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JARIYA  PAKPROM: EFFECT OF ELECTROMAGNETIC FIELD WAVES ON THE
REMEDIATION ~ OF  CONTAMINATED SOIL  FOR  CROP  CULTIVATION.
THESIS ADVISOR: ASST. PROF. SAMRAN SANTALUNAI, Ph.D., 89 PP.

Keyword: LEAD CONTAMINATED SOIL/RADIO FREQUENCY HEATING/ELECTRIC FIELD
STRENGTH/DIELECTRIC PROPERTIES

This research is a study of the impact of soil contamination with lead
compounds after treatment with radiofrequency (RF) waves, analyzed by measuring
dielectric properties. Lead compounds used in this study include lead (Il) acetate
trihydrate, which is water-soluble. Soil samples of 100 grams were contaminated with
lead compounds at concentrations of 200, 600, and 1,000 milligsrams per liter under
low moisture conditions. The samples were divided into two groups, one underwent
RF testing and the other did not, to observe post-testing changes. RF testing used
radiofrequency waves along with paired electrodes, delivering electric field waves to
soil samples at different field strengths (112.5, 150, 225, and 450 kilovolts per meter).
Results showed that soil temperature increased steadily with increasing concentrations
of lead compounds and electric field strengths. Analysis of temperature graphs for
different electric field strengths indicated that the maximum temperature occurred in
the most heavily contaminated soil with the highest electric field strength, followed by
the lower concentrations in sequence. Comparing dielectric measurements with and
without RF testing showed a steady decrease in dielectric values with increasing lead
compound concentrations. Comparing these values to those of soil without RF testing
under different electric field strengths showed that the dielectric constant values
approached those of normal, uncontaminated soil. Particularly noticeable changes
were observed under a field strength of 450 kilovolts per meter, suggesting that RF
testing may lead to improved soil quality in contaminated soils. This study provides
valuable information on the potential for improving soil quality through changes
induced by RF processes in lead-contaminated soil. The similarity in dielectric values

between contaminated and uncontaminated soil suggests the potential for further



development and application in studying the removal of contaminants from other

types of soil in the future.
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1.1 anudunuazanudidguastynn

Hagtuannistudeuluanimuandeuveslanemindwwaiiufivlnenssse
dswandeunanadullymieusaesnuiidian (Akpomie K.G. et al. 2018) iissannlavzmin
ligwnsagesaatslariinesnainssuuingla insiglinnuadssuazdineliiiadem
aunmiariefudsddiauuunueglii (Mustafa S. et al. 2008) wonanil waRwluAuld
nanelutlymoussiidedldsunisudla (Xu S. et al. 2020) iesnnduseseninusiuag
ves0MIIelana e (Reddy V.A. et al. 2020) uarlildiduifiosdunseseddidinmiiuus
Fudusunsnenedwindeuialandndae (Konate A. et al. 2017) (Moghal AAB. et al.
2015) lavgniindienadufiwinniignvianisdens i Fanzidneglulssinnlessuuand
azmaﬁﬂﬁmﬂﬁﬂmmjﬁuqﬂ (McBride M.B., 1994) avfanunsaviiliiinlsafivilisnsnie
gouneadld ewnilfiinnsnsenudesiameetienns Bendinfudelusyuulsram
drunansiirluglsauszam (Coen N. et al. 2001) (Dolk H. et al. 2003)

nzia (Pb) Fadulaneuiniionaduiie Saduihaulanntu wasiansnszansly
anfmaraudssiiisiniudsandey Tnefinsuulouvewnsia Pb lufiuulifioaus
nszfumaasundastuunazianssusing q feguudiu uazdsiliiinanssnusonnugen
anysaiviliAudenaninas Snviadsdmarefininuns ulufnunimvesitudenas
(Majer et al. 2002) wagluvhedian arsmemazazanoglusrinmmevesywdiiunsiginsns
Auemsiiiudunsiefuguainvesuyud (Liu et al 2003) M3nsevivdedanssusitg 4 7
ilandeymannlaveniin wu nsyulane, n1sinmiles, NSWARAWD, N5deNd, nsuan
wumae3 sy

Hagtumstudeuvesangia naneifuliymieussonamainues iesainnns
ﬂuﬁaﬂuﬁuﬁmaﬂiw‘uéhuau@iaﬂmmwmaqauﬁﬂﬁ?qané’auLLazqﬁumwuuwéLLEJaa
(Reddy V.A., et al. 2020) U'ﬁzﬁmﬂsﬁLﬁmﬁuﬁ'ﬂaﬂLLaxqmammauﬁLadmmﬂ A519USINAAU
seAudBInsAAudmTUYInYATNTIY (Tilman et al. 2011) wWieuAuAanssuveIyudi
L%f]ﬁﬁé’ﬁﬁgﬁLﬁ'm%’aﬁumsﬂmﬁauﬁuﬁm%’uLﬂwmﬂssm (Rai et al. 2019, Yang et al.

2018) s7udansvuilaulanerinluauunt1inie (Kien et al. 2010, Williams et al. 2009)



lAAndgmawnndeuiiarietu lnsamefulsadfaiiodesiunisuslnadni
Yl ouselanemiin Fumguiainnisdud eudulusnuasnssy (Mao et al. 2019)
nansENURsIMEIy L eusmn Mndnlusenenyssduldsunansemy Jasvun
Uszamdudmneildfunanssnuanniiga ieludnuazdvg uwinrudufiviudness
wanseyusnnaitluglug Wesnnidedeveadnisnelusaznsuenianuseutumnnni
Tuiflvg Fsmsletsudutaiunanuvesingenasiliszavsamantiosas lunsmaaey
UsgAnsamnnsiuiuedieiiiamsinnuvesssuuyszam msnuazdnidndaulisie
ansmemalusgiuidufiay Gso19azihlugiymsungingsy msuinnanisiious wagsh
197 1Q anad (Rubin & Strayer, 2008) wii3buUszinafIa 9 19U @n55oi3n1 LazuAuIA 92
finmsmugumsldasngiluund uidmumenisldasnziegagunsdulssmaiinds
Yo (Latif Wani A. et al. 2015) 8nviadsnatlymi Seuswiedsdiddnldiuazuuun Tng
prmadaiauamu iesainazda (Pb) Wulavenuuiuiidainsilnideudaem e
Fausulangdu 4 waznziadesdusynauiildsndu iliAanaddydonseuiunism
nagyuesity Jesviuanududuvedlessunsmluiuinuinludddy ennssduarclui
AviFesuliifdenisiasyiulauagnisiamnvesin anudufivremeiilufivdinAuidostu
maaiyivlavessin sussiiRnundlufivunseda SnvisiliiAnanueisnanufasen
pondiaty annswdnansTauna Sudenissen wagnszuiunsduaTIeidieuas faiunis
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Aunfounnain1stiianasdisianswanid sy wudnseAnsawnisiidaves Pb GRRN
87.7% \eusssulntilaszsuidu 1 laddegnuiaiiaudims uaztanswanidsude
48 $las Anflgandnandildarnasiugdaslifuuusssuniunn (61.8%) uanand 8
asonanides orndnsTuda’ Ausinglunisudludeliinlawfnuuuialdld uay
oy ldsnduseddasedifiufudmsumaiansuanudeuts esuienalnvemgingsu

