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At unsussiduusyAniamszuy In-Situ Bioremediation Jensuduaiunmnmasndon
lﬁaamwuuazamﬁgﬁwuLﬁaﬂwﬁmﬁyuvjﬁwwﬁuﬁﬂuL?”Jaums%um%észmaiuﬁuﬁmaaamuﬂisﬂaumﬂ,umm
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VEINSRLaNTeUsENaUME 1) feuiinanse s (Funau w.e. 2553) 2) Buifyansemns (e w.e. 2554)
3) ndufnanses 3 s @uie w.A. 2554 fug1eu .6, 2554 wagiiunau w.a. 2555) wuih Vnasansiuiou
cis-Dichloroethylene (cis-DCE) wa Vinyl Chloride (VC) daluansuwdioundniiuuliuanasesadiulddn
1neans cis-DCE amaqléfﬁmjﬂmmmgm (@nANUGNTY 387 ug/L 18U 10 ug/L) uay VC anadlana 97 %

a

AEAe : Ussliulsednsam ssuuindnlagldgdunsd dildau nsvwdeu ansduvidseme

Abstract

The purpose of this research is to evaluate the bioremediation system for volatile organic compounded
(VOCs) contaminated groundwater at an industrial facility in Rayong Pollution Control Zone. The system was setup
and operated by Department of Environmental Quality Promotion in 2010. Changes of groundwater chemical
properties including VOCs are measured. The contaminated groundwater plume contains primarily
cis-1, 2-dichloroethylene (cis-DCE) and vinyl chloride (VC) with concentrations much higher than Thailand’s groundwater
standard. The main controlling factor was nutrient addition which significantly increased microbial populations
which in turn enhanced the efficiency of VOC removal. The remedial performance shows that after about
400 days of substrate injection, the treatment decreased concentration of cis-DCE from 387 ug/L to 10 ug/L
below the remediation goal. VC removal was about 97%

Keywords : evaluation bioremediation system, groundwater, contamination, volatile organic compounds
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F9Inaeu 2552, 2553)

cu X & A Y] a & Ao ¢ A = a wa

AdelduranuiregeandInnsindassuy InellingussasAiefnwnsivisusasnaands

= % 6 va X da & o w X Yo va o X a e P A |
maadveshlanuluiiuifanssyuuidanumhildfunluiouansdunidseve lagldnaianisdosaany

MEREUNIE (In-Situ Bioremediation) {an15Useidiuyssansnmnseuy

TenuNaNITeuITuaginouuAudndeN U 2555-2557 3

1/14/59 BE 4:41 PM



01-08 Finol.indd 4

U 1 wans X01-X13 (Yndiden) iudeifuanseonmns GW1-GW7 (Rndund)
Juvedaunanisalvesaniuusznouns

2. 9Un3aluazisnisie

Fushegrahldnvluteiuansemns (X01-X13) uasUodanamsalvosanudsznauns (GW1-GWT)
ynY U iloTnnzsinaunmuazUiinamsdunidszime lnaifufogissuiu 5 afe el Aewduansenms
1 pdiluieusunau n.a. 2553 Salfinansommsluiouiunn we. 2556 uasldfushethmduiuansomsan (i)
4 p¥s Tuouswey NINNIAL AUEEU W.A. 2554 ag TuIAL W.A. 2555 et luinsesimmswasuulas
oeU3unaENs cis-DCE ua VC samusunadesundnluiléau msfiushedrailgniu dumsiiuiheghmans
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a13VOCs 1Hmatla Purge and Trap iU Capillary-Column Gas Chromatography/Mass Spectrometry (AgugnssunTs
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ilulinszilagldia3os lon Chromatograph wawn13053aae Alkalinity demnadialamsdu

'T,uLwiasﬁ;mLﬁU”LG’T@TWLﬁumsmwi’mwwswﬁma%ﬁug’m (pH, Dissolved Oxygen, Oxidation-Reduction
Potential) feiedosnsraTamnimituuy multi-parameter 8% In-Situ inc. §u TROLL 9500

JUN 2 wansnaiiusegnadkuy multi-level sampling Ingld diffusion sampler
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cis-DCE concentration (ug/L) in well X13
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msAnwAnnnazUsEEnsnMuasamandmsunsU A IdRuvwileussinsraalsensau
Quality and Efficiency of Iron Powder for the Remediation of

Trichloroethylene-Polluted Groundwater

a L3 6 =3 aa o L3
NINY FUNILATS LNTAND UARU WAY AIANWN greng

Peerapong Soonthondecha, Fairda Malem and Sirilak Sukata

Audideuariineusuiudinden nsuduaugMANEINTON

Environmental Research and Training Center, Department Environmental Quality Promotion. (E-mail : peerapong@deqp.go.th)

UNANEYD

MNMsANwIRUN LA ANBNINEINIMANNUIU s AV N wemamManTusg TR warama
annsalunisuanUaeedidnasourosmandn dwnnismaassuinfinandnsiwiu 2 siaanuandniiveaeu
6 ¥iln (A, B, C, D, E way F) fiuszansamlunsaansansinsaaslsiensaulauinnii 90 wesidud Tussesiian
48 s Falduinamdnuia B uas A uaziiiovnamndnii 6 ﬁuﬁmmﬂszqﬂﬁs’mﬁ’uﬂmﬁauﬁlﬁmfmmsmﬁmﬂw
mawtimdnlniuarsegrahldauluiuiivudevanslaseaslsievsay wui nandnale D a¥wnnnuieu
I¢ign (esnanuamén D fvumdniignazgnndenhamiudeunausimdnlwiuaznszaennusould
findn lisasnisaanefvesansiasaasisiensausnsinnandnyiasy
Frdhdey : nandn tldAu aslaseaolsendiu

Abstract
This research found that iron powder efficiency for Trichloroethylene degradation depended on powder
surface area and electron release capacity. There were 6 types of iron powder (type A, B, C, D, E, and F) were
tested. Types A and B were the most effective for TCE degradation in which the degradation was more than
90% in 48 hrs. The iron powders were tested for electromagnetic induction heating to enhance TCE degradation

in groundwater and found that the smallest size iron powder (type D) had the most effective.

Keywords : Iron Powder, Groundwater, Trichloroethylene (TCE)
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1. uni

Tulssmefifirnuiadyugeamingsy finsldas chlorinated ethylene lnslovnzanslnsaalsievsau
(Trichloroethylene) ?j!\ﬁfﬂa@jluﬂdmmaﬂaﬂiﬁuw%‘ﬁizl,wﬁ (Volatile Organic Compounds, VOCs) lagiunldy
Tumsvedneasuladu mavhanuasendudunieins lidusvhazateves na @ uazuanined tneldlu
geaUNIILENUIA geaunssuBiannsaiingd i’mﬁaqmammiuNamﬁ?juudauLLaquﬂiaiLﬂudauiwzg flosan
anuandRlumauiiv usgauannsalunsesludunndenvesanslasaaelsionsiu vl simaninels
Aetlgmnsuudeuluiuwasildiulusamagnamnssunaedssne sauviludsandlng Sadinisian
FrugnamnssiegTng uasiinmiaslaseeslnevidundlunssuiunesdluUTinadia feduleds
walmAntgmnisuudouluiuuashldmluangnamnssuuiuvi Safleanududuiunhiidmual iy
UINTFI Tnemsdudeuasianariianssala iﬁuﬁﬂﬂ’]iﬁjﬂﬂaUﬁaﬁﬂ{]MN’]ﬂ iilesnumsnislums
muAunIstduarn1smdnliiieme (§fnA wazamy, 2544)

ndaymdndy Tuefndinuurldfinsiaumaiacmae Iuﬂﬂiﬁﬂﬁmﬁwjmiﬂuﬁjammmsmmﬁ
Tnetowzegstenstudenluiléau waidln Permeable Reactive Barrier (PRB) smJumeiianiisdslasy
Msiimuegssoiiles Fanadafina LﬁuLmﬁﬂmiﬁwﬁ@ﬁuvjﬁﬁﬂLﬁumﬂumﬂaum Tnesenouse fiui
Trindsusenaudeansiianunsofdaansuudiowluhlimu lumstidaitumdhldRusemeded fndeszuy
trausnaiimmdiihvesuvaaidavesnsuuiou (plume) wazsanfumsinavenildau iiteaansans
Uuideuitazansluthlénu nsvuumslunsaaneansinseasionsau Inelduaminsuiumaiianismieath
audoumaliiinlunsiasuaninuesans chlorinated ethylene flazanetuasiipandudis Tiduans
ethylene @slalfifiv uazansadosaarelnusssundsoly Fanadasnan azinswmulitinisldnues
uituidiinsuudouldessivszansamluouan

2. 9UnsalLazAsN15IY
2.1 aunsal

2.1.1 mméaém%’uﬂﬂﬁmﬁuzﬁlﬁﬂﬁﬁu HARINUsEIAANSTaLISN 91u 4 wiefe nawdn A
HILWAAN B HAWAN C HIVAN D LagNAmanaINUIEnALALInT §1uau 2 wiinfe wavian E Lagnaman F

2.1.2 asfildneaeuieansinsnaslsiendau (Trichloroethylene, TCE) il Analytical Grade
(AMIUTEYE >99%) WARAINUIEN Sigma Aldrich

2.1.3 hlRunniuiivudedluvsanalng 3 wisiio 1) Taugpanunssunumwn 4.52089
2) 2.UN%YeY 2.UATIIWAN hae 3) daugnamnsIunAmle 2.81mu

214 ﬁﬂﬂﬁﬂmﬂlaaau (Deionized Water, DI)

2.1.5 NapANnaed

2.1.6 \n3eanuNu

2.1.7 w504 Gas Chromatography (GC)

2.1.8 w384 Atomic Absorption Spectrophotometer (AAS)

2.1.9 w3esudanisimienthanudeunnuiumdnliih
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2.2 35015998
2.2.1 madnwlasaiefiugIunInenIn awIReyA JUTUAL0IAUTZNBUNUATUOIHANAN

2211  Anwdnvazuaviuinivesnamin (surface area) $1uau 6 ¥iln #6733 Single- Point BET

2212 AnwoeAUTENOUININIEAMLALLATIVEINIVEN 3117 6 ¥iln TaelaToe AAS 138
ICP-AES 1u wian (Fe) dawas (S) m1suau (O) Fanau (Si) Weanesa (P) uazuwusnida (Mn)

2.2.2 Anwrusyansamnisaanesivesans TCE lngldnananvianneg lngldisnisuuuiiasin
(batch studies)

2221  thnawndnviiase 4 9da Usina 1 ndu Tdluvaeniiesset aniueSoudilaau
ﬂu@auﬁ’qmeﬁimaﬁwﬁﬂé’aumﬂﬁmwﬁmmmLﬁusﬁumﬂmﬂaakwm%au 4.5 fiadnsusiodns Usung 10
findans laadluasavnaesiiussudnussqaus fuandlusuil 1 dwiaeanaaosiis 4 viaealudiedosy
(U7t 2) Ingldmnuaseulunisvyu 35 seusiounit figaumaiivies Taeilszeznaniuiedn 0, 2, 4, 6, 12,

Y

24 way 48 FIlad AUaIRY

. | i
s Ty AR

JUT 1 Uae 2 UAAINABANAADINIUSTANIMANLAZIATBINYUNIY

aa a ° 1% o’ 3

2.2.3 FBnsvedeuanuamsatunsuilonihanuisunawsivaniiveswamnan aAnuauise

~ ° % | < % & a = ° aaa Ao 8 g va
lunsmfgrdianuseumeuiivantiiiveswananne 2 via gnanwiluviaviujiseiddladu
s Usmnlonsu 10 fadans 1ngayiin1singnsIn1sasImuseunan1Izane ae 0 o9 Useuna
30 wil viseUNTRUMveIANARRINITIMHEaTAY 100 asrwaldiua Tagvinveasiulilanu
AN 3 HudkaziiuAnteseu  Levihanutiladvdnavesaiivesinlifusonismieiuiniuiou

& 3 ° % a Lo’ o = a as
mandaninivewanan wazgyinmeasdagldanudvesauinutiiannsziaadu 50 o 180 Alaldm
nszua 18 wouwus wazfenuiduduresnanan 10 nfuredns lneyinnisveass 2 ATSEmSULRALENIY

WA wIumALeaLazA e RUNIIATEIY
2.2.4 FnsAnwnsisensaaneans TCE Turhldaulagldnanansiununswileaiinnusiounis
o’ ' Y 9 va 1% & Y] ~ ° o

wiwan i anuaansalunsissnsaatsans TCE Tuinlaau lagldnamansiudunsmissimuiounis
wiimantihgnfnwilaeUSeuiieuiunisaansans TCE Tuunldau 2 vin (ldiuain o.0nved 2.uAss 9@
warflaugrannnssunamile a.amu) Ingldnandnualildnsmlenhanusoumaivanlnd viavaaes
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fiusunms 20 fiadans Tneldvléau 5 Tadans sauifuss TCE = 50 un/a. waz wamdn = 50 n./a. ¥l
ufialure11909919nRa8s (Headspace) = 15 fiadans m@mmaaqgﬂ%ﬁ:}amﬁﬁanéﬂm—ﬁm dwmsuiiv
Fegnufafionsinsesilagirdes Gas Chromatography dnsuvianaaesfililénmsmienthannudeums
wiwdnlaidh fegrsufdludesinswesminmaassazgrifiuiinasngg fuvdsnldnandnasidludlgmg
flans TCE wiefinwinaranivesnisaaisans TCE Immﬁ’aaﬂwﬁa%gﬂi’mé’wLﬂ%q Gas Chromatography
dmsvranaaesiildnsmienthanudeumaudmantaih %Qﬂﬁﬂfdmﬁmﬂ’mm%@umummﬁﬂIV\Iﬁﬂm
aunmuimandianud 90 Alawdsv uaznseualniln 15 wenuus Wunan 3 unit (axlégamgiusana 80 sam
\waLgea) LLazsaﬁ]uqmmﬁﬂé’umﬁqmmﬁﬁm%ﬂﬂ% (Wsvana 1 wu.) Aeuazsiduipdnsnismileniany
Souynausiindnluiing g iieliAaufisenaaeans TCE ﬁqquﬁqa%:’]‘] fouseigumiivInvaaanaUL
ﬁqquﬁ%m%ﬂqu,azLﬁ*uoﬁ’aaéwaLLﬁ”aIusziaa'mﬁuaﬂﬁznmmaamaﬁmwﬁé’aam’%"aa Gas Chromatography tte
AnwaaransvenIsaaneas TCE Aanantedy §msunisnnaesruandziiug TCE = 50 un./a. Inglud
e MIiUSsuisusasnisaateans TCE Tnansnaasais 2 Usglnaninsaszydvswavesnisimilean
AuSeumaiunanliing 80 ssmiwaldea m'amilﬁ'qmiﬁuvjﬁﬂﬁﬁuﬁﬂmﬁauﬁaEJms TCE

3. NANTSANEILALIR5A]
3.1 NAANELATIFFINNUFIUNNIBAIN VUINDUNIA 31]’3"’]\1LLaSENﬁU'iSﬂ’e]UVI’NLﬂﬁ‘U’eNNQLWSﬂ
3.1.1 NANISANYINUNRIVDINUNANTLANANAUTIUIY 6 vin wandlua1sen 1

M151991 1 LaAs Surface Area Y9IRILMAN

A viinvauuan Hudifn T9a15A

(wdnUszaguddudu 500 n./a.) (ns.1A5/n5N) (fiadla)
1 A 2.438 -146
2 B 1.142 -380
3 C 1.921 -323
4 D 3.093 -289
5 E 0.528 -58
6 F 0.285 68

NNIsVegeUANEINIsalun sUanUasedidnaseuresnandsyyaud laen1sia Reduction -
Oxidation Potential (ORP) aamanUsyaguéiunnssfusiuiu 6 vlin wuin wdnvda B, C, D uaz A il
anudiduresdifinaseudassluthgs wandidufsmuansolunsUanudosdidinaseumanyszagudiiio
Uz defuFadenndnuszagudiis 4 viatl avinismasosiinuidsAvBawmsaaedavesans TCE
Tagld38nsuuuiiazin (batch studies) lutief 3.2

3.1.2 NansAnwIeAUsENeUNIMENLazlTvesHavAnuandlunTaT 2
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A151991 2 LAAIBIAUIZNDUNINE N NHLAZLATIVDIAUAN

YiaNuan un lulasuns a9AUsZNAUNIAAL (%)
Fe C Si S P Mn

A 45-152 (90%) 92-98 3 2.5 0.15 - -

B 45-152 (90%) 92-98 |3 2.5 0.15 1 0.5

C 45-250 (60-85%) 94-95 [3.5-4.5 1.5 0.05-0.15 |- -
<45 (15-40%)

D 45-152 (60-85%) 93-97 1.75-45 |1-2.5 0.01-0.15 |- -
<45 (15-40%)

E 75-300 (74%) >93 3.2 0.01 0.01 0.01 [0.01
>300 (19%)
<75 (7%)

F 75-212 (85%) >93 3.2 0.01 0.01 0.01 0.01
<75 (15%)

3.2 nafnwIUsEANSANIsEaeavesans TCE laeldnandnviinnneg TneldiSnisuuuiiazm

(batch studies)

HANSANMUTEANSNINUBINLMEN 311U 4 ¥Eine az 1 n3u UrinansinsmaslsienSau Aududy
4.5 fadnsusedns luhlaauaniundmindmu Tussezia 48 ilus dwwandlunsmisua 3, 4, 5 uaz 6

ANUAIAU
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Ve

5000

4500

4000 [
3500 —

3000
2500

TCR

2000

1,1-DCE

1500

tran-DCE

conocntration (ppb)

