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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
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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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wmueauarlanaslsiin Tudadau (1:9) adsay 5 Tadans S1uan 2 ade ieatmenansduniddndng
sonumhveamaildlussimeauiuneg 2 faddns vssgadluminifusedaiieludadngindes
lasunlnnsniveamnaiaussauras (High Performance Liquid Chromatography, HPLC) Fauenansee
column €18 Tnsansfignueneoninldiargnnsratadya e SPD - 204 UV - VIS 220 wiluwms
Hudmsasudyna (detector) dwsumsiinnesianssuatn dedefignatnazgninidndiedos
whalasunlnsnsfluuaaelnsfiwes (Gas Chromatograph-Mass Spectrometer, GC-MS) Fauensig
78-5 capillary column antutufinnadulasinlnunsunazUsziiunalneifiouan Retention time waz
Mass Spectrum vadasAusznauniaaiivesasuiaziin (peak) 7ildiuen retention time way Mass
Spectrum wesAnNATsIUATinsTuTnlY lbrary TulUsunsuvesnieaiioTinses

2.3 manadeumstindualdlul

2.3.1 msneaaunsUgnitviuluazua
nsmaaeunsUgniieiuly Tasshnsveaeufudntnmesion (outter head) fivhniaides
wuulalasTuiing sewhathiidnunisiidauasidssunidugaauau Ansladailusnuaswuionty

£

Ituiinn15sAulnvesiiy tawn AUNTIMAANETIUBdlY KATAIINEIVDIEIAY IUNTEN
FuReInanan LLaz'ﬁhmamsL’«ﬁiyLauimsuaﬂﬁﬂaé’mﬁlﬁuﬁaaﬂamwﬂaa‘ummLL@ﬂmqaéNﬁﬂ’aﬁwﬁagmmﬁa
Aaelusunsu ANOVA

mMsnadeunsUgnitviuna vinnsmaaeulneidenaeuiusunuvesiiviunaiifyaci
wawiiongniaiuierssezdy Tunan 90 Su fugiiurmaseudumdeuiug princess naidundreiiioden
Wisuifeusswrhenislibhithunmstianashussi fidugmeavey vnmsfanamsasyivlavesiudeu
Prfiuiemananazinsdninin wesinamumuweusdey nndeuAILANASEBAGE T - test
fisziumnudesiudesay 95

Mz lumsrluinadaiugnuuuldiu (hydroponics) agvimsaraanslumsmesnan
Mnfiefenmanlueuiigungdi 60 ssmwaidea Wunan 3 $u uasthudahndnuied 1 n¥u ueld
azidun ndutazatet 100 Sedans Relitwiy wianhuntusied 2,000 seusiowit e
10 Wil udhunsesmenszawnsesneuthluiinszsilunsvnaie lon Chromatoghaphy (Dionex) fly

2.3.2 msnpgeunisiluldludnlasn

Ansesruuthikunistidarldludnlasnusnarosii 1 Sedvenisuu 2 wos lud
Hoshnds 1 wee uarwenime 1 wos savsuasmsliiiluusaziou

2.3.3 mawSeuifisunatuinasiuusinsinindun gl

thwan1siniikiunsdiiaiethndun i lmlufonssuusasdssinnuisudieusu

nasiwuginsunhnduanldlningudidelavinnsfinuly®
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3. NAN133Y

3.1 UsgdndnimnisiAusyuu MBR

hidefidnszuuiadeedil 9.0 + 3.3 gnuiadiunsdetu flszsznanfninmesasans 12 92l
fsammszusnduvidiaded 1.13 - 1.54 Alanfudlefdetu aunsouansarunduduvesled e
pznauuauaey uazkosludonmindsuazihiikunstinlddegud 2 TnsuseanBamnisida
asBunsdlugudleduavuesluielasovar 96 uar 95 nua1au dunsuntnansdunsdlusuvesiled
pgnouwtILaDe Woanaavanunlddenas 99 98 uay 63 mudAy wardvdiTamadudelsa lHu
Tndvlasu uuaiiGe uazdlala lsnnninfesas 99 lasuszansnmnistrdavesssuy MBR uandlisnisnail 1

& inf BOD *inf 55
B | ® inf COD * ® inf NHa
= ~ 60
Q‘ A eff BOD Q A off 55
€ | &
g P - eff COD ] off e
'§ ¢ ot re ¢ 'E -
= 100 LA i I
=z . + P 3 & * * .
& 4. T % . 8 £ 2® & _® Kl »
50 | 2 * S “ ) v
L ]
: » %o 5 » . .
0 A—h b b A Ak o —hh o8 24 2 ° o 2,84
[/ 50 100 150 T 0 50 100 iso T

a

JUN 2 Anuintuvestled dled aznouwviuasy waviesluie-lulasiauainidide

'
a0

LAZUINNIUAITUIUR

A157197 1 Useansninn1suninuesssuu MBR A15888aninwnymssarans 12 2lud (n=13)

pH 70+03 7.1+04 -
pendauaranein 1n./a. 1.1 +£0.5 6.4+ 12 -
YUY °C 30.1+ 1.4 30.4 + 1.5 -
Ulof 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 -
ansazanglgaiave un./a. 289 + 90 335 + 130 !
wWoamla3astavan un./a. 18+ 0.6 0.7 + 0.4 63
TranasuLuATISY 1Alafl/100 wa. 1.2x10° 346 + 314 >99
dlala 1aladl/100 wa. 4.1x10° Asalany 100