Asénedumelninves Pb Tufuszninanisiidnmemaianiswaniuasudn
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91NANTI98909 LIU Yun-guo uazaalz (Liu, Y. G. et al,,2020) ladnwin1svagaunis
srdadelidn Tivinsmeaesfufuussiifiasagdavudeu iemanzmngauiiaaly
mstdmaiivainpziieenanfuunsegsiiussansnmgsan uazifionavasumnuduiug
5¥1319A" pH vesRuuarUsransnmnstiitameliin nadnsainnsneasslauansliiiu
Talulanistiiade i dvssansamlumsudloiudunsivudoudelanenin Pb
wagannsariulszansnmlunsiidalalagnisauauen pH Tunisdafuualnadag HNO
UszAnsanlunismdn Pb ifiuduain 24.5% (Ju 79.5% uaznisléndsnugads 285
Alatndredalus
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Mndoasunuissingiain 1) wmeluleddidnlnseavdemandiduisdmane
dwunmsudledagmituifinisuuideusasas Pb (azneudun) InevilanunsaanySua
13 Pb Tufuld 2) msmuassensalulasiafingy HNO; [WuAs nuIduszansawlunng
USudgenmstidnas Pb 91ndu laganmismnaznouued Pb luusnudiinisldualng ez
Hrglinszuiunsmdnsesiululusgiiuszdniam waznmsanuseiuliivesduaznng
Usgndandsauidunaannsany3um Pb Tufu vil¥nssuiunsiemuadussansamann
Julpnsa

9NN15I98909 Shanggi Ge WazAng (Shanggi G. et al.,2020) ladnwnis
T45.8nnseealuda (E0) Fanuiranunsnuiuussmuudaswosiusoustaia Snviads
annsadniilhiAansenenvasdavgninlufuld Sdninselansuvusaiuitounnios
ininenazddudesusulss snadenansenures Geotextiles Mldnsuaulvlues (CFBGs)
Judidninsndenndnunrvosdidninsesaluda (E0) dwmiunsthdaduiivuleuasme
uaanmsveaaeuldiandiifiuin Jan CFBG vilrinszualiiiuasadiszansnslindany
nindidnnsamdnndnldat (59) fvsinasnsssniedilndiAsstu Sddwdnuiiosndy
Budnlnsn SS wansvitaves CFBG semsthenzituiniives s fadunamanauauds
maailwiiudases CFBG uonanil msfingfvudoudsmafisnisfudmdnueshu dns
nszelilainanendsnnnlddidnlnsesaluda (E0) anvihe mssnwdidninsesaluda (FO)
drulngazanUSunavenavdiunziifivandsulduasiisuiuasuewn Sadunauiain

N9 UNTUT INT I zALaniUasulalazan nuwndsumdunsaftAnunTIuIN
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0.25
70,55 I5Vem', 0Omg kg
> - iy
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» » 14._\.5 LAV em”, 000 mg kg
» bl e
P 19, CEHG, 13V e, 2000 mg kg
zoisf X R
e ™ »
5 o 3% A
£ e >
O 0.10 F ': e SN
i te _»»
L NN .>’ : :
L = .
| 8 . %o | - e
T S e S e s s
° i =
RS = = = S S S =
B S =SS S
L " & 538 s 8" auewne g a8
”_"“ 1 " & Pl 1 i A " A 1 " " A J
0 5 10 15 20
Time (h)
a a o YY) a 1 A
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3200 -
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85 * T0,SS, 1.SVem' Omgky'
- - T1,CFBG,05 Vem', 0 mgke'
80 @ T2.CFBG,10Vem', 0 mgke!
% ~#h—T3.CFBG, 1.5V em™, 0 mg kg’
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asUlasuinsTiinafeuddndlnihudsiu creG Tunszuaunstrindiud
fiansnemtuannsaanuSinaasasidud euluiuldedeiiussans smannnindinasle
Bunlnsn SS waglidwaideroduwindouifiviy
919138 U89 Malavika Gouri J. S. (Malavika Gouri J. S. 2017) lavinns
Anwuieafunsiugdeliivesiuiivudeunsth Saduisildlduadniunismialane
witn anamdnnsiian dslwihnssuanseiuiviivudelansminansuuiouuassianes
\dourutlugnuvesiulusiifianasafdneenls Taveninaggniiliaududud
Usumsiivesas nsvuiun1sdudsnmsusvanniufidussansamneudiegldnaiianns
wiludy g msdnunildvhnisusaifiuvanunduldldvesnszuiunsadniviawindlunisi
Tnedaduty lufuiivudeulaeld8idninslas Ussiavsng 9 éud EDTA 0.1 M nsn@a3n
0.1 M uUszUn wardandidningn wu nslafuagvesias n1snuiduuiouiiie
UseanSnmnismsnansaeia Tugaeiatdng 9 wu 24 way 48 Taluslunislasedu
wsasling 1 Thadsewuiiung paennsnadeu wenainideussfiunnuudsiuvese
PH USunatlagtiukaramnudundanmsvagey Wuﬂizﬁwﬁmwmiﬁﬁmﬁqﬁu 68 \Wasidus
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80
70