1000

e Cis-DCE

500

Ve

0%

10 20

40 50

60

JUT 5 uaz 6 n3mluanUszdnSnnvesnananyile B uaskaunanyia A
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3.3 AnwUsenSanwnisaatenavasas TCE lngldnananviingneg srunuisimaninia laeld
ABn1suwuuiiazm (batch studies)

amudvinavessinvemundn anudvesaususivdn warsinveaildfudernuannsaly
nswdenhmufeunsuivanlvihvessavanluvasiviannassnues (ifuandn) lineuaussioany
wimdnlwihnssuaaduuatliannsaairsnnudouannsmienhle @amgiine ~ 29 ssmwaldua naon
sgazImNIMAaeY) mwdmaessialiiazeglutindu viedrlifuamnsomidertheudoumnausivgn
Inlilegeantie 130 ssenwaBea Anamswienh ~ 10 Wi egslsfdnnsAnsnsmieahluvany
anmyanunsoagUtedanafiiaulaldfelud

wadn D aannafeuldfnimaman B imnundidiuveseynianiniu 10 n/a. aAnudvesaunausivgn
winffu 180 Alawdsv wazvuevesauLuvANn 18 woNwds Ay duanduguil 7 sawdn D e
nsad1emnudeuiiiing wayldgenin navdn B Uszana 4-23 ssnwadea (neladoUssana 13 aam
waea) deoraiosnainaandn D fuuadnniiuazerszgninieniinnudeumansivanluiled
nh vienszmearwdeuldfind @nmadl 2) eflnnuuensmsesdUsznoumaedvesmandniaes
lihavdmareruaninsalumsassanufeuanmamienhmausivdnliinfidetu idesnesiuszney
manilvesmaminii 2 wlnrouiisadiedy

mawilenharufeumnausimanlsihuemaninazfntuldifianluilifunndeugramnssumainie
.8 (LP) LLaziaqaamﬁm%’Uﬂfﬂﬁﬁumﬂﬁﬂuqmammiumumwm 259009 (MPT) laifisuduthndy
waztildfuain 8. Undes 2.unss1wdun (NRS) dfimaifinduvesgungiivessruudeniian (Kauansly
5U#l 8) imnuidudureseynia (10 ¢/1) Amufvesauuusiivan (180 Alaidsn) wazauinvosaumusiman
(18 A) vy Fsmawderthenufeudisnatuenadesnandvinavesloseululafuivinliilduden
anufeudime (©) sndnindu shlvigangiivesildfufuduldienihndudleiviumuioudign
wieniwiniu warBaillessumnnibailfgamaiiuduldhehtdu (endegnatum c sosimsiaiiilesou
¢ = 3.99 J.g-1.K-1 dlewiaufuen c maqﬁm’%qm‘é - 4.181 J.g-1.K-1) faaifiudntldmu MPT fiusunalossuy
Tneiafiogandn diléifu NRS uag DI Gsenavhlidigungiinesssuundnisnieninnufoumauingnlui
ganduuseana 10-20 esrueadea dunaliainnanisnagaes

AAvesaUNLsmANTUT s 50-180 Alald Tnaeeadmaudemawilenihmiuieumausivaniyiin
yowaman (Uil 9) @aududureseynia = 10 n/auazvunavesauuusimgn = 18 wesuus Tuhlday
Nndaugmamnssunamile 9.81mw) srdanaléiniiannud 50 Alaidsn namdn D adrsmnudeulstesnin
50 ssmwalloa uwiinarazrnliuiundt 25 uid Tlumeesafutmiderfiunuivesaunuusimanlusos
100-150 Alaudsn wawmdn D a319nnudoulsunnnii 100 ssrwadea lunaitesndi 15 wiit wagldnatosnd
7wt Tumsa¥erufeud 100 ssmaidva fiaudvesaunuuivgn = 180 Alaud Suaenndesiunguife
nawienhamnudounausimdnliihveseymauimdnudsiunssiuanuivesanauivanlyinnssuaady
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Temperature (°C)
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U7 7 uansdvinavesriavemanindonsmienharudeunnuimvaniiihiienududuvessunia = 10 n/a.

a o’ a as & s
AMUNVDIFUIULHLAAN = 180 ﬂIaLEi'i'V] LAZYUINUDIAUIUUILIAAN = 18 LauLUs
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U 9 wansdvdnavesrnudvesaunuwivindeniswidenihanuiounnudmantiihanududures

auN1A = 10 N./a. WIAVEIEWINLIMAN = 18 wouuwds luldAuaniaueramnssuniamie a.dmu
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4. asUunan1sAnenaztalEuaLUL
4.1 agUwanisaans TCE luhldnulneldnandn

|
| I
LN =i 5
N -
. {
N o _ 3 2p.-1
o1 1 . A | K =1.26x10°tm " |
LY o
U= L f ~ v
= \ ~ _  Lumpoon GW
] [ .
\\ HT\ .
0.01 1 ..._ T E:
“\
k .=1.56x10°Lm*h" | Kerat GW
0.001 : : — -
0 20 40 60 80 100 120
Time (hr)

JUT 10 uansaarnaniveanisaas TCE Tudldnuaauis lnananén B

9N3UT 10 uanssamansvesnsaaeans TCE luiliuaesuvis (ildRuandaugramnssumeamie
2819 (Lumpoon GW) uagiildfiuan o.Uandes 2.uassedin (Korat GW) Tnenandn 8 (aelalénis
willsrthanuFeumauimdnlil) wnu X ifunamdmninadnduiuiisentuans TCE luléfu way
unu Y (C/C) uansnanduduves TCE Tuandivaan t Tnq (© wisdheanududuresans TCE luviniina
Budu ( t = 0) (C = ~5 ppr)

Tunamaasauumuauddlifingldnananady anududuvesans TCE aaoaan 150 Halusiiviins
AnwaziiA1uszana ~5 ppm (150 C/C ~1 VL;J'LLamma“lugﬂﬁ 10) wansnldfinsmeluves TCE a1nszuy
liieslnsnsaaedmviesioonanviannaes

oealsfn Mwandluzudl 10 nandn B aunsnaaeans TCE IWegnadiussavsnmludldfuians
Uszlnv wagnnAnssuvedufiizen Dechlorination 1tuufiendusunis (Pseudo First Order) fsagiiiuld
nuudlduvesudiussEnine C/C v t Faaenndasfiuaunis exponential (aun1sdi 4-1) wiedn
fovildomudiusidaduslohminanmaluzives log C/C fut (U7 10)

C = Cye krcet @D
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Abstract

Alow costinnovative “Smoke-free Biomass Reactor” has been designed and built in order to prevent
air pollution from biomass open burning. The reactor is made from steel and has three major components,
the lower oven, the upper oven, and the chimney. The “Smoke-free Biomass Reactor” has a unique
rocket-like shape. After ignition, combustion and pyrolysis processes occur in the inner lower oven. Then
pyrolytic vapours are burnt in the upper oven as gasification processes occur. The reactor has a high
efficiency chimney that can trap fine particles and fly ash. This innovative design has been scientifically
proven to limit hazardous gaseous emissions. Biomass can be burnt safely in the reactor, and 30-40% char
can be produced within 45 minutes. The reactor can reduce emissions of carbon monoxide, carbon dioxide,
and nitrogen oxides gases by 97-98%, 30-37%, and 50-78%, respectively compared to open burning.
Analysis of atmospheric concentrations of carcinogenic volatile organic compounds (VOCs) upwind and
downwind using GC-MS confirmed that, benzene could be found at an average of only 0.28 ug/m’, whilst
1,2-dichloropropane, tetrachloroethylene and styrene were not detected. This compares to open burning
where benzene, 1,2-dichloropropane, tetrachloroethylene and styrene were found at average quantities
of 1,170, 4,850, 217, 263 pg/m3, respectively. The Department of Environmental Quality Promotion has
applied for an Invention Patent (February 6, 2013). As an example of how this innovative research project
can benefit Thai society, over 650 reactors, each capable of burning 500 kg/day, have already been
provided to communities in Upper Northern, North Eastern and Southern Thailand, and training courses
organised. Further outreach activities within Thailand at the request of the universities and many local
communities in the North Eastern Region are in progress. Extending the benefits of the “Smoke-free
Biomass Reactor” research to ASEAN countries are planned.

Keywords : Smoke-free Biomass Reactor, pyrolysis, gasification, combustion, smokeless biomass burning
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3. NANT5IBUAZIANTA

Detailed Design 484 “innenvezdialiniu” wandlugy 1

HaNIINAAaUUSEANEANNISIuaz AeTivdooenuandunisns 1 dmsunanisnsaTauiuin
AN9UNIOITINBIELEATlUAI1S 2

PNMIAGIINIIMEImMans wui wuniansnsasnuesanaldedeliaunay drandasicnu 30-40%
melunan 45 it waznansageunsldau i mswnverdanalumnvesianaldaiul aunsadie
annsUanUaseinwasueuteusnles, Maasusulasenlen waglulnsiausenlyn aslasesay 97-98, 30-37
way 50-78 muddu Weidsuiieuiunswivesdauaaluiilas

NanInTI9inansunIdszmedienguiinensisaanngaifiudegduninumieantasldauvus
naaaunslagldiaias GC-MS nunisUanUdesas benzene wdeiies 0.28 pe/m’ Tuvasdildnu
@15 1,2-dichloropropane, tetrachloroethylene uag styrene ifeiU3euifisufunismivesduna
Iuﬁia'ﬂmmwu benzene,1,2-dichloropropane, tetrachloroethylene Lag styrene Lagﬂ 1,170, 4,850, 217
way 263 pg/m’ auadu §U 2 uananisWisuiieulinnuasdunidssmedengunousiduusseinie
Vinafivesiunalumimnvesiannaliatu mssiassmsmnludilas warlesswmethfuiuuduain
snguAluiemaaaueugud JU 3 WisuiilgulSunuasdunidsemedenguneliiinlsassuulssamias
dAafeleleuluussernausnafivnvesiuaaluawmverdialiaiu nssiasaniswnluilds way
loszmeriiuuuduansasusluiemadeusuesus

U 4 wansnsilSeuiieulSinaansdunidsemedie (VOCs) annuaeddesnianvesdinialiniunay
mawludilas TnenisnageufuvesdmaiadertusasUinawitu (avldui 10 Alandy wasvudes
2 Alandu) Tussuzavindu wuan Mswilum ez dnaliniu iinsvanUdevaisduvsdseiedetosnin
nswluiilas Tnemsurlumsnuesiamalinfuiiannsaannsuanddes Benzene asan 1370 pg/m’
Wde 36 pg/m’ viseanalane 38 W1 ann1sUanUasy Toluene a931n 856 ug/m’ Wide 13 pg/m’ visean

TenuNaNITequITeuaginousuaudnden U 2555-2557 27

1/15/59 BE 10:05 AM



25-34 Finol.indd 28

s 66 W1 annsUanUaes Ethylbenzene 89970 173 ug/m’ Wide 12 pg/m’ viseanlany 14 1Wi1anns
UanUaas m-, p-Xylene 84311 116 pg/m’ e 11 pe/m’ weanldds 11 wh aiGeudisuiunsmnluiilas

wsnveEalsatumunisUssiust annsadismeulandlumsanansnouziSauararsiviuyg
PNNsIvEdnaadlaegslitudAy uenimiloluannsannistanUasseisounszanaNATHITEETILA
wuuing agnslsiniy vesdunaaunsailundniledunidld mnfinsduasunisinduinldvilugesms
Aduiinsdedunndendug nsaaniamn 3o vgawluilasazdielianuaivainmawiidusunse
sogunm uardnanszvusioiAsygia mMnguvudieanin wsnezTunaliniu fo madeniitielvia
Isognsvasnfonin wanfunsiiuyavezdiuna Wldndunamsnumauny fo d1u

WwveEnnalidusRugldtuimunuiiluasinasama Saiidnsaslassadadusunsindos
Aoy JUnsenszueniivdosnTugnigauuumitily (incinerator) wasanaw Ssuunelug e
Funalsmaneiu asndsvunadnildinvezUinasioss vielfidunmedi Ussndandsnu Tagiiliiuaen
Huwmdnuiudendnfudundesdinden vioshuiumdnduguimanszuen wmnueriinanaindeaiiiy
THuwdrvunn 200 ans uay 50 dns Mievundulefild Inslamzod1sdslussUssmaiinsUssAvgunetuoeis
wnsvane Bsilimguszasdnsldnuitelfisnezdiuna fiinanmsiaudsaruneluthu dmsululssmealng
yuruilendenaiios sordavervoanmiaiinlivszasdifummesmenilumdn vhlvimsfsossduany
fisn$s gavhegnidalaemsinluildsineuafiuwmuenaiusazorafinlwlvsiananuls

wsnveztnadulngitldiuluiagiu dnidedeniededida Ao dduyunisudngs dosflann
WamEsnuIInABYen Wy Antinauiduiieliuoondlaunazaamgiinisien mMIguadnwen uenTudry
lailgvlslaiazmnlunsindeudte venani dethanldeusindefusasduazeosmnmamning Wusuame
sogua iy wazAsliAnuafivnisona Wesndumsinlagldnszuunsuniniuuldesndinuiios
o117 (Combustion) gaungiiliiganniin aldannsavilidunisasunnsldesvauysaiduleth
wazfemsvoulaeenled mavnmeuldddn uasdinafnatufin afusannsunlnl Tnsemeegies
Tug39 5-15 UITIKINVBINTTHN

UnidglaAnAuadwassAuinnssamverdnaliaiuanesdnnuinsuUssureudetiniasnennusoy
NTUASEUIUNS 3 DE19 Ale combustion, pyrolysis waz easification Tngl@eanuuuling 3 Aszuaumsiinty
Tusnunguuuuie g e ilsunsegandnoesn dnseenuuugwasdeaiueneaiimmnzay lifesiian
naswIneuen luldesaiuiidinsedeuaziuazesnouldesaan viliaunsaanuaiyaNnswlaun
wazldnuliuaznzanusnirudunanaseldaninnisunlduaznzanuenin sgelsiau nsihdusuuiasuuy
wsnvegdunaliaiululdvenenaluguey ldmsveenioanainaiiieairannvezdanalinfuny
SmquszasdmsldnulaefinnsanansunauazUiinanesdunaiiaziunien aunsadiusuugioizld uifes
AsnvesglimaiuiiUsyAusldeonuuuly waridfiasmlnliafumshmuduushvosiuszivs fe
() Mnerdanauk msdulsiiuiesas 3 (2) ldaverTunaukdummndsduliliyudundam (3) 9l
PMNAUVUIBETANA (4) Auaunsinativesenalagn1sUa-UauseguuiazUsegand (5) Toaaen
45 Wiisie 1 seUmsn Wedueenainwidfiedudiu Srfesnasniiaduiiiniudeslluie (6) annsouwn
sawiladlétuas 500 Alansu Tnewded il iifedlnl uasiuesinnaetreiondsay 2-3 Fu

3.1 dnwarvasdsUszing “wunvesanaliniu”

duwirnvezmafiainsainmdn fduuszneundn Ae 1W1K1E1 ALKV wazUdesaiy
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r
\

5

¢

PROJECT
TnseroimnmenmeT woeaer gy

il

wuy-u i unele
TE

DENCHED DAl CAL
i —3 FSOMETRRC VW DR S (B
g CHECKED D&ZE DA MO

ERCNT VW
) 2 AFFREE AT
W - R S OATE

U 1 amamenveedinaliniy

FUNTIHAINASHT I UNTAIN AL N DI miLm‘LuﬁIa'qLﬂumnmﬁﬁauaﬁ@gqmﬂ lmanansiwnslu

oA’ i < a oo va a o & P
ﬂq&lmLUua'ﬁﬂ@ﬁJ%Liﬂ a']sWT&WW]ﬂWLﬂ@IﬁﬂVWﬂLfﬂu%qfﬂﬁ] Iﬁﬂig‘UUUsgaqﬁfl I‘iﬂmULLaﬁLm UDNINNU ﬂqiLN'ﬂ,u‘WIa\i

fudunmsvanddesinaieunszaniuliunmgs

wuanssdaiineliiinlsauzisa 3 wda nniswaluiilas de 1,3-0amledy wudu was
1,2 lapaelsTwsiny mnUszrsldsuanswaniilusseznaiue fonmadesielsnuziold
wuanssiafineliinlsamadumele Tsaszuutsyam Tsedu 1n wazneliAnfelelou 6 v
gnnswluiilas fie Ingdu tevSalvudu wnsilediu wsiledu  1,3,5-lnswnSaiuudu wae
1,2, 4-lasiundaluudu

dunsIenelanazaues

feansusunauenled (CO) lfsmedanisvineendiau deliAndunsesee foaziid dy wu
Wlawazaues vilianeinisiius aduld wiunihen endeu demsmsei azauewiadon nunan
wavanaideTinlalussesnandsudu femsveuieuenledierududuiion 667 pprm anunsavinld
Yovaz 50 vesdlulnadulusreniouyuddsuduasvendslulnaduld wafiaiuu fe
nuAER LAl LLaBL?ﬁJ‘?ﬁGﬂuﬁqm (www.homesafe.com, www.arristx.org)

eNUHAITeAuElTeLasiineusuiudwinden U 2555-2557 29

1/15/59 BE 10:05 AM



25-34 Finol.indd 30

3.2 arlaaiuvasuinnssuasUszing “wnivesdaanalintu”
(1) wammuﬂaiﬂmmﬂigﬂmmLﬁﬂ%amaﬁu& 3 LU Wmeiy As Combustion, Pyrolysis, wag Gasification
(2) lg5zuumsifinenAnunannI55519R (Upward Natural Draft Flow) 1Junslviesn@iausou
MugerissEwiamsuLenfumsulY
3) Lmmeaammuiﬁﬁ*‘ummazaﬁ’wmugﬁmmsauﬁmmﬁﬂmzmumi Gasification ¥
FAnnnsTUIUNS Pyrolysis
(4) Udesaiugnesnuuulvianunsaannisuanidesansiiwlagnannisiilviingainnisinlvaiuisy
wuunstuavesaaal (Fluid Flow) 611'3sJLﬁmzaswmmsasﬂusz‘ummaymmﬁauﬂa’aaaaﬂ
(5) nnFuduanansnlsznavuaznenseninAuld tnieudieazain
(6)
(7)
@) Junsuniidufinstivdwnden annislanuasefngdeunszanlaun

MINTanldudd Inas1edne funue
nseenuuugnAnAuaIuAlliunmaaedldnuate ineanlvladuwuuningn

3.3 Uszleviinisldanu

Huminvssiunauuadoudield dluldmiaveandeinnanumsiidureadeTana smwan
wielsl Tung) w1917 whau YU NEaINENi1I NINUIAY

megenslilselovivenenaddanu fe ladinsuandrewduwuudiuininnnii 650 4 (Wasynanuse
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3.4 NANITVIAFDUNITHILALNITATIAIN

M1979 1 WSsulsuran1snsIianenuasgaan (Emissinc Gases)

aamgf U3u1ae Emission Gases (Unit)
NN A1 | NI 0, co co NO NO UYL
(o) %) | (PPM) | (90} | (PPM) | (ppm)
Min 350.7 8.7 2156 4.70 58 61 ® wmaauﬁuﬁ’a@%ma
AR Max | 5765 | 162 | 62413 | 12.10 | 164 | 172 ity 10 Aland
Avg 493.9 12.4 | 21180 8.51 109 114 - wwily 1 Alansy

WY TIIE n!\:in 2144 6.3 618 228 L2 4. ﬁj;?:miiﬁ?é’;f?}zgzzamaﬂ

[ o e e |2 ||

annnsuanUaey - - | 9798 | 30-37 | 50-78 | 50-77 waall (Bessgniondlay

. . 21nAlAgTaU)

Anaasld (%) - ASEMENVEETINA
1Eatu-Snfivaneudesaiu
riouvdegeen 1 CO figs
nnswluiilas axvou
Tt dnawnlilsiauysal
AT

