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Abstract

Dioxin groups are unintentionally emitted into the environment as a product of incomplete
combustion and it cause of cancer, especially on the immune system and reproductive system.
Dioxin was registered under the Stockholm Convention agenda. The Department of Environmental
Quality Promotion agreed with the Stockholm Convention and established the Dioxin laboratory
at Environmental Research and Training Center which was the first dioxin laboratory in Thailand
and the first laboratory to analyze dioxins in environmental media. The dioxin laboratory performs
research and development of analytical technique for dioxin groups in the environment. It also
extends its services to other government and private sectors and support concerned agencies by
providing reliable data for the enforcement of dioxin regulations in Thailand. In order to comply
with the regulations related to standard toxic laboratories, since the year 2015 to the present,
the dioxin laboratory monitors its indoor activities to ensure a safe workplace for its researchers
as well as monitor its outdoor emissions by collecting ambient air samples in areas surrounding
the laboratory during the rainy and dry season. The summarized report was submitted during
2018 to 2020. The results showed that the concentrations of Dioxins, Furans and Dioxin-like PCBs
during the dry season showed higher concentrations than during the rainy season. The concentrations
of Dioxins, Furans and Dioxin-like PCBs during dry season were 0.0005 - 0.178 pg-TEQ/m” and during
rainy season were 0.0009 - 0.074 pg-TEQ/m”. The highest concentration of Persistent Organic Pollutants
detected during the dry season were Dioxin-like PCBs 2,3,4,4,5-PeCB (#118) which constituted the
highest concentration among the congeners within the group. The concentrations of Dioxins
detected indoor of the laboratory were less than 0.6 pg-TEQ/m’ which were within the concentration
of Dioxins standard regulation for ambient air of Japan.

Keywords : Dioxins, Ambient air, Dioxin laboratory, contamination
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Abstract
Thailand is facing numerous problems related to environmental pollution from dumping
sites which had tremendously been increasing during the past decade especially open dumping for
municipal solid wastes and electronics wastes. Many people benefit from electronics waste

as a source of income to support their family. Consequently, these people were exposed to
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toxic compounds emitted from the dumpling sites, especially Unintentional Persistent Organic
Pollutants (UPOPs) which includes Dioxins, Furans and DL-PCBs that are most likely found in
municipal solid wastes dumpling sites and E-waste dumpling sites at Buriram province. This study
was carried out during the year 2018 to 2020. The objective of the study was to survey and
inspect the contamination of UPOPs in ambient air and soil at the municipal waste dumpling
sites of 2 municipalities namely: Buriram Municipality and Krasung Municipality and an E-waste
dumpling site located at Amphoe Dangyai. Ambient air samples and soil samples were collected
near these dumping sites. The Methodology for sampling and analysis of ambient air and soil
samples followed a manual for examining from the Ministry of the Environment, Japan and
Environmental Protection Agency (USEPA), respectively. The results showed the highest
concentrations of UPOPs was found in ambient air samples collected at Krasung Municipality which
is 17 pg-TEQ/m’. The total concentrations of UPOPs in soil collected from the landfill of E-waste
and municipal solid waste and agriculture area were of 1.1 - 371 pg-TEQ/g and 0.005 - 0.047
pg-TEQ/g, respectively. The results obtained from this study were utilized as supplemental data
for assessment of UPOPs emissions inventory for Thailand in the year 2018 which was submitted
to Stockholm Convention on Persistent Organic Pollutants.

Keywords : Dioxins, Ambient air, soil, Municipal solid waste, E-waste, Dumpling site
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Development of membrane bioreactor for water reuses purposes in municipal

and agricultural sectors
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Abstract

Greywater constitutes up to 80% of the volume of wastewater produced from households.
However, after proper treatment it can be reuse in the municipal and agricultural sectors.
Under this study, Membrane Bioreactor (MBR) was used for treating greywater at Srinakharinwirot
dormitory. The treatment capacity and the average organic loading rate were 9.0 + 3.3 m’/d and
1.13 - 1.54 kg-COD/d, respectively with hydraulic retention time (HRT) of 12 hours. The treatment
efficiency for BOD, COD, SS, NH4-N, Total coliform and E. coli were higher than 95%. In case of
surfactants removal, the results found out that the treatment efficiency of anionic surfactants
such as Linear Alkylbenzene Sulfonates (LAS) and Sodium Lauryl Sulfate (SLS) were 97 and 89%,
respectively. Furthermore, MBR can completely treat cationic surfactants such as Benzalkonium
Chloride (BKC). For the case of biocides removal, the treatment efficiencies of Triclocarban (TCC)
and Triclosan (TCS) were 75 and 78%, respectively. The treated greywater for municipal and
agricultural reuse were also evaluated. Butter head which is a leafy vegetable and melon which
is a fruit crop were tested by comparing their growth rate using tap water (control) and treated
greywater (test) to water them. The experimental results revealed that there were insignificant
growth rates of Butter head and melon at 95 % confidence level. In addition, treated greywater
can be reuse for toilet flushing. Under this study, the MBR monthly operation costs for wastewater
treatment was about 12.5 baht/m’. Considering the cost for household tap water was 21.3 baht/m’.
If reclaimed water will be used to replace tap water in this area, the tap water monthly consumption
payment can be reduced to about 6,390 baht.

Keyword : Membrane bioreactor, greywater, water reuses, surfactants
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U3ms 6 fiadang nazuaumsataiuanmsyiuanmipeduindniesyinazatedda fe wiuea
waglaraelafinu Tudndu (1:9) nduldesliindhogdluaknusgaduitsnsinisiva 1- 5 Tadans
soun?t luTunsiegsfinzay fsfgadulivssina 1-2 Halus Tevedgadudeasazans
wmueauarlanaslsiin Tudadau (1:9) adsay 5 Tadans S1uan 2 ade ieatmenansduniddndng
sonumhveamaildlussimeauiuineg 2 faddns vssgadlurinifusedaiieludadngindes
lasunlnnsnilveamnaiaussauras (High Performance Liquid Chromatography, HPLC) Fauenansee
column €18 Tnsansfignuensonunldiazgnnsratadya e SPD - 204 UV - VIS 220 wiluwms
Hudmsasudyna (detector) dwsumsiinnesianssusqain dedsfignatnazgniaiindiedos
whalasunlnsnsfluuaaelnsfiwes (Gas Chromatograph-Mass Spectrometer, GC-MS) Fauensg
78-5 capillary column 9 ntutufinnadulasinlnunsunazsziiunalngifiouan Retention time waz
Mass Spectrum vedasAuszneuniaaiivesasuiaziin (peak) 7ildiuen retention time way Mass
Spectrum vesAnNATsIUATinstuTntly lbrary TulUsunsuvesnieaiioTinse

2.3 manadeumstindusldlnl

2.3.1 msneaeunsugnitviulukazua
nsnaaeunsUgniieiuly Tasshnsveaeufudntnmesion (outter head) fivhniaides
wuulalasTuiing sewhathiiinunisihdauasidssunidugeamuau Ansladailusnuaswuionty

LY

ITuiinn153Rulnvesiiy tawn ANUNTIMaANETIUBIlY KATAIINEIVDIEIAY IUNTEN
FuReInanan LLaz'ﬁhmamsLﬂ%ﬂ;@ﬂ@%ﬂﬁﬂaé’mﬁLﬁuﬁaaﬂamwﬂaa‘ummLL@ﬂmqaéwaﬁﬂ’aﬁwﬁagmmﬁa
aelusunsu ANOVA

msnadeunsUgnitviuna vinnsaaeulneidendeuiusunuvesiiviunaiifyaci
wawiongnaiuierssezd Tunen 90 Su fugiiurmaseudundeuiug princess naidundreiioden
Wisuifeusswrhenslibhithunmstiauashussi didugmeaveu vnmsfanamsasyiviavesudeu
Prfiuiemananazihnsdninin wesinamumuweuudey nndeuAILANASERAGE T - test
fisziumnudesiudesay 95

sz lumsrluinadaitugnuuuldiu (hydroponics) agvimsaraanslumsmesnan
Mnfiafenmalueuiigungdi 60 ssmwadea Wunan 3 $u uasthundehndnuied 1 n¥u usld
azidun ndutiazatet 100 Jedans Rty winuntusied 2,000 seusiowit e
10 Wil wdhunsesmenszawnsesneuthluinszsilunsvnaie lon Chromatoghaphy (Dionex) Agly

2.3.2 msnpgeunisiluldludnlasn

Anseszuuthikunistidarldludnlasnusnarosii 1 Sedvenisiuu 2 wos lud
woshmds 1 wee uardesime 1 wos aavsuasmslidiluusaziiou

2.3.3 mawSeuiisunatuinasiuusinsinindun gl

thwan1siniikiunssiiaiethndun i lmlufonssuusasdssinnuisudieusu

nasiwuginsinhnduanldlmingudidelavinnsfinuly®
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3. NAN133Y

3.1 UsgdndnimnisiAusyuu MBR

hidefidnszuuiadeegil 9.0 + 3.3 gnuiadiunssetu flszsznanfninmesasans 12 $2lu
fsnmmszusTnduvidiaded 1.13 - 1.54 Alanfudlefdetu aunsouansarundiduvesled e
pznauuauaey uazkosludonmidsuazihiikunmstinlddgud 2 TnsuseanBamnisida
asBunsdlugudlenuavuesluielasovas 96 uar 95 nua1au dunmsunUnansdunsdlusUvesiled
pgnouwtILaDe Weanadavanunlddenas 99 98 uay 63 muddy wardrdiTamafudelsa lHun
Tnavlasu uuaiiGe uazdlala lsnnninfesas 99 lasszannmnisthdavesszuy MBR uandlisnnsnail 1

250 20
4 inf BOD & inf SS
200 Iy ® inf COD o * ® inf NH4
e A off BOD = A eff S5
e a - 2
s 150 L ¢ - ¢ X eff COD = X eff NH4
3 e o ° ° ‘g 40
= e® 3
*2 100 = *» *
E *» * * e ° = * o * +
€ o, * + 8 e + ¢ ¢ * *
L 4 * 20 ¥ +
50 L 2 L 2
v
®
[ ]
A X _. il @ . ® L4 o® L J
0 K—Ad X XX X ww KA oA xE X & & « Sk
0 50 100 150 M 0 50 100 150 W

a

JUN 2 Anuintuvestled dled nznouwviuasy waviesluie-lulasiauainiide

'
a0

LAZUINNIUAITUIUR

AN57190 1 Useansninn1suininuesssuu MBR A15282anininynssarans 12 2lud (n=13)

pH 70+03 7.1+04 -
pendlauazaneiin 1n./a. 1.1 +£0.5 6.4+ 12 -
PN °C 30.1 + 1.4 30.4 + 1.5 -
Ulod un./a. 744 + 187 0.7+ 0.5 99
Flof un./a. 1231 + 33.2 50+ 6.5 96
HENDULYIUNDY un./a. 277+ 113 0.6 + 0.8 98
wouluLily 1n./a. 5.0 + 2.6 03+0.7 95
lumsn un./a. 0.2 +0.1 59+13 -
ansazanslgaiave un./a. 289 + 90 335 + 130 !
wWoamla3astavan un./a. 18+ 0.6 0.7 + 0.4 63
TPanasuLUATISY 1Alafl/100 wa. 1.2x10° 346 + 314 >99
dlala 1aladl/100 wa. 4.1x10° Asalany 100

NaMTILATIERUSYAVE A MNSUITRENsBunagUsELAansTnans numsUudeuves Linear
Alkylbenzene Sulfonates (LAS) wag Sodium Lauryl Sulfate (SLS) Faduans surfactant Usziandszqau
uae Benzalkonium Chloride (BKC) afluans surfactant Ussinnuszquan anihideneudnszuu egil
0.61 7.71 uaz 0.07 fiadnSusioans mudsu wazthfirunsihdaiiaududuresansdndns LAS uay
SLS 9871 0.01 ua 0.86 TadnFusiodns sy Tuvaiedl BKC ssaglinuluthiliunsiiss esvuy
MBR Suszansnmlunisttaans LAS SLS uas BKC ¢%oay 98 89 way 100 muandu druansaidelse

onumag,

P\

m“?’
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(biocides) wuanslaslnawu wazansinsiaaniiunu Tneflnududuluddenoudissuy windu 0.09
waz 0.04 lulpsnsusodns auddiu Seszuvansavinnistinansiaslaasunas lnslaaasuiulaa
Yovay 82 uar78 Ay Tasthiknunstdaudadmaududuresanslasiaaey wavanslaslrarduiy
Wi 0.02 waz 0.01 lalasndusedns auaisu fams1ed 2

A15199 2 UszAnsnmmsthsnvesansaunigussnnansdnansiidissuunas iiunnstda (n=3)

Linear Alkylbenzene Sulfonates (LAS)| diadnsusioans | 0.61 0.01 98
Sodium Lauryl Sulfate (SLS) faansunedns | 7.71 0.86 89
Benzalkonium Chloride (BKC) HadnJusiodng | 0.07 Aaliny 100
aslaslaagu (TCS) lulasnsumedns| 0.09 0.02 82
aslaslaanisuiu (TCO) lulasniumedns | 0.04 0.01 78

3.2 Han1snaaeumMsUanivwiuluwaziuna

3.2.1 namsveaeunisugninadadaduduuiiviuly

Weninsamanunmuinunsidadmiunmaasunisugniveiuluaininaeinigii
nauldvsiverudiTouasiineusuiuduindou N un1sAaTaNNENIVINT TN TIAIA AeRnT199 3