NaNTILATIERUSEAVE A MNSUITRENsB N gUsELAansTnans numsuudeuves Linear
Alkylbenzene Sulfonates (LAS) wag Sodium Lauryl Sulfate (SLS) Faduans surfactant Uszlandszqau
uae Benzalkonium Chloride (BKC) ailuans surfactant Ussiamuszquan anideneudiszu ogil
0.61 7.71 uaz 0.07 fiadnSusioans mudiu waztihfirunsihdaiiaududuresansdndns LAS uay
SLS 987l 0.01 ua 0.86 TadnFusiodns sudiu Tuvaidl BKC ssaglinuluthiliunsiiss dsszuy
MBR Suszansnmlunisttaans LAS SLS was BKC 1¢%ouay 98 89 way 100 muandu druansaidelse

s
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(biocides) wuanslaslnawu wazansinsiaaniiunu Tneflnududuludidenoudhssuy windu 0.09
waz 0.04 lulpsnsusodns audsiu Feszuvannsavinnisthaansiaslaasunas lnslaaasuiulea
Yovay 82 uar78 muady Tasihikunstdaudadmaududuresanslasiaaey wavanslaslrarduiy
Wi 0.02 waz 0.01 lalasndusedns auaisu fems1ad 2

A58 2 UszAnsnmmsthsnvesansaunigUssnnansdnansiidissuunasfinunnstida (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 Asaaliny 100
aslaslaagu (TCS) lulasnsumedns| 0.09 0.02 82
aslaslaanisuiu (TCO) lulasniumedns | 0.04 0.01 78

3.2 Han1snaaeumMsUaniviuluwaziuna
o [ d! I Y A a

3.2.1 wanmsvegeunsuaninadngadusiunuiiviuly

Weninsamanun iU sidadmiunmaasunisugnivaiuluaininaeinigii
nauldvsivesgudiTouasiineusuiudundouNiun1siasaNNENIvINT TN TIA0IA AewnT1e9 3

l%’el'l 0o w v aa A P | [~ 1 1 | o

wud1 dirunsiilinmiessuu MBR lifidvsenauiinfuies manudunsa-asegluganans anisilg
1N 2,000 llAstuudnawuiuns Wnelanedesiies 900 lulasduudsawuiiuns wazlinunznay
wuaegluinfunsuln AansBunsdlusuvesdled drnafedesnit 2 NadnTudeding Fadlen
NN UzIN AU dedliiiy 10 fadnsudedns drualuwsvilatasnin 10 Jaansusedns
d'* [ 6 o d' o % a 6 g alo el' [ a1 a aa el' 6 o
Faoglunaruuphnnmunly ledlesuviauaiidaiowindu 378 lalatise 100 fiaddns luvasinamivugiii
A nuaeestdTed Tnanansauieaaiaalaanasy Ingulne1un1stivnilanumunsay
Tunsthlulglunsugnitwiuluvise daudwsalinuiifaladvesuvuleulutidunisuidn
M15199 3 MsUTEUTBUAMAIMNTRILNTUITAIINTE UL MBR waznaeikuziinsinhnduunlglg
dmsuneiulunsem

g - Tidunisaies Liduiisaien
naw - Tidunisaies Lidufisaien
AMdunIARANg - 6-9 6.8
Aputliin | lulasTuaud/aw. <2,000 900
ALY NTU <5 -
Yaudauviuany un./a. laifvun psalainu
Tlof 1n./a. <10 0.7
lunsnlulnsiay un./a. <10 6.1
ARDIUDATE 1n./a. 0.7-1.0 -
Hralmanesy | 1aladi/100 wa. Asaliny A59liny
Tonegns Ta/a. <1 -
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drunansmedeudnasnUanesion duinsdsaduna 37 Ju luanmzaamgliniglulsusou

Y
% |

Wwas? 32.1°C LAz uTuwadei 60% lngnsantuiindnwarnisiasaidula 3 wuu laua Auning
LaYAINENIVRINU UAZANNGIVOIEIAU WUTIALRAEANgesEIAusEnInUssU Bnluganiuay
9&; 4ﬂl 1 o % a0 1 U a o U lﬂl 2
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fAindu 103 £ 0.5 uag 10.3 = 0.7 WURWIAT MUY a1XnTauanINan1sasaiulalanagun 3

42! d‘ o U 1 = o U dl 1 d‘ QIJ U %21 ’Ol d‘ 1
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H1UN1SUNURIAMNAY 581 way 1,356 Jaansusantansy auansu