® @1 CO MMNNTTTUALEN
Faaliatu tieanufisen
wnagL At
vangig : Min - = ddnaniiiald Max = Fgegaiiinle Avg = Aoy
ppm = widludwdm . % = feuay °C = pyAwalded

Ussrlnedslifiimsgunsdaesiisenamdsanmnverlumnsiiwes NO as NO_uay CO
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M1319 2 Tayanan1snsIvinasdunidseinediglusiniauTiunidnisiwivesdiuia lngld

WHNVEE TR ATUN AL TS s U U UM SN U La93a D4

YUAYDIETBUNIY | wwvsdunaliaiy wluiila WIsULEUIIUIUWN
PEAV AN Ld] ppb ug/m’ ppb ug/m’ 3o luiilae/sn1emn
Hexane nd nd 12909 45408 -
Benzene* 0.088 0.280 367 1170 4168
1,2-Dichloropropane*® nd nd 1200 4846 -

Toluene 0.427 1.60 149 560 349
1,1,2-Trichloroethane 0.899 4.89 40 217 44
Tetrachloroethylene* nd nd 156 1058 -
Ethylbenzene 0.279 1.21 3.15 13.7 11
m/p-Xylene 0.106 0.461 19.4 84.2 183
o-Xylene 0.067 0.290 13.7 59.2 204
Styrene* nd nd 61.9 263 -

VB LASEINIY * el ansnensise
nd = non detectable ({Jurininszaumanaiaiosausonsaadnle 0.031 pg/m?)
pg/m’ = lulasniusiegnuiarisims

A159uUNIdsIedengunauzise

ansduvidsyvediengunensse

ATIANTY 5000
(ug/m) 4500
4000
3500
3000
2500
2000
1500
1000
500

WALHNVELT IR WA lunlas losywmtingiu

Benzene 1, 2 Dichloropropane Tetrachloroethylene Styrene

U 2 Wisuiflsudunaensdunidsamedenguieuziisluussenmauinainivezdug
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A199unIdssmedtengunaliiinlsnssuuyseam
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A1919 3 AunsgIuNsUdesilteMeadsntsinauutlnsidey

Pollutant Gas Furnace/Boiler/Cracking Unit Cracking Unit |  Sulfur
Tusiee (Non Catalyst Regenerat;on or (Coke Com- | Recovery
Non Catalyst Type
B P bustion Type) Unit
Fuel Oil Fuel Gas Mixed Fuel

1. Old Petroleum Refinery

1.1 NO>< as NO2 <200 <200 <200 <200 <400 <200
(ppm)

1.2 CO (ppm) <690 <690 <690 <690 <690 <690

2. New Petroleum Refinery

2.1 NOX as NO2 <120 <120 <120 <120 <200 <200
(ppm)

2.2 CO (ppm) <690 <690 <690 <690 <690 <690

117 1 UsENIANTENTINTNGINTTITUIALALAWINGON 519NN LaY 128 nouidivAy 121
Uil 12 anau 2554

3.5 N1SVYIYNARIYBNINUIY
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4. agunan1TIdeuasarauauuz

4.1 Wwavezdnaliniu aunsaldwivesdnauidasgialiniy

4.2 JlawSsudisufunswivestunasiadefulesUsnawiiluiilas nmswilumwnvesiaug
15aTuaiusaannisuanlassineasueusauenlanadlaneiesay 97-98 aninwarsusulneanlunlnsoeay
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Abstract

The adaptation to the impacts of climate changes in 2013. In the watershed tha dee in the area Mueang
districts and Lanska districts Nakhon Si Thammarat province. Approaches to tackle the problem climate change
integrative. By using participation of communities and management model climate change issues with development
plans of local agency. Have established local fishermen to the conservation of resources and the mangrove forest
in the area has operations preparation line with coastal erosion by the bamboo. Have creation of learn to manage
with organic waste fermentation biogas and recycling bank community initiated and preparation package water
for the community. In the area tha dee by tha dee municipalities have collaborated with provincial authorities
to increase the catchment area and the the dredging sand from the canal to use water in the dry season.
Has forum to create awareness conservation trees near the river and the establishment of a recycling bank in
the 4 schools in the area to support and problem solving of the community including reforestation seedling plants
additional upstream economic trees amount 200,000. Calculated capacity of carbon sequestration in around 1 year
amount of carbon 127,705 ke o, equivalent.

The study found that climate change integration of community. Should consider the dimensions mitigation
reduces greenhouse gas emissions and dimensional guidelines for adaptation to the effects that might be occur which
will answer to sustainable development coupled the care and conservation of environmental quality of the community
and consistent with contextual of community. However processes involved are important to propel operation

to succeed.

Keywords: Sufficiency economy philosophy, Local Wisdom, Climate Changes

1. uni

mMaAsuudasanmgiionnie HutlgmiAatulussdulan uridanansznulaeasagyvuszAUTiesiu
vowusazUssmAluguuuinanasuasdissfuaaguLsiuansaiu IPCC, 2007) Tnsgumilusdusameh
Jndunguidssddiudiug sonansznuanmsasuulasanwgiienne iesanifuniadiuiinisissdin
Taos FoaflangruninenssssumAuasnanan AnUnzusgewion LU LA MsWALLUAY
anngiienne Ly n3nensth nineInshuLasHanAANIINILAYAS (IGES, 2006; UNFCCC, 2007; ADB, 2009)
uanaNil YUYUTEAUTINNGY é’qﬁé’fﬂﬂmwLLazmmmmmiumiU%’UﬁULLazé’?ﬁwiaﬁsJﬂﬂﬂmé’mma
Fosniniewisuiisufugurudesassurudug esndgmitugiuresnisdseiianaznisiamn
Tnelanyog1ads luiuAueNauLazANA NI (UNDP, 2007)

LmeQmﬁ@?ﬁULLasmiU%JUéfwiamaﬂizwumﬂmnﬂﬁauuﬂmaquﬁmﬂm Faduinnsnsisssond
ﬁ?L‘td]uE]EJ'N?JIW]'EW]ﬂUi%LVIﬂ (IPCC, 2007; UNFCCC, 2010) Ingn1sususmlaeyaivu (Community-based adaptation;
CBA) LﬁuLmewﬁqﬁﬁUizam%mwiumi{fmmﬁUﬂamL%JﬁLﬁmmﬂmilfdﬁsmuﬂmamwgﬁmmﬂ (Bass
and Ramasamy, 2008; IIED, 2009; eldis, 2010) ﬂgﬂﬁaﬂﬁﬂaﬂufﬁaaau (Local knowledge) waginalulad
YUYUDEY9Y sﬁqLﬁuQﬁ{]mmﬂﬁmﬁuﬁmmm ‘1'7iLﬁ&ﬁﬁi’f@ﬁUﬂﬁU%’UﬁM@ﬂﬂyLLUiUiauﬂJaqamwQﬁmmﬂ
fldfananuszaumsniuazauaieaainvessmdiy muianudidanuiussnygsiunanain
sunilslugaudngunils szrinamsdunendimsiann Ussgnduazasunladliisonadeuasimnzauiuuium
Yosusaz LT (Audnansmudisiend, 2553) iussduszneundniiddnesnseunuannsuiumilaeymy
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Abstract
Under this study air samples were collected in 6 sampling sites within Bangkok and its vicinity during
January 2011 (B.E 2554) to February 2012 (B.E. 2555), in order to study the characteristics of ambient airtoxics
from traffic emissions and their effects on the formation of secondary pollutants in urban air. There
were 18 air toxics selected for this study but only 14 compounds were prevalent in Bangkok namely:
Benzene, 1,3-Butadiene, Ethylbenzene, Chloroform, 1,2-Dichloroethane, 1,2-Dichloropropane,
Tetrachlorethylene, Toluene, m, p-Xylene, o-Xylene, Formaldehyde and Acetaldehyde. The results revealed

that these compounds showed high concentration in samples collected the sites near the Ministry of
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Science, Chokchai 4, Samutprakarn Provincial Hall and Chetuphon College in which these sampling
site were all located along roadside with high traffic density throughout the day. Aside from this,
concentrations of Benzene, 1, 3-Butadiene, Chloroform and Dichlormethane exceeded the average
annual Air Quality Standards for VOCs in Thailand. VOCs, Acetaldehyde and NO, showed g¢ood
statistical correlations which implies that these compound from traffic emissions while Photochemical
reaction of Formaldehyde is the major factor in the formation of these compounds. By using mathematical
model it was almost the same from the actual measurement obtained from the monitoring stations located in
inner Bangkok and its vicinity. The highest concentration of ozone was found at Pathum Thani province which
was influenced by the pollution emitted from the urban area. Moreover, Geographical Information System was
also applied to assess the potential exposure of the people living in big urban areas to ambient air toxics.

Keywords : ambient air toxic, Bangkok and its vicinity, secondary air pollutants, potential exposure
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3. HAN15I8RATINT

3.1 U3UNLazN15N52ANIRVBIESAY air toxics Tuane

HaNN1INSITIENSY air toxics luemaAildnnmsfiusieg1991n 6 8011l S1uau 18 wila wuthil 14 v
ﬁﬁﬂ%maﬂﬂmﬁiu Lo 1,3-Butadiene, Dichloromethane, Chloroform, Benzene, 1,2-Dichloroethane,
Trichloroethylene, 1,2-Dichloropropane, Tetrachloroethylene, Ethylbenzene, m,p-Xylene, o-Xylene, Toluene,
Formaldehyde ua Acetaldehyde sauanalilunisnsdi 1 (Lifldayaszninamounainu-5unau w.e. 2554
Lﬁaqmﬂmaﬂiwumﬂqmﬁa) waznUInansiwiiumastdau1a1nn15as1as teun Benzene, Toluene,
Ethylbenzene, m,p-Xylene tag o-Xylene ﬁﬂ%mmqﬁuﬁuﬁﬂqameum']uﬂs warUSuama Sednuieuidiou
fUALINTFIUANAINEINIAYDIUTENALMENUTT Benzene, Dichloromethane, Chloroform, 1,3-Butadiene
uaz 1,2-Dichloroethane feAuamasgiuads 19 v 6 a1l Tnewuaududugsgavesans Benzene
fanrflnsensidingrmansuazimalulad aulvaty 4 uavaodemainandminaynsusns tiedan
Tuusnasnaniinsesesfuduaziatadunanunaoniei vonanisudlaseiaduiivdundstide
97NN1595195 WU Toluene, Ethylbenzene, m,p- Xylene ey o-Xylene ﬂwusluﬂimmamuﬂu Wi lalaas
uawmmemmdmsﬁaumaqLLmauamu wiu aonfiuinisundu ginneniud geeusoeus/Insenusud fifinsle
duadas LLavmsma“mwL‘LJuLwiaﬂmLumﬁuaamiwﬂummm‘uuﬂu ‘Lumu’;umiwwmwwum 14 ¥t
Toluene fanutntuluainaasetnaenaiarlunnanii o mamm‘m Toluene lail@ifinufizen Photolysis
I@sjmwmmiauaﬂummﬁl@eﬂ;maLawmummmaﬂﬂal,maqmLum

mmumimasJuLLtJaquuqmmamaamswﬁlummﬂ WmmmiLﬂaaumJaqﬂauﬁmwmwﬂuqmLLaﬂ Wil
Lﬂuwamﬁtuqmamammm LLau:umm*uuiuawmﬂuawﬂmmiwﬂummﬂmmmau‘umﬂums VOCs
awnsasymetulluanelding wazylviuisen Photochemical Reaction Lﬂﬂ‘llulﬂ(ﬂ fnasoUSunaie
NAgilueINe ansiy Ly Formaldehyde uaw Acetaldehyde wu‘tuﬂsmmaﬂuqmLLaaLLaymLLm‘Eumamaq
qumﬂu desnnifuensiiaansaazaneihlan maﬂwmﬂwmaamﬂaamummﬂmauﬂIumwaﬂiuLwﬂ (Grosjean, D.
et al,,1992; Atkinson, R. 2000; Evangelos, B., et al.,, 2003 and K.F. Ho., et al., 2002)

157491 1 uansran1saTninansiivlunsammarunsuazysunma (AeuunsAy n.e. 2554-ieuiug1eu w.a. 2555)

No. Compound Concentration Range (ug/m?)| Mean _ |Std. Deviation|Number of samples
1 1,3-Butadiene 0.02 to 0.64 0.1852 0.24034 124
2 Dichloromethane 0.40t0 9.9 2.6212 4.77043 106
3 Chloroform 0.21to 1.3 0.2895 0.25032 127
4 Benzene 0.83 to 10.7 3.6466 2.38213 117
5 1,2-Dichloroethane 0.21to 1.5 0.3506 0.326592 105
6 Trichloroethylene 0.21 to 1.17 0.3604 0.32754 123
7 1,2-Dichloropropane ND to 0.50 0.1329 0.13685 116
8 Tetrachloroethylene 0.28 to 0.57 0.2150 0.16587 107
9 Ethylbenzene 0.45 to 7.55 2.7811 1.50120 119
10 m,p-Xylene 0.78 to 11.56 4.3507 2.72934 110
11 o-Xylene 0.66 to 4.19 1.7627 0.92887 123
12 Formaldehyde 0.22 to 14.9 6.6107 2.80793 140
13 Acetaldehyde 1.03 to 9.47 4.1668 2.09009 140
14 Toluene 8.07 to 68.77 32.8456 16.47594 122
15 Vinyl Chloride ND - - 117
16 Propionaldehyde ND - - 140
17 Crotonaldehyde ND - - 140
18 Acrolein ND - - 140

*ND : Not Detectable
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Distribution of Toxic Compounds in Bangkok
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Benzene Exposure Map in
Dry Season at Nonthaburi.
‘Samutprakarn and Bangkok

WACHA ME PRORCL AR POLICE STARCW

MINISTRY [OF SCRENDE AN TEDHNOL 00} e
s [ o it g sy

Sy m Fuscen Aove b asgar

|| Poniiion Densey (Fer God S00maS0m}

D < 5,000

:l 5,001 - 70,000

:l T0.001 - 30000

E 30001 - 30.000

] seeai - 10m000

:l > 100,001

— e = -.

]
=1

JUN 7 wansunuil GIS Mslasuduiiaans Benzene TuemavesUszvuluwansunnuvnuasuasy3uuma

4. a3UNaNTITeuazdaLauDIUL

msfineasstinuasiivi 14 «fn SanuduiugduaaniumamuasuasUiuuma lnswnmne fiandi
399133l Adnduesansiie loun Benzene, 1,3-Butadiene, Chloroform, 1,2-Dichloroethane
Loz Dichloromethane wufiA1ganinAIuIAsgIuAMAMDINIAlRds 1 T vesansdunidsvinedns
Tuenia Tudiuvesanuduniusnisadiseningans VOCs, Acetaldehyde uag NO, Uataaunasriniia
A1191nN1595195 uduvesans Formaldehyde WUﬂWLﬁWﬁumﬂUﬁﬁ%Eﬂ Photochemical reactions
dundn warlusiuauarsiivie 14 9lin wud1 Toluene fUunuEegn 5998911 Ao Formaldehyde
waz Acetaldehyde auddiu Ueadinnislditumadenlunianuuiay Wy wialeged uavlulonva
fnasUsuuarsivlueinialuiuadies dmsunisusadiudneninnisiasuduialaenisussyndly
wadaasaumanimansamisoairiaunui Gis Mdeslssnnudutuvesasivivanumuiuiues
Uszansfiendeeg ustindiiansiiviuuiniags msnwinuitvszanslueaiiosiilonaldsududa
asivluenalulinagenitnuiiendeeguinamoniailies Tuvasiivssnvuiiondeluwnuenilesas
wansEnuanansuafivyAogll wu feleleu fiflnasnanuiiseuamesasivlunilosiues

iesanuleviedundsnuvessemaiiienslunsaduayuliinisldndsnumadon Taoaws
nsliiduiifdunauveeanssadluniaeuuiay iwu thifuufalesed warlulefiva TwevliAnansiy
n&y Carbonyls issnnduluennied Tnganiy Formaldehyde uaz Acetaldehyde Fuduasfivdunsiasony
FfeuFemstinnsnislunismusmuasnguiluoniadely wu msfionsandadsenmnsgiunmuam
o mad v sdunIdszimeingluemaiisidndimivaislungy Carbonyls wazalsiinisnsiafnnal
n3tsduld Catalytic Converter Wilusasusiuazdnseusudlviiussaninm dudldsnsudmstigsng
wessudlogluaniniegsasiuane msfinsfniessuu Vapor Recovery Unit (VRU) Tuaaniluinisuiiu
detlosfumsssmeresansfivinniudemdaonmaden

wenanil msinisAnuieluseaniBonnalnn1niaufAiser Photochemical Reaction luiiiles
definsléiFomdmadeniiedumsvssidiunsiinuafivniogd wu feleleufifuuldufiutuaudaniu
Aanasguiifuald azmsinsfnuiuauidenlomafivnisonaluaaifiosdudennainnsaies
fumansgnureguamuaIUszenTuivsegendeludioniu FsnsAnuniuilfindlegtienunlulsumelve
wazdinsinnunsiadeuUiinaansiiy air toxics lueneegnwieriesfinudfyuarsnduunnlunisiie
muaudgmuaivnmeeinialueuen ladlviinansenudeussusuluwnidos

54  enuRaIdegudifeuagiineususiuduwinden U 2555-2557

1/14/59 BE 6:02 PM



AnAnssuUsENA

Audidouaziineusududaindenvovounn nsumUALLaTY wazinendendvonisivgwy il
ArmayATgiduanuiidmiunsRatgUnsaikasaTesdioiiufegnienma uazuninerdemalulad
wszveMndsuy3 Alfdaiuvudassmsadnmans CAMx iloUszifiunisnszaeiansBunidsemede
wazfalelouluiiufingarmumues uaznisUssfiumudiiusseninaUiiamesasiiy air toxics wa
Anannnislasudulia (Potential Exposure) vasUseanauluiaidisdlasUssendldmadaasaumegieans
(Geographical Information System; GIS) auv‘fﬂﬁmiﬁﬂwﬂuﬂ%ﬁﬂizawaﬁﬂL%f\]qd’sﬂﬂé’wﬁ

LONAN19B4

1. UsgnAAENTTINTANASDUWIAYR atufl 30 (2550) MvussAsgIuAIANTBUNIETEIveds
Tuussemelaeriilulung 1 3 aaﬂmumm‘[,uwszmjﬁamﬁma%mLLax%fﬂmammw?iQLLmﬁamLwima WA, 2535
Usgmeflus1vfinanyiun. 1y 124 oufie 1439 Yufl 14 fugnou n.e. 2550,

2. UszmAnsumuAumay (309 fmuaanisrTdmiuasduridsamedeluussenalaeily
Tuan 24 2l Ysgnaluswiaanunw, Jufl 27 unsies wa. 2552.

3. Atkinson R. Atmospheric chemistry of VOCs and NOx. Atmospheric Environment 2000; 34: 2063-101.

4. Evangelos B, Bakeas AG, Economou PA, Siskos H Frank. Determination of chloroacetates in
atmospheric particulate matter. Environmental Science Technology 2003; 37: 2336-9.