8 A °o v ¥ aa A a a1 v a ! < ! ! ! o

wud1 hikunsdlasiessuy MBR LiliavTenauimiiiaies manudunse-risegluganats amsuili
1N 2,000 llAstuudnawuiuns nedanedeiies 900 lulastuudsawuiiuns wazlinunznay
wuaegluinfiunsuln AvansBunsdlusuvesdled drnafedesnit 2 fadnTuseding Fadlen
mnIunaeikugihfidvunliddesliiiy 10 Tadnfusedns drwrlumsniedosndy 10 dadnTusedns
=t L ¢ o ao v a ] a1 a | v IS a aa a L3 o
Faaglunasiuugihiinmuall lndvlesuvisuaiiaiadewitiu 378 alailde 100 adans luraeinasiuugii
laldmnuaedviaiall lnefiansuiwaidaladnesy Tnguriidiunsindadanumanegay
Tunsthluldlunsugnivwiuluviser daudmsinlinuiifaladvesuvuldeulutidunisiidn
M15199 3 MsUEUTBUAMAIMNTRILNTUITAIINTE UL MBR waznaeikuziinsinhnduanldlg
dwmsuiviuluvsem

g - Tidufisaien Liduiisaies
naw - Tidunisaien Liduiisaies
AMLdunsARANg - 6-9 6.8
Arput i | lulasTuaud/au. <2,000 900
ALY NTU <5 -
vaudaviuany un./a. laifmun psalainu
Tlof un./a. <10 0.7
lumsnlulnsiay un./a. <10 6.1
ARDIUDATE 1n./a. 0.7-1.0 -
Hralmaneosy | 1aladl/100 wa. Asaliny A59liny
Tongns Ta/a. <1 -
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a

druranisneaeuinasnUnwesien Jaihnmsdsatuna 37 Juluannzenmginelulsaiiou
WwasN 32.1°C LAz NTuadsi 60% lngnsantuiindnwazn1siasaidula 3 wuu laua Auning
LaYAINENIVRIIU UAZANNGIVEIEIAU WUTIALRRsANgasEIRusEInUssU Bnlugaaiuay

9&; lﬂl ! o v a1 1 U a o U lﬂl v

WAz iiIunsUtn davindu 2.4 = 0.5 uag 2.1 = 0.4 WuRwAT auadu Tuvueianuaey
Aunivedluszninahuszindaduganiuaunasinfiniunsuidn SAwinfdu 5.6 + 0.5 uaz 5.0 + 0.4
WuRlAS auaRy diudnvarauevediussnitnhussdadugaamuauiaziniiiunisindn
fAwinAu 103 £ 0.5 uag 10.3 = 0.7 WURWAT AUAIRU a1XNT0uanINan1sasaulalanagun 3
42! d‘ o ! ! a o o U dl 1 d‘ QIJ ! gOl ‘Ol dl 1
FalptumaaauAUwAna e liTud Ay NTIsA ety 95% JeninsdiuszUiiazniiy
n15U10n 78 ANOVA 1udn Aladevesaunitauasantenivedly wasanugawesiiuvesnadndnnesion
laiflanuunnatsegadidedAny wanslimiiuin dsswasinaiunsihdalddmanenisasgiivln
YosrnadnUmmesianduludunuvasiniuly

wana Nl WoviN15AATIERNSALANYRIS IR M lAIY dA1dindseRuAuUaeniase
nsuslamvesannnglsveg Liiiu 3,500 fadnsusienlansy Inednadafideswneunusyln wagdi

H1UN1SUNURIAMNAY 581 way 1,356 Taansusantansy auansu
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3.2.2 namsvaaeunisugninaendadudunuiiviusg
Wenisamanun ik unsiitainldlunisnaaeunisugniiviung m15199 4 wudn

v i
o A

AuAMNINIUATUIURINSEUY MBR FanenInunkuzinnsuunnauun gl Teewna

al

wugthfinmualidmiuaaisdunsdluguvesdled dediifiu 20 fadnSusedng diuailunm
a I a a a o 1a a v a I3 all a0 1 a a1 a aa
anldiiu 35 Tadnsuredng wazfinaladnasuaunsadlalaedialdiiy 1,000 Talatine 100 Iadans
M13197 4 NsiUTeuiiguauI N iiIuNsUITnINsEUY MBR waginausikugtinsiingusn
T lnsddmsusuuseyunansalan

& - Tiduiisaies Tiduiisaies
nau - Tiduiisaies Tiduiisaies
AMudunsAAng - 6-9 6.8
ArAulwin | lulas@iuud/aw. <2,000 900
GRRFGIY NTU <5 -
YaaudaurIuane un./a. laifmun M9 LN
Tlon un./a. <20 0.7
lunsnlulnsiay un./a. <35 6.1
AADIUDATE 1n./a. 0.7-1.0 -
Wralmanesn | 1aladl/100 wa. <1,000 M9 LUNY
lanens Ta/a. <1 -

nan1sUgninaeudsdumunuiiviuna nuidluwaeundniisen BanninuiaslussesEusy
Yaan1sanhsarilminlsaluseriaiiiaesnietinuszunaziniiiunistitn 3avinnisasusuinidusen
wazdanulaslawasintesduduuasudu aunse wawasulndaziAuien 3eluiinisldenaae
ERRANG LﬁmLL?ﬁamﬁwmﬂ‘LUSWQULﬂuszasq WinvraakartaInuNIsAn s ALY
[ -:4' 1 a I3 =l 1 @ -:4' Y o % sg 1
nasInNAsUgasufanalluszezian 2.5 Wew lnenewduiigilaiinisaanislviiney
< v} ¢ 1 1 d” = = 5 VU I
Juna 1 d@ami nudn mawdewainmsidesiulsasewmae 35 gn annsuanianun 54 au laeidu
NALIARIINNTIINANIUNITUITR 9119w 18 gn wazainnisliiUssurdadugaaiuaudiuau 17 gn

ihniniadeveinamasuiaswnedUsen wazthiniun1suitn dAvindu 2.4 + 0.5 An. waz 1.9 + 0.3 AN,
MUARU LazlilnyinnsnageunIsaname T-test wui Liflanuuenatsiuegrsiidedifynisedia

a

(% = o v 1 1 1 U
NILAUANULLDUUTDYAY 95 (p value = 0.081) @3UAIURINUVYDINALUADY WU WALUADY

e

PR v H HP o w a1 a P Y] Y A &t A
MagargunUszUn kaztnEun1sUNUR daaslnalAeeiuyinny 10 USND G9AUNINUNMLNSENAIT
< a 4 < 1+ QI Y 1 o 1 d'
Ju 14 Uing 1adumsemislddaiiuanuvmuliiuuaeuliiisanaiyinnans

3.3 wansihlJlgdmsudnlasn

Usuraunisigunludnlasnmds 90.2 ans/Ju WevinnsiuSeuisuiuinaaivuzinnisiiun
navunldludlufanssunuywdiloniadudanaudiTouwasinausuaudsingdeulaviinisfinuily

AR5 5 WU aaunmieunsUniaanseuu MBR a&_ﬂummﬁuuzﬁwﬂﬁﬁﬂﬁﬂﬂé’wﬂ%‘lmﬁmm
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M15197 5 N15SEUTBUAMAIMUEIAINILNTUITAINSEUU MBR wagtnauiuziinsuntngun gl

luRanssunuywdlonadura

Al Liveld Auuzih : aywdillomaduda | Adidaldanirdiiiunistnda
d - Tiduiisaies Tiduiisaie
nau - Tiduiisaies Tiduiisaie
A dunsaeng - 6-9 6.8
AU NTU <5 -
Tlof un./a. <10 0.7
AADIUDATE un./a. 0.7-1.0 -
Tranladuavua | Talatl/100 va. laimuun 34
Wralmanesn | 1aladl/100 wa. A9 LNY A529 LN

3.4 Algaglumsiausyuy
N5amUsEUU MBR M19ms1n1ssesiuludein 10 gnuiadiuns/du danldagegin 750,000 um

=

Faieldenemenlunsiiuseuu Taua Arlaia 1,000 U ANETEILNLUTY 500 UM LagN15UNge
$nwnspuu 2,250 U (Seway 3 vessyuu) Wnglisiumdnsusaulunmsguassuu anunsofnlugng
nstintdsegiiussanm 12,5 vindeth 1 gnuiadiuns lasaunsaussudaldanonisliihussu
I¥deuar 6,390 U (@dasindssun 21.3 vmseth 1 anuIAfuns 8198991 auledveanisuseUn
dhugfinin www.pwa.co.th) mndinsfiiunsidalulivssTed

4. 3150lasUoLaUaLUS

4.1 3150l

53UV MBR fUszansnmlunisuindnansdunidluguvesiled dlen wouluily nznouwviuasy
Lazsuiaiamesudelsa Taun Trawesuianun uazdlala 1dunnnindesay 95 wazanunsaynig
Uiinans#ndns LAS SLS way BKC la%ewa 98 89 war 100 sausanunsavimsidnansanidelsa
Toun lnslnamuuarlnslaamsuiuldiedosas 82 waz78 auddiu esnilussuunisiiueine
nstdalulaseudaduniswdsunesuanuenludadulumsmdionssuiunis nitrification®
mstriaeanesaenaionnanmsazailuraduesgdunis® luvainsiidangneunriuass uas
St amadudelse wannsfifiunisthisagnnsesihuumusuiifiunggy 0.1 luaseu
drunan1UIUnasTnaNlANERnAR IR UNWITEYRY Liu et al.,(2005)% wag Merz et al., (2007)%
fiszuu MBR fuszavsnmlunisiriaindeainnnsdnédnsld Tnerndled wasdled fantesndn 15 uay
5 flaansuredns MUy wazanunsattnansindnsldednaiiussavsnim uenandifitnunisaa
anunsathldlunisugnive Lawn Wvdulu (Tnade) uagkald (uaew) TuAanssuniAnTsinens waganuse
illdludnlasn TuRanssumagueuld Ssuideves Li et al, (20097 I¥aduayulviiide
MnAsERETirunsttaidnenwluntsininduanldlvl Tagemziifiiiunsyitinansyuu MBR
fanuthaulalunmsthluldlueniiesuyy
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4.2 UoLaUDLLUY
| < A 3 o Y & X Y 4 X v
agalsinny Wasandideainnisenans FeiinnsuuileauresanstnanakazalsanielsaUuiaume
wiid152UU MBR aeiivseansanlumsundnanswaniiniy uimndnisuilldlunisugnily enasesd
nslazinsavanluity unwansenuseRunUgniiunlg uarmsiinisAnyinisihdiiniuniside
TUlgRanssuUsEndUsIY 917 Mswinzaesdniul wananni dideannnistnanediseauainuandsn
YosansUuUauiliudusiduindeyuoe Fanniinsussendldseuu MBR Tunisundnudsyuyy
A o o T a & ~ ° P ' A A ~ oA =
wiaihnaduanldlvdlufanssumanil msnagyinisAinwngusineisieneaiinansenuieiunse
Winaueyianldugnle

a a
nAANIIUUIZNA
a U oA A a g v e Al a & o o 5

YDYDUAMNMNINYGEATUATUNTILIAl NiaueunTeniuilunsinasseuuiidniideuuy
faufnsaiinnmuuuliumiu s viesinyaaInsiagnaiing suneesning Jwminuasuien veveuanInNgIns
V3Rl 13nussenglunisindunuiaewnsnanudde laud as. g8a1 Ausnuiug nadvianssy
AUINROU AMZIAINTIUAIENT UNTINYIREATUATUNITILIN WAL AT.AIFT LaIUTUNS uTuA
Az INeIansuasinalulal unine1dusTumans
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Abstract
Discharge of household greywater into water bodies can lead to an increased environmental
contamination especially on the reduction of dissolved oxygen resources resulting in rapid bacterial
growth. Therefore, the quality of greywater has to be improved before disposal to the environment.
The Study on Household Greywater Treatment by Subsurface Flow Constructed Wetland (SFCW) for
Water Reuse research project was conducted with the objective to investigate gray water treatment

efficiency of SFCW for water reuse.

36 | audisvuasiinausuduanndon nsudusiunmamaanon



SFCW system with pumice stone from Buriram province were used as filtration substrate and
local plants were planted in the SFCW system. The experimental results of the SFCW system with
sedge at hydraulic retention time of 5 days showed that the temperature of the treated water
decreased likewise, the neutralization of the treated water increased due to organic decomposition by
anaerobic bacteria. The BOD treatment efficiency was 77% the COD was 559%, total phosphorus was
99%, Total nitrogen (TKN) was 95%, and suspended solid was 94 %. The SFCW system cannot treat
water salinity and detergent. The results of the SFCW system showed that the treatment efficiency
for total coliform bacteria in treated water was 174 CFU/mL which was lower than water reuse guideline
of 1000 CFU/mL. The system with plants showed higher performance than the system without plants.
The main mechanism for treating organic pollutant is biodegradation by bacteria and nutrient removal
by plant uptake. The results of test for bacterial identification showed that there were no nitrifying
bacteria found. Therefore, the SFCW system can be use for treating household greywater for reuse

in the agricultural sector.

Keyword : household greywater, subsurface flow constructed wetland, water reuse
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FriTinauniniin i¥eld 1 3 5 1 3 5

pH inf 4.0 6.1 5.1 4.0 6.3 5.1

pH eff 5.8 6.7 7.6 6.0 6.8 8.5 6-9
Conductivity inf uS/cm | 1,310 1,650 | 1,906 | 1,310 {1,884 | 1,906
Conductivity eff uS/cm | 1,410 1,616 939 1,523 | 1,562 | 1,732 <2,000
COD inf meg/L 1,749 480 2,753 | 1,749 480 2,753

COD eff me/L 853 118 | 1,226 | 866 116 | 1,418 |lLifvun
% removal 51.0 75.4 55.0 49.0 80.0 49.0

BOD inf me/L 1,012 303 1,004 | 1,012 384 1,004

BOD eff mg/L 626 64 230 547 61 780 <20
% removal 62.0 78.8 77.0 46.0 84.1 22.0

TP inf mg/L 4.64 3.0 5.65 4.64 2.4 5.65

TP eff me/L | 1.26 2.6 ND 2.0 1.67 | 0.68 |Lifvun
% removal 73.0 10.6 99.0 57.0 29.5 88.0

TKN inf me/L 38.5 27.4 42 38.5 20.9 42

TKN eff mg/L | 14.3 190 | 39 | 278 |11.8 | 84 |lLifwun
% removal 63.0 31.0 91.0 28.0 43.4 80.0

SS inf meg/L 234 40 331 234 46 331

SS Eff mg/L 42 12 a4 49 168 | 87 |l vun
% removal 82.0 70.0 94 .0 80.0 63.5 87.0

TCinf CFU/mL (12,409 4,592 557 12,409 | 7,767 557

TC eff CFU/mL | 7,085 2,950 174 7,310 | 5,600 463 <1000
% removal 43.0 35.8 69.0 41.0 28.0 17.0

E-coli inf CFU/mL| 108 129 6 108 85 6

E-coli eff CFU/mL| 63 2 1 73 17 5 <10
% removal 42.0 98.4 77.0 32.0 80.0 22.0
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Development of On-Site wastewater treatment tank for the fresh market
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Abstract

Development of on-site wastewater treatment tank for a fresh market by separating grease
and organic substances using micro bubbles to replace a septic tank. This on-site wastewater
treatment tank was designed from the common septic tank of on-site wastewater treatment tanks
that are popularly used for treating wastewater from buildings or houses. However, this on-site
wastewater treatment tank developed by ERTC are capable of reducing the concentrations of
grease and organic substances because these small bubbles carry negative electrical charge, while
grease has a positive electrical charge. Therefore, these two parts absorb each other to produce
neutral electricity and separate grease and organic substances from the wastewater and float to

the surface of wastewater. It also provides additional surface area for the adhesion of biological
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media. Adjust the amount of wastewater entering the treatment tank to be in accordance with
the time of wastewater generation. And control the aeration volume for the aeration part to
provide suitable amount of dissolved oxygen (DO). It was found that concentrations of BOD,
TKN, suspended solid, oil and grease which were originally at 821 mg/l(, 223 mg/l, 106 mg/(, and
54.7 mg/\ decreased to 17 mg/l, 32 mg/l, 25 meg/, and 2.8 mg/|, respectively. These values are
within the standard values for controlling the sewerage discarded from certain types and sizes
of buildings. The prototype of the aforementioned septic tank has an installation cost of
approximately 300,000 baht, a maintenance costs is approximately 8-12 baht/m’ and it is suitable
for low input of wastewater which does not exceed 10 m*/day with high concentration levels
of pollutants especially fats and organic substances which are commonly found in wastewater
discarded from fresh markets, large restaurants, etc.