50

% Pbremoval

20
10

0.IMEDTA  0.1MCitric acid Tap water

Electrolytesused

U7 2.22 Wesiudnsmdnansnzi

o | 2 (%
Y v a = v

Aaiudeanuinniséhedegangniintuaindivinludatiay Weldiusedn

Y

A a & ag 3 d' ] WA =X 0§ Yo OV vy aw
LLa%ﬂi@%mﬁﬂLUu@LaﬂI‘W{Lam ﬂqiLﬂaauwmaﬂmgﬂq‘l@J@ sﬁﬂwqiﬁﬂ']ﬁ]@mgﬂ'ﬂﬂuaﬂaﬂ NANT13I98

(%
=1

Usu

WU EDTA lardnnzia Useunu 68 Wesidus sanainfunuul

% Removal

24 hrs 48hrs
Time(hrs)

JUT 2.23 Wesidudnisidnansnzia



24

MNmsAnmLLUstuYesy s nMwnsidasessesaiintulned
sv1Ia1 2 Y1398 Ao 24 uay 48 Falue wWesidudnisidanzimdaninnseuiuns EK
Fauandluguil 2.23 wuhagiduunnnssandegiivinuuainadlesssnaiiutu

uaildanmsdnuilumuideildagui navesdidnlnsladuas Tansidnlnsn
sine q lumsrldnziududurildiuivsunstesas waviievuinvesnssudlmaunio
d sy EDTA Galdvilinisindeudnevenzintu sufulssansamuesdidninslasss
WU 0.1M EDTA > Tap water > 0.1 M Citric acid uwazwuin EDTA Wudidninsladinnia
TunsiTlimeiadudy wagussansamnisifaneiunieutudmdunsinduasnounsly
v3nawelun egdlsinmunsiliduannnislondrefifturesneda lutsaugian e 165y

UsLANTNINN1TANAR 68 Wasidud medanlnsawnsing wasuseansnnnsnianaisngia

a a

WLTUANTEYEIA LYY
222 uTenngItasiunsiiauiousieaduauige

A1SAN®IIUTTEUBY ULf Roland wagaeay (ULf Roland et al., 2010) ‘17i
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N Y] Y & a = [ Y 44' aa =
LﬂEJ’Jﬂ“UﬂqiﬂqEJﬂ')qll5'PJTJGU@ﬂﬂqii.JULﬂauaumﬁﬁﬂu’Nﬂﬁﬁlﬁ AIWAAUAINUNINY (RF) N15ANWYIU
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(b) 10
] —— toluene
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T
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JUN 2.24 n1slviAuseusie RF vesfunsiendnisuuleuiieulussduiesljdans
(M) gaunnilutusingg ves iasesnsniuazn1suasstviavan uag (v) N13Ang

NseTuazauvasasUsENaulnsUBUNSY

21NN15AN®IIABUBY Stephen L. Price uagauy (Price S. et al. 1999) nan
Aerfunsianudousisnudingiiensfiugiuliin nmsvianufeudieauiding
(RFH) WumalulaBdiueuduyuveamnaluladnisudlulasding q lnemsisadnsnismda
adsutiou nslwaufournlvauand@nisnienin wnd wazdininvesian Wy ans
Judou fu wazildiu adesmulunstidalduniu RPH thaufeufiinisauaulud
iy Wulssansnmmatdndsudeulpenisaadelodlufiu (SVE) nafiueinia
Tiu (M3nszarwonia) mstidanmstanim waznsimandueinduanldlu wadndi
daueN11nnsAnuuuuRalizuaznsansaninauni veaedld RFH il aUSuUe
UszAnsamues SVE msfnwiseiusalfzdisndunstuauivuden PCE wuindasins

AARLTY 8 windlald RFH ialiAnusauwnfuds 90 aswalded n15he RFH Wuiian

anudaminduinfunmindiudieasudnes Sgliutilen dwalvaumgifulagsouiiuain
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8 osrmwaloa LWy 100 ssmueaidea TuusnalndiAssiugunsal RFH wagiiindu 40 e
waldea ieenly 1.5 wns (5 W) Aviddnyiiaade nsldssuu RFH/SVE wuuysanng
annsnanUiinamsdurEeiiftsituuudy (GRO) TuAulnesiuldfs 50 Wodifud Tugag
srgvandesdeaniiow n1sedusieaseuaquisnsUssendld RFH lunisusuugenisunda
NI NN sUINaaAusinguin gl

NaN13738U99 Gordon C.C Yang Wag Shuen-Long Lin (Gordon C. and
Shuen L., 1998) ldaguinansngilufusiuvummeutianmnsaidnlalagldisnistdase
o adefusuunseutsifiviinunsiusyana 1,000 fadnsusoflansy gnurda
Tnelddidnlnslawdnuagnislasedudselui Weeufuszoznisaingiuveddaseaiis
T Aauuss 1 Tadrowufiunsluniameaeuisnun dmiunmesesdldldidunse
ordfn 0.1 Tuans Wumslvalugrafuiuelng nanmanaaeulduandiisiuiinisiva
vesdidninsluda (E0) luiirmavesiliualnaagilasuiiailos pH vesszuuliosningalsyy

[

il (PZC) veseunmiu uona1ni A1 pH vesansdiantnsaildlugrnfuinAdiauddy

o

donsrndnlessunziieanainiu uaznanisvaaeduandiiiuiinisldnsnesdnin, nsnd
a3 way EDTA Wuwsswmaslugrafuiueluavinldusyansamlunsidansiaiudu e
Usgavsnwnisidans Malgtiawingu 27.6, 53.3 uaz 11.2 Wosius smugdisu
91nN153F883 Zong-pine CAl wazame Tud 2015 ladnwisafunis
U¥uugsnistivaduvud eudeansesda (Pb) Indlssuuunined nanei Tneld
nsgvrumamndlitiimesduiivudiousearsneda (Pb) WileUsuussnisiiuymilnfiosdiu
Tudluflivdnd 33nsdafulunsuudsiuivudoudaearsnzda (Pb) Tnddulssau
ufumLma'%"ﬂsmmzﬁl”ﬂunﬁmﬂammé"aumﬂmjfwLﬁﬁ‘asuaﬁuLi“;lumﬁ%’l,mﬁﬂﬂml,aﬂLﬂﬁau%a
NSANBIALMIAIAINLYSHUTDIUTEANS AN TUNISAEA Pb wagAn pH wesRulunszuIunIg