5. Grosjean D, Williams WL EL. Photochemical pollution at two Southern California smog receptor sites.
Journal of the Air Waste Management Association 1992; 42: 805-9.

6. Ho KF, Lee SC, Louie PKK, Zou SC. Seasonal variation of carbonyl compound concentrations

in urban area of Hong Kong. Environmental Science and Technology 2002; 36: 1259-65.

TenuNaNITequITeuaginousuaudanden U 2555-2557 55

2 Color Finol.indd 55 1/14/59 BE 6:05 PM






NN3ANETerNaL
FPRUNITAATIVIANARLLUEH LUATR

Study on offensive odor measurement using electronic nose

NHNBINA LHBILAZANNAUELIDY

4 Color 57-66 Finol.indd 57 1/14/59 BE 6:15 PM



= a v ¢ v  a o wa
ﬂ"l'iﬂﬂ‘i‘zﬂ{jiy‘m']ﬂau ﬂ'ﬁﬂq‘iJﬂiﬂJﬂi?Q'ﬂﬂﬂa‘ULL‘UUaﬁI‘UNW

Study on offensive odor measurement using electronic nose
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Abstract

The study on offensive odor measurement using electronic nose was carried out. From the study, the
pattern of VOCs was classified such as benzene, 1,2-dichloroethane, dichloromethane and toluene using principal
component analysis (PCA). The comparative study of electronic nose and reference method for ambient VOCs
measurement namely canister —preconcentrator-GC/MS was evaluated. It was found that the measurement of
odor at the domestic hospital of Map Ta Phut district and Rayong crop research center was comparable with
the reference method. In addition, electronic nose can be applied to difference sources of offensive odor using
PCA to classify the sources.

Keywords: Offensive odor problem, Electronic nose, E-nose
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TGS825 HS Hydrogen sulfide 5 ppm.
TGS830 CFCs CFCs 100 ppm.
TGS2600 Air contaminants VOCs, hydrogen, ethanol, iso-butane 1 ppm
TGS2610 LPG Iso-butane/Propane, Methane, Hydrogen 100 ppm
TGS2602 Air contaminants VOCs, Toluene, Hydrogen sulfide 0.1 ppm.
TGS2442 Cco Carbon monoxide, Hydrogen 5 ppm.
TGS2444 NH Ammonia 0.5 ppm.
TGS4161 Cco Specific to carbon dioxide 350 ppm.
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Abstract

Study of the threshold of annoyance to noise of Thai people was to study a lowest level of noise that
a person still feel annoyed or disturbed. Samplers (persons who took the test) would be heard 7 testing noises
samples randomly. Testing consist of traffic noise, noise in shopping mall, train, air plane, industrial, boat and
noise from amusements. 4,161 persons who took the test and the most were secondary school students were
selected from secondary school in the central part, northern and southern parts of Thailand. The result shown
that the average of the threshold of annoyance to noise of persons in Thailand was 67 decibel (A). The genre
and residence of person who took a test had some relationship to the average value.

Keywords : noise, threshold of annoyance
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Abstract

The study of compatible land use around Suvarnabhumi International airport was conducted with
emphasis on noise pollution presently caused by Suvarnabhumi International airport as well as to predict the
trend of noise level in the future by using Integrated Noise Model (INM version 7.0d). The study also determined
appropriate by land use around Suvarnabhumi International airport using GIS overlay technique. The study area
was identified by the noise level contour agreed upon by the Members of the Cabinet on May 29, 2007 and
August 31, 2010, in addition with predicted noise level in case runway 3 and 4 will be in full operation in the year
2039 to accommodate about 129 million passengers. The land use pattern around Suvarnabhumi International
airport will be considered based on 7 factors namely ; 1) noise impact, 2) low frequency noise generated from
aircraft 3) aircraft wake vortices, 4) aviation risks, 5) land use pattern for airport in accordance with FAA, 6) aviation
safety zone, 7) land use plan for Bangkok and Samutprakarn. The study revealed that noise level for 2013 was within
the scope agreed by the cabinet (NEF 30). The trend of expansion of more communities around Suvarnabhumi
International airport will become wider especially along the south of the airport because there are still more vacant
lands in this area which are suitable for residential construction. On the north path of the airport in Bangkok,
more expansion is also expected especially for warehouses which will also produce noise level equal to NEF 30.
Aside from this, present land use management at Suvarnabhumi International airport in accordance with FAA
revealed that in Bangkok, some zones with airport land use compatibility were about 16.62 square kilometers
while other zones with airport land use incompatibility are 4.46 square kilometers. In Samutprakarn, zone with
airport land use compatibility were about 25.04 square kilometers while some zone with land use airport incom-
patibility were about 1.18 square kilometers. The study on land use pattern with airport compatibility based on
the 7 factors stated above revealed that building construction of all types can be done in accordance with the
law in areas with NEF <30, and land use pattern for airport compatibility can also be set.

Keywords : Geographic Information System, Noise Exposure Forecast, Airport Land use Compatibility, Air Safety

Zones, Aircraft Wake Vortices
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Abstract

The study on odor and toxic compounds emissions from municipal solid waste was carried out in order
to estimate emission flux of VOCs and evaluated the distribution of odor from municipal solid waste landfill using
WRF-CALPUFF model. Hua Hin sanitary landfill was selected as pilot project. This landfill consists of domestic
and agro-industrial wastes. Cubic static chamber was used to study the emission flux of VOCs from surface flux
of landfill. The surface area and volume of static chamber are 0.16 m” and 0.064 m’, respectively. VOCs samples
were taken from the static chambers using evacuated canisters every 3 hours (9:00-12:00, 12:00-15:00, 15:00-18:00).
All of samples were analyzed by preconcentrator and gas chromatography/mass spectrometer. From the result
of this study was found 37 VOCs. These VOCs were classified into 4 groups; aliphatic hydrocarbons, halogenated
hydrocarbons, oxygenated hydrocarbons and aromatic hydrocarbons. The findings from this study revealed that
several VOCs were mainly contributors to the total emission profile such as isobutene and pentane in aliphatic
hydrocarbons eroup, 1,2-dichlroethane and dichloromethane in halogenated hydrocarbons eroup, acetone,
2-penhtanone and hexanal in oxygenated hydrocarbon eroup, m-,p-xylene, ethylbenzene, toluene, styrene and
o-xylene in aromatic hydrocarbons group. Acetone was highest contributed to the total emission flux of from
fresh landfill zone accounting for 53.019%, followed by 1,2-dichloroethane and m-,p-xylene, accounting for 14.44%
and 4.88%, respectively. For old landfill zone, 1,2-dichloroethane was highest contributed to the total emission
flux of accounting for 19.07%, followed by dichloromethane and acetone, accounting for 15.70% and 11.05%,
respectively. The finding of this study found that emission rate of VOCs from the fresh landfill zone was higher
than old landfill about 7.9 times. In additional, benzene to toluene ratio (B:T) was evaluated as indicator of
emission source from landfill . The result of B:T ratio was ranged from 0.07 to 0.14 that is compomparable to the
other countries such as South Korea, USA and Spain. For evaluation of the distribution of odor from
landfill using WRF-CALPUFF model, it was found that the distribution of odor depended on characteristic of wind.
The distribution of the overall odor concentration of approximately 30 OU was within 2 kilometers which the
distribution of odor did not reach to the beach and there was no affect to tourists.

Keywords: Odor, Toxic, Volatile organic compounds, Emission flux, Municipal Solid Waste landfill
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6 |1,3,5-Trimethylbenzene 2.18 3.99
7 1,3-Dichlorobenzene 0.62 0.71
8 1,4-Dichlorobenzene 0.58 1.07
9 2-Butanone 1.47 4.50
10 2-Pentanone 52.87 1.40
11 3-Pentanone 5.10 0.84
12 Acetone 626.84 16.46
13 Acrylonitrile 1.54 0.68
14 Benzene 3.54 0.59
15 | Carbon tetrachloride 0.12 0.26
16 Chloromethane 1.85 1.71
17 Cyclohexane 2.18 2.30
18 Cyclopentane 1.76 0.00
19 Dichloromethane 35.34 23.38
20 Ethylbenzene 44.26 14.05
21 Freonll 0.17 0.46
22 Freonl14d 0.10 0.22
23 Freon12 0.33 0.98
24 Freon22 0.14 0.48
25 Hexanal 45.05 6.50
26 Hexane 2.79 1.62
27 lodomethane 0.31 0.22
28 Isobutene 29.76 7.47
29 Isoprene 1.65 1.46
30 m,p-xylene 57.66 4.04
31 Methacrolein 1.44 0.33
32 | Methyl vinyl ketone 0.92 0.63
33 MIBK 8.28 0.82
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No. YUAVDIF1TDUNTE SATINTITUNeIRAY sAsINTTTUNLLRED
sumedng (VOCs) Twu A (Qouvedan) wu B Qouvezini)
(lulasnsudamisraunsaatalug) | lulasnsusenisnaunsriasalug)
34 o-xylene 12.68 292
35 Pentane 9.74 0.71
36 Styrene 24.99 292
37 Toluene 25.98 8.82
INIINTTLUNLENTDUNIISENEde 1182.43 148.95
wavningiatele
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4.1 Nan15338
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wazansduvddszimeiteiingiafaldiivarsviaiinansenuseguaim viswdaduamsneusisa 1wy wudy
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warszuunadumels wu a1sesdlaw ngdu evdaiunwdu Jusu wasnuindnsnisssuneveasdunsd
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4.2.1. mstinsfineiiaaieivguassalunmsiuumey/aleuismsdansuesuesmasguazunLnIg
fanaveswiimnivioulsnefifeatosineg Afteglulilums iR Wemannuanvesguassadand il
downilymuevesvdeundsiisuegvaneuiidsnamsdansiiane wiesifingrmneuazununisdants
VYUY

4.2.2. lumsfinwinsnszanesiveanaulagliuuuiaommandamans Sdedrinosnusemelne
gilsifoyasnmsszuienau TunsAnwididdldmninisssuiesnniassma uasfunmaaeuiieg
anudiluldnezthuuudassnldlunisuimsiamsdymuesnaunnusvesgumu iielnnuisUsyansnm
viesviunaensulfvesiuudians dudu msdinisfnwfeensnsinisszuiendu (Emission Factor) d1uiu
Uszinelng uazmsiiiedesile Olfactometer dm3unsiainsziiunau

AnfnssuusenA

iAteladveveunsranuEnAmLsEuaz T fmaunaaiiu Alanuewenesianuiinuisine
aagmnlumsiiuiinndeumainuazsnsnssrunevesEsunidsumedsanuailinaussmAuaThiiy
uazvovsUNsE AR mMThves UTTmlaueudin $1in flimnueyesivedesile TridionTM-9 GCMS
Unsra¥ranssunidssmeieludoy vsnauvasinavvszinaunaiiy

LONA1581984

1. ASUAIUANNANY NENTNNTNINTFITURUALAWING DI, 2556, TreuanIUNTaiNafivves
Uszinalng U 2556. ISBN 978-616-316-197-0.

2. Health Protection Agency. 2011. Impact on Health of Emissions from Landfill Sites. Advice
from the Health Protection Agency. Documents of the Health Protection Agency. July 2011. ISBN 978-
0-85-951-704-1.

100 senuranitegudideuaziineusuniuduwindes U 2555-2557

4 Color 91-102 Finol.indd 100 1/14/59 BE 7:06 PM



3. Jeong S. J. (2011). “Calpuff and Aermod Dispersion Models for Estimating Odor Emissions from
Industrial Complex Area Sources.” Asian Journal of Atmospheric Environment 5: 1-7.

4. Hua Hin Municipality Records. (2005); Feasibility Study and Detailed Design of Integrated Waste
Management of Hua Hin Municipality (in Thai), Hua Hin, Thailand.

5. Prueksakorn K., Kim T.-H., Vongmahadlek C. (2014). “Applications of WRF/CALPUFF Modeling
System and Multi-Monitoring Methods to Investigate the Effect of Seasonal Variations on Odor Dispersion:
A Case Study of Changwon City, South Korea.” Air Quality, Atmosphere & Health 7: 13-27.

6. Sironi S., Capelli L., Céntola P., Del Rosso R., Il Grande M. (2005). “Odour Emission Factors
for Assessment and Prediction of Italian Msw Landfills Odour Impact.” Atmospheric Environment 39:
5387-5394.

7. E.Gallego, J.F.Perales, F.J.ROCA and X,Guardino. (2014). Surface Emission Determianation of
Volatile Organic Compounds (VOC) from a Closed Industrial Waste Landfill using a Self-Designed Static
Chamber. Science of the Total Environment 470-471: 587-589.

8. Kim K-H, Kim M-Y. (2002). The Distribution of BTEX Compounds in the Ambient Atmosphere
of the Nan-Ji-Do Abandoned Landfill Site in Seoul. Atmos Environ 36: 2433-46.

9. Kim K-H, Shon Z-H, Kim M-Y, Sunwoo, Y, Jeon E-C, Hong J-H. (2008). Major Aromatic VOC in
the Ambient Air in the Proximity of an Urban Landfill facility. J. Hazard Mater 150:754-64.

10. Durmusosglu, E, Taspinar F, Kardemir A. (2010). Health Risk Assessment of BTEX Emission in
the Landfill Environment. J. Hazard Mater 176:870-7.

11. Tassi F, Montegrossi G, Vasseli O, Liccioli C, Moretti S, Nisi B. (2009). Degradation of C2-C5
Volatile Organic Compounds in a Landfill Cover Soil. Sci.Total Environ 407:4513-25.

TenuNaITequiiTeuagineusuaudannden U 2555-2557 101

2 Color 91-102 Finol.indd 101 114/59 BE 7:12 PM






ANSANBINANTZNUYDITLAULR I
ANTD NI AN A DYNYU

Study on the Noise Impact of the Double Track

Railway System on Community

NHNBINA LHBILAZANNAUELIDY

4 Color 103-112 Finol.indd 103

1/14/59 BE 7:18 PM



nsAnwINansENUYaLTERUdeaInsalnseanido Yy

Study on the Noise Impact of the Double Track Railway System on Community
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Abstract

Study on the noise impact of the double track railway system on community was a study of the noise
level from trains. Type of train (passenger/cargo), speed and train length were included in the study to find
their relationships. Three lines of difference areas were selected to study; Meung Phranakornsriayuthya, Meung
Chacherngsao and Meung Nakornpathom. From this study we would know the impact of train noise and its data
could be applied to make a noise prediction mathematical model. The result was found that the 24-hr average
sound levels at Phranakornsriayuthya and at Nakornpathom were 64.3, 65.1 decibel(A) and 65.9, 66.6 decibel(A)
which lower than the Thailand general noise standard that defines the 24-hr noise level should not greater
than 70 decibel(A). While for at Chacherngsao such noise level were 73.9, 72.9 decibel (A) which higher than the
standard. There might be there were many cargo trains which generated higher noise levels on that day, a good
management is needed, for example, controlling amount of train or using noise barrier. And more data should

be eathered to study the relationship between noise level and speed of trains.
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Abstract

Generally domestic wastewater treatment systems often treat wastewater to meet effluent standards.
It is useful to return back for new benefit such as reuse for agriculture. It is therefore very important that it must
be improved so that it is appropriate and safe for water reuse. The survey of 8 domestic wastewater treatment
in larger communities was performed at the Northeast of Thailand and it was found that many of these facilities
have potential to be developed and enhanced for a source of agricultural water reuse. But there are needs for
further improvement to suit the activities to be undertaken. The slow sand filtration system is another system
that can be applied to improve water quality. The effectiveness of slow sand filtration system installed at the
Buriram municipality domestic wastewater treatment system was tested by using wastewater from the pond No. 2
the aeration pond of treatment system and was compared to the stabilization pond of treatment system.
It was found that the efficiency treatment of COD, BOD, suspended solids, total phosphorus, TKN, nitrite and
nitrates of slow sand filtration system showed better results than the stabilization pond by statistically significant.
The slow sand filtration system is effective in treating at an average percentage of 47.07, 57.09, 61.18, 72.75,
64.08, 26.11 and 66.32 respectively, while stabilization pond can reduce with the percentage of 7.44, 16.85, 35.26,
11.45, 46.51, 17.05 and -24.20 accordingly. The removal efficiency of total coliform from the two systems did
not differ significantly, slow sand filtration system performance between 0.51 log - 1.80 log. At a time when the
stabilization efficiency between 0.26 log - 1.19 log. The quality of effluent from slow sand filtration was accept

of water reuse guideline and not effected for long been and cucumber crop.

Keywords : Domestic wastewater treatment system, Slow sand filtration system, Water reuse
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Abstract

Study on the efficiency of wastewater treatment by water hyacinth in Rong Jae canal was action in the
area of the Rong Jae canal, Amphur Nakornchaisi, Nakorn Prathom province. This area was where Department of
Environmental Quality Promotion has a plan to restore environmental under the Natural disaster preparedness
district. The Rong Jae canal is connecting between Maha Sawat canal and Tha Chin River and the wastewater
from a large community around there is drainaged into it. Therefore, the water quality in Rong Jae canal worsens,
rotten and smells which affects the people living around. Then selected water hyacinth which is a plant found
in Rong Jae canal to study on appropriate and efficiency of water hyacinth raft model treatment for treated
wastewater in order to restore of the canal.

The raft of water hyacinth size was 1 square meters, placed in the Rong Jae canal and put on 4 kilograms
(wet weight) of water hyacinth on the raft. Put the raft to distance approximately 10 meters long were totally
15 rafts in a total distance about 180 meters. Measuring of water quality which had the water hyacinth rafts in
Rong Jae canal. Water hyacinth raft has reducing efficiency of BOD, TKN TP in water around 58.5%, 53.5% and
45% respectively. Found that the water hyacinth raft can increase the amount of oxygen in the water which is
related with the amount of BOD decreases. And found that if the amount of water hyacinth to put in the raft
as 4 kilograms per 1 kilograms BOD will have wastewater treatment period about 40 days. But if the amount of
water hyacinth in the raft as 8.5 kilograms per 1 kilograms BOD will have wastewater treatment period about
16 days. Efficiency treatment of water hyacinth raft is reduced after a period of water hyacinth raft can be used
in wastewater treatment. It will be need to remove of water hyacinth in the raft that was more than enough.
The result of this study can be used as guidelines to use the water hyacinth raft in wastewater treatment for
management and restoration of water quality effectively.