Keywords : On-Site wastewater treatment tank, Fresh market
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Study on the efficiency of fine air Bubbles to separate fat, oil
and grease from domestic wastewater
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Abstract
Grease trap is approximately 60% efficient in separating fat, oil and grease in domestic waste
water, and typically takes several hours. The Environmental Research and Training Center has
built a prototype Fine Air Bubbles to increase the efficiency in separating fat, oil and grease in
domestic waste water. Initially, fat, oil and grease separation tests were conducted in laboratories
of the Environmental Research and Training Center to compare the time efficiency between fat,
oil and grease separation by natural flotation method and fat, oil and grease by fine air bubble

separation method using a rectangular container with a volume of 120 liters for a period of
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1 hour. The efficiency of fat, oil and grease separation by fine air bubbles was also tested on
site in 3 areas during actual conditions through a joint research project with the Research using
Household Graywater Treatment by Subsurface Flow Constructed Wetland for Water Reuse the
canteen area of Than Thong Pittayakom School. Another joint on-site research was also
conducted using wastewater treatment tank from the Lam Plai Mat Municipal fresh market,
and Night Bazaar market located at Buriram province. The results from laboratory experiment
showed that at 1 hour period, the efficiency of fat, oil and grease separation in wastewater by
natural floating method was 59%, fat, oil and grease separation with fine air bubbles was 89%
within the period of 10 minutes. The results from 3 on site experiments also showed that the
efficiency of fine air bubbles in separating fat, oil and grease from wastewater at Than thong
Pittayakom School Canteen was 85%, Lam Plai Mat Municipal fresh market was 87% and Night
Bazaar Market, Buriram province was 73%. The treated wastewater showed concentration values
for fat, oil and grease were within the standards for waste water quality standard for community
effluent in Thailand which helps reduce water contamination from community wastewater to
natural water sources with efficiency and low cost.

Keyword : Air Fine Bubble, fat, oil and grease, Separation
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Abstract

In Thailand, there were about 105 Municipal Wastewater Treatment Plants which could
receive wastewater at about 3.27 million cubic meters per day. Treated waste water can be
reuse for agricultural purposes, so it can solve issues related to water shortage. However, treated
wastewater may contain various microorganisms that can cause human diseases. This research was
conducted to study the removal efficiency of microbial contamination in municipal wastewater
treatment plant in Thailand for agricultural reuse. Most microorganisms identified in wastewater
were Total Coliform and E. coli. This study selected 27 municipal wastewater treatment plants
to represent of 4 main types of wastewater treatment plants in Thailand such as stabilization
pond, aeration pond, oxidation pond and activated sludge. Wastewater samples were collected for
3 periods, and were analyzed for indicator bacteria such as Total coliform and E. coli. The results
of the study revealed that average removal of Total coliform and E. coli from the stabilization
pond were 96.26% and 99.32%, the aeration pond were 98.96% and 99.84%, the oxidation pond
were 87.63% and 93.69% and activated sludge were 90.58% and 92.71%. The average BOD of
wastewater effluents of the stabilization pond, aeration pond, oxidation pond and activated
sludge were 2.53, 12.54, 12.93 and 13.83 mg/l. respectively and all the values were within the
effluent standards for municipal wastewater treatment plant issued by PCD that was set to
20 mg/\. The Water quality standards for E. coli for Agricultural reuse should be lower than 20
cfu/100 ml. The results from this study revealed that the water quality form treated water of
stabilization pond and aeration pond were suitable for agricultural reuse while the water quality
of the treated water in the activated sludge and oxidation pond showed poor quality. Therefore,
the wastewater from the activated sludge and oxidation pond needs further disinfection

technology such as ozone, ultraviolet or chlorination before water reuse water to save public health.

Keywords : bacteria, municipal wastewater treatment, wastewater reuse, agricultural
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WRAYVBIUNYITEUVNAIGNFALREANEABYY 36.80 URANIUADANT kAT 15.60 UAANTUABDANT LATZUAN
I a a ’oj a0 ° P a a o Ia a a o a
Tlenlndeveseansyuuiianagauasagneg?l 16.65 Taaniusedng uwag 12.09 Tadnusedng
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waiy NAmualin 20 Tadndusedng wudnssuudIdnuidena 4 Ussn BIuAIEInsgIu fAenana
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UsusuLanes 27.68 - 7.56 5.48 - 1.28 20
A3¢LANDIN"A 24.92 - 19.54 19.12 - 8.80 20
ARDIIUILY 101.35 - 14.78 20.72 - 1.49 20
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3.2 HaRMANIINNATVINE
HARMA NN UTUVRAUNTETULE win TC. uay EC. vasssuuinidninideyuyy
9 4 Usslanuan Aauanslunigedn 2
o AN G o w ¥ o :
A1519% 2 UanIraUSIaeaunIguku Win TC. uag EC. vesszuuiUnindeuseianmieg

A1 TC. wae A1 TC. @ A1 EC. 1ae A1 EC. 1aa8
Uszn U152 UU 1199NZUY UI15EUU 1199N52UU

ssuutln | AgegauazAningn Angeganazainnga Argedauazaingn|Argegauazaaign

(CFU/1mV) (CFU/1m) (CFU/1mV) (CFU/1mV)
Uausulane s 540,556 - 4,489 9,938 - 154 42,152 - 292 67 -0
aslineInIe | 268,533 - 49,567 1,424 - 273 24,117 - 3,161 16 -1
ARDIIUNEU 492,556 - 202 8,200 - 48 26,633 - 47 1,513 -6
wonALAnaand | 88,778 - 30,844 | 6,871 - 2,739 35,267 - 5,593 1,990 - 305
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HARMNINUIVBATDAUNTITRUE WIN TC. WAy EC. 10953 UUUaUTUEDuTne 8 wie wuil

'
[J

finstudou TC. wasvesnidezuy nedegeanuasnanagfi 540,556 CFU/mL. uay 4,489 CFU/mL.
waznsuuifou TC. ndsvesieansruy fdgeanuazsingnagi 9,938 CFU/mL uag 154 CFU/ml. du
mstuileuroutiogdunidtuug EC. dsroniidodnszu lnofrgeanuassingnegd 42,152 CFU/mL
way 292 CFU/ml waznstuilou EC. wdsvesiosnszuy fiegagauazsinanegi 67 CFU/mL
way 0 CFU/mL.

Mnuamstindiegaunistuusis TC. way EC. vosszuutidainder 8 uwis asdfiuldd
msttmindsusazuwislianuuandietu desantadelunmsthiafiunndety Seladefiinadensitn
Fogaunidtiuzressruutousuiaiios WWun msdudauasuan gamglivesi pH seeznailunmsinif
danduemuemserunaueae aArwanuets Suleiiveiulusynsy auiiuthuresnslva
nsAzauTaIRznaY warUTinuaduns WWudu ssuutiaveusuaiesiinedmnsiitadoqdunis
Juugldidy svuvadesdianmeiifimedutauauangs gamgivestings pH g Sszsznailunisfifuu
Samdmanuendienuninswestogs mmdnvestor daudnlifu 1 was Suouvedidedu
Tueynsudeilinnded armidutruveanisivags msazauvesnznous wazUSuamduniden’ Wudu

nagnunIniweateadunisiuuy wan TC. uay EC. Te9ssuuaTsine Ay 4 wis wui
fmsvuden TC. wasvesiinszuy Imﬁmqaqml,azﬁwqﬂaeujﬁ 268,533 CFU/mL. wag 49,567 CFU/mL.
waznsuuifou TC. ndsvesieansruy fdgeanuazsingnagi 1,424 CFU/mL uag 273 CFU/ml. du
mstuleureadeqaunistuuy EC. dsrosniidudnszuy lnsfdngeaauasiianagil 24,117 CFU/mL
uay 3,161 CFU/ml wagn1sUuiou EC. wisvesioonssuy fdgsaauazinanagil 16 CFU/mL.
uaz 1 CFU/ml Lilesansyuvasyiinenasisuuuuszuuidamieuiuszuuveyfuaios Jedama
msthiindogdunidtuusisaesialndifeatu

HaREINiNYesTDIAUYEETLE Wan TC. way EC. vassvuunaeriuious 13wy wui
finsuuiiou TC. wdsvasihidnszuu nefidgeaauazsanogf 492,556 CFU/mL. uay 202 CFU/mL.
wazmstuitlou TC. lnfivasiheanszuu Sengagauasianogil 8,200 CFU/mL uay 48 CFU/mL. dau

[

nMsvuoureaiiodunidtuuy EC. ndevesndotnsruu Ineilrasanuazingnag 26,633 CFU/m.

9

wag 47 CFU/ml. waznisuuileu EC. wdgvesiieansyuy digegauazinansgf 1,513 CFU/ml. uag

6 CFU/ml. aihildszuumannudeuis 13 wis axfimmstindogdunidtuuzunndiedu osn
fitthadesng Iéud Usnaudelsn nania Uity gamind sveznanfnuiu nseenuuu nislnavesin
Aun3ddan anudunsn - e wazAvewluwiuaes Wudy' ssuuasenuisuieindussuutitn
wuuudnftifinadadussinnnis

NARANTWIYDITBAYTSTUUE Wan TC. way EC. vasszuuudniiufinadndita 3 wis wui
finnsUuidiou TC. ndsvesindszuy Imaﬁmqqqmaxﬁwqmgﬁ 88,778 CFU/mL. uag 30,844 CFU/mL.
waznsuudion TC. wAvveniioanszuy fiAngaanuazsaneei 6,871 CFU/mL. way 2,739 CFU/mL.
dumsuuileuvesedunisiuus EC 1ndsvesthidariszu Tnefiigeanuassianogi 35,267 CFU/mL

9

W 5,593 CFU/mL. uagn1suuieu EC. lnfgveniieanseuu dfasanuazsignagi 1,990 CFU/mL.

< ! @ a < v ¢ @ ! a o o A ' o ! a v
Wag 305 CFU/mL. 98193158 UULaNALLANEaAT 113 3 wiis azdlrnisunUaniuanssiuuiesiussuy
ARBIUILY LB NTITades19Y TlkansEnUion 1 sUIUA R UYSEYL UL LRI TUSTUUARR LY
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3.3 Use@nsn1mnisunudanisdinnn

UsyAnEnmnmstidaidogdunisduuy TC. way EC. vosszsuuthtini 4 Ussiaw 1dud vouiy
W@dies daseiiiuennd pasnuioy wasusnAninadns dauansetusuansumsed 3 wu

syuuUaUSutaiiosie 8 wis M‘UiuawﬁmwmimumLﬁvaﬁ]auwiamuu TC. AasgAALH ’]EJG]E)Q'

a a

Jeway 99.77 uag 84.05 LLazwizaﬂnﬁmwmimumLﬂuaf\;aumammz EC. umgqqml,azmqmagi fifovaz

=

100 uay 95.69 AvszuuiifianUszAnBnmnistida TC. uag EC. shamosmnuiinaihiidhszuy
wnnIANaEnsalunsesiuddsls Jwihlvissesatlunisundnanas Jsdemalvidusyansam
n1sUNUAtRYNINIDUY

v
a a

M151991 3 wansnausinauUsEansamnsindnwedunIdiuug TC. uag EC. vpsszuuirdminge

UszLnnenge)
Uszian UszAnsammstisaduus TC. | UssBuSamnnstndadiuug EC.
szuutdn AgegauazAtingn (Favas) AgegauazAiga (Govas)
Ussulanes 99.77 - 84.05 100 - 95.69
AT2LEUDINA 99.90 - 97.13 100 - 99.50
AABRIIUIYY 99.72 - 21.98 99.89 - 86.63
udnAvAREanS 94.00 - 86.62 94.86 - 88.72

FEUUATEANDINATIA 4 UWie BUsednSamnisindniesduvsdtuue TC. anninseuas 97 way
IS a a o w dy a < o‘dy 4
fusyansnmmsunUaweqdun3dtuue EC. 1nnnitseuay 99
a 5 ! | = a a o dy a = Kdy
JEUUARDNIABUNY 13 Wil dauanndiuseansainnisunUaiieqdunidiuue TC. uag EC.
wnnIFesar 90 BnkIU 2 Uik WeniinisUadeuusiaunsainiglussuuuisdiu vilinsvinnuues
syuuldanysal dwalisgansainmsundnanas uwagdn 1 uvs wudndidseansamlunistidn TC o
FeAnieasarar 21 Wesnsyuuidansegianduilesariviinaundeninssuuiles il
wWhszuuiianuanysnides Ieilusgaviamnisindaiiaiem
@ A [ v ¢ 1A a a o o & a o e a1
FEUULANAARESAT 119 3 unia TUseAnSnmnisundneqdunidauug wan TC. wag EC. den
WINNIFeLRE 86 Uav 88
a4 o = = a a o v & a oo a <
dipvhnisiSeuiisudsyansamnsunUawedun3dtuueg TC. uay EC. WAsuaia 4 seuu
] i Y = a a a a o v & a T a
wuhssuuveUsulaies assinena dausednsamnisiidaiedunidtiue TC. uay EC. Lade
FINIARDNIUILY UaZUONAANAANT 01571971 4
M13197 4 Usgansnmnisiidaiedunidviusiadevesseuuinunyingngeg