Urianazaaenisildsudanuitussa@nsamlunismiidn Pb gedia 87.7 wWoesidud dield

(%
v A

nazuabiiiudu 1 haddewufiwnsiuazdrnisuanUisudife 48 Talus Adlgandnaii

¥ '

1%

Iannsldlndialulunstitn (61.8 Wesidud) wenanildvauisavanidsmanisinda
AdntulunszurunsuaniUasudaliihuuusssumld Snmdslisnidudeddasaiifiufy
dmsumaiinnsuandasudi

NauITETee Yu-Ling Wei (Yu-Ling Wei,2012) l@nwnignfuauduiou
ansneainfifiusunaasae st (200, 450, 600 wag 900 ppm) aNASeRIEAINTEU
fislulvuafindiunuagvigsladiuafigamgividatiunats (esnd1 500 esrisaidea)
dmiudnUsang 9 naimafvinuivesn ndwuduaznedzgnidnasliduauiiang

Yuiloufiguiiialiiuni1snsnei Haansuadinnisiidaumgiiuasiiatunisundnasziig
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YOULUAYDINIIATIANTAEAL ufl Anualagnszuiuniinsesdnvaraudufivues
dinautesiud windeuurisandgoiuinn (U.S. EPA) Leachability Procedure (TCLP)
Weslduduasnziifiszgeenandiunauvesiu/dundegluiasiosndt 0.251 Wedidud
Wigufutiesening 13.6 wWeddud 81 40.7 wWeddud dmiudunauvesiu/dsiaenndos
fu ilesanuinarudsiiuadufuilidese Pb ity UszAnSnmmanss Pb S1mzTs
Wiatuann 0.0675 10U 0.149 mg Pb/g 93 (HwmIunN151@NBg 20 wag 50 NFU MNEIU) 8RS
nslwaveseimafifinduan 2 1Ju 40 dns/unit iliesifudnissedrswes Pb anas
dndosan 14.96 Wesidud (Ju 11.59 wesidusl Wilelewesuves Freundlich uaz
Langmuir Wianfimaneau (r=0.945-0.998) é’m%ﬁ%aﬁgaﬁiﬁmﬂmwmaaq TCLP 994/29819
Fuflriunisiidadeeuteu (105 ssmwaldeauay 500 °0) Ssfiansngiaduidiou n1sga

(A

Fuanasuuleunsmluiuwaziunindigaduidulssiannanvesnisgadumanl wadws

U

(%
v v Y

PNAAUNAANENSUITINTEUUAUTIIBM Y Pb dudutauiuasuialanign1sAmuInes1dne

Sail composition® and property” Heavy metal concentration by Method 3051 (mg/kg soil)
Sand Silt Clay Organic pH CEC Average Pb Cr Zn Ni Cu
matter (megy/ diameater
(%) (%) (%) (%) 100g) (cm)
42.04 338 2416 1.24 415 417 0.038 23.37 11.03 3401 9.63 41

aref. 8.
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a ¥ % a 6 a
E‘IJ‘VI 2.25 AMNATINUVDUANUFIULNGINUNNINYUDINU

Spiked 3051 acid-digested concentration
concentration .
Extracted Fb concentrationa Extracted Pb percentage?
(mg/kg) (mgrkg) (%)
200 1658.79+(11.93%), nt=6 79.4
450 J67.21+(7.65%), n=9 816
600 465.85+(2.88%), n=6 {7.64
900 6B7.38+(1.59%), n=6 76.38

# after deduction of 23.37 ma/kg soil (in Table 1)
b number of replicate.

P ™ a ! Y v PN 1Y) Y v
E‘U'Vl 2.26 AMNA1T19NTIUSIUNYUTERINAMULVUVUYBY Pb V]QﬂGUWGU']'NLLagﬂ']']NLGUNSUU

989 Pb Ngaenl8nsa ve9nunuueu Pb gy
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Sorbent type Fb concentration

Method 3051 (ma/kg) TCLF {mg/L)
Brick dust 3.75 0.1
Kaolinite M.D. MN.D.
Coal fly ashes N.D. N.D.
Cement powder 47.2 M.D.

N.D. <3.7 mg/kg or 0.037 mg/L.

JUN 2.27 mwensdeyaileamaanedniu Pb audsludigadu

Temperature LC of mixed sample® (%)
{'C) Mo sorbent  Brick dust  Coal fiy ash Kaolinite — Cement powder
200 99.69 100.08 108.72 104.88 99.32
300 99.51 104.15 107.6 100.1 97.16
400 98.36 98.18 104.31 100.25 99.01
500 96,44 100.07 103.24 104.93 95.04

"=ach mixed sample = 20.00 gram sorbent + 100,00 gram artificially contaminated seil

JUA 2.28 ammnsanseusnynena (e, LG wWesidud) vesdegrmaufiniunisiidn

el RN P RN

Temperature LP of mixed sample® (%)
=C) Uinspiked soif  Brick dust Coal fly ash Kaolinite Cement powder
105° 45 407 45.4 451 0.251
200 24.2 21.2 28.4 23.6 0.139
300 181 16.1 19.1 20.5 0.09
400 18.2 16.4 16.1 171 0.09
500 10.2 13.6 12.6 - 0112

@ gach mixed sample = 20.00 gram sorbent + 100,00 gram artificial soil.

b 20.00 gram unspiked soil was used as sorbent.
= oven-heating at 105°C for 3-5 days.