Keywords : Efficiency, Wastewater treatment, Water hyacinth
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5 w57 13 0.8 13 7 0.6

20 A.N.57 28 0.9 8 a 0.4

53.a.57 a1 1.0 6 3 0.3

17 1.a.57 53 0.9 7 il 0.3 wWasudnauzluwn
3 13.8.57 69 1.1 3 2 0.2

23 13.8.57 89 0.9 3 5 0.2

8 W.A.57 104 1.2 7 2 0.4

22 W.A.57 118 0.5 11 11 0.9

3 3.8 57 130 0.4 12 14 1.2
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SuanauvEeUsvann 3 fadnSusedns lusvezian 16 Ju (Fufl 53-69) udmdsaniudi BOD feziduiiudy
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INFUA 9 uansen TP Tupaedlsad wudiA TP lurssdsuanaufnasundnauyniaussanm 0.7
fadnsumedns wazilladn1sAnsundnaueil A1 TP 9zAYe) anasawndouszuiu 0.3 Hadniusedns
Tusgeziian 40 Ju uazidlelafinswdsuinauyluln A1 TP AezBuanasvaoUszann 0.2 Jadnsuredns

Tuszeziian 16 Ju (Juil 53-69) udmdsaniuAl TP AagiSuiiuTuises 9 auie 1.2 JadnSunedns

3.2 UsLANSNTWUBILNENAUBIN IUN1SUNUAUNLEE

= a a o v T A
A15197 2 wansuszansnnlunistndnude

ﬂ%l’\‘l‘ﬁ 2YTLIA1 (’3"14!) ﬂ’J"ISJ‘VIu’lLL‘u'u‘U?J\‘iBTﬂGIU%’J’I Uizaﬂgﬂ’lwiuﬂ’]iﬁﬂﬁ’ﬂ (%)
flod | By | Weawedanevun
(BOD) | (TKN) (TP)
adadt 1 40 U 4 kg WnauwI1/kg BOD 60 % 57 % 57 %
(Jufl 41-1)
adad 2 16 U 8.5 kg HnMUYI/kg BOD 57% 50 % 33 %
(Fuil 69-53)
ARy (Average) 58.5 % | 53.5 % 45 %

7 2 wansUszavEn e nnauyn lumsthdmiideluraedsas wuhannsoanysunae
BOD alé 58.5 % USunau TKN alel 53.5 % wagu3una TP agla 45 % 21nn15AnwnuinuSunaa ULy
yosinauyIvsinaneszezatlunsididaids dusunaaumuuduvesinnur iy ¢ Alanda
dthidenvesihmurnseilansudlon (@ ke finmuwa/kg BOD) azldlalughaan 40 Su drutsinammumununiy
voainavnit 8.5 Alandy dudndenvesinnurisedlanudlen (8.5 kg Anmuvi/ke BOD) axldld
Turhanaifies 16 u Fwdsanszeznasinanudlsyansamlumsiiiaiidevewninauynazanas
ﬁaiﬁaqmﬂﬂ%mmﬁﬂmmwﬁLﬁiglﬁuimashmml,mﬂuﬁuﬁﬁﬂﬁ’m aziuladelunmsidanisiasaiula
yoanausluun sufalinusmemnsiifegluihienadlifissweseninadydulnvesinausn Faviili
AnpurEuneas wasyhlsseans ailunsiiimhdevesuniinnurnanas uenantunauriiEuneas
fandunafsssiuloflituundaninme Juilivsuntlofluihgduiosy

4. a3UNaNTITeuazdaLauDIL
4.1 aguwanisAne

4.1.1 UsgBvEnnlunisthtndidevesuninaurrmuin annsnanUimuasduislugudled
(BOD) lulnsiau (TKN) wagweaneasa (TP) lawindusesay 58.5 53.5 uay 45 AUa16U

4.1.2 nsliunsinmurnlunmsthdainde avfesfisnsanisrumundureinauruay syezaa
Fannsaldlunsiidaindsls  Tnewuindnldsasianumuuduresinauend 4 Alandumindense
Alanfudled svoznanfiaranunsoldlunmsirtniideldasUssuna 40 Su uidldsnsiaumunuiuyes
fnaueni 8.5 Alanuthmindenserlansudlen svoznafiazannsoldlunmstinideldesdsvanm 16 fu
Fandsnszavnaiannsaldlunsthdmindelduds Ussavsnmlunstidmhideveundnaurnozanas
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4.2 Jaiauauus

4.2.1 msldundnausnlumstrtainge Wetsiiuaunmidiluwsdani sfesddeisanuninde
vosiluumash Vinannuvuiuduvesineuenfiadld wassvsznailuniafuieadnauseenainun
Jaagilimsilugaaunmiunanildnadivssaninm mnmanisinelundsdamsldenumuiures
fnmuendt 4 Alansudhwiindendeflansudled fweldsvznaluniafuieadnausndssana 40 Su
Fopyililisoddidmihisuunnthluniseuguuazquasnuundnausilindiussans amlunstide
hidaaadlsaa

4.2.2 msldundnaurnlunisuiuussnuniilunaeslsaadunstisanauanysn wagay
whidsvesihadldlussdumiarihiy nsuddymamuamihluesedsaaiiosldnad snduiivedostinisats
ssuuthiimindefigniosmdnisnsdely

4.2.3 fuilshag annsadndeniiviwiaduiinsanluuteriufiulFlunstinuasuauam
dluuvaahld wiegdesdimsfinudnisdansimiiuegramnzaudie fasuoeneliindymiuibe
snBedule
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n1sAn¥IN1SULIUaUYR9Es Polychlorinated Biphenyl G[,umnauauuawammmq

Study on Contamination of Polychlorinated Biphenyl in Sediment and Green mussel

J9871 UMENIUW Wag givs) neundes

Ruchaya Boonyatumanond and Sunitra Thongklerng

AuEITeuagiineusuimuduindon nsuduasuAMANELIAdeY

Environmental Research and Training Centre, Department of Environmental Quality Promotion (E-mail : ruchaya2007@gmail.com)

UNANED

msfnyURnamsanénndraeiunmaluimia (R80, PCBs) Tusegangnoufuuasvesuasgluusih
aendn 4 e 1 whiidmseen widwiidu wibhuoslens wesuibuinass uasiinaeilmes
MOUUWYDIENIINY Nsarinfiedanznaufumemalin soxhlet extraction wasnU3unaans PCBs agld
inseaufalasunlansiil - unaaalnsiines (GC/MS) namsnaaeulusietunzneuiiu wayvosusasy
wuUSinansanéevesans PCBs ton uiiiiluvazddmsulsamalnedslifimstinuenunasgudmsuns
Judlounesans PCBs lungnaufuviedsitin usanunsolideyalunsinnumsutouvasans Pcas Tngld
vesuuas Jusvidrinmanumsaivinaneiwesssmals

Ay : IndaneSiunnaluiila viesuuas] aznaudu wit

Abstract

The study on contamination of Polychlorinated Biphenyl in sediment and green mussel from four main
revers, which are the Chao phraya river, the Tha-chin river, the Bang-pakong river, the Maeklong river and coastal
area on the upper Gulf of Thailand. The samples were extracted by using soxhlet extraction and quantified by
gas chromatography-mass spectrometer (GC/MS). The results were detected the PCBs at very low concentration
in sediment and green mussels. Although Thailand didn’t have standards regulation of detection limit in sediment
now, the result can be used as monitoring data of contamination of PCBs by using green mussel as bio-indicator
around coastal area of Thailand.

Keywords : Polychlorinated Biphenyl, gsreen mussel, sediment, river
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1. Ui
~ P ) o & v A A P A o oA
muiilssinalnglaasunuludneiussaeydygianenladuitnieasuaiiviinnAeeiuiu WeTui
31 unsau w.A. 2548 Feaudyasenadidmanglunisan/dnnisngn Msld wagnsuanddeeansuaiy
TRNAN9EIUIUNOANATBIFUN NNV IUYYELALAIIAGOUIINATUANBTINNAIEIIUIY NIUFNETY
AaunmasnedeudupuzoynssuniseudyganenlaauiarlasuresunngluunuUiRnisssaumfinge
a ) Y a P v o
1599N5USUAAKALNISHSIVABUNITANAI9VBIAS POPs Laglaniznstin1smnA19ve9a1s PCBs wavliuiaua
Toyannuimmuusuilasuleuningluaugaynssunsaydyy My dluieatvayudeyaliiu
ANEOUNTTUNTRUA YY) AUGIdukavinausuA1udIwInaeN 397lATINITNERAAILNANITANAIIVDY
Naa oA p ~ v v a A o a a < a = &
asigl WeaSeuidisuiuteyauiagailiunisusnalsuivusegliivesnsiniuasrailuein Favaedy
In1sAnwIESNTUNNANG FI981997171¢ U azmenauny [Watanabe et al., 1996]
@13 Polychlorinated biphenyls (PCBs) \Juansfiuywdndnduiioldusslevinisonamnssy way
lgsunisdmeglunguansnndnseniuny (Persistent Organic Pollutants, POPs) 1Uuansnensiss @13 PCBs
Wuansiidunszitusuldauedt a.a. 1930 9nUjisenisivrasiusazaislumia (biphenyl) fuanspasiu
#1Us1@a1n1 (anhydrous chlorine) lneiliwanuioasusznouwman (ferric chloride) usLssufizen dns
a3 PCBs agaunsranglulssnugnamnssy lnedoneanisauanaeiuniuussmagtan 1 Kaneclor
(00w Aroclor (an5ge13n1) Clophen (wosduil) Wudu wazsiadiay 4 fvnendndusiazuaniediuiu
wWasiunvesnasiulaeimvtnlundndueaiiueg wu Aroclor 1260 fie flaw 12 munefls “Biphenyl” uway
La% 60 MUNEDs @15 PCBs Nilaaasutduaidusenauiosas 60 WWudu Nldulsenauvad @15 PCBs dnanlddu
Industrial fluid Tw hydraulic system, gas turbine waztuaganmaluauulnihng tharudeuainaueuazasi
A ' aaa a o Y 9 HEY oA v L. H 1y A =
weeraUisuneandindu ldlussuuanuiou ldnauundunaodu 1adu Plasticizer luthendawn & win n1a
AsEANEANLUN @siusTuLaswanain WUy @15 PCBs Toaenaunsrangauseniel .. 1970 dnsvuilau
¥99a15 PCBs Tudwwndaurilanlaglinin@n [Safe, S., 1987, Eljarrat et al., 2001, Kennish et al., 1996]
a13 PCBs HautRavaneunlites anunsaazaalantuansdunse undiu lodu Wl ssiesnn gaiien
Uszana 325-366 esmgaided @15 PCBs Wu precursor vesnsiinansionsy winilumfigamal
250-450 sarnwalded sxviiiinasiwsudaduasiduniviasegluansnguiinnAe1iuin (persistent
organic pollutants, POPs) luuiuéiiingnsa3sdin (half life cycle) 7.8-132 U [Safe, 1987] aruduiiwves
@15 PCBs Tuauwilmiinenis wu seaefiassant W@eedy Uindswe Rimiaaztdudn Rvtdaenuniiu
a a a o a a Y o o w1 a A oA & a o« '
finsiasuiUaswesimiainuiinalunth d1ne wazadviouu 91aLAsEvSasuLEN 15und1 “Chloracne
o A a a o IYs | 1 v a & a a Y] | a &£ A o P
faguil 1 Sanideludnivaasmuii lnelidnauduiiwdsundu wionisasiadudlosuans PCBs 1hly
avavlusamewazneliiauessluduvey PCBs WWunguuasansuseneulalnsasveuiinasiudy
peAUsynoudsanunsaazaulungnaunulafne s AuluEsdidin (Erickson et al., 1997) Useimalnaisuldans PCBs
Tud A.a. 1955 Ul A.a. 1975 Usewnalneddanuuainunisiians PCBs visviun tut a.d. 1975 wpaanniin
wa ) a v W a A ! = a 8 o
guRmnaINMslvavesans PCBs MUssmelaviu lnedanvsunanasesmaeninudululssnundnuigi
o v wa & & o Yo Yo ' < 2 W A a & A a a o
51971 aURweluasaduinldlasuans PCBs treilulsauziSaiunaziindudalnafiusiammids lngiang
Usnalumin Tunaneusemailandsusenaiunantasinuldans PCBs faws a.a. 1975 Wuduun a1
Anwitensuszifiumans PCBs innAdlutunz nouiuieazimuniluaunnsgiuludssmalne [Ruchaya
et al, 2007] JnquszasdvaansAnwiliiioUsediuaniunisalnmsvuleuans PCBs Tudiegmznoufuiay
viogudag TuiunuTaeRamea UShuyay wasusinlseugnamns sy

TenuNaNITequITeuagiinousuaudunden U 2555-2557 139

4 Color 137-148 Finol.indd 139 1/15/59 BE 10:46 AM



Yusho, 1968
Rice oil contamination

Severe chloracné disease

JUN 1 uansenisvadlsaiaviavelasuiivuesans N0
Mwdeuludndusidn Ysemagiu

nswdsuudassuuasnisaanefuaznsiadeudnegasuindey ﬁuagﬁuﬁwmmaa‘%ﬂﬂuLaqa“uaq
@13 PCBs Tuoinia @13 PCBs ausaaauslamenszuiun1smsaamilaenaseifiang (photolysis) lng
efiiszezinann3 dinfiunnenetu @15 PCBs fifaae3u 5 oznay (pentachlorobiphenyl) fszeziiann3s
Fin Wiy 41-83 Su (WHO., 2003) Tuth ans PCBs anusadaneilamenaseniindssesinainiedinveans
PCBs fiilosrusznouvenasiuiaus 1-4 pznou Lﬁaa&ﬂuﬁwﬁuwﬁu 0.5 Lun3 zaaneflalugag 17-210 u
lungnauRy NszUILNSEANERINITINN (biodegradation) lunsEUIUNTUaNYRINNTAAN8 VB IENS PCBS
aunsainlgiationniauarldennia Tnssadrslneslu @15 PCBs Usznausie benzene ring 2 ring oy
waziinaeiuUsznausedaud 1-10 éﬁ’qgﬂﬁ 2

Cl 110 Cl 110

Polychlorinated biphenyl

5UN 2 uandlassasraluianaans PCBs

Audiseuariineususudanden duidouasimumaluladfuansiiv vhnsAnwuinansandng
YosasfwUszLny PCBs 10991nans PCBs anunsanndnslsisnuuludawanden Insdvasegnisaanssuny
avaelddlulusiu waranunsonssaeviogniamiluldssesing 4 ansnduiliiauduivionnddludedidin
finasiosyuuyszam shlvinsudnsesluuiivesldauesdiaund Wuansignseylusudnyananenledu mufinn
n31vdeUATs PCBs andndlaglivesuuasgifuduiitda (bio-indicator) Huihlansewiuimesusasfannse
T dusvidanmludauandon [Connor, 2002) ilssaavesuas dudsdTinionfousnameilmeiauay
Hudnifideddasordoonnsuinumeiliiues swnsvemesuasujasrinuilodevemesiasgieiuiaiu
N13ALANVBIAITOMNTUAZATRBUTLANA 1 uaﬂaamﬁu;ﬁﬁammsﬂﬁmumléfdwﬂﬁm8LLuaﬂ:j
orgwilsmumnumnzay manndnslumsneudufidunsinuiiieatuayudeyadunsazauuesans PCBs uaz
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nsAdoudeans PCBs annunuAngwia Fadunsidsunlasaisansiiwmdigrlgomsvedniingu
' ! d‘ av Hao ¢ = X o o ! !

wazaegonsvesyudlunan lasim e liingUszasd Anvinisuuleauvesasiddluiiegaesuuag
WAEAZNOUAL NUSIUNUNESS LYY LUARAaIMNTIY LUAYLYLERY wazuSnauimzavesUseme waglyd
Judeyaaivanuunuluinisssauvnanielieudyadyayananiady

ndayanisldans PCBs luuszwmalnenudn ans PCBs dndhumioundoudasiuiviendeiiu
Uszglniwinny  wasdaglumhenunsulinveuldsiusiugunsallniiidans PCBs Yuloulumdnds
AUszna agslsimuwdnguunglasnidnnislduazidndians PCBs wan widvanunsansranumsuulou
Y89813 PCBs USHIMMZNoUTUUNDIUBIIINVUIUNTHANILAZIARBUNYDIBUNTETNAUSTTUYIRAE
dwandeu wWu Aunvuleuans PCBs Fan13nseategdaindouinlavaienia wu n13vevasiny
(runoff) Wy 3o NIsEmELazANIlAEaLTaUTIBNNIA (atmospheric transport) NMSLARDUAITDINZNOUAY
wagnsianIreInseiall iliiAnn1snszatekasNIsazauvesas PCBs uilag1eavnvigila 3 ndoya
NsANwITReAUEIT [Santschi et al,, 2001, Columbo, et al., 2005] WuIRENBUAUUILIUARDITOLHAE
AULLULAINTZEINTIANUATS PCBs 929 0.11 - 0.93 WlundusonFu-uIniniiiy aznoufuuIauiiuIny
@13 PCBs 124 0.01 - 0.22 wilunsusionsu-uvdnuiie usnaildnuans PCBs (N.D = non detectable) fo
USHI0U 2.UUNYT - 2.98587 Uagnuans PCBs NAMIutugeiuuiinm 2.a3m5Us1n13 (st.2) aenauiuusiiu
udtwuans PCBs 429 0.02 — 0.05 uilunsusionsu-uvtnuiie Lagnznauiuuinaenlnenauue wuans
PCBs mnAn992 ND-0.02 wilundusionsu-unninuiis usnaiinsialdnuans PCBs Asuimilnaainiinusii
11NN71 96 Alaluns [Ruchaya B. et al., 2007 ]

Augidouagineusuaudaiadenfiidumienumilaiiaedniunisies MUSSEL WATCH 116aus
U w.. 2522-2535 [Eljarrat, et al., 2001, Erickson M.D.,1997] winauztiuiimsiudayaianizan ssniuauyinty

& v ova = 1% P a A & a & o '
uenandulaiinisAnwnisenAsansi@tlunz neufuanurasivudeuuinalsuiundendasivilnives
A5 HNUATTA1IRIWAT W.A. 2523-2525 [Watanabe et al,, 1996] AatuaUIToAsIHazaIunsaldmay
v o & A o 1% A A Y = vy v
duiusussnnlinvesnmsanamalloisuiulusinladnee
A gy ! a ¢ & a Nea & a a

nAdenldvesUszianangg Tunisnauesiageuaniunisalnsuudeuresansdunioniluiy Ao
@15 POPs U a5y ansaiuuas a1slaeandu-iliusy a1sieiey ansidnd Jegunnunevaiedssinmn gy
PRULATI MOUUNNTU M8 Zebra mussel [Jones S et al,, 2001, Jon D. et al., 2011] n1shavaatduavdidnnin
WU sazaNTsasiElufeg@diTinislgemsnsasaurasansiy