100 7
4 : ¥ ¥ e w
—~ 20 ] B dzzun Waida
E T2 3
= &0
% LT 1
2 40 3 N
N §
c E N
= 20 i N
& 1o I \
€ g N N
on 3
0 & % 12 15 18 2 M
szozian ()
200
1340 ¥ ¥ o oar
10 B szl midiun
£ 140 T 1 :
=120 E
°o 100 3 1 \
S e i \
g 40 3 N N \
€ 20 EI 3 B N
o ME W \
0 & % 12 15 13 2 M X W 3
szeznal ()
10.0
—~ *0 ¥ oo a
€ &0 Eylzh ®umivia
&
aé &0
o 50
g 4.0
e 3o
EETTTITL
Erel RifiBBN
0 & % 12 15 18 M M F W 33
syeznal ()

UM 3 wamsaseyuesinadn anugwesdiy ANevedlu wazaunievesly

LA,

.
] s Ao fa o = v A > o
‘m SOV ILTIY YOS TeUaEnoUTIAIUaIInae UssT1TvuYssanal w.a. 2561-2563 | 1

= iy



3.2.2 namsvaaeunisugninaendadudunuiiviung
Weninsamagunmudiiunsiidaunldlunisnaaeunisugniiviung m15199 4 wudi

¥ i
o A

AuAMNINIUATUIURINSEUY MBR FaenInunkuzinnsutnnaunn gl eewnam

a

wugthfinmualidmiuaaisdunsdlusuvesdled deddiifiu 20 fadnSusedng diuailunm
a0 I a a a o 1a a v a s all a0 1 a a0 a aa
anldiiu 35 Tadnsusedng wazfiraladnasuanunsailalaedialaidiiy 1,000 Talatine 100 Iadans
A3 4 N1sTeuisuAMAINUNTNILNITUITRAINTEUL MBR kastnauaiwugtin1sinuinduan
T lnsdmsusuusenunavisawan

& - Tiduiisaies Tiduiisaies
nau - Tiduiisaies Tiduiisaies
Audunsnang - 6-9 6.8
AAulwin | lulas@iuud/aw. <2,000 900
ANYY NTU <5 -
YaaudaurIuase un./a. laifmun M9 LN
Tlon 1n./a. <20 0.7
lunsnlulnsiau un./a. <35 6.1
AADIUDATY un./a. 0.7-1.0 -
Wralmanesn | 1aladl/100 wa. <1,000 M9 LN
lanens Ta/a. <1 -

nan1sUgniwasudsdumunuiiviuna nuihdluwdeundniien BapnintiaslussesEusiy
Yaan1sanhsarilminlsaluseiaiiiassnietinuszsUunaziniiiunistite 3avinnisasusuinidusen
wazdanulaslawasintesduduiuasudu aunses wawaaulndaziAuien 3elaiinisldenanae
ELRANG LﬁmLLﬁﬁmﬁwmﬂ‘waqULﬂuszam WiavraakartaInuNIsAn s ALY
[ d' 1 a I3 =l 1 @ -:4' Y o v sg 1
nasINAsUBgasufanalluszezian 2.5 Weou lnenewduiildiinisaanislviiney
< v ¢ 1 1 d” = = 5 v I
Juna 1 dami nudn mawdeuainmisdeslulsasewmae 35 gn annsvanvianun 54 au laeidu
NaLaaRIINNTIINANIUNITUITR 911w 18 gn wazainnisliiUssurdalugaaiuaudiuau 17 gn

ihniniadeveinamasuiaewneuUszn waztiniun1suitn dAvindu 2.4 + 0.5 An. waz 1.9 + 0.3 An.
MILARU LazlilayinnsnageunIsaname T-test wui Liflanuuanatsiuegrsiidedifyniseda

a

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

e

P v H P o w a1 A P Y] Y A &t a
MagarunUszUn kaztnNEun1sUNUR dAeaslnalAeeiuyinny 10 USND G9AUNINUNMLNSENAQT
< a 4 < 1+ QI Y 1 1 1 d'
Ju 14 Uing 1adumsemislddeiuanuvnuliiuuaeuliiieanaiyinnans
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M15197 5 N15USEUTBUAMAMUEITAINILNSUITAINTEUU MBR wagtnaudiiuziinisuntngusn gl

luRanssunuywdlonaduda

Al Livetd Auuzih : aywdillomaduda | Adidaldamirfiiiuntstada
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 -
Travladuavun | Talatl/100 va. laimuun 34
Wralmanesn | 1aladl/100 wa. A9 LNY A529LNY

3.4 Aldaglunsiausyuy
N3amUsEUU MBR 19ms1n1ssesiuludein 10 gnuiaiiuns/du danld3gegi 750,000 um

=

Fairldenemenlunsiiuseuu Taua Al 1,000 UM ANENEILILUTY 500 UM wazn13UIH
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4.1 39150l
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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.
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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 55%, 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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Frifinauniniin 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 pS/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 meg/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 meg/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 44 49 168 | 87 |LifAvun
% 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 mg/, 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

4
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Environmental research and training center, Department of environmental quality promotion
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LUUaLLdYA (Fine Air Bubble) elfiuUseans nwnnsueninsunay sty (fat, oil and grease) Tudde
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1dAgy : WesemAwuvaziBen Widuazludu nsuen

