaaamUuUaﬂmum (98.28 un./nn.)
Lmeimumwumuma auawumuuumﬂmw
UnAtunsny mmmu‘ﬁmaaummm (Vunpun,
2008) LLaywumWumwmiumuwmnmammﬂ
Lmaﬂml,ummswwwwma 2.5 n4.(961.2 un./nn.)
TndiResiufisses 0.5 nu. (Figure 3A) flosain
aﬂmmnmwummﬂanaﬂﬂaﬂamwmnqﬂulw
13‘1/1‘1/mﬂﬂmm13 (Songsirikul, 1994) ) vinloAdl
mwummmavaﬂumnmum LaIINTIIU
9849 Limcharoen (1988) lﬂﬂﬂmﬂmmmmmimu
Tuiudiusind nun ﬂimmmimmwmlumu
LLavm“ﬂau‘waqu'mmm“luummmaﬂLmﬁaum
TEEIE NN UsmmmimmumammLuamﬂ
INLTONLY1TOUUININTLHENIIVDINTE LA
Tuge

Topsoil

Subsoil

3 3.5 4 4.5 5 55 6

Distance (km)

Figure 3 Distance from arsenic source on total arsenic concentration in topsoil (n=12) (A) and subsoil

(n=35) (B)
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Figure 4 Distance from arsenic source on arsenic fractionation in topsoil (A) and percentage of arsenic

fractionations in comparison with total arsenic concentration (B)

Note:

F1 = non-specifically adsorbed; F2 = specifically adsorbed; F3 = amorphous Fe and Al oxides;

F4 = crystalline Fe and Al oxides; F5 = residual phases
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