Ti "1\—’[‘

N\

JUT 3 uanwosuuasguila Perna Viridis uazaunsalnsiudaegnemenauiu (Grab sample)
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2. gUnsaluazisnisie
yhnsmumuenakasAny IS eTeinnsaudmiuiosmesuuag Teldimamaanu fil
2.1 SumaumainTeuiogimasuLaLy
2.1.1 thvesuuasgindsiuazdaenundssoenviosnaredifndumdssiinneen
2.1.2 faausvesdonvesyniuuaylidainudonueseenuagldiinduindrenisly
ilevznznaufuAnegoon thiilevesiungldtsihmiinusazsuas tufintdmin
2.1.3 thwigeiemnsiuduauldiminyszann 200 nfu uastantudeeosduaniigs
(homogenizer) AuazLdyn
2.1.4 dwesituldAulunvuzaunuaadahuaziiulingumgl -40 esmwaldea
2.2 TunauNsWsELFIDE1ImENaURY
2.2.1 thagnoududenuagnirdndudode
2.2.2 wushudu 4 @ uaragnaznouAuvesdINdl 144 Wag 2+43 udaRgndavats Ass
dedunsuausogauaniungnoufuimuslunsuraumuaadadwan vl ionmgf -0 ssmisaldoa
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JUN 5 wanansuusiuiu 4 drunazagndinanes s

2.3 3BN5ENARIDE1NZNDUAY

2.3.1 dhegenznoud 10 NS LAuENIsU (hexane) Usims 100 Jadians s Surrogate C _ solution
Ay 20 wilundusefiadans Ysums 100 Tulasans afndae soxhlet wiu 4 Falus andurdn
dsanusndely

2,32 wiueniu (hexane) anUsunsmellasauliivge 1 Jadans wastuneumdnasuiou
solulagthansarmriu silica gel column chromatography wazdndeiewutalasunlnsns - waaalnasives

233 i sulfur fivulumenoudiugie wn copper feuadinieufalasinlnsnsmuaaalnsiines

2.4 F3N158ARAI9E19MRELIA]

2.4.1 thwiesusiasg 20 n3u Heldvasaurnvuin 100-150 §addns LK sodium sulfate Wiori1dn
ﬁﬂaﬂﬂwaﬂLLuaﬂjj AaNA sodium sulfate V9 waziiy Surrogate C,, solution Ayandudy 20 wilunusio
faddns Usums 100 lulasdns

2.4.2 \fgnsu (hexane) Usins 50 diadans anneie homogenizer wazuennznauioneyeen
TneldiaTos centrifuge

2.4.3 1} solvent fildannisadasegunanUiunseenias Rotary evaporator liUSunswide
2 Ua5ans

2.5 nstdndsluiloudae Gel permeation chromatography

2.5.1 Gel permeation chromatography pack 728 bio-bead SX-3 «’mﬂﬂ?u@ma”liﬁaﬁ)ﬂlﬁaﬂumﬁuﬁ
Tysfuazidmitsly @e 50:50 cycloheaxane: ethyl acetate wazanU3uInsAeLA3es Rotary evaporator
ulsunaae 1 Jadans

2.5.2 thansfiaaUSunsanmsadnuiisluredind ifuans PCBs laula uasueniuduneuaare
#e Silica gel chromatography elute #78 100% hexane $119u 100 faddns anUsuInsuazdnidiedes
gas chromatography-Mass Spectrometer

2.6 MlATEATRuANLATUSINIABLATaY GC/MS

ansataiildandnluluedes Gas-Chromatography model 17-A (Shimadzu)/ Mass Spectrometer
model QP-2010 (Shimadzu) Tneilanmzmsvheuwensiesssll GC condition: column ¥iin Rtx®-PCB
(60 m x 0.25 mm 1.D., 0.25 um)
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3. HAN193BUALIRNTAl

HaN133LAT12E5 PCBs Tuddae1aasuuag

Mnmsifusegndludainden Tiun Megremzneufiu fegimosuuag wazdagrai Tuitudl
rugaamnssy waruinannenlne sudunsifuietimeneufiu 12 feg1e 10 7 gaifiushesn faguil 6
HAINMTIATEViFaE Rz neuRuluNuTiFn1en wuans Total PCBs oeflutas 330-957 wilundustonsu anfiny
Total PCBs geanlu 3 dwiuusn fail Unnusltvindu Yinuaidusinees uaztinushindmszen musdy
ufiushegnefing PCBs mnéndlumenauAutiinnigean fo Uinainusidivhdu wu Total PCBs Wit
957 wnlunfuson3a wenantiudiany Tri-PCBs congener Wag WU Tetra-PCBs U311 350 Wlunsumansy wag
289 lun$usieniu auaiu Femu Total-PCBs luTunaugeaniilewisuiugaiudegaduduiu fudidiny
U354 Total PCBs lughifusasann Ae ufiusnninuithusingas nu Total PCBs ity 660 wlundusonsiy
uarduT 3 Ao Usnanushindmszen wu Total PCBs 550 unlundusiansy s1wazBendssuil 6

P38 WUNSURBNTY

1200

1000
800 l
£00 7 = tri-CB
w a8 | | [ tretra-CB

i@ m B penta-CB
200
. I I I ® hexa-CB
o AN mn B
+: 2 I3 & 3 @& 7 & 8

AN

=1

SUN 6 LangeerUsEnauUTeIas PCBs Mnuluiing1eanenaunu

3

nAdeluein nmangneuiuuinasineneuty waruTnunuiind ezt uaswui
Uinamznoufulnafianudn 20 lwufilues danudadiuves Total PCBs 923 900-1,200 wilunfusionsa
uaznudn Total PCBs Tungnoufuuuafsdianndn 30-80 wufiumstu deandutuves Total PCBs
funluanasuieruani 50 wufuims (A.a. 1975-a.a. 1950) fagwy Total PCBs lutiunigetuogadiu
6% (Ruchaya et al,, 2007) ssiloranidesanedmitiiuanlugae¥ a.a. 1975 Usanalnglddnsiadldeans PCBs
waZdNITUTIMITANTTOENNTUILENTAIN WU N15U7 PCBs ﬁasﬂu Transformer wag Capacitor LUnndn
farnsUszma uazeenanAsNsIaNrIneiilofvualians PCBs uasdunmeuszanil 4 anmsmea
aoumans PCBs Tuthsuansgn a.a.1970 mslaidendawisszmdlnednldvsoudasiniuaziaioaiy
Usealatihszuuii waeidnlnensivinans Viliinsuuidouvesans PCBs Tudawindon Fspnianifes
an3 PCBs LHuansiiliiazaneluth fanuamuiivudeusdluundeumaieniu JuilfiAansasauey
Tunznouiu wonanil ans PCBs é’aﬂuﬁJauaeﬂwfmuuazﬂmﬁmzﬂauﬁuu‘%nmau6’] ARd IileTivzUsuifiu
AuEgsweInsazaNans PCBs Tungnaufiuuasluddlidin nsdsamsfiasifonnzneufunarddiiindiey
vinadndgursulunsiieneindadell mnsaeundiiuandimauhdsnsdiniaedouteuasuninszane
9313 PCBs aglungnoufulndunnusitndimsze Ssnisuuidiouans PCBs fnisnssnegaandoninld
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MANETNA U MBSl (runoff) wiethvha wiemssvmeuasianlagauveussennie (atmospheric
transport)  MTAADUSITBIMLNEURULAZATRANBINITUAL TlTiARNISNSE IR NSETALTeNENS
PCBs LLﬂE)E_le‘I/iNmﬂEjﬁ

dlen3euifisvesdusznauvesans PCBs finuluiodrsineAnuuinameimeausnadinu
msyen Tnelasanisaudasile The United Nations University (UNU) e w.el. 2552 1 oﬁ’agﬂ‘ﬁ' 7 uag
nsAnwesAUsEnauluMmngInEnouAU ﬁqgﬂﬁ 6 wuiesrUszneuvesans PCBs Tuhuazlunzneuiy
faruunnisfuusiinavegluiuiifientu Sadulunmuauaudives PCBS nanfio osdUsznaumes PCBs
wulushegnetiagnuesdssnay Ao DI-CB, Tri-CB, WudusnnvieiiUinugendt Penta-PCB, Hexa-PCB
Faansatuiuesiusznaures PCBs lunzneufiu nanife ssnussiisznauaes Tetra-PCB, Penta-PCB ua
Hexa-PCB 1udunnnuisefiuunasgandt Di-CB, Tri-PCB dmdunansnsnaeunsiiiinaluihusuieiuie
wnvesdUsEnouLarUTIna PCBs Tufhagisth Ao DI-PCB way Tri-CB Tunndoenai uwidmiungnoudu
WU Penta-CB uay Hexa-CB Tuyndoens fagud 7

e Wensudeans % Dca-CB

4500
4000 Nona-CB
3500 Octa-cb
3000 Hexa-CB
2200 Penta-CB
2000
1500 Tetra-CB
1000 Tri-CB

200 Di-CB

1 2 3 4 5 6 7 8 9 10 11 12 Mono-CB  §1u3uaail

v
'

JUN 7 uansesRusenauvesas PCBs Mnuludiegaimeiauiiinmeiangiawazusianinuai
LINTZET T 12 #2981 (WNU X) Bag ANULTNTUYDIENS PCBs (pg/L) (W Y)

nadeuilaruAuAmN NGRS UTegesLIaY KA INMTTATIERReE s LAY luTiuT
#1990 B liwuans PCBs oeffegnavesusasgvidonuluiinadidiniid1 method detection limit fatiy
ideiavaeuiineasulagldieiosfnelasinlnsnsm wag electron capture detector Wlaifianszavsam
MINAABY FaANTTNTIATIUTING sULUUTDY PCBs pattern lally pattern ve%ans PCBs Fadudsaguléi
nsnageulunssillinuans PCBs andndlusogtavosuuasy esnmsAnuiluadadldlnsesiuuy
dwiiniden fafuoradoaduuimadminvosuasglumsatindiogns wu 38 freeze dry fregraves
Tumsarin Sseraseddifuuumndumstauinsiinszsiseld

nsAnyINIInAsesans PCBs Tulsamalnetulfiasdinisfnufuvaswesnmsvudiounudaile
.. 2538-2340 Losnnsuutouuinaiiiurdiouamesmsiviiuasuas auuguated Jewastuiy
freg1eenna fu srnoufiu thiluteniingu (runoff) wayindinisazauans PCBs lunn media wuaunSHAWT
uazindoufivesdunisTngmussuvifasdandon wu Aufivuileuas PCBs dansnszategiuanden
Faldranema wu nseesnetri (runoff) tvin vise mMsssmenazAnlagauvaeussENneA (atmospheric
transport) M3iARDUSaIENBURULALMIRANTEINTEULATN YilTAANIINTE AT LAR N TaY ALYBSETT PCBS

wilogvineanide lasUTunuiinuals PCBs AnAIe o NunvoslsuAuniawlas Tudiaegia runoff
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PRAMTNTU 0.028 — 2.7 IlpsnTudedns waznuals PCBs Tuimedgnnznaunu 2.1 - 34 wilunsudeniu
Tneirusndssmdlnedinasnsnangraneiivhaldfou wa. 2515 wazvuzdldusendlfiiumsoglunis
AIUANTEAU 4 A Yuwdn uniid vialduagvinuilans PCBs 1iluasaunses lassnsinmunsisaeunis
pnfsvesans PCBs iumildlufanssufidesridunsmuuuuoRnnssedumna mueudnyaanenledy 910
MsAfiun1suanaiuina1ienn wa. 2538-2340 Wunannnd 15 U widmunisanddludandey
ogslsAnmmnuanisinunsandnalaglingneufuuuais lnsaznouuiongnznoudulszana wa. 2510
feorgnznaufiuUseana w.a. 2525 deuiuurliufinuans PCBs Tuengnznoufiu w.a. 2508 ATIINUNT
nndnvesans PCBs lueimilosaniimslduasiiuualiiunsnndncanadaust n.a. 2520 aududuves PCBs
auandin Total PCBs = 313 Alanfudonu (dudnuske) anduans PCBs fuualtuanududuanasaud
nznouRAURINGT daA1 Total PCBs Uszana 200-500 WlAnsumensu a1nnan1sAnen GT15 (Lathitude
13°21.86'N, Longtitude 100°34.60F) wansinmsuiouans PCBs fuwildiuananduiu dewisuiieu
fumsanuluifuitaun hlan mﬁﬂmﬁiﬁﬁmﬁmmulﬁﬂmzﬂssumsaué’mﬁyﬂamaﬂiaa‘uLﬁaﬁmum
LMTNINENTINELAY MTInNsAaIndeusely

4. a3UNaNTITIduAzUDLaUDIUE

n539endaduansdeUsinaasandnassian PCBs ludsndeuusnameiluazenlnenouuy
voUsEmneAlng 1@81%%@8LL;Jm;jLﬂuoﬁ’%ﬁﬁ‘g’?ﬂumiﬁﬂmmmﬂfa’ﬁﬂu?amé’au mMsiseiannsausuldsui
FrnnaTindulunsRnmUATIREDU W MOULATI NEENIU Wionesuesy wazanavhnsilTeudieuiuadidin
ﬁ@ﬂlﬂﬁ%?ﬂﬁj\‘l 1w Uanudin Yanngna ﬁaﬂﬁaaeﬂﬂaﬁﬂwma wiodminthAuuszaavdu W Uainsziuu Fedidin
Uszianange findnaudaiilgtinnsdinuesnaneundusaszina Don Dodrill et al,, 2011, Jarvis et al,, 2007]
uenandueraldFinarssvianduiidlyadidin wu Weanarain (plastic pallet) Wusananwils
firmduduifen Weawinunasiiunvesans PCBs anafildunain PCBs Iuﬂswﬂﬁ?uﬂ wirdhuusenaunann
mMswannaInUssmealndiies safurardSonengumunasiuiwasnswannans PCBs Tngldsinwanamniilé
MnFeduisrrinassima Sademanafininaiiu asnsndeseoseglunsiauazanananiivoadananadin
ﬁaﬂmsaam%’umﬁw‘%ﬁﬁ fnifeiafudanarafinfidesaesuarianmnanianemavemaney Useine
iAtelfeedimaiuiinemeavessemAlne wuihidawanafinanésfimemanarunsemaidnndnog
WNNOANAYS WU Fva afiven wazudnaweilenilve gy %aﬁié’amaduimwmaaﬂlﬂ‘imezﬁmi PCBs
fisemadu waznuUhaNsonTIANUES PCBs Tudlemanafinfimsazaveguanuluuuoios [Emma et al, 2009,
Takada et al,, 2008] fatfunsanensandwesas PCBs Tneldidananainidus nmilimadeniiannseld
uanU3uwans PCBs anAsla

mmﬁ@%aﬁ’yiﬁﬁﬂmmsmﬂﬁwmi PCBs lushagiduwndeuuaznuinUszmalvedoduussmaiing
a3 PCBs anénsludanndeuaglussduiddodoudiuieussmea oradosmnluefindunisldans Pces
Tutsswelnefginditefanzmagpamnssselnguanioldnannssudlnituin vhldaunsomue
wavanldenadisyansam agnlsfinu msfnwUSinauasunasiilans PCBs thuilsmsuindsd PCBs msdna
ogluanwingAudnuaiounas fsdusnesnisiisstieaiuayulitdnans PCes Timmluanussmelnetdy
awé’aﬁqmﬂ%’jl,uﬂwmﬁuaquL‘EuﬂthaquuLﬁaLﬂULLingsLaa”LuﬂmTJmmmma’&ﬁ’ﬂLﬁuﬁﬁmﬂgwmw‘%a
finmsnistiemienumaialunisidnegisgnies uazniseanngruneaIsAdedaussiiumieg wagnis
fdusmdmsunaenIunIY
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Titima Sujinapram, Suttisak Narongsak and Ruchaya Boonyatumanond
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The National Institute of Dioxin (Thailand), Department of Environmental Quality Promotion
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unAnga

msfamuanunssinaUudeuresanslaeoniuuinuseuimsanidulasondu i Uszasdifiody
Fayaugumsutoutinuseveans Tldvhmafuiegomaninuseus e foimslneeniy
573 3 30 denmalinszarslaeendu/MiusuetwieidesdudBudniiunsinneviansinoonduves
wesUfURnslasendu Tul w.e. 2556 w.e. 2557 uay W.A. 2558 HaNTIATIZENUAIStnoaNTu ATy
’Luﬂ%mmﬁimﬁtﬁmﬁ’u%aaglmm 0.073-0.088 pg-TEQ/m?, 0.062-0.066 pg-TEQ/m” kax 0.066-0.083 pg-TEQ/m’
AUAAY Lﬁam%'smLﬁsmﬁ’uﬁuﬁazamﬁnmqmsnmwiasma FNTAYLUNT TLUDATUATIIVEL WUIIANN
omAvinuseuemsantulaoenduwimnafianududuginiiuiiarern uivsinuenududuiinueg

lussdunvasaduilioWisuiuAuinsgiuaaun neInIAvessemawauindainual il 0.1 pg-TEQ/m’
AdAgy : lneendu/ilusu TEQ Nuflayenn aneIuniea

Abstract

In order to monitor the situation of Dioxins/Furans contamination in ambient air, surrounding
the National Institute of Dioxin as background concentration, the project has continuously been processed
for the analysis in 2013, 2014 and 2015 by collecting ambient air samples of 3 chosen points. The results show
that the ranges of Dioxins/Furans quantities of each year are not different, which are 0.073-0.088 pg-TEQ/m’,
0.062-0.066 pg-TEQ/m’ and 0.066-0.083 pg-TEQ/m’, respectively. The Dioxins/Furans found around the institute
are higher than those of the clean areas, which are the national parks in Chumphon and Ranong and Nakhon
Ratchasima province. However, all measured concentrations are acceptable, compared to the Dioxins/Furans
standard regulation for ambient air of Canada, which is less than or equal to 0.1 pg-TEQ/m’.