Do

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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4.2.1 msﬁﬂmﬁ%’aLauaLLuzmiﬁwﬁﬂﬁqﬁmumsﬂﬁmLLé”mﬂszwﬂﬂﬂ’mﬁ%ﬁwmuﬂszL,m/whm
Tutssinalve ndunldlyalunamainuns wasdoaiimstidaideqdunisduuy nqu Total Coliform
uay E. coli Bunausiuuvmanaeimstnindualdlaluiiufineasnssuvesssmalng suussan
vosmanzUgniieiilduuzily fdsmansznusoguninesssru Feafumsanadaliinsihiis
mnszvutinidegusundululimilunianisinues Jessdnduliimssinuaaqdurietuundu
ﬂ'ﬂmmgmmiizmsﬁﬂﬁqmﬂizwﬂ’]ﬁ’@fﬂLﬁﬁﬁmmmmmmwlmaﬁw \emnuvasnfonas
duanuiulasoinunansdliiuazszansulneiily

4.2.2 mﬂﬁﬂasmdw‘i,uﬂm,ﬁmiz%w%mwmiﬂwﬁ’mL%aagaw'%é%uuzLﬁaﬂmmwﬁﬁmﬂ
szuvthtaiids snfuiithdauausivsasdmiugniiedlldldibuemns Wileumnea
dmdulgniivisulssmunaviowdn viefuiiuussmilunield fo maifiuszgnainiiu (HRT)
vosszvutnt A Taslawy ssuuteuiuiades aswfvenna uazeneniudiou dansiitlnaog
Tusruuundu avansaifanssdvsnmnmsiisadeqaunis masduszuuedluiilas uasuananinen
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4.2.3 madiusydvsnmnsitndeduvidfemaluladnisiifndolsadugdue tHun
msrdndelaadeleleu (Ozone Disinfection) n1sidnidelsndes (Ultraviolet Disinfection) waw
msfdaidelsnfiunasiu (Chlorine Disinfection) Tnefianfuszuuaslelau (2 - 4 vin/gnunariuns)
ARBIU (0.5 vI/gnuiAfumg) &3 (4 - 6 UI/gnuIAnluns) Avsesiansaiieninaluladuaz U3
nsiolAamngay

v oo
v o A 1 o
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o esrndslifimsfinyinansgnuluszeren inwnsnsdlduiihindualdlvl asiugunsal
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Development a simple water quality test kit of Total Iron and Chromium Hexavalent

Sua wiulia* algns Aunans weda yaasw Jvasums Jygnae Uszaad lanswad
Aunchalee Tannil*, Nuttaphon Sukhakasikorn, Phornjit Mungwongs,
Watjarin Punyasa, Prakong Khottarapong
Audideuasfineusududaanden nsudsadununmdsindes

Environmental Research and Training Center, Department of Environmental Quality Promotion

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

UNANED

Auiidouasfinevsadnudandon Taiauganaaeuamn ey Altureunslda
fieglifudou fanugndesaziiugl niuransiesgildedenndy aunsannmgniaausls
dmsumsvedeuynuBinamandisesuanudiudu 0.3 - 10 fadnfusiedns uazmamaeUMUINA
Tsdisueneyiaud fssduenudiudu 0.05 - 5 fadniudedns luthussun thinfu wasindegusy
InemsiUSeuiieuiuiaudunnsgiu wazlansiaaeaundnugnaes (Accuracy) wavlkalugn (Precision) ¥4
LAUANINTT Ty AVAGE AN s ed L Tas TN TaAnFuLaY (Atomic Absorption
Spectrophotometer, AAS) U1 ANRNABS (Accuracy) VaduaudnnsglugavaaeumMUsinaunanias
Tasflesenazinaud Siuesifudn1sndudu (% recovery) Winiu 92 - 107% Wag 92 - 109% Aua1au
uaALLLuEN (Precision) vasyavadeUTiAdUUTAVSAULUTEY (CV) WU 0.9 - 4.2 uaw 0.2 - 2.9
pudy dielilunssuiunmsfienuesaauaunmiidesiy Ssssneunasdmihfiansn
yonagouamnmtnegade iV lun sy Tinuamiiludaunedesldns diluaniizanduuay
anmeund suddlidudensBouisudanndenliuissvvunasiiiedodldsnse
fdhdy : yanadauamamitegisie win Tasdlsuanezaiaus

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

mMsnIEeUmMANNIITuresEsSunTeRouUdssgaandey vionsasiainiiioisz e
assunse handuludfofu thity vievussun Wufienssuitdditeri s uisenunmuas
A unasth sufaduniadhsy TundehiliAsaudening lneluaznsa indeniedos
Tuvosfinamaseu dailaldarelunisdidunsgs wiesdlonaiune sseznamageuuu A
dodliyaansidanuinnglunmeaey nslivenedeusgising vie “Test kit” Fuduwumands
hlsmsunansinszildognmniga ansanamgnirauy udlvdyvdanedesluanizgnidy
§iuviaedt udtligtuganeasuauaminiifidiminetdudinunnidududingainsisseme
wazdisniung quiideuasiinousudiudanndon Suimungemaaeuamnwiiegisie idduseu
maladiie lududeu Sanugniomaruiug Welissuuasdmini aunsobwsmaseuamnimi
ogadelUllunmsihse Tgunimitludunndeuldate dedunsihae T fanunmuaidisiduanms
andunazanzUni sudddidudemsBeuiiudunededliuaussmaunaziiiedeslddnde