Useian Useansainnisundn Useandarmnisunda
syuutnUn Total coliform (5owaz) E. coli (3a8az)
Uauiuianes 96.26 99.32
ATELANDINA 98.96 99.84
ARBIIUNEU 87.63 93.69
wonAnLAnaand 90.58 92.71
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3.4 LU'%EJULﬁammmwﬁwfmzwﬂwﬂ’mfwLﬁaﬁgwmﬁ’uLLu'JWNﬂ'ﬁﬁ']ﬁ'mé’uuﬂsﬂmj Tufiud
\nwmsnssuvesUsznAlne Taonsuduaiunnnmdnaden

Mnesdt 5 ihnadisudeunanmunimihanssuuitmindedi 4 ssuufusuuamiansi
ihnduanldlmiluiiuiinuasnssuesusunalne Tne nsudaaduamnmanandey (@)’ lunndees
Tled wazilmealadnesu (Rodn EC) wuln svuuveassiinenAkarssuuveUsuaiesanunsainluly
Ugnituilfiduovnsisudsemunavidewdn dussuuraenudsunazszuuudninifinadnd aasiinng
Usulgsnaninseleleunienasiu ewhndulUlilmidwmiuiedlildiduems
aaedl 5 Wisuifsuaunimiainssuuthaiideiamntuiumansinindualdivaluiud
\NEAINITUVRIUTEINALNY

I u,mvnamsﬁﬂﬁﬂﬂﬁwﬂé’ﬂﬁﬂuﬁuﬁLnumnssmaaﬂszmﬁlﬂﬂ
S2UUUIUA Al (Bi2e) ity Auilaildld fosuSulse
TuviSena | wavSowdn | Wuewis SYUU
Adled (mg/l) <10 <20 <30
Alpealadnesy (cfu/l ml)| lanu <10 <30
Uausutades | Atdlen (mg/L) 8 WY
B une) | Aflmealaanesy (cfu/t ml) 6 WIS 1 Una 1 Una
asyifuenid | A1dlen (mg/L) 1 Wi 3 WA
(G una) | dnflpealadviesy (cfu/l mL) 3 Wi 1 una
papunesy | A10leA (me/l) 4 Wi 7 WA 2 WA
(13 wiia) | Adleealadnesu (cfu/l ml) 2 U 3 U 8 U
wEnngaasas| A10leR (me/L) 3 Wi
(3 W) Alnealaaneasu (cfu/l ml.) 1 Wi 2 U
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Tutssinalve ndunldlyadlunamanuns wasdoaiinmstidaideqdunisduuy nqu Total Coliform
uay E. coli Bunausiuuymanasimstnindualilaluiiufineasnssuvesssmalne suussan
vosmanzUgniieiilduuzily fdswansznusoguninesssru feafumsadnadaliininiis
mnszvutinidsgusundululimilunianisinues Jessdnduliimssinuaaqdurietuundu
ﬂ'ﬂmmgmmiizmsﬁﬂﬁqmﬂizwﬂ’]ﬁ’mfﬂLﬁﬁﬁmmmmmw@muaﬁw \emnulasnfonas
duanutulasoinunansdliiuazszansulneialy

4.2.2 mﬂﬁﬂasmdw‘i,uﬂm,ﬁmiz%w%mwmiﬂwﬁ’mL%aaﬁw%%uuzLﬁaﬂmmwﬁﬁmﬂ
szuvthtaiidy snfuiithdauausivsasdmiugniiedllldibuens Wileumanga
dmdulgnitvisulsemunaviowdn viefiuniiuussmilunield fo mafiuszoznainifiu (HRT)
vosszvutntde Taslawy ssuuteuiuades aswivenna uasenesiudiou dansiitlnaog
Tusruuundy avansaifanssdvsnmnsiisadeqaunis masdussuuedluiilas uasuananinen
shiels

4.2.3 madiusydvsnmnsihtndeduvidfemaluladnisiifndolsadugdu 1Hun
msrdndelaadeleleu (Ozone Disinfection) n1sidnidelsndes (Ultraviolet Disinfection) wa
msfdaidelsnfiunasiu (Chlorine Disinfection) Tnefiauszuuaslelau (2 - 4 vim/gnunariuns)
AaBIu (0.5 vI/gnuiAfumg) &3 (4 - 6 UIN/gnuIAnluns) Avdesiansaioninaluladuaz U3
nsiolAamngay

v oo
v o A 1 o

4.2.4 dlesnthgtuhiiussuitmhdesueuiihnduadlv giidnsfanunagey
aunmthlaeianenstindogdunds fudiwanifetlfifuhssuuiadulmyiseansamd
o osnndslifimsfinyinanssnuluszeren inwnsnsdldinihinduanldlvl asdugunsal
Hostunsduiainlaenss Wy mamugailevidoseaindn udu etlestunisazaudolsalusnenie

1%
v o©

VIFHUNAUNAINGE
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ndusdlmilunanisinuas dufeaadlulsshed aufisoveveunniuimsssdinisuimsdiusiesiy
wazidmhilumansus lon meuauasgassl wauiaesdinaeisy mauiaionFutsiy
WALIAEIBINAIMT IAUIAIBINMIAITANY MAUIAUATUATUSH WALaBEMUT maualesdeum
WALAUATUBULAY IMAUIAUATAUATIYEN MAUIAIIBI81MBY INAUIALATUUNYS AUaeIUYNsTil
WAUNAUATHIZUASASOYSE WnALIAaiY WAuIauAsie naAvadisnzy] wauiadesines
WAUIALIDRETNNTT 8IANTUSINTAUTINIAYAYS WAL AloauaY mAUIAUATUIaLAYS
wAtasuatium waiadlenine uazmauaesnesu Mvimnusuiieuarlirnueyasgiidu
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Development a simple water quality test kit of Total Iron and Chromium Hexavalent

Sua wiulia* algns Aunans weda s Jvasuns Uygae Uszaad lanswad
Aunchalee Tannil*, Nuttaphon Sukhakasikorn, Phornjit Mungwongs,
Watjarin Punyasa, Prakong Khottarapong
Audideuasfineusududaanden nsudaauaunmdsindes

Environmental Research and Training Center, Department of Environmental Quality Promotion

E-mail: Aunchalee.tannil@gmail.com*

UNANED

Auiidouasfineusadnudunndon Taiauyanaaeuamn ey iltureunsldam
figlidudou faugndesuaziiiug) niuransiesgildedvnndy aunsannmgniaausls
dmsumsvaaeuynuBinamandisesuanudiudu 0.3 - 10 fadnfusiedng uazmamaeUMUINA
Tnsdisueneyaud fssduenududu 0.05 - 5 fadniudedns luthussun thinfu wasindegusy
lnemsiUSeuiieuiuiaudinnsgiu wazlansiaaaunnugnaes (Accuracy) wavlkalugn (Precision) ¥4
LAUANINTT T AVAGE AN s ed L TasTAn1IAnFuLaY (Atomic Absorption
Spectrophotometer, AAS) U1 ANENABS (Accuracy) TauaudnnsglugavaaeumMUsinainanias
Taslleaenazinaud SiuesiGudn1sndudu (% recovery) Winiu 92 - 107% Wag 92 - 109% ANua1fu
uaAULiuEN (Precision) vasyavadeUTiAduUTAVEAULUTEY (CV) WU 0.9 - 4.2 uaw 0.2 - 2.9
puddy delilunssuiunmsfienuesaaeuaunmiidesiy Ssssmeunasdmihfiansnt
yanagouamnmtnegade i lun sy Tinuamiiludunedenldns diluaniizanduuas
anmeund suddlidudensBouisudanndenliuiussvvunasiiiedoldsnse
frdhdy : yanadauamamitegnsie win Tasflsumanezaiaus

Abstract

This research aims to develop a simple test kits that are simple process, accuracy and
precision. This simple test kit used for surface water, wastewater and tap water for determination
of concentration Iron (Fe) at 0.3 - 10 mg/L. and concentration chromium hexavalent (Cr*) at
0.05 - 5 mg/L by color comparison with standard color scale. The accuracy and precision of the
standard color scale that test by Atomic Absorption Spectrophotometer (AAS). The results of
test kit of Iron and chromium hexavalent of the accuracy that shown % recovery are 92 - 107%
and 92 - 109% and the precision that shown CV are 0.9 - 4.2 and 0.2 - 2.9 respectively

Keywords : Test kit Iron Chromium hexavalent
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1. unin

MsnIEUmMANNITITuresEsSunTeRouUdesgauandey wionsasiainiiioisz e
assunse handuludfofu thity vievhussun dufienssuitddiieri s uisenunmuas
A unasth safaduniadhsy TundehliliAsaudening laeiluaznsaindeniedos
Tuesfinamaseu daflaldarelunsdidunisgs wiesdlonaune sseznamageuuiu 93Ae
doddyaansidanudnnglunmeaey nslivenedeusgising vide “Test kit” Fuduwumands
hlsmunansinszilsognmniga ansanamgnirauy udlvdyvdanedesluanzgnidy
§uviaeit udtligtuganeaeuauamtniifidiminedudinunidududingandisseme
wardisniung quiideuasiinousudiudanadon Ssimungemaaeuamnwiiegisie idduseu
maladiie lududeu Sanugniomaruiug Welissuuasdmini aunsowsmaseunmnimi
ogadelUllunmsihse Tegunimitludunndeulfate dedunsihay T fanunmuaidsiduanme
andunazanzund sudddidudemsBeuiiudunededliuaussmaunaziiiedeslddnde

dmsudszmAlneiiy umimmmmm%mmmuﬂmmwmlwmaﬂiuLmn U AWFILAMN ML
dionsulne anesgiuamn i aRsgIuAMAINAYAY 1IRSgIUAMNIIMZIE 1IRTEIUAMAIN
it Husiu wagnudn lugninassianesguazaueuednuuzmaaiiveslaveiin Wy Tasdley
inayInaus luassunsieidneglunguussansnens Saiidsuansenusedu (Genotoxic carcinogen)
Imsﬁmuﬂﬂ%mmqﬂqmaqmiUuL’nyauImLﬁauLaﬂ%mLaumﬁluﬁwﬁqmﬂiﬁwuhjﬁu 0.25 fladiniusedns’
Tuuvasi@iduliiiu 0.05 fedndudedns’ uarlumealiiu 50 lalasniuredng® uazsaumdn
Fenuldvhlulusssned iussddsenoundnuesaduuns Shvigraeauazaraistsumaviossu
vndiUSnasnnagyiliiiauns fndunazyu Wedimsuslamiumudwiu asilidhlusmegluslilnaty
fogludenuazasgnifvazauliisudmarliialsasuudald lnefmusuinaigeaavoansuuideumnsn
Tunmsgiundnsurigramnssutiuslnalaiiu 0.3 fadnsuredng inasitvunfianzauesnsg
aunmihuimaiilduilaaliiu 0.5 fadnfudedng sedunnuanududugageuesasiviiusey
listogludlaglidusunnenedniihdedsiiu 03 fadntuedns’ uaslurimualuiiu 300 lulasnusedng’
Fenasimsgueineg Aldimuelidy slviiwuganeaeunmnimiediedie elfaseuagu
mslauvaneUssamdissfuaadudy 0.05 - 5 fadnsudedns dnsunnaeulasidenienayiniaud
fsgfumnmdudiu 0.3 - 10 Sadnusednsdmiumdn

2. 33N133Y
2.1 AnwuFsemaindnmnzanvedanideuenszaiaud (Cr*) uaziman (Fe)

2.1.1 msaszsimansmefluuulngay (1,10 phenanthroline)

nsAssimanmefluuulngdu svordeujisenvesiluuulvsiu (1,10-phenanthroline)
fumesia (Fe”) Aiflovuszann 3.2 - 5.5 iaduansusznovdunsdy Judulunu Beer's Law fe
arudaduvesdiAntuduufnalaensstuliinaesasiu lnsnnuduvesdiistuazliidadifion
4 - 9 uardvesmsazaneiiavegiliuulszann 6 Wou annsatarududldfensuieuiisudem
vizeo1alfinsosaninslilafwesfinnuenadu 510 uiluwns waxilesann 1,10-phenanthroline
Tinldlamzmledia (Fe) Fasfpsinsidsuguveamlasin ( Fe) Wulasda (Fe?) Ivualngldansazane
lemsend@aniiu (hydroxylamine) ﬁuﬁﬁ%mﬁlﬁmﬁu FEUNTS

4Fe” + 2NHOH —>dFe” + NO + 4H’
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waeniu AxUFuiilervesansazangliegluyis 3.2 - 3.3 lngnmisiivansazanedrlinesiie
TlafierAmunya ud3afiude 1,10-phenanthroline yilmAnduansuseneulesdou feauns

1,10-phenanthroline + Fe*”* — Orange-red complex

2.1.2 maangilasflsuselaidansuiles (1,5-diphenylcarbazide)
Uzt Wulfisefanizinizasvedlasdlousngzinaws (Cr) dulefidanmsuiled
(1,5-diphenylcarbazide) luaniznse iaduaisusenavdunsiag degunis

[¢] [¢]

Cr (V1)