Keywords : Dioxins/Furans, TEQ, Clean Area, National Park
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1. uni

Uizmﬁi‘walé’faqmﬂuﬁmm‘uiimaﬂéé’zyzy’lamaﬂiaémé’mmsmﬁwﬁmﬂﬁwmamu dleTuii 31 unseu
W.A. 2548 Sﬁqawé’ayfyﬁwmﬁLﬂmmdumiam/ﬁﬂ msuan M3l wavmsUanUdesansuaivfinndnenaun
ileAunsesguameusvewyuiuarAundeunnansafiuiiandee i fimusaslaeendu/usu
oglunsmunuuoseydyan anonledy nsudaaiununwdsandey l9¥uueumnglididunisn
unuUfoAnisseduninuoudygitoatuayudoyaiuguldfulssmalnenuufnnedguund Taod
siureulidiulassnistadaiesuiiinislaeendy dmstadumiianssiuasifaitenisdrsanunsel
nstud suanslasenduludsuindourestssmelny eatuayuteyalifuamzoynssunisdyai
anenlodu wazsndudesiiulasinsinwanmnsiuidouvesansineonduluduandonussinneneg uay
MuuinInnTieTeiielrnsiduldngmneesisdiussansawaungmune

esananslasendulasilausy Lﬂu%aéamaaaﬁmjm Polychlorinated dibenzo-p-dioxin (PCDD)
uazaNINaY Polychlorinated dibenzofuran (PCDF) 5ufinsauanssuametuil 1 (Class 1) 9naantu
The International Agency For Research On Cancer %ﬂwm85@6‘115%@6}’3’1ﬂﬁﬁmmlﬂuﬁwqwmmx
\Huansienzia (ARC, 1987) azidunguansuszneuduvietsgneosanelfonn fauautAduiy avauludedidin
AndseuuazannsaindeuelilnaludsnndeuarUfulsuumananinelmasaslasendunsyas
dAwanden anslavanduintuainmawilviifliauysaiuassuaumanslunagpaunssuiifansnaeiu
WuesAUsenau (Fiedler, 1996) dlodetuudanansanaeuinnuasridalulgluszering fUNsnNENeng
§QLLam§QMLLaxazama§J1uLﬁat,?jaimﬁwuaﬁqﬁ%% (Jaarsveld and Schutter, 1993; Corsolini et al., 2002;
Gouina et al, 2004) WuanmgnszduliiAnnisnaneiug IinnmRnunaluseulfanosdsdamanszvusio
szuvgesluulusenie neuRnundlussuuduig uasiilosnnanslaeenduiiuasiousideiliifae
mmﬁmﬂﬂaﬁuaﬂLsuaaxiu?iqﬁ%%LLazzh&maﬂmmﬁmﬂﬂamqﬂ’uqﬂiiaﬂéf (Mukerjee, 1988; Wu et al., 2001)
miﬂzjuiﬂaaﬂ%ul,l,aw?\hLLiuﬁﬁwm 210 ¥ila Fsflananduiviandnaiunudnvugvosiussiadves
29AUENAUAADTU mﬁﬂﬁﬁﬁwmmﬁqm Ao 2,3,7,8 TCDD fn1siaAranuduiiwuas PCDDs, PCDFs wa
PCBs Wisuffu TCDD wileuansandu Toxicity equivalency factors (TEF) Tneanaruilufivwotunaysi
LANIFINITIT 1
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A15197 1 wansaUSeuisuauluiuvesasineandy (WHO, 2015)

PCDDs/PCDFs WHO TEF 1998 WHO TEF 2005
2378- TetraCDD 1.0 1.0
12378- PentaCDD 0.5 1.0
123478- HexaCDD 0.1 0.1
123678- HexaCDD 0.1 0.1
123789-HexaCDD 0.1 0.1
1234678-HeptaCDD 0.01 0.01
OctaCDD 0.0001 0.0003
2378-TetraCDF 0.1 0.1
12378-PentaCDF 0.05 0.03
23478-PentaCDF 0.5 0.3
123478-HexaCDF 0.1 0.1
123678-HexaCDF 0.1 0.1
123789-HexaCDF 0.1 0.1
234678-HexaCDF 0.1 0.1
1234678-HeptaCDF 0.01 0.01
1234789-HeptaCDF 0.01 0.01
OctaCDF 0.0001 0.0003

N351891UU5 dioxins 518911y Toxicity equivalents (TEQ) 89 TCDD Fadalann
TEQ = was23w09 (TEF x USinallaoendu/ausuiingrany)

lnoendu/dusu livhiAnensitwdensegiwiufiusomsazdes Anuasifiuanuguussouonels
pimadeunduiiusng fe viliAnlsaRaniisiGendy “Chloracne” fie fiaviistuluaih fgsdihema
ouwdoswasmiaunamddluy veum uds lvd uazuIae Tovduiug drnasomsiwasundasszsueosluy
TunszuaidondstuogifurlinuosdnivnaeuarUinuvesms silviAneufisunfvesssuuduiuguesdng
weduazmade fnsnuinialsassuutssamluaunuiild$uasdanmamnsanievudeulugnamng
Tneftomsnéduiediodenlsifiinds finsuansormslsauszanm wu megaydernusuiuudulssamumeiie
warUanewingewnde {Wusiu
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Ranssumsesiainanslaoentu/fhusu fufudssuluiidouthas Teevamslasinudeyanisuuiiouves
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2. 9Unsaluazisn15IY

2.1 éhsaﬁ]LLazLﬁaﬂﬁuﬁﬁlﬂuﬁaLmuﬁuaqﬁuﬁazmmIﬂﬂﬁuﬁﬁy’u%ﬁmagjvmmmmdﬂﬁ%ﬁmmﬂﬂaaﬂ%u
Iuﬂwﬁﬂwm'%zﬂﬁlﬁaﬂﬁuﬁu%nmqwmuummamgLmzsquws JMIAYUNT waziuiiuIon AUGIREU AU
JmInTEud LLazLﬁuﬁ;mLﬁUGT’JaEJ'NU'%Lamﬁuﬁqwmmmqmawﬂmg Jandauassvdun Tl we. 2557 uag
WA, 2558 faguii 1

2.2 Boniuiiiduiunumasomsviesfidinislneandu Tneifiufegsennauinmseuy 01as
wesUfuinislaeandu lneidongaiumednemy 3 9o lawn vsnasuinuioauveseinisiesfifins
lpeandu Ao UsaiananainAsssy Ushanaiveseinsiesliainsleeendu wasudneuiieldan
Y9191A15%esUURNslneandu fie 91msiifisduaivemanswied lne3Snmsiiufmegisimuunnsgiu
Sumﬂizmmﬁﬁu ImEJm'iammmﬁé’w%wﬁummwmaﬂ (Quartz Fiber Filter) Favhn1sifiy sampling spike
waglndgSmuliy (PUF) sewesesiiodfiusetnsenniaviin High Volume Air Sampler 8% Sibata U HV1000R
\Wumsifuseitios 24 s faguil 2

2.3 ¥hnsafingeds Soxhlet Extraction 1Hurian 24 $3lus wéanU3unnsdae rotary evaporator
Twdeuszanas 2 ml wazniu Multilayer silica gel column Tagld#e hexane 150 ml ¥ansazaneiisiiu
AeduiudluanU3unseneLAses rotary evaporator Iwaeuszanas 0.5 ml Wilevhiuneusieoly

2.4 Frdndsiudioude Active Carbon Silica gel Column wagldmay toluene 300 ml wazuun
anU3unIeeLA3es rotary evaporator gneldnasavnaaed iy nonane 60 ul anusunsmelulasulivde
Uszanad 60 pl wdaeld vial 1@ syringe spike 20 pl wawanlwaniu

25 ansflanauazkiutuneuntshindsuteusenidrazgniieneifiowisuileunsaunimias
Usunalaemailn Gas Chromatography-High Resolution Mass Spectrometer Iagld HRMS wuu Double
Focusing Magnetic Sector 8%a JEOL $u JMS-800D ¥assioriu GC 8¥io Agilent $u 7890A udwhnsiasei
Yunalagldlusunsu DIOK
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3. HaN133BUAIRNTAl

INHANTIATIZIMIBEIINAUTIA NSRBI SR URNsIneendulul w.a. 2556-2557 uay
w.A. 2558 UShiaiganuieg1sinnanainfsssy aeieimsiesufifnislaeendu uazenansiiissiue
Igreansuiend eidumaihssfinsuuidiouresasivlnesndugiuandeumeusnuarlfifudoya
WeUsyiliuanunisaiuagsruunmsianmsvesdeaniesufjiinssnednmanids Fadulasanisiidessiiu
MaAUMNAT LU FTRNMITAT g siTa s duiiv anmInTanaa e NATeUeNANS WU
10 w. 2556 fdnsuutouaslaoontuuinasulut 6.5-10pym’ fuflemuinmaluguvesanuidudy
JieuiAssmnuiufivsionywd (PCDD/Fs as Toxic Equivalent :TEQ) fidnisuudeuvesanslasentu
Tur29 0.073-0.088 pe-TEQ/m’ drunan1sinszaiaslaeonduluiiuiiazenn (clean area) Uity
Jwriagunsuardaminszues nuienududuiwalugivesnnududuiisufissnnuduivnouyudiia
Wi 0.008 pg-TEQ/m’ iag 0.007 pg-TEQ/m’ auanau dusunan1snsavialud w.e. 2557 aandulaeondu
WAL Tiare BN 1 uis Ao Auflgnetuuisnianlug Sminuassein dedudoyadmsuiuiiazenn
TuituiinAnanswessemalne Usnadinunisuudewvesanslneonduseverasiesjifinislaendu
0glut9 0.062-0.066 pg-TEQ/m* duluiiufidsminguns szuos wargnetuuisAilug wueududy
mwaluglvesnududuiisudewnuduiiviouywdfiawintu 0.03¢ pg-TEQ/m’ 0.010 pg-TEQ/m’
uag 0.014 pg-TEQ/m® mud iy Fsanwanisisedlunnituiiusingdn dvlinvanslasenduiid
Auduiiugaiian Ae 2,3,7,8-TCOD (f TEF = 1) usifi@snsany congener 1,2,3,7,8-PeCOD luunsqaued
Unusauensesujuinislneanau

Tl wa. 2558 wanisanainuamemaiifuluiiufisovenmstesufoinislnoondueglugag
0.066-0.083 pg-TEQ/m® dlutufideninyuns svues wazgneruuisniaiivg nunsuulouves
a15laeeandusiuiy 0.039 pg-TEQ/m’ 0.008 pg-TEQ/m’ uag 0.014 pg-TEQ/m’® MINaIRAU 2gLiuin
mmstudeuresmslneeniuuinusevenmsviesjiinislaoonduiaudt w.a. 2556-2558 Tosgaiiufoens
uiazgnininUdsuutadhiinn wWulefuiuiufiazeiauinudminssuesuazgnenuwisniilug fid
mawAsuuadliinnluudiasd duiuiidmingmemuhiviinumsireendudivduduidy fwnnsd 2-0
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A13197 2 WARINANITANYIATIN 1 (Wwey — nguniay U w.a. 2556)

aouiiiudaegng USanauiiny Y3anay Wisuidesanuduiie
(pg/m?) (pg-TEQ/m?)
W IAYUNT 13 0.008
M INTLUDY 1.0 0.007
TauaalnAsITN 2.UNNsNH 10 0.088
andulpeanduwiand 2.Unusnil 8.2 0.085
WsAuInemans 9.Unusil 6.5 0.073

A1519% 3 WEAASKNANISAN®IATIN 2 (W8 U W.A. 2557)

anuiiudegng USunauiiny Ysanas iieuidesnananduiie
(pg/m°) (pg-TEQ/m’)
N INYUNT 3.0 0.034
JMINTTUDS 12 0.010
991911948y 2. UATTIVEIN 2.0 0.014
TauadeanlnAsssd 3.Unusdl 5.1 0.066
antulneanBuuiend 2.Unusnil 5.1 0.062
WilsAauaineenans a.Unusti 5.4 0.065

A519% 4 WEASHANNSAN®IASIN 3 (WweU T W.A. 2558)

aaudiiudnagng Usanauiiny YSuna Weuidssanuiluie
(pg/m>) (pg-TEQ/m?)
JINIAYUNT 2.7 0.039
JININTLUDY 1.1 0.008
0.1 IeY 9. UATINVELN 2.3 0.014
TouaeanslnAsssd 3.Unusnil 5.0 0.078
antulpeanTuuwriend 2.Uvus il 5.5 0.083
Wils e Ing1mans 2.Unusnil 4.0 0.066
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mMeTeiiegtenavinalndiissmasiesujifinislaeanduuaznieuieutuiuiiazenn
vosszmAlnety fanuszasifeSouisutimnumnduiuluiuiflidfonssivlffnaslaoondy
USnaudinuanslaeenduiivginisunsiar1velaunen 9.5:ues tfu sewined WA 2556-2558 Sl
uanseuie Tl w.a. 2556 wuuSinaudioutng 0.007-0.008 pe-TEQ/m® waglud) w.a. 2557-2558 wuuSina
0.008-0.039 pg-TEQ/m* TnennThgnuhuiinallasentuil 9.5zusslutng 0.008-0.010 pg-TEQ/m® Gaudiuiiud
Hangiadunnsiu aswutiesnd a.gums uduiufitlmeasnine fuinauuidoutns 0.034-0.039 pg-TEQ/m’
mﬂsu"aqq@maﬁﬁmmﬁuﬁaasmﬁ?u%l’f]uqa%’au Fameazaianisalldinualuggruasnuyiumd
tosnhiinenuiviosnnanalinuas mnmadseiuilndifesiugneuuieni 4 seues donsudey
HansAneTUseUszna WU Ussimedingy mansnaeuluiuividnaandemulaeendu-fhusu Saududu
%3390.033-0.0.88 pg—TEQ/m3114@1145;3”’“35815‘131%14%@0 NDAMN iavnzgasousiusguiiisu (NDAMN 1998-2013)
uenaniilnuitevessemaooanaide Anvivunuaslaeendu/Aausunararsinanasiiumelumia
nsalinlnUazinisvandaseaisinoondu/Maususanun 72-1700 pg-TEQ fel laetiaidulaoendu
N84 70% S09a91t8u furan uay PCBs lusesiu 20% way 10% anatdnsiu (Dr Carl Meyer., 2004) NMsENYG
JufusegaemengSoudmiuiuiionetuusend eglafiaalud we. 2557-2558 msfnwildiRsfiuiigney
wisnd luniananadn 1 Wil fe Huflgnenuwissilug fainunssvdin daifenssufidesontze
dewnegluiiufivusidosnduiiuiigneuuimadaduiiuiifeniinisvanudesarslasenduain
Aansuyed Usnamstuidoufinnanuluamgnenuuvisniialngiwui 1l 2557 uas 2558 feiinsa
WuLiAuAe 0.014 pg-TEQ/m’

desnuszmalnedslifidnnasguvestmnalaoondulueinia Jafeafievumaiuiunigiu
yowisUszma IngldAnnnsgrugunmernavesUsemaaunn@aisunliliiiu 0.1 pg-TEQ/m® (Ontario
Ministry of the Environment, 2012) a1nuansinsizsiagiiuldilaonduiinsantlunngaiainmsen
o1AnslaeendulaziiuiiazeindsdamnidunasgiuamnimeiniAvesUssmALALIAT

4. a3UNaNTIduAzUaLaUDIUL

pufiaondulpoonduuisnidudndunisnaud wa. 2556 Tasdanshandndiunsiingesi-ide
Anevienslasendu/ilusuluiedvduwneden Inesegdluwar i uaunniudes s sauidoneld
aoiiun uaglassnmsamuuiofumhenudu mnmsianumanisludouresaslneendu/fhusu Tungseu
wazgarulufimuileanuarldan vsnalndidgserarsiesufifinislneondu wuaududuves
anslaeendu/Ahusu TuwiasBiUiniiuandsiuths fuflndidesis 3 90 gafudegsinuaaaniiafssa
aehermsvieslfuAnslaeendu wavorsiiisiaueinetranswied wiiaenuuinalaeandu/ius
oeftetsaglussduiivasndfouazegneldinasgiuiinun fatenatusgiuansmumesiiuilndides o

a

finswnveglugaeiiiiudiede vieTuediviiemwesauwasiume Fxdunadiuaiuannsmiegdulszdn

wasfloSeuisuiuiuiiiduiuuiuiiaroisluussmalne wuhiuimelus i Smdaunusd fuina
anslavondu/Ahusu ginhituiarein ogdlsfnuemstudeuiinanudliatiooniAunsgunmnin
g nAveUsTARAUIA T vualldiAy 0.1 pe-TEQ/m’ Maileasiinsfamunsiaianisuudouves
asleoonduluiiuiifina1iegieeiiios UstmAlnedslifinisimunuiasgiunmamoinia dannsdne
nstudlouvesanslneanduluemavesusuimalneiavanunsnidoyaluussnoulumat muasiasgiu
Tuowaala
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UNANED

nsfnwianiuntsainisund ouvesanslaeendu/Musulusniauinaiuiidminssseuay
aynsunmstaduniuiifaugaamneslud 2556-2557 Hngusvasdifieusuifiuaniunisainaninennie
Sosnstuidiouresaslasendu/Musniluiuiidingn Tagldhmafusegenmaludminsseouas
aumsunmslutggrulazruonggrusa 2 afaflensuiisuty nanisiinsesinudt Yiinailneandu/
Thusufinsainldlutoriassoonts 8 90 feldiusunasgurenssmaduu lnstsngeunsawuaslaoontu/
sy dA15z1ing 0.010-0.058 pg-TEQ/m’ %aﬁmﬁm’iwmuaﬂq@m (0.043-0.140 pg-TEQ/m’) uay
W o flesnsramuUTinagegaiiaestas daudmiaamsunmauiidviinailnesndu/Ausulugisngsiy
0.028-0.18 pg-TEQ/m’ %ﬂﬁﬁﬂdﬁﬁmuaﬂq@wu (0.091-0.57 pe-TEQ/m’) WioTiaszriesiusznauvesansineandu/
Thusuiiianudufivaean Using i 8 galudminseaslinuans 2,3,7,8-TCOD uag 1,2,3,7,8-PeCDD (TEF = 1)
UARTIANUAS 2,3,4,7,8-PeCDF (TEF = 0.3) luusiiuil drusdmdaasmsusinisnsiany 1,2,3,7,8-PeCDD uas
2,3,4,7,8-PeCDF
Adnagy : lnendu e1nieluussennia ﬁuﬁﬁﬂuqmmumw JWINTEE0e JWIRAYNTUIING

Abstract

Current situation of ambient air contamination by Dioxins/Furans in various points of Rayong and
Samutprakan province, considered distinct industrial estate areas, was studied in 2013-2014. The objective is to
evaluate the ambient air quality, regarding the contamination of Dioxins/Furans in those provinces. The samples
were collected in 2 periods, wet and dry season, for comparison. The results show that the measured Dioxins/
Furans quantities of all 8 points in Rayong province do not exceed the Japan standard value, which there are
around 0.010-0.058 pg-TEQ/m” in wet season and 0.043-0.140 pg-TEQ/m’ in dry one. The max values of both
seasons are at Amphoe Muang Rayone. The Dioxins/Furans quantities of Samutprakan province are in the range
of 0.028-0.18 pg-TEQ/m” in wet season and 0.091-0.57 pg-TEQ/m’ in dry season. Moreover, 2,3,7,8-TCDD and

1,2,3,7,8-PeCDD, two most toxic isomers with TEF = 1, were not found in any sample points of Rayong province,
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while there was 2,3,4,7,8-PeCDF with TEF = 0.3 in some areas. For Samutprakan province, both 1,2,3,7,8-PeCDD
and 2,3,4,7,8-PeCDF were also found.