dwsudszmAlneiiy umimmmmm%mmmuﬂmmwmlwmaﬂiuLmn U AWIFILAMN ML
dionsulne anesgiuamn il sasgIuAMAINAYAY 1IRSgIUAMNIIMZIA 1IRSEIUAMAIN
it Husiu uagnudn lugninasianesguazamueuednuuzaaiiveslaveiin Wy Tasdloy
inayItaus luassunsieidneglunguuesansness Saiidsransenusedu (Genotoxic carcinogen)
Imﬂﬁmuﬂﬂ%mmqﬂqmmmiﬂuL’nyauIﬂiLﬁsmLaﬂ%mLaum”lwfwﬁqmﬂiﬁwuimﬁu 0.25 fladiniumedng’
Tuuvasi@duliiiu 0.05 fedndudedns’ uarlumealiiAu 50 lulasniuredng® uazsaumdn
Fenuldvhlulusssned iussddsenoundnuesaduuns Shvigraeauazarasthsumnaviossu
vndiUSnasnnagyiliiiauns fndunazyu Wedimsuslamiumudwiu assilidhlusmegluslilnaty
fiogludenuazasgnifvazauliisudmarliialsasuudald nefmususinageaevoansuuideunsn
Tunasgiundnsurigraminssutuilnalaiiu 0.3 fadnsurodng inasitvuafinzauesasg
auamihuimaiilduilaaliiu 0.5 fadnfudedng sedunnumnududugagauesasiviiusey
listogludlaglidusunnenedniihdedsiiu 03 fadnsuiedns’ uaslurimualuiiiu 300 lulasnusedng’
Fenneimsgueineg Aldimuelidy slviiauganeaeunmnimiednedie elfaseuagu
mslfuvaneUssamdisefunadudu 0.05 - 5 fadnsudedns dnsunaaeulasidenienayiniaud
fszfumnmdiudiu 0.3 - 10 Tadnusednsdmiumdn

2. /M5
2.1 AnwuFisemaiednnzanvedasideuenszaiaud (Cr*) uaziman (Fe)

2.1.1 Mmsaszsimansmefluuulngauy (1,10 phenanthroline)

nsinssimanmefluuulngdu svordeujisenvesiluuulvsiu (1,10-phenanthroline)
fumesia (Fe”) Aiflovuszann 3.2 - 5.5 iaduansusznovdunsdy Jauduluny Beer's Law fe
arudaduvesdiAntuduufnalaensstuliinamesasiu lnsnnuduvesdiistuazliidadifion
4 - 9 uarAvosasazaneiiavegiliuulsznn 6 Wou annsaireududldfensuieuiieudem
vizeo1alfinsosaninsluilafwesfinnueadu 510 uiluwns waxnilesann 1,10-phenanthroline
Tinldlamzmlesia (Fe) Faspsinsidsuguveamlasin ( Fe) Wuesda (Fe?) Ivualngldansazane
lemsend@aniiu (hydroxylamine) ﬁﬂﬁﬁ%mﬁlﬁmﬁu FEUNTS

4Fe” + 2NHOH —>dFe” + NO + 4H’
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waeniu AxUFuiitervesansazangliegluyie 3.2 - 3.3 lngnisiiivansazaneUrlinesiie
Tlafierimunza uddafiude 1,10-phenanthroline ilmAnduansuseneuedou Meaunns

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

2.1.2 myanegilasdlsumelaiifianisuiles (1,5-diphenylcarbazide)
Uzt Wulfisefianizinizasvedlasdlousngzinaws (Cr) dulefidansuiled
(1,5-diphenylcarbazide) luaniznse aduaisusenavdunsiag degunis

[¢] [¢]

Cr (V1)

©/NH HN\© ©/NH HN\©

2.2 veaeulfisenisiindvesansarateninsguvedlasdeniangginaud (Cr") uagansazany
1ATILYRNMAN (Fe) Tiszdunrandadiusingg
2.2.1 negeulfizenisiindvesansazansuinsgiuveauan (Fe)
1. wissnasara1edmsunsmUsunaman (Fe)
1) ansaraneansgIumanissdunududusing
2) ansazanglusluilueaug (Bromophenol blue)
3) ansazanslansendafiulalasaanlse (Hydroxylamine Hydrochloride)
4) a1sazatueelynsiuuulnsdu (o-phenanthroline monohydrate)
5) @1382A18NIATNIA
2. nageuUiisensiindveandn (Fe) Nszsuanuidudusiie
1) Unansazaneunasgumaniisysuanududusingg adunasanaass
2) vepansazanglansendaniiulalasnaalsn
3) NUAANTALANLNITATNTH
4) venansazangeelnsiuuulnsiu seujisenauysel Junaiivangay
5) Sufindruauvieaasazanesneg Mvungau MvinliAedRaenaunsouodiu
Isoensdniau Inedeneuiduiusingaiiansmannsouoaiiuls WumududuGusuveuaudnsgiu
(Standard color scale)
6) tegUuaziiuiegdilerluaauaudinmsgu (Standard color scale)
2.2.2 vadeuuisensiindvesansaraisunnsgiuvedlasdusiangsaaud (Cr')
1. wsgnansazaedmiunmsmusinalaslusengzanaud (Cr')
1) ansaraneansgulasdomensziaud (G°) Aszfuanududusiieg
2) arsavaelaiifianisunles (1,5-diphenylcarbazide)
3) ansaranensndaiiin (H,SO)
2. ¥adeuUAseINISANEYaY Cr' NSAUAMUTNTUAIY)
1) Ynansazareannsgnlasdlon Aszduanudutusineg aduvasannass
2) nepansazanslafiiiansulyn
3) vignansaratenIndanllen iaﬂgjﬁ‘%mammai Funaiivangay
4) Guiindusumenansazaiene Mvunge AlAnERmgmaToLeTiy
Isoensdniau Inetdenenuiduiusingaiiansmannsouoadiuls WumnududuGusuveuaudnsgiu