©/NH HN\© ©/NH HN\©

2.2 veaeulfisenisiindvesansarateninsguvedlasdenangginaud (Cr") uagansazany
1MsILYRNMAN (Fe) Tiszdunrundadiusingg
2.2.1 negeulfizenisiindvesansazansuinsgiuvenan (Fe)
1. wissnasara1edmsunImUSunaman (Fe)
1) ansaraneansgIumanissdunududusing
2) ansazanglusluilueaug (Bromophenol blue)
3) ansazanslansendarfiulalasaanlse (Hydroxylamine Hydrochloride)
4) a1sazarueelynsiuuulnsdu (o-phenanthroline monohydrate)
5) @1382A18NIATNIA
2. nageuUiisensiindveandn (Fe) Aszfuanuidudusing
1) Unansavaneunasguvaniisysuanududusingg adunasanaass
2) nepansazanslansendaniiulalasnaalsn
3) NUAANTALANLNITATNIH
4) venansazangeslnsibuulnsiiu seujisenauysel Junaiivangay
5) Sufindruruviamsazanesneg Mvungau MviliAedRaenaunsouosdiu
I¢oensdniau Inetdeneuiduiusingaiiansmannsouoadiuld WumnududuGusueuaudnsgiu
(Standard color scale)
6) tegUnaziiuiegdilerluaauaudmsgu (Standard color scale)
2.2.2 vedeuuisensiindvesansavaisunnsgiuvedlasidusiangyiaud (Cr')
1. wsgnansazagdmiunsmusinalasdesengganaud (Cr')
1) ansayaeannsgrulasidemenezaiaud () Aseduanuidudusiieg
2) arsavaeladifianisunles (1,5-diphenylcarbazide)
3) asavanensndaiiin (H,SO)
2. ¥ uUAseINITANEYEY Cr' NSAUAMUTNTUR)
1) Ynansazareanasgnlasdlon Aszduanudutusineg aduvasannass
2) nepansazanslafiiiaansulye
3) vignasaratunIndanlen iaﬂﬁﬁ‘%mammaﬂ Junaiivangay
4) Guiindusumenansazaiene Mivnge AlAnERagmaTaeTiy
Isoensdniau Inetdeneuiduiusingafiansmannsouoaiiuls WumududuGusueuaudnsgiu

(Standard color scale)
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5) segUuaziusegnadiiieluadauauduinsgu (Standard color scale)
2.3 mfmaaumfmLL@JuLLazmmLﬁeml,mu?fmmgm (Standard color scale) %@Qﬁﬂ%ﬁﬂaUQMﬂWij’]
og1sveamAN (Fe) uazlasifloananzaiaud () MerdosinAinisganduvoas

2.3.1 thlfar Absorbance vaslasiflouanazanausd (Cr*) fmueninau 540 wlums
Tngadrensmuasgiulasidlen 2 ya Aeynsziuaududuin ldun 0.05 0.1 0.2 0.4 0.6 uay
0.8 fadinsusiedng uazynsEAUAITNTUES lokA 1 2 3 4 wag 5 Tadnsusedng

2.3.2 thluinen Absorbance vaaman (Fe) fimnuenadu 510 wilumms Tngad1ensm
1MSTIUMAN 2 A AeynszduAududus TeuA 0.3 0.5 0.7 way 1 fadniusiodng uazATERU
ANIduTUg LAl 2 4 6 8 uay 10 dadniusieding

2.4 mwaauﬂszﬁm%mwmmaau@mmwﬁuﬂu matrix A14°)

2.4.1 pyapulsyAvEnmavageunma i lufeg i seUn hinfu wesiidoyuey
fisgsunnududusingg Tnewseuainns spike asavaemnasyilusesnaiusgun diahu uas
e

2.4.2 mstarmsganduveuaseslasiioauenszaniaus (Cr*) waziman (Fe) setadasin
ANIIAANTUYBIUAS

1. 1hluine Absorbance vedlasiflosianayaniaud (Cr°) AANE1IAAY 540 UILUIIAS
Tagaansmianmsglesidon 2 ya Aoyaszdunantudusi 16uA 0.050.10.2 0.4 0.6 way 0.8 Tadndu
fOfNT UALYATEAUANUTNTLES loun 1 2 3 4 uag 5 ladnSusiedns

2. thlU¥arn Absorbance waaman (Fe) inanandy 510 uluwing lngasensnunsgu
man 2 4n Aeynszsumududus 1iun 0.3 0.5 0.7 uay 1 Tadn3usedns uasyaszAuANudLtugs
A 2 4 6 8 wag 10 Tadniuredng

3. thdoyaiild Tudunamiesifudinduiu (9% recovery) uagamddssanivesnuuususiu
(Coefficient of Variation, CV)

3. HAN1579Y
3.1 naaaulfisennsiindvasansazaneuinsgiuedasiisuenssaiaus (Cr*) uasansazane
WAsgIUveman (Fe) Mszaunnududusingg

35

25 »*

15 -

05 E

Absorbance (Abs.)

Concentration (mg/L)

UM 1 naaeuUisennisiindvesansaraieannsgiuvedasiomangeaiaud (Cr') lnguans

v ¢

ANUENTUSTENI19 Absorbance fiusgRuAMIILTUANTaEaeRTTIUTdlATHENENTE AU (Cr*)

P
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8

08

0.6

04

Absorbance (Abs.)

0.2

4 6
Concentration (mg/L)

UM 2 naaeuufisennisiindvesansazaleunsgiuvenan (Fe)
TneuaninNdRUSIzINe Absorbance fuszaAuAMNNTUASAZANBNIATFIUYBUNEN (Fe)

3.2 WAUANIMSFIU (Standard color scale)

3.2.1 a3 1uaudnnsgiu (Standard color scale) AmsnzauiuatgmiduIsaueaLii
Ippgnatnmuvalansazarsuinsgiuveadlasdouanaz1aud (Cr') Nszauanuudy 0.05 - 5 Tadnsy
ofing waviUTeutieudnlaainuauduinsgiuinaing (Standard color scale) Aunisiwseuansazaiy

wnsgIuvedlasiusangyInaud (Cr') Nsgduanududy 0.05 - 5 Tadnsusiedns lasl

0.05 mg/L Cr**

0.1 mg/L Cr*

0.2 mg/L Cr*

0.4 mg/L Cr*

T

- - -

0.6 mg/L Cr*

lLllNl AT

0.8 mg/L Cr*

BLINNRINE

—
—

a

£

AU ] LLauNnaU‘sumumwmaam nsuaal,aiuﬂmmwﬁm'maam




3.2.2 @519uaUdN1ngIU (Standard color scale) MmunzaufuaaaNdUITaNDLTY
Ihegndnurssasazaisunsgiureanan (Fe) fszduaududy 0.3 - 10 fadnsunednsuazilSouiiioy

anldanuaudninsgiuiiadna (Standard color scale) fumswwseNasazaleuInIgIUIOLNAN (Fe)
NszAuaadudu 0.3 - 10 Tadniusedng lonsil

0.3 mg/L Fe

0.5 mg/L Fe

0.7 mg/L Fe

1 mg/L Fe

2mg/L Fe

4 mg/L Fe

8 mg/L Fe

10 mg/L Fe

e ——

3.3 ayavaeuUsEAnSamyavadauAMAI NIl matrix fi199
3.3.1 Nan1sVeaeuUfAseINsindvedatsazaeutnsgiulasleuenggaud (Cr')
Tuihussi oy wazd e wud Sesidudnisnaudiu (% recovery) Wiy 92 - 107% wae
AduUszANsANRUIAL (CV) Wi 0.9 - 4.2 gy wansliliuinganadoUaeuAnATNINBE 1918y
& ¥ ¥ o o ¥ o v e v ca <
Hanunsaveaeuluinyssun tidiu wazundeyuvuld waglvrianugndes = 10 wWesdus

o szt e Wdafu e Widuyavy

Y
S N : N
U 105 [o° * s
> - * - * -
O & - &
L : -

O 100 - < <
() -
0 g5 .
XX H
(@)

T T SRS
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] 05 1 15 2 25 3 3.5 4 45 5

Concentration (mg/L)

JUT 3 nan1snaaeuufizensiindvesansaratsunsgulasidleaengziaus (Cr')
Tutdse diieiu wasdndeyuyy

e
A
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3.3.2 namsneaouUfisensiindvesansarateuinsguman (Fe) luthuszh i wae
5’1L?1&qumju Fanun el (Accuracy) wazaauiies (Precision) filaddudnisnduiu (% recovery)
Wiy 92- 109 % wazAdUszANBAMLLUSY (CV) Wiy 0.2 - 2.9 feguuandiifiuiavaseunanin
thegaheyndannsoneaouluisyun thindu uasiideyueuld warlfeaugndes « 10 Wesidud

o dsedn e UilIRY o dnduyu

115
| A S R e P SR R R T
> »
L 105 od .
8 -
L]
8 100 = . . 5 * .
.
o
f 95 | - - : =
\ Y
A NSRRI PR 0% 00O R0 T, T, T G R L T T L L i
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0 05 1 15 2 25 & 354 45 .5 235 6 63 7 75 8 85 9 9510

Concentration (mg/L)

JUN 4 nansnadeuUisennsiindvesansazaneunsgiuman (Fe)
Tuthusedn Uiy wasudeyumu

3.4 WisugAvAdDUALA IO BTaNnEn uarlandomientzious

lonsinasuiszaninmeanadeuamnmtegshevedasdeuenariaus (C°) wazdn (Fe)
Jasdealdnuuzusny uardweulidinnudanadonnail 1- 16 wiouwuudsaeuiianela wuiy
fanufiselasnnludumeunisliganaseunmuninihegnaig mawazmnlunisnnmn uageumngay
YBIUTTIIU BRI TUARHATIAYAABUANATINBENANY Lasa Iy ANTRITE AUy
vosgpnaaeuiunslian uasdduusidaiausuuy FosunounslissyiBlidnau suuuures
waudnnsgIuliminauasivunlnanI1vIndeg1e wazlinuAoINITYANAFB UYBILLIN1TE (Mn)

ANWUTNLUDNYDIYAVIATDY anwauzngluresyanagey

UM 5 ganaaauamnINU1eg1dy
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1. Unvanasiadiviuiinnais

doldiate
2. é"nﬁariauuamﬁw‘mn?q
dyamadou

3. wnidsamsduiaiaoasaiy
amaiiynyiin wiendssuld
gafioynafaitimsnagou

a. ivgamaaaulSluitvaande
Thunnuaunnuazauiou

5. avstliviuanigly 2-3 Wouuas
YAVAFIU 1 90 AWTAVIAFDY
fiag1auszunn 200 fege

6. Thumshegrsivhnmagouuda

aujﬁ’qmné’w

7. Tannunumvusilldaaadl
Mduduazmions dendunda

Auiidsuadiinousuinduandon

yamadouNIWinaEhady

(Test kit) dvifunagauwiunm
Tasudion Cr(vi) Aisziuanudiudu
Faud 0.05 - 5.0 Hadniudodns
Tushogrnhuaninde wu dhindu
thuma hanlsanugaamnssy
hwvgzanmsilanay (Landfil)
thuzvesdidnnsoiind man

vaaday 1 78 Usznauday

1. @sadl Tasudey 1 (Cr-1)
Fruru 2 ¥In (vanaz 30 faddng)
2. answadl Tasdion 2 (Cr-2)
Fmau 2 vIn (vanag 30 daddns)
3. vaandaen wun 5 liadans
U 2 viaon
4, vaaldimngne vun 10 Haddns
41U 4 U0
5. giloyamadouannmh wWiouuaud
un3§U (Standard color scale)

fleyamasouqouniednaing
dwmiunvagau CHROMIUM (V1)

J

Audidouasiinausududaandon
niudusiugounmawanion
walusil duanaasti
dunonaaanade Tawintmusil
Tnadfwni 02-5774182-9 o 1116
Fax: 02-5771138

Email : werair2628@grnail.com

adrathai 5 laddns
Quviaandaun

vwaaandl Tasdloa-1
(Cr-1) 977U 3 vien
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Study on local environmental management pattern : A case study on Municipal
Solid Waste
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Abstract
The study on Local Environmental Management pattern was mainly based on public
participation which were utilized by local agencies to identify suitable solutions for environmental
management process and pattern. The local authorities involved in this project were Burirum
Municipality, Satuek District Municipality, and Phutthaisong Municipality. The Focus Group
methodology has been applied for brainstorming and prioritizing the issues. The environmental

Management projects have been formulated based on the prioritized issues, which includes the
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whole process of local waste management in Burirum. The Phutthaisong District Municipality
has emphasized local participation on waste management and segregation within then community
by applying the principles of 3R. The Satuek District Municipality has a ¢ood waste management
system as well as accepting wastes from other areas within the district and was able to introduce an
appropriate regulation on solid waste management through community participation. The Buriram
District Municipality Sanitary landfill is almost fully occupied and the municipality is still looking
for other appropriate technologies to manage their solid wastes. There were recommendations
that in order to obtain sustainability, the landfill area must be developed, improved, and extend
the period of usage for more years. The results of this study will support the government’s policy
to allocate some environmental budget related to sustainable urban environmental quality
management planning especially in these areas and other similar areas in the country.

Keywords : Pattern, Process, Management, Environmental, Community Waste
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Abstract
National Parks are areas where people share common interests with high biodiversity but
are sensitive to changes. Environmental conservation especially good waste management applied
in these areas will provide abundant benefits to the people. This research project was conducted
in collaboration between the research team and the co-operative people in the area to determine
the waste management’s guidelines suitable for these areas. The study consisted of data collection,

using questionnaires, in-depth interview, group discussion and exchange ideas through brainstorming
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technique to assess the potential and effectiveness of management likewise to develop guidelines
or programs for waste management in each national park. The selected target areas were 9 national
parks located in the Northeastern of Thailand. The findings of the study revealed that the current
situation related to waste management are : most national parks have their own waste management
practices, some people work with local authorities due to location restrictions, most of national
parks have similar method of waste management such as landfill, composting, open burning and
recycling. Generally, the national parks did not organize a working group on waste management,
insufficient budget, less cooperation within the community, and minimal participation on waste
separation from tourist. The results from brainstorming indicated that the the 3R model must be
utilized in these areas, National park waste management policies must promoted throughout the
country as well as increase more volunteers in the area. The results of this research have been
expanded by the national level through the collaborative research agencies such as Phu Rua National
Park, Nayoong - Namsom National Park and Phu Pha Ya National Park by combining the action plan
or approach from brainstorming with the research outcome in preparation for the evaluation for
Green National Park certification in which waste management is a very important criteria that must
be achieved as well as improving the behavior of the people on waste management, and avoid
open burning. Researchers must conduct joint reseach projects which are designed to be useful
within the context of each national park .