Keywords : Dioxins/Furans, Ambient Air, Industrial Estate Areas, Rayong Province, Samutprakan Province

1. umin

AINTIUANY maauwéda‘lﬁﬁmuaﬂmaﬁaLmé’auﬂy’amqau i uarenme Tngimzianssunswane
Iﬁlﬁmmsﬂwmwﬁms’mﬁgﬂmaaﬂ%uﬂszmsé?ﬁmé’au Tutagtudssmalnedunasiniavesansineandu
DEVANBUTELAY 19U N1999193 ILEUSEAYANSY ianegRnde wserguy ndmiulsnu
gaavnsuiistgamnising1 800 ssrwadea uvasnANTTUS M Tz segiluRuniia Ay
simndamde uenandseiudsininnniansalulssnugramnssuvaonlas Tsau recycle Tavs Uszinn
e lsanuedifansaaeiuluruiuniswde wu arsenuuas Tssnunendey lssnundndonseans vidouius
manunsnssufisimsluildeseldaseififiasnasiudussdusznovAamsailiiAnanslnoonduls
(Meyer et al., 200d; U.S.EPA, 2005) AanssumanidumgliiAnanslaoenduldvaesdinuay Uunmdiinatu

1®aaﬂ%uﬂu%aﬂa%mmiﬂﬁju Polychlorinated dibenzo-p-dioxin (PCDD) uagansngy Polychlorinated
dibenzofuran (PCDF) l¢3uiinnsaniduanssunsiesud 1 (Class 1) aanaa1tu The International Agency For
Research On Cancer dsvsnefsanssunmeianduiivgsganazifuamsiensiss (ARC, 1987) anslnoeniu
HunilsluansnguiiSeninansuaiiuiinndnse1duu (Persistent Organic Pollutants: POPs) @sansfigosaant
I¢en dodstusdansaedouiinnunasidalulilusseslng aunsadievengdunndounarasauey
Tuifoifelvsiuvesdsiiiin (Van Jaarsveld and Schutter, 1993; Corsolini et al, 2002; Gouina et al., 2004)
Huanmmnsziuliiannsnaneiug iernuiisuniluseslfauedsdsransenuseszuvsesluuluinane 1in
AmRaundlussuvduiiug uasidlesanansleeenduiduamsieusiduhliAnenuiiaundveswadluddidin
wazenevennNLRmURRMSTLENIIULE (WU et al, 2001) asnduilnesnduuasinusuiiionn 210 wiin Fad
asdufiwusnsnsfumudnuvaveniustiailuasesdusznauaasiu Feinlianudufivilanuunndiaiy
Fagui 1

TCDO TCDF
Ui 1 wansgnslassairslnoondu (TCDD) uagiusu (TCDF)

v
= 1

a15bnoandw/Ansy dnasensilasundasseausasluulunseuadondetusdiusinvadnInnaas

Y
=l

wazUsinaesans viliiAnanuiaunAvesssuvduiuguesdnimaduazimaile dnswdsuilasmesseiu
giduy wazilsenuinialsasruuUsramluaunuilldsumstannisunsaviotudeulugnamnss T
pnsndilefiodenlifidnds Snisuansennislsaussam Wy nsgydisnnuiuivudulssamiaede
RN AfIFy waddune waziineinslsaimidssniay s
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Fminsroestodunildumgnamnssundnvesssmalne Wuiidwedsaugaamnssmnnuevans
Usenn 1 Tsaueninesssund nquanamnssutlasiedl 819 warain ngugnamnssulane nsuaasagus
Jueudidnvsedind mandnlwihuargnamnssuad Hudu Sainsveesdiaugnamnssuuas daugnamnssy
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The Contamination of Dioxins in Ambient Air around the E-waste Recycling Landfill,

located in Khongchai District, Kalasin Province
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poufiuses nsvimtl Insdwideie uavaunsaididnnsetindduy agludagtumsuslnaduididnnsednd
Winduogesndy Juilieerdidnnsedndiviunanivdunuddu gunsafdiinnsedndidlodnlduda
dunnazgmitlusnluiilas Weddnssviunmssleda dsenailiAnnsvudouvesasfivgiauanden
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feagvianniuifidutownuezdidnnsedindifussesns 1, 2 way 6 Alawnsmudidu Afinsaiald eglu
123 0.015-0.095 pg-TEQ/m’ Bedlsoeluinamisnasguiilsiidusunesedauindon dadmnsgiuiiimuaves
aslasendunariusuluusseinia feeusuldde luifiu 0.1 pg-TEQ/m’® (asguvesUssmaLALIA) e
dwmansevusioguawesiaulassou ogdlsfiom mathsy Sufonsieaouiinuasivmeanisdnnudndy
LﬁaamﬂﬁmiﬁwasmLm‘v‘hmaiuﬁuﬁu%nmiﬁumﬂeﬁunﬂﬂ
Addgy : vezdiannsedng laeandu/fusy

Abstract
Electronic waste or e-waste can be considered discarded components from various electrical and

electronic appliances such as computer monitor, television, mobile phone, etc. Because of the rapid increase of
electronic product use, there has been, in consequence, the rise of electronic waste quantity. E-waste recycling
process is mostly done through the open burning, one of the basic methods, which results in a range of toxic
chemicals, especially Dioxins/Furans (PCDDs/PCDFs). Therefore, the National Institute of Dioxin (Thailand) measured
and evaluated these compounds in ambient air from 3 risky points, Khonkaen-Pothong Road, Buasa-ard Songserm
School, and Kokprasitwittaya School, which are 1, 3, and 6 kilometres close to the e-waste recycling landfill in
Khongchai District, Kalasin Province, respectively. The analysed results are in a range of 0.015-0.095 pg-TEQ/m’,
which remains less than 0.1 pg-TEQ/m” (The Canada’s standard value), not being environmentally harmful. There
should, however, still be the alertness regarding this issue owing to the increase in e-waste open burning around
this area in every single year.

Keywords : E-waste, Dioxins/Furans
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(Chlorinated Aromatic Compounds) fiflean@lau (O) wazmasiu (C1) WuesdAdsznou 1 fia 8 szmay
fye5eniou Ao Indrassiuaem latuuly wisilaeendu (polychlorinated dibenzo-para-dioxins : PCDDs)
astunqulaeenduiiviavun 75 vlla a1sUszneuiinderdsiungulneandudnngunils fie Wawsu (Furans)
v3eliveiienifiuin Indrassiuawem laiuuly #ausu (polychlorinated dibenzo furans : PCDFs) g
135 %ila @3¥husu (PCOFs) uansisannnaulaeendu (PCODs) Alneiloandiautieanitet 1 evmeu Inevialy
finFensiuiudn lneen@u/fusunsa PCDDs/PCDFs tasanilanuaaieaisiuegrsnianiunaauds

AU LaskRaInILe
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cl cl,

cl ,
PCDFs

PCDDs

sUT 1 uansgnslassadidlneandy (PCDDs) uagiiusu (PCDFs)

aslngandu/fusu fWamun 210 via (75+135) %uas;jﬁ’uﬁ%mﬂqﬁﬁnmaa%u (V) TWiszneveguu
2usnuULTu (benzene ring) a3 210 siatidulnyaifnasefugunmuywdinnindogifies 17 wiia whi
ﬁﬁiwmudﬂﬁﬂw%ﬁal,ml,l,azLﬂuﬁumwmwwé LLazmﬁﬂﬁﬁmmLﬁuﬂwmﬁqﬂ $ud 2,3,7,8 TCOD fatiu
Jefins¥areudufivres PCODs way PCDFs Tagiieufiu TCOD wiewansandu Toxicity Equivalency
Factors (TEF) Ssvunefis3aunmues TCOD ivhliAnmaidufiviiuuinuuesansfleanguiadie TCDD
fhues uazmsnenuiinuaslunaylaeendusgsenuitsuifiu Toxicity Equivalents (TEQ) 484 TCDD

asngulavenduldsunistunsifeulnsesdnseunsislan (WHO, 2015) Trifuansaduayunisiin
12134 (tumor promoten) luafarsinen ldlasiamzegnaddlusiuiiianuguusannitgn Ssenslunguiannig
myuisuagldluiasldomslasazavauluduluiiuresdnfldd vonanidsdinasoszuutszam nddudu

Y

¥ o
Y

warsEUUAUTuEndae Minunivainvaroimanisaiilduansifiufawansenuvesansnauilifserdau
Tugmmuismunadnuazauelng Tuluisruudaneden 01 mefaluavesanslnesnduiilosnangtiimg
megaamnssdluiies Ludwigshafen Useinawasiiu Tud a.a. 1953 (Thiess et al., 1982) uagluiiias Seveso
Ussnedond Tl #.A.1976 (Assennato et al, 1989) wenaniélimgnisaiiumdos Tuasnsnu3smuny
240 A.A.1960 (Steele et al, 1990) FsdansdsransznuiFossaudstiagiu arslneendu/fausu Tnsund
sglaliAnensfiwnioneluviuil wionszaosy iaLazfinauguussauianeld 81nns
deunduiiusnng fe vhliiAelsafmilsifendt “Chloracne” fio fifuifaduduisi dgadhiiana
ouwdnsveiviaunamdsluy veun nde nd uasuinaefurzduiug enadvuduluudinnid

ol

Unfazlifitu fniaidduty dveadudsuduiihne Beyndniau sedrwesiifienismani
79 Victor Yushchenko afmUszsnusuivesUsemagiasu Ssgnineenlud a.a. 2004 (Ryan, 2005) Fnuide
mainegrmansildSunisifiuilunsamssziuunmatsiviovesaslungulaeendu Jansrany
Tudeg19Au Ao wazAeg19an19T10n (bio-sample) TuusiiaslaAalad (Wen et al., 2009)
asfwwaiausadnginisuasazaldinumessuumaiumeladaazassvuegluuasess uarszuy
yaduesiunsuslaromsiiinsuudeusgluingiu uenanidunnuiteldnmamunmsasay
vosansnguil Tudenvasdulsd (Liu et al, 2008) uarluuuvesnausifiondvoguinnsladaledsinag
WNUTBULTgUAY (Tue et al, 2014)

uwnasiinvesanslasendu/fausy (hsumuauuaiy, 2552) dsanunsannddldonuludanndes
flsvanenns e anmsuninsiiilslasysaifigaumaiining 800 ssmwaiea Insiamnzegisdamniinisuushe
13 PVC wanafnUssiamdngg n1sntn innnvesiaide nmvesyey gaaminssuiidaaoiuy
99AUSENBU LU pentachlorophenol, hexachlorophenol faudiinlaviliiAnanslaoonTulasiausu
Lm'Lﬁ'amimdwﬁgﬂﬁﬂtﬂ%ﬂui’mqﬁﬂuﬂﬁmammifﬁluS] Aoyl Anan T RumaniLe 1wy ans bromobenzene,

chlorobenzene, 2, 4, 5-trichloronitrobenzene, chlorohydroquinone Hudu
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2. 9UNIULAZIOIN1IY

2.1 dvaiiufives sunedieady Jarinn1uwdug Usaseuleswnezdidnvsednd wazidonusiad
1% & AL I a = % O A a !
WvesiunFlianisaumanzay wardauazmnlunisldnszudalvii dufe SuauuveuwAu-Tnunes
Lsedsutnaganduasy waslsaseulanuss@nsine Tegrinnnvemvesihlussezna 1, 2 ua 6 Alawns
auaau lunmsiiuiiegeenAiiensziUsunuansineandu/Mausuy

2.2 ¥N13RNRIATONNUMBENDINIA FWAUNINTFIUVDINTENTNAMINGY Uszinadiiu Tagld
3049 High Volume Air Sampler Ju HV1000R vn1sane1niAs1unseaunsodiasnedesmuluy (PUF)
motflioadunian 24 4alus mesnsuda 700 Anseeund ushununilaradenlilude 1 10udau 1 fedis
AONUN

o o ' A & v & a o ° v v a &

2.3 dsregraemaiiuld elunseatunseswarindgiinuin uvinisadasielngduduna
8-24 il luesufuinislaeandu

2.4 minasvuoulazdsanisnoansie Multilayer Column Chromatography tag Active Carbon
Column Chromatography

2.5 AnAI0U19ATITINAAI8LATEY Gas Chromatograph/High resolution Mass Spectrometer
U JEOL JMS-800D

2.6 Ussananansinselagldlusunsy Diok Tuguues Chromatogram uagsiaiauigau3una

a v a ¢
3. HANN5IBUALITA
InMsasiufiianuiedwoniaiiadnsimlunguanstneandu/ausuy usnasaulamIvey
a a ¢ o D YY) a < A A a = = A & A
ddnvseilind au swnedieady Jwminnwaug nuiivsinaresnsiaeendu/Ahusunaula @damauduiy)

=
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Khongchai District

s

Ul 2 uansgaiiuietnaenaiiien Tl esianslaeendu/fousy w sunediesds Smianmidus
eazBonnmunuiLansUInuUstsridnvseinduargaiiusiois

A : VevezBiannsednd

B : puUUYaUMAL-TNUNEY (11931N30 A 1 Alaluns)
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A15799 1 wanslSunaanslneanduw/musulusiniausnuseulsnvesddnnsain

& v

a PWINNWAUS

Usunalneandu/Aausy (pg-TEQ/m?)

n.vauuiu-Inumes | 55.07dz01nd0asu | 55.1AnUssansanen

2,3,7,8-TCDD - - -

1,2,3,7,8-PeCDD - - -
1,2,3,4,7,8-HxCDD 0.0009 0.0003 0.0004
1,2,3,6,7,8-HxCDD 0.0023 0.0006 0.0011
1,2,3,7,8,9-HxCDD 0.0027 0.0007 0.0005
1,2,3,4,6,7,8-HpCDD 0.0009 0.0003 0.0003
OCDD 0.00004 0.00003 0.00001
2,3,7,8-TCDF 0.0048 0.0009 0.0047
1,2,3,7,8-PeCDF 0.0018 0.0003 0.0012
2,3,4,7,8-PeCDF 0.0310 0.0050 0.0230
1,2,3,4,7,8-HxCDF 0.0107 0.0019 0.0093
1,2,3,6,7,8-HxCDF 0.0113 0.0018 0.0083
2,3,4,6,7,8-HxCDF 0.0140 0.0025 0.0079
1,2,3,7,8,9-HxCDF 0.0086 0.0012 0.0078
1,2,3,4,6,7,8-HpCDF 0.0043 0.0009 0.0029
1,2,3,4,7,8,9-HpCDF 0.0010 0.0002 0.0006
OCDF 0.0001 0.0000 0.0001
Ineandu/Mausunarun 0.095 0.017 0.068
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4. a3UNaNTITBUALUBLAUBIUE

[

AMlAINNsRTIRTaMUSInaasineendw/Ausu luenniausnaiun dunedeosde Janinn1wdug
HudeglunadinnsguiinmualagUszmeuwauini (Government of Canada, 2012) ufie 0.1 pg-TEQ/m’
Felaifinansenurodunndourions liiindunereddidinlngseutomveydidnnsotindsenan urillenna

= i 2 Y & a o v
@eeiluouiandsunuansainaniilay Lﬂummgmmmwumlm

Usunaansslaeandu/Musu (pe-TEQ/m?)

0.09° 1INTFIY

USLNALALIAI

0.07 0.068

0.017

' o | a a £a
FUOUUYBULAU-TNUNO Tsedsudnazondaasy Tsedsulanusedndinen

¥

JUN 3 uanaUSinaasineandu/ususinvasusias i

oglsfiny Jgmiugunmuardanndonlufiuiifviinisnsa ity o1adeduldnaimedun
017 funtu uazanudsswesnmaiansuteuresmsia Usen warlavemindun 18 lasasdmansenusie
dunderlusreren uandusuneregunmanmsdiiaensivlangvinfinnneriamsoindussania
wu lsaszuumadumele gl uasveuiin
Frograummensusladymuarnssassiandymuezdidnvseiing (nsdwvidede) asdudus
AFIANITAUAUNUD LY %aﬁﬂé’ﬂﬂuﬂmmﬁﬂﬁmLLazﬁﬂ%mmLﬁumﬂﬁﬁu INTOYATDINTUAIUANNANY
(nsupIUANYATY, 2552) il
1) mesylAdaiueudsdusunmeiionfiniuld Sdéssulasinsaduayunsidonfurnnuunme’
wazlnsdniidiofle Tnsveanusuilonndfifedes il
AUszEnaunTs Kan Sty wagliuinisinsdnvisleds
. fnusgarenssusnlnsdwiflefouasuummeifidonann Tnsadeiudfunudiming
Tnséwvislofio gndmieg ieanuiifudiszauinisinsdidofi Jeiinszaeeginussina

- sTugninsdnvidetiouazuuninesdslumdnlaglsanugSuuinsmdndelfnauaz Tagi
Tadludy (sanudszami 101 105 uag 106) Bauneilustegniesmiungvaneg
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Y a ¥

. fuszneunisTiuinisinsdwidiedesufoduuitndnan fundlnsdnviilefouazuunine’
ludnwaueyiugiu (Partnership Cooperation) SuRavaumldanglunisdnniseninsdnvileds
wazuunmeslasddsiedmandon Tnelsanugiuuinisidnasfnauasiandlaldudn
(ssuuszinnil 101 105 uag 106) Fstunsilousgragnioswmungmsns

. duaSuuazimounsUsznduiuslrgniuazUssanauily suilesulafutheninsdwidetio
wazuunmeIililiudteidonanmuniilugaiitvun

. duaSusazineunsusenduiuslidldinsdwidefelinnuiuavannsaldinsdwidenounay
wummeilfenegniesuariivsyavinim Welitongmsldnubugniiu

2) Vswymulirusiielunisdueneninsdwilefouasiunmeiiliui videdeuann lufisuzdu
furzyaresialy Tasthanfidlugaiivun

uennHlusassmaindsinisiaulinauagisnmsusudsunmslitudutaslunismanaiosdo
Sidnmseiindsiney itoidunisandamansandng uasliiinrnunduinsfuaddin saudedudunndeunniy
(Abdollahi et al, 2015) dumnamaiiios orafiumsasiufiiensiaaeutoyansudoulugmuinniy

whnsiegiliudswindenlan (World Environment Day) Tufudt 5 fquieu vewnd ilesaussdlviau
Snddawindon willymideturesdidnnsetindadliiannsosvadldfenissassiiiowatay 1 Yu mnusd
anusaudlalddnisaadndinlunisldnumalulad filuduvosindnuasduilaalidisdunisie
Aeufimesindoslmifd nmswdsulnsdwidlofionmuunduia nsndndudlefifidinitunasgiuesnunng
Fmbefn dnduuisoludntunisesdidnnseindinsarduilor Wsndieduneuiivsanalneaziu
TUsevpzdiannsednd

AnAnsIuUIENA
andulpeanduwisnnd veveunulsusuutiarenduasuiaslsuioulanyussdnsine dunedeaty

Jarianwaug uasdmihannetemniin Alvinnueyessiuiuaensewdlnihlunisfinge sauadmii
fsnneanuazamnlumaiuiegenia Jeihlinshaudulleddivszdniamuazdiiegarniuiivue
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