(Standard color scale)
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5) segUuaziusegnadiiienluadauauduinsgu (Standard color scale)
2.3 ATI9ABUAMNILLAYAIITTB N ARSI (Standard color scale) TBSYAMARBUANAIMNLT
og1sveamAN (Fe) uazlasifloaenuzaiaus (Cr°) seiriasinAnisgandureua

2.3.1 thlfar Absorbance vaslasiflouanazanausd (Cr*) fmueninay 540 wlums
Tngadrensmuasgiulasidlen 2 ya Aeynsziuaududuin 1dun 0.05 0.1 0.2 0.4 0.6 uay
0.8 fadinsusiedng uazynsEAUATINTUES lokA 1 2 3 4 wag 5 Hadn3usedng

2.3.2 1hludnen Absorbance vaaman (Fe) fimnuenadu 510 wilumms lngadrens
1MSTIUIMAN 2 a AeynszduAududus Teun 0.3 0.5 0.7 war 1 fadniusiodns uazAsERU
ANIduduga laun 2 4 6 8 uay 10 dadniusieding

2.4 mwaauﬂszﬁw%mwmmaau@zumwﬁuﬂu matrix A14°)

2.4.1 pyapulsyAvEnmavageunma it lufeg i szUn thinfu wesidoyuey
fsgsupnududusingg Tnewseuainnis spike asazaemasgilufesnaiusgur dhiahu uas
e

2.4.2 mstarmsganduveuaseslasiioaenszaiaus (Cr*) waziman (Fe) setndosin
ANIAANTUYBIUAS

1. 1hluine Absorbance vedlasiflosianayaniaus (Cr°) AANE1IAAY 540 ULLIIAS
Tagasansmianmsglesidon 2 ya Aoynszdunantudusi 16uA 0.050.10.2 0.4 0.6 uay 0.8 Tadndu
fOfNT UAzYRTEAUANNTNTLES loun 1 2 3 4 uag 5 ladnSusiedns

2. thlUfar Absorbance waaman (Fe) inmenandy 510 uluwing lngaiensnunsgu
man 2 4n Aeynsziumududus iun 0.3 0.5 0.7 uay 1 Tadn3usedns uasyaszAuANudLtugs
laun 2 4 6 8 wag 10 Tadniuredng

3. thdoyaiild ludunamiesifudnduiu (9% recovery) uagmddssanivesnuuususiu
(Coefficient of Variation, CV)

3. HAN1598
3.1 naaaulfisennsiindvasansazaneunsgiuvedasiisuensgaiaus (Cr*) uasasasane
WnsgIUveMan (Fe) Mszaunnududusing

35

25 »*

15 -

05 E

Absorbance (Abs.)

Concentration (mg/L)

UM 1 neaeuUisennisiindvesansaraieannsgiuvedasilomanaeiiaud (Cr) lnguans

v ¢

ANUENTUSTEI19 Absorbance fiusgRuAIILTUANTAaraeRTTINTRdlATHEENTE AU (Cr*)

y)(/)"""'(e.*v%
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UM 2 nageulfisennisiindvetansazaleunsgiuvetnan (Fe)
TnBuanInNdNR STz Absorbance fuszAUAMNTNTUASAZANBNIRTFIUYBUNAN (Fe)

3.2 wWAUANIMSF1U (Standard color scale)

3.2.1 afauaudunsg1u (Standard color scale) Awngaufuaenfaiunsousii
Ispgrstanuvesmsarmemsguvedlasidenienazniaud (Cr') isysuaudidiu 0.05 - 5 Tadndy
sodns uavSoulieudilfainuaudnmsgiuiiaing (Standard color scale) Aunsinionansazans
wmsguvedlasdomensziaus (C) fszduanududu 0.05 - 5 Tadnsusodns Tadsd

0.05 mg/L Cr** I E ﬁ:’