Key words : waste management, National parks, Participatory Action Research, Northeastern of Thailand
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Abstract
Problems related to sea level rise, coastal erosion and storm surge has been of great
concern to the communities living along the Gulf of Thailand. This problem has greatly affected the
lives of many people because it caused loss of land, lack of income, and created stress and

worries to the people in the community. This research was conducted with the objective to

@ $I89IUNAI IV IS RINoUTIA UGN eN UszTTlauuszanal wa. 2561-2563 | 113



analyze and synthesize current risk and adaptation situations in the areas along the inner Gulf
of Thailand. The results of analysis and synthesis of existing policies and strategies related to
sea level rise, coastal erosion and storm surge including the current risk situation and adaptation
in the Gulf of Thailand area, found that sea level in the coastal zone of Thailand has risen at a
higher rate (3.6 - 6.6 mm/year for the period 1992 - 2019) which is higher than the global average
sea level (3.3 mm/year). Moreover, the areas along the Gulf of Thailand and Andaman coast
areas of Thailand were also eroded for approximately 830 km. The results of this study found
out that the areas at risks for sea level rise, coastal erosion and storm surge are the areas located
along the inner Gulf of Thailand which covers about 49 sub districts located in 7 provinces. The
risk level of villages in each sub-district among the 49 sub-districts were different depending
on the location of the village. However, the local community has a good adaptation system to
manage the problem. The level of adaptability of each area was different, during the past the
national, provincial, and local government tried to extend their support to solve the problems
by introducing various techniques, the people in the areas have accepted this support and
adopted themselves to such problems by using seasonal calendar and climatic hazard ranking.
The people in the communities also prioritized the issue of coastal erosion as the primary issue
and the secondary issue is related to urban and industrial expansion. The coastal communities
adaptation to sea level rise, coastal erosion and storm surge are as follows: 1) Individual
adjustment, 2) community level adaptation which is a short-term adaptation and 3) adaptation
in accordance to the government operations which is a long-term adaptation.

Keyword : Adaptation, Sea level rise, Coastal erosion, Storm surge
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Abstract
Sea level rise and coastal erosion in the coastal areas of Thailand have become more
seriously problem nowadays. Commonly used solution these problems by hard structure is increasingly
recognized to be unsustainable for coastal ecosystems and people in the affected areas compared
to soft ecosystem-based approaches. The objectives of this study is to develop coastal eco-forest

model to reduce the impacts of sea level rise and, coastal erosion and to evaluate survival and
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tree growth rate in the experimental plot area at Chalatat Beach, Bo Yang Subdistrict, Muang District,
Songkhla Province. The data in the experimental pilot was collected during May 2020 - April 2021.
The principal of eco-forest that imitates and replicates natural forest growth and regeneration processes
was applied to develop coastal eco-forest model. The concept of densely and randomly planting
with various coastal species, were also employed. Three groups of tree structure (perennials, low trees,
and shrubs) with 9 species were selected to plant in the experimental plot area. The results of the
evaluation of the survival and growth rates of the trees from the 8-month follow-up period showed
96% of survival rate. The species with the highest growth rate as determined by height and diameter)
were Casuarina junghuhniana (Son Pradipat), Hibiscus tiliaceus (Por Talay) and Thespesia populnea
(Pho Talay), respectively. These results showed that these three species were fast growth and had
potential to applied in ecological forest planting to reduce impact from sea level rise and coastal
erosion. In additions, this study could be utilized as a learning center for eco-forestation models to
reduce the impacts of sea-level rise and coastal erosion and the biodiversity and applying knowledge
from the results in other areas.

Keywords : Eco-forest, Sea level rise, Coastal erosion
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3.6 9nTINTTOAATNITRTeAUlavoIRulll

nsfnwdnsinssenveiuld 9 vlanusluwdamaaes Gulensia Aulnnela AukaNNsLa
Fushanenen funBnzia sumseulinia dunefife Mulnnzia dfuaussing) Mdlumsfnuidel
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Abstract
In the past decade Climate Change issue in Thailand was continuously informed and
public awareness to the people by related organizations and educational institutions. However,
there are no appropriate methodology, technical and tool for trace and evaluate an achievement.

Development of index and tool for assessing public awareness on climate change. This study

140 | quéiReuagiinausudnudawindon nsudusiuaunindanindon



aimed to develop Climate Change Awareness Index (CCA), Climate Change Awareness Assessment
System and determine the level of awareness related to climate change of the three sample
groups. Climate change awareness index (CCAI) was developed by Elements of Environmental
Awareness that includes three dimensions namely: Knowledge, Motivation, and Skills. Structure
and component of CCAIl was developed from online questionnaires on climate change and
formulate online questionnaires on climate change and formulate a scale ranging from 0-1. and
a systematic form of online website application. Generally, this system is easy to use and the
results of data on public awareness on climate change can be displayed on real-time. The results
showed that the level of awareness of the people living surrounding the inner Gulf of Thailand
was 0.55, the key sectors identified in the Thailand’s NAP were at the level of 0.76 and the target
group of the DEQP were at the level of 0.78. In addition, factors affecting the CCAl include age,
academic attainment and occupation. In contrast, in this region, the six priority sectors identified
in NAP, and other Municipalities were not affected by CCAI at the statistical confidence level of
95 percent. The result of this study should be published to public and other related organizations,
under Article 6 of the United Nations Framework Convention on Climate Change to take further
advantage.

Keyword : Climate Change Awareness Index, Climate Change, National Adaptation Plan
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Evaluation of WRF-Chem Modeling for the upper part of Northern Thailand
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UNANED

Huiinmamiteneuuuressvmdalng liusyauiulaymmuenafunndussoznanieunmsse
dealiisziuanududureaiuazessuuiadnndy 10 luaseu (PM10) HA1gaiund1AmNInsgILAunINeINe
TuussenmialnerhlvresUsamelng vesndslymmsifintuvessyiuanududuvos PM10 4 iendos
futadeuvasiuiauaiiv Wy mawaluillds waznsunsnsyagluduussenmaiifedesiuiade
M19ge Heding Feoraduiusiuunasiilavicluiiuiivanielusaznmeuenmeamiensuuy Fan1s
ﬁﬂﬂﬂﬂ%ﬂﬁlﬂ%}muﬁﬁam Weather Research and Forecasting (WRF) model coupled with Chemistry
(WRF-Chem) ¥ihnsdnasssesumnudiudu PM10 Tudieusiunan w.e. 2559 dadudiggmuenaiy
Wevsuiumnyldldvesuusiaaddaefiansanussansamnissiaesaanududuade 24 $3lua
Y94 PM10 wagymatUTeuiieuiudayaninsininnanmein1Amansansiainaun1we N augide
waetineusuduAanndon waranilarainamameinma nsumuauuaiy Tuituil 8 Sminmawdenauuy
(Wodlval Weese §1U19 uddesaou Wn dmu wns wasnelen) nuAnadefildainnisngaie
Mnynaaniingraianuamenniafiawindy 11217 pg/m® wazArildanuuusiass WRF-Chem
La?{ammﬂﬁmamﬂamﬁmwi’mﬁmwhﬁ’u 82.17 ug/m’ lawdlen Bias #39A1ANLUNLDYY 30 pg/m’ %39
Uszanad 26% Faneanuiuuuiiaesdunltusiaesddmsnidildannsanaauasiidnieadn
fAnduysalves Fractional Bias ([FB)) = 0.3 A1 Normalized Mean Square Error (NMSE) = 0.46
waz Factor of Two (FAC2) = 0.523 Gseglunausifivensuld wafilddannsndinisdmundaden
nsidnduaziadnansaniluldluwuudnass WRF-Chem dusuusemalnelasoly

o

AdARY : PM10 anawitie wuanadu

Abstract

The upper northern part of Thailand has been facing haze for a decade. The concentrations
of particulate matter less than 10 micron (PM10) exceed the national ambient air quality standards
for Thailand, which was related to PM10 emission sources from open burning and atmospheric
processes such as wind circulation and diffusion. The emissions include both internal sources
and external sources surrounding the upper Northern Thailand. This study utilized the Weather
Research and Forecasting (WRF) model coupled with Chemistry (WRF-Chem) to simulate PM10
concentrations during the haze period on March 2016. The model performance evaluation for

PM10 simulation was performed by using 24-hour average concentration data which was done

&
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by comparing the model data and the air quality data obtained from the Pollution Control
Department and the Environmental Research and Training Center which included 8 provinces
from the upper northern part of Thailand. Results showed that the mean value obtained from
all air quality monitoring stations was 112.17 ug/m’® and the mean value of the model data was
82.17 pg/m’. Its bias value was 30 ug/m’ or about 26%, which showed that the model tend to
give under-prediction value. The statistical indices were Fractional Bias (|FB|) = 0.3, Normalized
Mean Square Error (NMSE) = 0.46, and Factor of Two (FAC2) = 0.523, which were within the
acceptable values. The physical configurations and chemical schemes obtained from this study
can be considered when using WRF-Chem model for further studies in Thailand.

Keywords : PM10, Northern Part of Thailand, Haze
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‘Vlﬂﬁmﬁ 112.17 | 82.17 | 30.00| 0.46 |0.533|0.733|0.30 | 577.0 | 65.42| 54.8|-0.29 | 0.52 |415
M 99.58 | 74.68 | 24.90| 0.29 |0.539 |0.750| 0.28 | 156.7 | 46.79|41.85|-0.27 |0.45 | 28
35 82.83 | 63.50 | 19.33| 0.23 |0.728 |0.767 | 0.26 | 146.1 |34.83|29.75|-0.28 [0.41 | 29
36 109.13| 65.52 | 43.62| 0.49 |0.423|0.600| 0.49 | 146.1 |58.94 |50.37|-0.41(0.48| 30
37 111.90| 81.81 | 30.09| 0.50 0.077|0.731|0.31 | 218.1 |67.81|57.43|-0.26 |0.52| 30
38 101.07| 80.94 | 20.12] 0.58 |0.000 |0.801|0.22 | 240.4 | 69.17 |60.50(-0.19 |0.61 | 29
39 122.13| 80.26 | 41.87| 0.52 |0.342 | 0.657| 0.41 | 230.1 |71.38 61.82|-0.34 |0.53| 30
40 11153 79.45 | 32.08| 0.56 |0.054|0.712|0.33 | 225.0 | 70.48 {59.90|-0.27 [0.54 | 30
65 115.10| 89.87 | 25.23| 0.33 |0.646 |0.781 | 0.24 | 201.8 |58.51(49.87|-0.27 |0.50| 30
66 141.69 | 71.45 | 70.24| 0.63 |0.768 | 0.504 | 0.65 | 209.8 | 79.77 |70.29|-0.55 [ 0.55 | 29
67 105.03| 80.64 | 24.39| 0.42 |0.633 |0.768 | 0.26 | 272.9 |59.98|50.27|-0.29 | 0.53 | 30
68 78.00 | 6557 | 12.43| 0.42 |0.219]0.841|0.17 | 147.0 |46.17 |41.70|-0.14 [ 0.56 | 30
69 120.13 | 83.81 | 36.32| 0.61 [0.040 (0.698|0.35 | 224.8 | 78.46 {69.01|-0.28 | 0.59 | 30
70 119.40| 78.75 | 40.65| 0.41 [0.658 [0.660 | 0.41 | 2219 |61.87 |54.56|-0.39 | 0.50 | 30
73 151.63| 15256 | -0.93| 0.34 |0.719 | 1.006 |-0.01 | 577.0 | 89.15]69.53|-0.09 [0.53| 30
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Visualizing system of projected drought caused by representative concentration pathways
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Abstract

Climate change as a result of increased greenhouse gases had resulted in significant
precipitation changes and drought conditions. The Intergovernmental Panel on Climate Change
(IPCC) conducted a simulation on rainfall and other parameters under various conditions related
to cause climate change (RCPs) between 1974-2100. This simulation was taken under the CMIP5
project. From the results of the projection, the results of rainfall over Thailand were used to
calculate the standardized precipitation index (SPI) within a resolution of 10x10 km. which was
used as monthly projected drought maps. The results will provide information in conjunction
with other data such as the occurrence of El Nifio and La Nifia to enable decision-makers data
to manage the effects of drought in the future.

Keywords : Drought, Standardized Precipitation Index, Thailand
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Abstract
Thailand had recently developed the domestic airports into international airports
which may cause impact to the areas surrounding the airports. The Environmental Research and
Training Centre (ERTC), conducted a study on the sensitive areas affected from aircraft noise in the provincial
airports. The study focused on the impacts of noise pollution, the noise sensitive areas, and land uses
on 7 regional airports in the country namely: Udornthani, Mae Fah Luang, Hat Yai, Krabi, Mae Sot, Buriram

and Nakhonsithammarat. The results of 24 hours average measurement indicated that the noise
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levels did not exceed the standard level for Thailand. Evaluation of the impact of aircraft noise
by using the day-night average sound level (DNL) and Noise Exposure Forecast (NEF) was also
performed and the results showed that aircraft noise did not affect the areas surrounding the
airports during international fligsht operations. The aircraft noise affected primarily only the areas
inside the airports territory. However, at Udonthani international airport, the results showed that
aircraft noise had extended outside the airport. The study also revealed that land use within the
vicinity of these 7 airports were not affected by the aircraft noise. The DEQP had set up a digital
file format for noise sensitive areas of all airports through the GIS system which will be utilized
as important information for concerned agencies to consider for further airports development

including flight route adjustment and flisht management to protect and resolve noise problems.