53 13 v o 1

d' s a o v t4 b4
EU‘VI 2.29 A1MMANSI0UBS G UANISTEA19909R 108 19NaNT Urd R 1ea1us aululnun

a ol [y
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Ratio of cemant powder to Characteristics of TCLP extract
artificial soil (g : g) pH Pb concentration (ma/L)
20:100 10.76 0.047
15100 9.73 0.058
10:100 581 0.94
5:100 518 3.7

JUN 2.30 7 1MANS19mEvRIUSIARITIIUARBANINTUYeY pH wag Pb Tuthwygdns TCLP

Treatment time LC TCLF concentration LP
(min) (%) (mg Pb/L) (%)
3 102.91 6.46 28.7
5 10415 6.4 284
10 101.19 6.36 28.3
20 100,06 4,34 19.3
30 99,35 3.04 17.5
80 100.99 .82 17

JUN 2.31 awmsiswaveaantitnanudeusonnuidudures TCLP uazen LP (Mgaumgd

Y

250 99FASALYYE)

Run Quantity of sorbent2 TCLP LF n
number, added concentration
i (a) (mg PbiL) (%) (mg Pblg sorbent)
- 0 545 24.2 0.341e
1 20 3.98 21.2 0.0675¢
2 30 279 16.1 0.122¢
3 40 2.34 14.5 0.109:
4 50 1.16 77 0.149:
a brick dust used as sorbent,

b immobilization effectivenass of Pb by soil.
& immobilization effectiveness of Pb by addition of brick dust.

JUN 2.32 nmanTanavesUinamigadues Pb Tu TCLP dhyganuasiosazn1sveans

(#1 200 perwaLdoa LWuan 30 W)
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Fo TCLP concentration Equilibriurm Adsorbed quantity, g,
concentration concentration, C
in soil (mg /L) (mg/kg) (mg /kg)

(mg / kg) 106°C  500°C 106°C  500°C 106°C  500°C
200 3.66 0.934 73.2 18.7 126.8 181.3
450 9.15 3.05 183 61 267 389
600 169 4.21 338 842 262 515.8
800 238 1.5 476 230 424 670

JUN 2.33 amensadeyaililun1sindauuudnasinsnaduseninansvegeu TCLP vadfu

PRIUNITUIUANIBAINUSOU

Thermal treatment

temperature Freundlich Langmuir
("C) In K I/n r2 a I/ KQ ré
105 2.443 0.571 0.945 0.002 0.438 0.974
500 3.733 0.531 0.974 0.001 0.083 0.998
a correlation coefficient.

JUN 2.34 nmanseaamdmiulelamesuves Freundlich wag Langmuir

Adr flow rate Creep Leaching percentage, LF
(L/min) (mg PbiL leachate) (%)
2 281 14.98
82 2.49 13.25
152 243 12.95
40 217 11.59

a fixed-bed mode
b fluidized-bad mode

JUT 2.35 a3 sRansEnuvessnsnisivavessmanalesidudinisyeananes Pb
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Treating time Creer Leaching percentage, LP
{min) (mg Ph/L leachate) (%)
10 2.89 15.42
20 2.49 13.29
30 217 11.59
40 1.96 10.46

d' o v ¥ 1% 1 § 13 v a
E‘LJ‘V] 2.36 NMWAITNHNATLIANNITUIUANILAINNTDUADLUBI I UANITVLANVDI Pb 91nAU

fUnlulue fluidized-bed

a
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Alandu ilesunisvrtnginen 30 Wil w gamgdl 350 eariwaidea uazlunsmaassszey
SAnssy wazfudiunisuitadinsinumaud aanlildiieuianun arsUsendsuiu
ansdunIduazarsuseniinnaslufufinaunisiisaudianas 64.1 uaz 56.4 wWasius lag
AWNTEANARIUAIAU AMUVUTUTINLALLUTA-LLDTAIT TUNTHANUINTNITANAT LaLIEAUTDS
nsazanUseviluivauiniivananduiu Tnerududuvesusen (He) somunluiun s
waztlnesndasinauunuseasUsendnsuemslulsemedu wasanududy
vasUsan (He) Tutlowihflnddadnsiiauds weluladiueuisnsuileiiddunndudmiu

AsUURARUNUANSINER YW aua1sUsanlunsitauauienssulusunan

Cold Water Pump

Top Water
Circulation
Three-stage Activated Carbon
Induced Draft Fan
Control Unit
Fuel Gas Drive Unit e

Combustor
Condensed Water The Soil After Repair

JUN 2.37 mslavesnszuiunmsiiieuigvennalulagninusausi

Indicators pH SOM TN Alkalytic TP Available TK Readily available  Soil total
N P K porosity
(%) (g/ke) (mgkg)  (gkg) (mgkg)  (g/ke) (mg/kg) %
Before thermal 7.50+0.17 2698 3.33£0.66 100+5.75 0.72+0.02 35.1+0.76 12.3+0.43 1053+193.5 76.31
treatment
After thermal treatment  7.61 £0.02 26.88 2.82+0.17 114585 0.77+0.04 85.6+1.39 12.1+0.71 471£16.0 63.15
All values are expressed as means = S.D. (n=12). SOM, soil organic matter; TN, total nitrogen; 7P, total phosphorus; 7K, total potassium

a wa Aaa s a J v o w 4
E‘U‘VI 2.38 ﬂ']WG]’]i’NF’]ﬂJﬁQJ‘UWVI’NLﬂNWﬁﬂﬁﬂJ@\‘iﬂ‘UﬂE)ULLagiﬁaQﬂ’]ﬁU']Uﬂﬂ’J’]iﬁau
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Soil samples Item Total Fl1 F2 F3 F4 F5
Hg
Before thermal Means (mg/kg) 255.74 0.133 0087  0.160 14022 58.84
treatment Standard deviation 7.17 0018 0006  0.015 519 2.70
(mg/kg)
Minimum value 24329 0.115 0076  0.141 13406 5539
(mg/kg)
Maximum 263.11 0.163 009 0177 14629 6223
value(mg/kg)
Coefficient of 2.80 13.53 6.90 9.38 370 459
Variation (%)
After thermal Means (mg/kg) 80.63 0204 0052  0.131 3762 2483
treatment Standard deviation 291 0019 0009 0011 293 159
(mg/kg)
Minimum value 76.55 0.187 0039  0.117  32.67 22.12
(mg/kg)
Maximum 8543 0234 0062  0.143 4064 2645
value(mg/kg)
Coefficient of 361 931 1731 8.40 779 620
Variation (%)
Removal rate (%) 6847 —5338 4023 1813 7317 5780

F1, water-soluble fraction; F2. special absorbed fraction; £33, oxide-bound fraction; F¢, organic-bound fraction;
F5, residual fraction. n=12