0.1 mg/L Cr*

0.2 mg/L Cr*

0.4 mg/L Cr* TR ia Ll- i

owlow - A
0.6 mg/L Cr** ulll !LIL l !E
0.8 mg/L Cr** llll 'llLlll

1 mg/L Cr**

2 mg/L Cr*

3 mg/L Cr*

4 mg/L Cr*

5 mg/L Cr*
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3.2.2 a31audnnsgu (Standard color scale) Anzaufuasmitansnsoueaiu
Isoghadanuresansazangunsguvenan (Fe) fseduenududu 0.3 - 10 fadndusodnsuasiuiouiiioy
anldanuaudinsgiuiiaing (Standard color scale) funslAlsuaTaza1BNATFILYRUNAN (Fe)
fisguaududu 0.3 - 10 Sadnfudedns Ided

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 e/ Fe ‘i’i 101 I

3.3 mnaaw3°§w%n1W%mwmaaUﬂm3ﬂW5ﬂu matrix #1199
3.3.1 wamimmaauﬂgﬂimmsmmmmmiaumsjmmmuimmamaﬂ%mLaum (™)
Turhsetn dfahu wazideyury WUl Sesidusinsnaudu (% recovery) Wiy 92 - 107% uaz
AduUsEAnSANLUTU (CV) Winfu 0.9 - 4.2 S LLam\ﬂummwmmaauaauammwmammmgm
fannsonpaeuluthussun hinfu uasindesusuld uaglidneugndes + 10 Wedidusd

o szt e Wdafiu e Widuyuvy

—
=
]

% Recovey
8

8

................................................................................

] 05 1 15 2 25 3 3.5 4 45 5

Concentration (mg/L)

JUT 3 nan1snaaeuuitensiindvesansaratsunsgulasidleaengziaud (Cr)
Tutdse diieiu wasdndeyuyy
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3.3.2 namsveaouUisensiindvesasazansuinsguman (Fe) Tuthuseu thinhu uae
5’1L§&qumju Fanun el (Accuracy) wazaauiied (Precision) filasdudnisndufiu (% recovery)
Wiy 92- 109 % wazAdUszANBAMLLUSHY (CV) Wiy 0.2 - 2.9 feguuandiifiuiavaseunanin
thegaheyndannsoneaouluisyun thinhu uasiideyueuld warlfeaugndes « 10 Wesidud

o dsedn e Uilfu o dnduyuu

B

8

% Recovey

m 8 ® B
L]

005 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10

Concentration (mg/L)

JUN 4 wansnadeuUisennsiinduvesansasaneunsgiuman (Fe)
Tuthusedn Wiy wazudeyumu

3.4 WisugAvAUALA IO ETeNnEn uarlandomientziieus

SlonsinasuiszAvinmeanadeunmnmtogeshevedasdeuenarious (C°) wazdn (Fe)
Jasdealdnuuzusny uardweulidinnudanadonnail 1- 16 wiouwuudsaeuiianela wuiy
fanufiselasnnluduneunisliganaseunmninihegnaie mauazmnlunisnnmn uageumngay
YBIUTTYIU TEHIAINTUANHATIAYAABUANNTINBENAY Lasa Iy ANTRITE AUy
vosganaaeuiunslian uasdduugidaiausuuy Fosunounslissyilidnau suuuures
waudnesgIuliminzaualsivunlnanI1vIndIee1e kazlinUABINITYANAFB UTBILLINITE (Mn)

ANWUTNLUDNYDIYAVIATDU anwauzngluresyanagey

UM 5 gannaauamn 1oy
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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 good 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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Study for waste management’s guidelines in National parks using Participatory

Action Research (Case study: Northeastern Thailand)
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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

1. uni

Audidouagiineusuiudunndon nauduaiununmaunadon fuuAnmsinu1idy ethllg
mﬁmﬁwLmeﬂmﬁmmﬁ%zyjaNaaLLazsuaaL%sJﬁy’qLwiﬁuwmasi’mgﬂ‘i%l,l,awamauﬁ’uamwﬁuﬁ
Tnesufunsugveuuiend dnith uasiugiis Sediufigneuuwisfnseusquiaussina Snnsiandn
Tunseysn® dualu uagiuwninenstldl it uasiusit edaduuvdnieaiiondsoyindues
Usery' dagtuiiinvieadieaisviineusssmsssemelianuaulavieniisndeinaluungneiu
untu dmansenulignenun vanswdsszautlymdumsinnsuezyadesuazvodeiisum
dunntulasomgluiungmariondien esnsumudmihdfiiinshendnegudivioanadilam
Fudue AumnretumauannsdnnisuasunmsuIsTe A Ui

mMeie i tagUsrasdifiolinnesianiunisaitiag iy audesnsvidsuuuumstanisuezuay
YaudevedgneuY lueuian Iagr1unsEuINNTIeReUf UAN suuuidiuiuseninamienunans
wazdmihiignetus luftufuasiedavidatauauuy inmsnis TasamanFeuumnslunisudmsdans
vezunzvedsfimnzaniugneius Tuiuiidn Wussaithmnenadugnenuuwisnidusuuiiiou
NsPUIUMSINITegNldus Il wazdrgmanseuaumsenlun1suseillugne1udiled Green National Park)
Bafhnausinsusziiuvanss Savdlslunaminssefiuusznoude msaaUiinanes nglindn 3Rs
(annslive Reduce nsthnduulisnie Reuse uaznmsveznduandlminde Recycle) msdinuenues

T

nmanuTuTINeeznewihluimdn warn1sidnves Tneuiuussinundify Aensiutynifiuiaswes

e o, .