Keywords : noise, noise sensitive area, land use, day - night sound level, Noise Exposure Forecast
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Abstract

Environmental pollution issues has been severely increasing especially urban air
pollution problems. It affects the health of the urban population particularly after long-term
exposure to carcinogens present in polluted air. This study was therefore initiated to develop
an innovative device to measure volatile organic compounds (VOCs) from exhaled breath
to assess cancer risk. The goal was to help screen cancer patients and assess the health
risks of people exposed to environmental pollutants. This study was divided into two
parts: to study the pattern of VOCs from human health and to develop an innovative
device for measuring VOCs from human breath. The target group’s breathing samples were
collected from normal people, smokers, lung cancer patients, liver cancer patients and
cholangiocarcinoma patients using 450 mL mini canisters connnected to a breath sampling kit
and analysis was done using a preconcentrator-GCMS. The study found out that each target
group has a different VOCs pattern. Analysis of important VOCs linked to cancer was done
by using selective algorithms in which eight major VOCs were identified and were used as
an indicator for cancer patients. A total of 10 sensors were selected to detect important
substances based on their sensitivity to identify cancer patients such as electrochemical sensor,
semiconductor sensor, metal oxide sensor, photoionization sensor and etc. The innovative device
for collecting human breath consists of airflow management, gas sensors, monitoring sensors, and
controller. A linear regression model was used to create a conversion model from the sensors.
Calibration of the sensor’s response was performed by preparing 82 mixed VOCs standard gases
at concentrations of 5, 10, and 25 ppbv and each concentration was analyze repeatedly for 30
times. The linear regression model result showed a correlation coefficient of 0.99. To test the
device’s efficiency, samples were collected from 32 lung cancer patients and 70 normal people
previously identified using linear support vector machine classification model. It was found out

that the efficiency of the device was accurate about 69.4%

Keywords : Innovative device, Volatile organic compounds, VOCs, exhaled breath
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Abstract

Environmental pollution related to municipal solid waste and electronics waste needs
urgent solution. The Study on toxic air pollutants such as Mercury, Volatile Organic Compounds (VOCs)
and Polycyclic Aromatic Hydrocarbons (PAHs) from electronic waste and municipal solid waste
has been conducted at Buriram province. The objective of the study was to measure the
extent of contamination of the air pollutants emitted from municipal solid waste as well as
electronics waste by collecting 24 hours ambient air samples successively for 7 days from
an electronics open dumping waste site and other communities surrounding this area. Ambient air
samples were also collected from municipal waste areas such as Sanitary landfill sites and
municipal waste open dumping sites. The results of the study revealed that the average
concentrations of Mercury from the ambient air at the electronics waste was 3.5 ng/m’ and
the average mercury concentration in dust was 0.06 ng/m’ while the concentrations of Mercury
from the ambient air samples collected at Community B and Community C were 3.4 gy 3.1 ng/m’
respectively and the average mercury concentration in dust was 0.02 ng/m’. The concentrations
of VOCs such as Acetaldehyde at Community B and Community C were 3.5. and 5.3 ppbv
respectively while Acrolein was 2.9 ppbv. The concentrations of PAHs such Acenaphthylene and
Fluorene at Community B were 2.9 and 5.8 pg/m’ respectively while at Community C the
concentrations were 10 and 5.9 ug/m’ respectively. When compared to the concentrations of
ambient air pollutants from municipal waste it was revealed that the concentration of Mercury
in ambient air samples from the municipal waste open dumping site was 14 ng/m’ and in dust
was 0.13 ng/m’. The concentrations of VOCs in this site such as Benzene and Acetaldehyde
were 59 ppbv and 85 ppbv respectively. The concentrations of carcinogenic PAHs in this site
such as Naphthalene and Benzo(a) Anthracene were 61 and 16 pg/m’. The results from this
study conclude that electronics waste and Sanitary landfill which were managed with good
scientific technology without open burning can efficiently reduce the emissions of toxic air

pollutants in the environment.
Keywords: Mercury, Volatile Organic Compounds (VOCs), Polycyclic Aromatic Hydrocarbons (PAHSs),

electronics waste, Municipal solid waste, Buriram
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umegsunaeivvezwasyusulagsou YRivhmanuiegwasiiviuainimiv udefiavdwlng
WounfirpzTueenideunile diuguvulneseufieglndunasesdidnnseind quwu A B uaz C

' = 1 ! a x a s [ a o v
WBYLNUDAULAT N INIINUNRIVYCDLANNIDUNE wWusgeznig 1.5, 1.1 wag 1.0 Alaluns AUEaIRU
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dwsurmuiiusznavenindauentudiumesiiu liud D uas £ dndlngszneuen@ie noseen wontudau
wazsnueyBiinnseiind wontudiueine$ uazeslvavoundesinslssnugnamngsy Wudu inaifiusens
ansiwluenie Tuseninedudl 14 - 20 Sunau 2561

2.1.3 wndailwszaumy uvseenidu 2 Ussian fe

(1) umdsfisvesguauuuugnvanguiiuia (Sanitary Landfil) Aenisilnauyaresnumdn
Aminss fimsmuaumansenufierafistudugunineunsis Aunnden nsfnmildiimsdisouas
enfiufiundaisuszegpmuuuugnudnininis 2 wis Téun

- anuiiidnveryalesmaunaiiosFiud Wuanuiiidnveryarlesilvgianiuiios
u%%’mémmsaLﬁusuusu&ngasJasﬂ:dﬁﬁmﬁﬂ%mmazgawaaswﬁgﬂé}u Uszanau 107 fiusioTu aedusenau
vosyarewdulvg 1uaveIms wmuin 59% wanafin 18% nIwa1y 19% warvezUsunniinauas
TavzUszanas 4% vihnsifiumegsansivlueinidlusznineiuil 27 quanius - 5 Tunaw 2562

- fufigudamavszyaresmaunaiuasiin Tusinamssitaninaulussuug S
35 Fusletu sdinsfauenyssnnesssiiowlUmAcuasnfiuyadlivey uazdwesiidauen
stmwuawﬂawaaﬁsiaaamalé’uam83%%%5&ﬂauﬁﬂaﬂmawawﬂawaEJ aaﬁﬂizﬂauuﬂaﬂaaﬁ
Anwentiwialu vezyarosilinay 55% verdun3d/Jeniin 39% vegilufa 2 - 3% wagin 3 - 59
yhnmafuiegvansivlueinidlusznineiui 12 - 18 Sunew 2562

(2) UVENTUEEAUBLUUUTINO AN 1 WS

- UovssimAuiasuanszds \uundeismssuuuiimasuiumsludnusmneuasi Sl

AnfuagnAen UorsmaunasuansydsduTinauesyarosfintu 15.44 fu/fu fsnmesyarles
firdnligniesmundnaunivia 6.2 fufu’ mafnuildvhnmaiusegauinugumuiiogindusey
wrvamuansyds esanenvdsmansenurewuay Sesiivhnafuiedsansfivluemeiudutag
fauddluninunfiang Susondeanile fetu guru F asegmiloauesovey druguru G aegldan

Yosavey Inevinisinumegisansitvlueinie Tusswinedun 27 nuaniius - 5 duiAu 2562
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2.2 fnyagilen e

é’ﬂwwgﬁmmmaq%’mi’ﬂﬁ%’méﬁuagﬁuéw%wamaquiqm 2 wiladtiauszdggma fo usay
e iueenideunilolugavund uazusaunzfunnidedlalug ey ganavesdwminyssudiansanniy
anwazvosauiiienavesUssmelneaunsawuseents \lu 3 g9 G"]’Qﬁjq@mn Suduuszinunataiiou
panAudsUsEInANaaReunNAuS ge¥eu BuduUssanaafeunNATuSR s eung AN
gasu Buduuszanananufeunquaauisnaiafiounainn (nsugglouinel, doyaanimeinie
Manziueenideunile, gllonATminyisud)

2.3 nsfiufiegaziingziiegsansusen VOCs uaz PAHS

231 mafiusegsansuseviluena Wunsifusogasenluguusonsiomn lagl43s
1175511 US.EPA. Method 10-5 (iudegnenssay 24 $alus Wussesnandeidonnu 7 fu uasilulinszi
EIGEGN Mercury analyzer lngldinatia Cold Vapor Atomic Fluorescence Spectrometry

232 mafiuiegsensusevlulu Usznoude Tugrenmea wdesiauiuinsoinia uae
yhnsese1nA (Filter holder) dwsuldnszaunseaiteriuiu viia Quartz filter \iufetshednsnslva d dns
seunt \iuiiogandiay 24 $alus Wuszeznadeiiionu 7 Yu wazildimssideinias Mercury
analyzer lagldinaila Cold Vapor Atomic Absorption Spectroscopy (CVAAS)

233 msiiufegieuaziinsgiimetneens VOCs 1935 US EPA Compendium Method TO-15 :
Determination of Volatile Organic Compounds (VOCs) in Air Collected in Specially Prepared Canisters
and Analyzed by Gas Chromatography/Mass Spectrometry (GC/MS) / Preconcentrator-GC/MS
Tagltdafusegeniavuin 6 ans Wusegradunar 24 Halus ngltgunsaimunusnginisiva
Y9397 (Flow controller) TumsmuAudnsIn1svalinreeineg19e1ne kasinn1sATIEYRe819
feLATeq Preconcentrator-GCMS

2.3.4 mafiudegnaginsziiegans PAHs Tueme umsiiudieendusUvesluazess
(Particulate Phase) uagluguvesing (Gas Phase) §1984m1338 US EPA Compendium Method TO-13A
“Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Ambient Air” Wudeg19me
aeaLfuAI0E1e PAHs 71Us398a8 Polyurethane Foam uay XAD2 Liuian 24 dalus Tnelddy
aneIMARIEensIN1svaUseanal 16.67 dnssewi dmsunisiiudaega PAHs Tuduaree ldnsenunses
yudusuguenats 47 fadmuns vuiagngu 2 lulaswns wazthlvieseilasldiades
High Performance Liquid Chromatography (HPLC) i detector WUU UV detector wag Fluorescence

detector

3. NAN1TI9Y
3.1 il duituiflaifundsisssguruiazuezaidnnsetind (Background)
nan1sAnwAAIdunds 7 U vesUiinaansuseviluetne fiewiiu 1.7 ng/m? wazansusen
Tudu fAwiiu 0.01 ng/m’ @ wsu VOCs Tuania wuusunaians Benzene way Acetaldehyde A7
WU 1.0 tay 17 ppbv A1U&I9U
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o

3.2 AnwnisUuilouvesansiivluonmausnaunasfiwezdidnvsednd Saminy3sud
(1) ansusentueiniawazlugy
NansAneINEfiumgn 7 fu manududuedevesnsusenluenenaziuusnauaiiaes

a

dannseiindnfimswluainsn nuamenududuaievesansuseniueinie Sagwindiu 3.5 ng/m’
dwsugurulnosouunamezdidnnsedng Usnayuwy B $A1WAU 3.4 ng/m’ dusuguvu A waz C
fidwiiu 3.1 ng/m’ Arenududundevesansusentuluusnaunaiivvesdiinnsetind fangean
Wiy 0.06 ng/m’ waguTansyuyL A, B wag C dlenvi1fiu 0.02 ng/m’ wawidlaUTauiisumanuudunie
YosasUsenlus MAkarduUIHMuaesBiannIelind Auiuimalunidudunuiunndfanssy
Tudlpauazyuyu AU 1.7 wag 0.01 ng/m’ wuitAanudiududevesansusenlueiniausion
A a a & Ao o = = de v o ! =
wasfisverdidnnsetindaindtnuivialy Ussana 2 wih Asgu 2 msfinu@iliiudnldadsiniswnves
a eal

TumMaalasanizveeddnnsatndNianssun e uairuseNauTINTEIsUTIN warAISINITIRALAU
wazinverdunsieegugnuanauiviaiioannisuuauluiun

9

' = - Il
Anadsduuansusaviluaimeanazlugu (ng/m?)

4.0

o
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B %
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_13__ 0.06 3.0 E
T ]
2 004 1.7 20 2
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g 002 1.0 &
a G
5 0.01 g
1§ 0.00 00 &
£ Fuitialy vehwesaiAnnatind yunu A YUY B fuu C WE
=

. d o d . =

 Anady Ysonluenia  ——Anade Usanludu

[y

5UN 2 YSunaansusenluenmeauagludu vsnaiiundnundwminyisud

]

(2) VOCs lugne

namsAnmMaLiuiegs 7 furasans VOCs nquansnesziSuay lineuzduomaluiuiivilony
LLﬁ%U%L’JmiﬂéJLﬁEJQﬁaﬁW%aLgﬂﬁ/li@ﬁﬂﬁl,l,azﬁqwﬁuﬁﬂLLBﬂﬁJH%@Lﬁﬂ%iaﬁﬂﬁ 910U 5 90 lawn guwu A, B, C,
D wagtuw E wuansnau VOCs neueiednuau 4 9iin laun Benzene findnudiudueglugig 0.70- 1.1 ppbv
Dichloromethane fiaandiudueelugag 0.60 - 0.70 ppbv Acetaldehyde finnuidaduaglugie 3.5 - 5.3 ppbv
uaz Acrylonitrile imnadidusglutag <0.50-0.70 ppbyv Inemnaaiiusetisiimmninanihse Sanaunm
011 24 Falusvessainalne Fiduhasdindniilifnanssnureamnimenmakazaunineundie
Guaasqmuﬁluﬁuﬁ (Ai5239a15 Benzene dmsu 24 Falua windu 2.4 ppbv AdinseTians
Dichloromethane dw5u 24 21as Wiy 60.5 ppbv AisyTeans Acetaldehyde d1wdu 24 Falus
wifu 477.9 ppbv ANE5E3sEns Acrylonitrile dwsu 24 Falua Wiy 4.6 ppbv)’ ﬁqgﬂﬁ 3
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ppbv

20.0

5.0

0.0

-‘g -
wtuen B

WBenzene  m Dichloromethane HAcetaIdeh‘vde %Acrv'\om‘trile

o

JUN 3 Anududuves VOCs nguansneNsiseusnuiiundneg Jwiayisud

nauans VOCs lainouzids finulutinalndifssefiswezdidnmsednduassursudanenuss
didnwseiind 4w 5 vlia laun Propene A1Aududuaglutag 0.80 - 1.1 ppbv Chloromethane
Aanudutueglugie 1.2 - 1.3 ppbv Acrolein Aanudutueglugae <0.50 - 2.9 ppbv Carbon Disulfide
A1ANNTLRE WY <0.50- 1.1 ppbv wag Toluene ANAUNTUBEIUY9 0.50-0.7 ppbv Wagnud
a3 Acrolein fifnanuiiiduidegenniiyu C i 2.9 ppby SeilAnAunamiaiis Tadmsu 24 Flus
Uszanas 12 wh (@dhsedaans Acrolein sy 24 Falug wiriu 0.24 ppbv)’ é’qgﬂﬁ 4

ppbv

k2

PUIUIA D

1.2 1.3 1.3
0 - 0.8 o1 1.8 .
o | [
0.0 g ) g %
TR B YuYUA C

TUTUIA A YUTUY

fiuiily

1.2
.i »
YUYUA E
U

JUN 4 pududures VOCs nquliineusifusnaiundnudaminyssue

]