E‘Uﬁ 2.39 ﬂ’]‘WGﬂiNﬂ’]iﬁ]ﬁ’lﬁ]%’]ﬁ’ﬁﬂi@‘mﬁ]ﬂﬁ’]ﬂuan‘i@uLLagﬁﬁx‘]ﬂ?i%ﬂ‘l&}’]ﬂ'ﬂﬂ%’@u

Crops Total Hg (mg/kg) Methyl-Hg (ug/kg) Tolerance
limit of total
Before thermal treatment After thermal treatment Before thermal treatment After thermal treatment Hg (China)

Celery cabbage 0.0621+£0.0106 0.0585=0.0137 1.04+0.054 0.825+0.051 0.01
Napa cabbage 0.0780+0.0154 0.0707+0.0111 1.121£0.101 0.905 +0.023

Radish 0.1072+0.0213 0.0171 £0.0042%* 0.916+0.021 0.113£0.012%*

Potato 0.0086+0.0023 0.00420.0012% 0.252+0.053 0.245+0.049

wheat 0.0543+£0.0122 0.0310=0.0069* 1.961+0.193 1.249 £ 0.087* 0.02
Rice 0.0660+0.0135 0.0305 +0.0075* 14.52+1.39 6.48 + 1.89%*

Corn 0.0080+0.0022 0.0045 £0.0016* 1.939+£0.478 0.925+0.216%

Date in table are means + S.D. (n = 12). *Significant correlation at the level of P < 0.05, **Significant correlation at the level of P <0.01

JUT 2.40 nmpnswnisazauusen (Hg) nadanwludiuniulivesituwa
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2.3.1.1 arsUsznavafiunidnsna (Inorganic lead)

1) Tavgmemannsadnwadluwvislanswauvielusuveswaiiely
Tunszvaumad eutanilanzvIemsnanudunievielany utanidnisiluldly
gnamnssuaiiiiedasiunsianseu Tunundnusiunsesdmiulflugnanvinssusosud vide
Tunmsuangniuainiuansiusunsd

2) vonluduasansngia laun

nziueuenlest (Lead monoxide) iuanslilugnavinssud Tne
1 8uasdivdosmaudv neiieenled (Lead dioxide) Fsldvindudadidninsaves
LUALAB3 T08UfLAZIAT 03dNT neiloenlud nTenzAIneaLag (Leadred oxide) T 4ldlu
gREVNTIULUANES Amlanziflefuady inTeui 019 uaziAToaAdou

3) ansUsEnauTeNNdens i AuaNTRTIE o unnsrsiuTedenld
Duusld viofnaulugnavnssud wWu axdawmdes (Lead cromate) WazmzAau1) (Lead
carbonate) 5inagltlunnsving azfadawmin (Lead sulfate) dlilugnanvnssuduasviindis
nefexdian (Lead acetate) a¢ldlugnamnssuiaiosdiens adsildey

2.3.1.2 a1sUsznaudun3gnzia (Oreanic lead)

LRI edatan (Tetramethy! lead) haztansuniatan (Tetra-
methyl lead) gldifuasirumumsiennsoasiesiunsnsznnveciai essulunis
¥91u Inenaudnfuinfuundy dWedudedoonnurendamasdunssusnmnaiy
ielvfiuszans nmlunisunlnsduazannisnszanvazyinauvedas essudldidueg1ed
(s ynsulvedmsulo T i 22, 2540)

2.3.1.3 madhgaandenvanzia

Aundouvesansng iAaldalaessTNTRuarnInTErhue sy wd
Tnsmsszidnanguulal uaznisdnnsouveaunasus iuanmmvanvesnisidingdnndey
voweifiAndulassssuwd SaAnturnfulszana 19,000 fusied
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anwaznslinuseuluuladanesn Wuduneunsyuiunisiigiteaduluana
(Y] a « a 1 dl' a s a 1 [ o

voa¥anladidannin wWu 91ms Weledidnnined meluauuliiadu luanavzditanig
Ll vilviluanaianisiedsuilaenistendredalduimuauiuliii uagilugnis
Inanlsdietu Foiliinn1smyuresta (Dipole rotation) IngUsngin 13vedlalanavsvyu
TWwmuaualiih ndsuwlasnmsedeuniduanvsveansgydendnusaziiansli
mudeu Fuduminnisiildlunisiesasihanusousuuledidne3nlunsugsen msuas
gnannssudu q (Marra et al, 2009) n1sliauseunuuladianasnlaenisiuiieanig
lopaufienszuiuMsNiinTuiiadnayuvelssquinmusey q luananigly Juiilindu

o - v z v o 9 v a Y < &
auusahraninif Ui gundsnuduanusou wagviliaamgiaelulaniuuindu
nsguIuUNsiuanaInnsiedsulmvedlessuluemisiiuensaniaindy 801 n1s
wileahsaglessu (lonic conduction) waznisuyuvestd Wunalnwandmsunisliaiy
Fouwuuladidnnin arenisldmnudinguazlulasim vsaenalnd Yuegdumnuidy
aunlviuazaudnldlunmswiieaiilessu nssuiunstianunsaldlunisudngunsainly

Anuseuliiluedned wazdianmnsatluussyndldlunanes anavnssuiiuansnsiulea



aq

2.3.4.2 AuauUAvasan ladidnn3n

q

'
a 4 [ (% o U

Junuaud@niierdesiunisldniuanud danuddydmiunis

o
(%

2ONLUUAIUADYAFUAIIND INANTANYILSBIN LSIAIUITONTIVDINTZUIUNISAARAENNS
wnsnszangmnusaululadidnasnle nslianusaunuuladidnnsn Alldnwazanznela
YoINSITUAAUNANDAS 9 amnsaesuiglaannsidsuntasluvuenldnueau lny