(3) PAHs Tugnie

wamsAnMIAUFaEns 7 Yu esans PAHs uaima vinmafusegsanymulasseuuvasisues
Sidnwsedind d1uau 2 90 1A wuvu B uay C wuans PAHs $1uru 9 viln Beilans PAHs S1uau 3 vile
7119 International Agency for Research on Cancer (IARC) iz‘qiﬁLﬂuaﬂiﬁddﬁﬁﬂm@ﬂi\Jﬂu laun
Indeno(1,2,3-cd)Pyrene fiaanududiuade 1.03 ug/m’, Benzo(@)Pyrene 0.14 ug/m”® wae Benzo(a)
Anthracene 0.45 pg/m’ Vlzx‘iﬁ AMNNIANYIVBY IARC mifﬁ@mng‘immma?ﬂlﬁﬁﬂﬁl Benzo(a)Pyrene
TNwWINAU Benzo(a)Anthracene azinnnil Indeno(1,2,3-cd)Pyrene 38 BaP = BaA > IP Tudiuves
PAHs Tty C wunguans PAHs laireuzi3a S1uau 6 vlla léiun Acenaphthylene Aiannuiduduiade
10.2 pg/m’ Fluorene 5.85 pg/m? Benzo(a)Fluoranthene 2.15 pg/m’ Acenaphthene 0.59 pg/m’
Benzo (k) Fluoranthene 0.70 pg/m’ uag Chrysene 0.26 pug/m’ WwAgdIRuAUYLYY B WUaNS PAHS
$1uau 6 ¥iin uazAutudu Acenaphthylene fivuwu C Sanududugsninguwu B Useuna 3.4 wi
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18 Acenaphthylene WulfaInATEUIUNTINIVEE ATHIENTAEUA NISIILHL (Polystyrene) N1SLHN
w1 Tl wagAsldl usiu Gefanssumaninuiguwu C Agui 5

o

ansnguindlgednezlsinfinlalasansueu PAHs anverBidnnseiind Smiay3sud

10
danouzia

a5 laldougis

m YU C

™ vy B

\é& & & “S& ‘gyb 'F‘& & o"& &
P A I
g ¢ & & & o) @ & &
e’(@ & Q\o° & ‘50 6?9 ,,U"J‘c
¥ & & S
& & T bé\
< o 55

o

JUN 5 ANuiutuvesans PAHs UShaunany) Janinyisud

q

3.3 ﬁmenm5Uulﬁ'jausuaamsﬁﬂumﬂmu’%nmma’aﬁywazsqmu Janiayasug
NARINN15A5IINETUTEN VOCs ag PAHSs "LummﬂmﬂLma'aﬁwassqmw,wugﬂmé’ﬂqmﬁma
9 2 WAS WATUIAIT T PN OINAZAHT U%nmsqmuﬁa&J’Lﬂélﬁmﬁ’mmdqﬁwazéqmuu,wmﬂaau,amm
agUldfinsei 1
aseit 1 auduturesansivluenmaads 7 Yu aniuiissyue

FUAVDIAITN G ‘ﬁu‘ﬁﬁqw WS aeLUY wndiave ﬂguwlné'l,méqﬁ”wﬂz
L‘ﬂ:‘iﬁuﬁﬁ anvanguIAUIa HUUWINGY | WUULINDIUASLAN
1%2::? wnaehevey yuyulnd HASHUUMO | aiq F | vy G
Sidnnsadnd WUU | wvdeisvey (wileaw)| (dax)
LATUYE QNUAN | WUULNINGY
YUVU U0 | Azl
asusenlue1nid (ng/m?) 1.7 1.8 2.7 14.2 1.8 2.2
ansusonluiu (ng/m’) 0.01 0.02 0.03 0.13 0.01 -
13 VOCs (ppbv)
- Benzene 1.0 0.70 0.81 59 1.1 -
- Acetaldehyde 17 14 4.1 85 17 -
@13 PAHs (ug/m’) - - -
Naphthalene ND 18.4 61
Fluoranthene 8.66 ND 297
Fluorene ND ND 297
Phenanthrene ND ND 87
Benzo(a)Anthracene ND ND 16.3
Chrysene ND ND 24.6
Benzo(ghi)Perylene ND ND 3.25

ND (Not Detected) : Chrysene W&y Benzo(a)Pyrene < 1.0 pg/L
: Naphthalene, Fluoranthene, Fluorene, Phenanthrene, Benzo(a)Anthracene Wag Benzo(ghi)Perylene < 5.0 pg/L
- ladldvhmsnsiata

&
s

5 'an%%u
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A9 1 wandlifiuinansfisluennimainnisuutieuansusen VOCs uag PAHs Tupinie
U3OITE T YT U VNN DILALLHT wuansuaiuluemassnanddedegmaomideiouiioy
ﬁum’mLsé'fm’fusuaam'imaﬁiﬂummﬁﬁnmmmﬁwszLLUUQﬂMé’ﬂqmﬁmaﬁa 2 wiie laun ansusen
Tuanneuagluru WU@Qﬂdf}Lméﬂ‘ﬁwazLLU‘UEJaﬂa“U 7.8 uay 8.1 i LLa%Q\‘iﬂ’jWLLVIﬁIQﬁy\?“UEJzLLUUﬁﬂLLEJﬂ
uazilinau 53 way 4.3 Wh mudIfu asngu VOCs fiwuisu 2 ¥lln Benzene Way Acetaldehyde
Tnefanududuves Benzene finsranutiuinamianiissadmiu 24 dalug Uszana 25 iy
(AuflseTeans Benzene dmsu 24 Halus Wiy 2.4 ppbv) Wud1s PAHs mﬂLmaﬁwammugnwé’ﬂqmﬁma
31w 2 9l laun Naphthalene wag Fluoranthene ﬁm%’mmmﬁwawmmwuLwﬂaQLLasz
NWUENS PAHs d1uau 7 vlla fasneusiSe loun Naphthalene, Benzo(@)Anthracene wag Chrysene
s1egiae BniamsindsdsanssudeymuiioglndiAsuvdsiaesiinumsuudeumsusenyinamgum G
Faduyuvuiogdananuevey

a ¢ v
4. 917ULASVBAUDLLUL
4.1 39138d
v v N ' a i a g a  sa !
4.1.1 anududundgvesansuseniuaniauagluduuinnusvesdidnnselindiagandy
a d!ll a o 1 | : a o a 4 d’l’ Adaa | =] | :
Uiniunme 1wy guvuseu wiasiswegdidnnsetind unndinanssuludewasyusuliiiundsiicvey
Tudiun Flifiuiuvasisverdidanynsedndilunvasiufianideiiinnsuanlaseansusenasnun
dawanden Mnnsfnwil wulasusenluenmausnalevesdianvselindlmanududuadeves
ansUsevluennieeg 3.5 ng/m’ dmsuuinamuyulagseuunaiivwezdidnvselinddrmanududy
d' d' 3 = ~ a v Y ¢ = ]
WwAYgeadl 3.4 ng/m’ WallSeuiisuanyenunsideatuauysainsfinwknisunsnszaelueinia
warnmsUulougduwindenvetasusenanunaivwesBiannselnd gudideuagineusuiudundey
= 7 | v A & A e a A saa
U 25617 nuinsnsiainusunaasusenluainialuiunguvuwasiiaes Bidnnsedndninism
o 1 o v | & o [ a o 6 Qlld 1 d‘ 3 gj dy (3 a
suanadlug dunetiulmilyenad Jmiayisud AlaAraagan 21.1 ng/m’ NallaaAn1suTIg
dwshuaunslugfiunsnislalaimsiwesanisluiuiuasiwesdidnnsednduaysaseaialainismn
luvinussnarvhlrdusnuvesdidnvsednduaz mawitesacuadindinsrntnalunimsn saums

wa o IS

fimssadetygsuaiinisdaaanuiiiiewisusesuiniessnansl wislaldinnswnanslafluitui
AolMAnMsUNsnIEEYRINguA TusTasiudunsieunsnszeeenludsansenusioumulagseu
msfnfunsianandmalinnududuresansusenlueinimanasegiuiulidn uansliiuinnism
wezBiannselindeziinisUanuassuiunauasuseneengusseiniarnududugenitvesdidnnsetind
flsifinsen deinsgauaudivesasusoniu aunsosueldfigumniund dansiduves Peter
Maxson® wag Ministry of Agriculture, Regional Development and Environment of the Republic
of Moldova’ szyindndiinsinvezdidnnseiindaziinisuantaeeusunuaisuseneengusseinie
aududugenineydidnmsetndiilsiinsunuazaonadestunsfinyiduvosiuiElnfavesdidnmsetin
(e-waste) Tulalar Usziwmadu Adannduduadevesansusevlueiniaegd 30.7 ng/m® sl
mstuteuresmsdsenuinmlefisueyBidnnseind Smiayisud Sevhniivesussimaiug 8.7 wih®
nsUutiouvesansusenluoinia fufuvasisezuunimnesiassniamududuy 14.2 ng/m’ dagend

wiassvezuuuianay wasisvezAnueniazilanay AWty 1.8 uag 2.7 ng/m’ wanaliiiiuii
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nsunvezluildsiliifinmsuninszasvesusevluenmaluliinagannudnsiimmninilenSeudio
Unamsusenluemaivanuiiindnvezuuuilinausesiasian Anuinasinuansusenlueinia
oeffl 52.4 +15.6 ng/m’ (DA, de la Rosa uazme, 2005)" fetummddyuesnsUdosarsusenain
voydidnnseiind Aeludnusnvesoufisuasitlumidaegidlignios wu naonvgosisawus 98 LCD
Tnsdwislefio uunined vaoall muzussyaanil ibudu Wevesdilinnsetindussvesgumuiigniauuy
ligndesmamdnauivialudanden asuseniilududsznevazgnianUdeseeninnugmeasd
manduagilandvesUsen dwanszvusionnnmTinvesywduazannmasnadey

4.1.2 mavuieuresans VOCs naufeNzis UinauuvuioglndidssuevesBidnnseind
uazyuvuAnuenveydidnnsednd 103Ul 3 azuiuldinaududuves Benzene Dichloromethane
uaz Acrylonitrile gy B uae C aguinalndifsstuteivuszdidnnseding guwu D uas £ 1futiu
ﬁﬁmiﬁmLLaﬂmazaLﬁﬂmaﬁﬂéﬁﬁhmmL%’msﬁua%ﬂuizﬁuLﬁaaﬁuﬁuﬁﬁl’ﬂﬂ gnIuE1s Acetaldehyde
Feeudutugannluiuiivily desndegludiouasiinzas sty Faanmsideves Thiago N.
wazAny Ty Acetaldehyde inulufiufidoninansnsudiifinslihifudomasdinmiifueanssed
Wuduwan'? wavans Benzene Dichloromethane Acrylonitrile way Acetaldehyde drunnsuuiiou
Y93en3 VOCs ngallairienzifa fguil 4 wudh Acrolein fifanududuadegenniigmu C wirfu 2.9 ppby
FefianAunasiadseTadmiu 24 99l Ussana 12 wih Duiiuiifegusnalndifesetisues
Budnnsefind uazdszenaulumythuunstuyiierdn Jo Aauen uazenuezdidnnsedndlagldenssnsusd
Fudomdminnsanwives Hodgkin JH. uazAgz (1982)" wui1a1s Acetaldehyde lag Acrolein
AnINNNSIINANaRNTEa polyethylene plastic kazaINNIsAN®ITEY Ashish S. uazAME WU
mawneslutavsiians Acrolein ganiiussenmaiilunatewin® fadu Acrolein fifieududugslu
yuwu C anvmdndlvginanmaenussitossnsudiduesdusenou dauiuiiilunuans Propene,

Chloromethane, Acrolein, Carbon Disulfide wag Toluene SAAnudiuduads 2.9, 2.5, 1.4, 2.4 uay

v
I a

1.9 ppbv mudau Federududuganitdegiiuuinalndifesieiwesdidnnsetindegrauiuldtn

i
[V Y

Tngdiufmluduiunludiesiiinisanasmuiuduiaziduiiunlufivey daduans VOCs wanildlng

2

funasiuinunannsenasdeaenadestunsidevesqudifonasilnoususuiandeusauiu
ArasIsAAUAanS unine douiion lunsnsininans vOCs Tuiiufidles Seinmuumuas famtauyusid
WieUsziliumsinduazeesmiond lnsdmnududuresansfinensise 1dun Benzene aglutag 0.5-2.2
ppbv ANNNTUYeEIS Dichloromethane agluyas 0.6-2.4 ppbv ANUNTUYRIENS Acrylonitrile
2g/lu19 0.3-0.7 ppbv wagANUINTUYRIa1S Acetaldehyde aglumia 3.4-13 ppbv Wieilans VOCs fimu
ofuinalndifssafiseydidnnsoind enanannswiveyBilinnsoindunsdiniayainnnsnsas
vedu dwiuansiiliineuzise léun Propene agluae 1.4-12 ppbv Aaduduvesans Chloromethane
agluY3 0.5 - 2.6 ppbv AAUTWIRES Acrolein Bglutie 0.4 - 5.0 ppbv WagANUUTUYRENT
Toluene 8¢luya 1.3 - 11 ppbv

nsUwifouves Benzene Tuomafifunguansneusis luftufiunasfisuosuuumnauasian
ﬁwuﬁmqqﬂdwﬁuﬁLméqﬁwsmwuﬁhﬂau udsiisssdnuonuazilinay wasiuivhluiififanssludes

wazguyudslifiunasiisveglununussana 84 Wi 73 Wi waz 59 Wi auddu FallAiuaiseds
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iMnun s 2.4 ppbv @3 Acetaldehyde Tuiiufiunasiisesiuumnauazingnunaiisezkuuilnay
Usganae 6 Wi gendnunasnisvezdanenuazilinaudseanas 21 Wi wavaandniuiialuniinanssy
Tudowmazgurulifiunasisvezlunuiiszana 5 wih GaRlniuiumnasiiaes guyuiinsvnowazim
yUdyansnunanigdunndonainiuaiavezkuuinauignuanguiiuia
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