1dapanladidnmsndamaldusustnisenin dielectric constant F9HauNITITIAMUTURUS

mudinanaslunuiTeves (Wangl, et.al., 2003)

g =¢-je's =¢ (2.9)

a v

dlo & Ao YadenviliAnnnsauidedana vie Dielectric loss factor Wunau1ain

o

[
=

drnduiunnmuesaniladidnnin Fauegiuanud uargaumginlduvesianiu 1

wanantdaanansaldnislie1n Loss tangent Wioasuiusnsndiuseninamdanungaydely
% N & o av v & 1 a o i L w A o

wagnasuilAuliludan dlinetewmsenanisgadeluiandne 9 wu Tanauiuvietan

#9A1T WATAILITOANUIUAIUANNTTA RS UNA1DIIUUNAY (@UN1SA 2.10)
tano=¢"l &' (2.10)

Y a g a o wa < A v i
Janlndianaindauautftantugiduvaanal Narunsawdasmdsaulnilugu
aa < [ 1% o o aa v ! [
Anudvguazlulasnidundinuanuiouw Inunisvidunsiseriussnitmdsululago
Y v Ay 2 o Ya v v
wazdanaendlassasiluananuuiitl Feihliiieanuieutazaiunsaldaulalunate 9
W LU WA UNRAAINNTIULAZNITUNNY Fadln1simun Tanlaeg1esailias eniy
azaanuazUszndanasnulunsldou dwlu nsldnuianladidnnintiazyrvannisly

WSauld wazAnalanuann1si 2.11 uag 2.12 (Nelson, 1996)

AT
P=poC —— (2.11)
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Abstract: This study investigates the impact of radio
waves on reducing lead contamination in soil through
the use of dielectric heating. The lead reduction system
employs two copper plates, which emit radio waves to
generate electric fields. The dielectric properties of the
soil, including the dielectric constant and dielectric loss
factor, were measured at frequencies ranging from 20
MHz to 3GHz to compare the properties of lead-
contaminated soil before and after heating. Results from
testing soil samples at room temperature revealed that
the dielectric constant and dielectric loss factor varied at
different frequencies when the soil was exposed to
dielectric heating. To confirm the examination of
dielectric properties, a lead test kit was used to measure
lead contaminants in the soil.

Keywords: Soil, Contaminated soil, Lead, Dielectrics,
Dielectric Heating.

1. Introduction

Lead contamination in soil is a prevalent and serious
environmental issue. The long-term persistence, slow
degradation rate, and high toxicity levels of lead
contribute to its adverse health effects upon exposure.
These effects can include cognitive dysfunction,
behavioral disorders, strokes, and in severe cases, death
[1]. Lead (Pb), a heavy metal, has a lower electrical
conductivity than other metallic elements. However, its
presence in soil is not required for plant growth and
development, yet its impact on plant metabolism can be
substantial. The impact of lead ions on plant growth and
development depends on the concentration present in the
soil, which can have both positive and negative effects.
Lead toxicity in plants is often linked to reduced root
growth, irregular morphology in certain plant species,
and the induction of oxidative stress. This can result in
decreased  biomass production, inhibition of
germination, and disruption of the photosynthetic
process. Therefore, the presence of lead ions in soils at
various levels of concentration poses a threat to natural
ecosystems, and it is expected that lead contamination
will become a global problem. Lead contamination will
rise due to its widespread use in industry, agriculture,
and homes. [2]-[6].

CathodePlate (+)

Frequency
Oscillator » Soil Sample
Anode Plate (-)
| Cafho!e Plate

M%

Fig. 1. Dielectric heating structure.

The utilization of high-frequency agricultural soil
heating technology has been gaining increasing
attention as an alternative approach to traditional
methods for soil heating in agriculture. This method is
characterized by its cost-effectiveness and efficiency, as
well as its ability to eradicate microorganisms, including
insect pests, fungi, and bacteria. Recent research has
examined a range of strategies for reducing lead
contamination in soil, such as solvent extraction,
incineration, volatilization, thermal absorption, and
biological methods [7]. However, conventional methods
are often cumbersome and complicated, as well as
costly. The use of high-frequency agricultural soil
heating technology utilizes a method of heating the soil
to pasteurization temperature. The treatment protocol
can be adjusted in accordance with the duration of
exposure and the distribution of temperature. The model
incorporated the examination of dielectric thermal
phenomena and heat transfer, taking into account the
impacts of temperature on both the dielectric and
thermal characteristics of the soil [8]. As a result, the
researcher has determined that utilizing radio frequency
heat generators is the optimal method for dielectric
heating. This is because dielectric heating is the most
significant property of thermal energy, and it involves
the direct application of dielectric material within a
specific frequency range. Consequently, the utilization
of this technique does not have any impact on other
materials [9].
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2. Dielectric heating structure

In Fig 1, the dielectric heating structure is proposed, it
consists of two copper plates that are 52 cm wide and
long and 5 mm thick. The top plate is the cathode and
the bottom one is the anode. This creates an electric field
in the dielectric load. The lead-contaminated soil is
placed between the electrode plates, which are 15 mm
apart. The gap between electrode plates is fixed with 15
mm. In the testing of a dielectric heating to improve the
quality of lead-contaminated soil by radio-frequency
heating generators. The testing is individual into two
testing time to find the best way to remove lead from the
soil, compared with the control soil. The system takes
two sets of 50 g of soil, which are lead contaminated soil
for testing at 3 min and lead contaminated soil for testing
at 5 min. The distance between the anode and cathode
plates to be close to the soil by using radio wave heating
generators with power of 2 kW. The first cycle, the
system heats the lead-contaminated soil in 3 minute and
followed by the lead-contaminated soil test in 5 min.
And then, the dielectric heated soil is put into the
container cup to measure the dielectric constant and the
dielectric loss factor in the next section.

3. Results and discussion
3.1 Soil preparation

Fig. 2. Lead contaminated soils under test.

The preparation of test samples begins with
collecting soil samples, mixing methods, and preparing
lead-contaminated soil samples. The first step is to take
a soil sample from an area in Buriram province. The
field soil has a sandy loam texture, so the samples are
ground and sifted to obtain a finer texture. Then, lead is
mixed into the soil to prepare for testing. The mixing
components are 100 g of water, 10 g of lead, and 700 g
of soil. The lead is dissolved in water and then mixed
with the soil to create lead-contaminated soil. The soil is
then left to dry for a week. Once dry, the soil samples
are grinded and sifted through a sieve to get a
homogenous sample. Finally, the soil is divided into 50-
gram with three containers as shown in Fig 2.

3.2 Results of the dielectric properties.

Upon the conclusion of the heating process utilizing
dielectric heating, this stage measurements are
conducted to determine the dielectric constant and
dielectric loss factor for all of the samples. The dielectric
properties of soils contaminated with lead were
evaluated at frequency range of 25 MHz to 3 GHz, as
determined by the Network Analyzer with a dielectric
meter, as illustrated in Fig 3. This experimental proposes
three samples of contaminated soil with lead which are
control sample that is lead contaminated soil and

Fig. 3. Measuring of the dielectric properties of a soil
under test with a dielectric meter.
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Fig. 4. Dielectric constant.

= Control
“X-Test 3 min.
0.65 ~o~Test § min.

0.025 0425 0.825 1225 1625 2,025 2425 2.825

Fig. 5. Dielectric loss factor.

Table 1. Comparison table of dielectric properties at
heating time of 3 and 5 minutes.

Dielectric Properties
i Dielectric (€) Dielectric loss factor (€")
(GHz) Catrol Heating time Caitiol Heah}lg time
soil (minute) soil (minute)

L3 3 5 3
0.027 5177 4.54 319 032 0.09 0.15
0.040 5.04 338 3.63 0.61 0.11 0.25
0.915 3.78 3.20 297 047 0.24 0.06
2.450 3.68 310 2.96 0.52 033 0.32

samples of lead soil contaminated that are heated with
three-minute and five -minute. A sample of soil treated
with lead to be evaluated in terms of dielectric constant
after a three-minute interval (cross-line). The expected
range for the dielectric constant of the lead-treated soil
sample is 3.25 - 3.70, is plotted in Fig 4. In addition,
when soil contaminated with lead is heated for a period
of 5 minutes (triangle line), the dielectric constant is
estimated to fall within a range of approximately 2.75 to
3.3. The study aimed to assess the effectiveness of
dielectric heating in reducing lead contamination in soil.
The results indicated that the soil heated for 5 minutes
(triangular line) had the lowest dielectric constant in
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comparison to the control soil and soil heated for 3
minutes. This implies that dielectric heating for a longer
duration of 5 minutes is more efficient at reducing lead
contamination than heating for 3 minutes. As illustrated
in Fig. 5, the control soil had the highest dielectric loss
factor, while the soil heated for 3 minutes had a lower
dielectric loss factor than the control. The soil heated for
5 minutes had the lowest dielectric loss factor.

Table 1 presents a comparison of the effective
dielectric constant and dielectric loss factor at the ISM
band frequencies at heating times of 3 and 5 minutes.
The results indicate that the grid channel of lead
contaminated soil (control) exhibits the highest
dielectric constant, with values of 5.77, 5.04, 3.78, and
3.68 at the frequency of 0.027 GHz, 0.040 GHz, 0.915
GHz, and 2.45 GHz, respectively. However, when
contaminated soils under test were attached to the anode
and cathode plates at 3 and 5 minutes, the dielectric
constant decreased over time. This suggests that the
dielectric heating system can reduce lead contamination,
as evidenced by values of 4.54, 3.38, 3.20, and 3.10 at
the frequency of 0.027 GHz, 0.040 GHz, 0.915 GHz,
and 2.45 GHz, respectively, when the testing time was 3
minutes. The results were similar when the testing time
was 5 minutes, with dielectric constants of 3.19, 3.63,
2.97, and 2.96 at the frequency of 0.027 GHz, 0.040
GHz, 0.915 GHz, and 2.45 GHz, respectively. The
comparison of the dielectric loss factor was found to be
highest in the lead contaminated soil (control) due to its
high level of contamination as illustrated in Table 1. At
the resonant frequency of 0.027 GHz, 0.040 GHz, 0.915
GHz, and 2.45 GHz, respectively, the dielectric loss
factor was 0.32, 0.61, 0.47, and 0.52, respectively. The
results of the heating time of 3 and 5 minutes showed
that the effective dielectric constant decreased with
increasing time.

3.3 Testing with a lead dust or surface test kit

In this section, we conduct an experiment on lead
contamination testing in soil using a test kit certified
by B Smart Science Co., Ltd, which specializes in
providing tools, chemicals, and scientific equipment for
contaminants in food, water, drugs, soil, and cosmetics
for use in industrial factories, laboratories, agriculture,
teaching in schools, government jobs, and the general
public. Four types of soil were used for testing: normal
soil (bare soil), lead soil (control), and lead soil under
test with heating time of 3 and 5 minutes. The scale was
calibrated from the standard color guide provided in the
test kit as shown in Fig 6. and Fig 7 shows the soil mixed
with solution for the test kit before testing, which
includes a normal soil and lead-contaminated soil
(control). When the samples were tested using the lead
test kit, it was found that the lead in the glass bottle
number 1 had a milky white color, indicating that lead
contaminants in the soil were close to 0 mg. In the glass
bottle number 2, it was a soil mixed with lead (control),
and the color was black. Comparing the standard color
bar of the lead dust test kit, it indicated a high level of
lead contaminants in the soil (0.5 mg). Moreover,

H Standard color scale
None
(0 mg)
Verybighlvel Moderate High level Very high
00T mg) (01 mg) 05 mg) Q0mg

Fig. 6. The standard color bar of the lead dust test kit.

@ © [l
- = - -

= i -

- - |
Fig. 7. Results of lead dust test kit.

the soil mixed with solution for the test kit after testing
with the dielectric heating system at 3 and 5 minutes are
presented from the glass bottles number 3 and 4,
respectively. It was found that the lead in soil under test
can be reduced because the color of the samples is
lighter than the glass bottles number 2. Additionally, the
lead-contaminated soil at 3 minutes still had a higher
concentration of lead-contaminated soil than at 5
minutes.

4. Conclusions

The present study employed dielectric heating to reduce
lead contamination in potting soil. Results indicate that
the most effective reduction was achieved after five
minutes of heating, as indicated by lead dust test kit
analysis. Furthermore, the lead-contaminated soil was
observed to exhibit a lighter color compared to the
control soil mixed with lead after three minutes of
heating. Additionally, measurements of dielectric
properties revealed significant changes at both three and
five minutes.
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