&
v X3 ao ca o = v & > o =
‘m $IO9IUHAIIL I VOIgUI IseUAEINoUTUR WAInADY UssT1Thiuyszaa w.A. 2561-2563 | 1OZ

e



[
=

MsInnsvezkazvsads aunsalmaminnddusulunisunlelaymifndulanisaues ddnanm

De

=

Tunmsdianisveruazveudeliegamingay Insligunsalinsesiienegneluiuiigneius wuunaunay

9

€

a a

Wumsuszgndldlidnduiud deliAnuselomigean TnsuumnajiRtiAnannisseauniiud
WUFER wermsaauumenisianisiisandmihiivesiiufigneius dun

dieliaenadasiunsoununfnniside auzdideliiumAniiuguiesunmsuimsdans
yozyarosiinanIMIsdinvesyuddouazdoiionsmuiiAsadestunislinineinseineg enns
gulnavslaa waoinmislinsnensdfinaldnelfinnanangniislulusurasmafnvesdliliudvie
finudmseasulafifesfunieanilag lneveruasvondenunedic wunsyany iudn Wwe1ms
AU genanain Myugldenns duazesadyadninienindnd aseunquilnmviwemnulaimaeld
wwdaneinee Wusiu” Tudwvedignsdumdeya nsdmdenunasdoya NMINTINILLALVIAGOU
dievnasuinseiiansainaty augidduldiuunAniotunmsidmsufomneinszuinns
ynadsruiilinlonalsiiislafededlugruznduiitidnlddudslfidrunddnlunmsiuitoyatnms
n15ATERdan nswanaruAmiiu nsaliunisussaiuaiusiuiie n1sfnniunsIvaeu
HANSEUTRINIANILNT Aaenauddiuslumssiiuns nmaudladymilufuiivesmy dWeliuss
pueTuiessTiuiiesiiud aesedesiunsiawarulsuisvehsnudislfiianistioatu udly
uazdnmsldedrsgnieaiiussansam sudunsdunsesnunmiuindeuasauandiavesssmu®
Tnggunuuresnsiidausuiisidueelasyluaguls 4 sUuuu fie m3su3tinans (Public information)
nsUSnwise (Public consultation) n1sUszyusulsmuAaWiu (Public meeting) n1333uluns
findula (Decision making)” wazddsirdodunavesdrinnunemualiuayunisids (2544)° Fingnain
nsrUIuMsiduTmvesUssrvy 1 2 JULUU Ao nszuiunsiidesendenisiuseslaengvung
uaznszuILMsTiduT e sUsrauiluguuuuiilsidumaens® snfiansan
2. 33M15998

fufiduiunsfognetuwisnilunians Tusenidsaviiousznaude guenuuisnindan
NEULIITIRONILA QNEIURRYIRYHINAN @NETUMAIRYNIY @NYIUWIAYIRNNTZAY gNeu
WA 30 QVETUWIRYEILNTY gNeTLLARUES - tlaw wargneuuvissRgunen Tne3snside
Usenausme

2.1 mafuteyalagliuuuaounudoyaiiugrunisinnisvesuarveade

MsoBUNBUarMIAdBULUUABUAT InnsuenuuUAB AT BazL B Alas A TR
TuRanssu anunm windl Avwuiiavey $1uau 70 g Tasdadendiiauiuasyszaunisallagnss
Tumsinmsues viefiidaliduds (Stakeholder) MsvageuuUaBUAY AgUldinmneulunuuaeymRsna?
Dudeyadesedng uasdudoyadessinanisdy Wy Swaudwes Swauseumaiu audvesseumaiiy
Snusaivie: Vinamesiidniu uiu uasduvessnuesdusnwiiidmneunsedlifosinmageudn

2.2 MIFUNMwallBEndayanIsianIsuesLazIo Y

Tnemsdmdentssiiufiazdunuvalinandemauuisdennuuuaeuniudosiy wonay
Twaziden wazamuisadedufiansy annunin wihdl mnsuiinveu visanudeudla asdy
fndendgndunualiiduiuiilasnsuaziuimnslumhenuiiuinveusmudeue Wedunsmany
uazBudunatoyaainnszuIunsdueg

104 | quéieuaziinausududaiadon nsudusiuaunindanindon



2.3 M5IAUsTTYNAUNUINGY

Wouszidudnenn UssAnsamlunsuimsdanisveruazveadsluaniunisaitiagtuuas
ANFBINTg unuseuuIMIINauslueuan TnefisnUssaudnideninanngudmihiivesgneus
mhssularyanaduy Mfgtes Wy ssdnsunasesdiuieadu gusenauns glvuinms wu gnuny
so¥ud wasUssrruInguvUlaeTeUgVEILT S 8 - 12 Audenda laedmundssdiundng Alé
wnnIsieTEikuUasUaTY deyaiiugunagnisduntuaifedn

2.4 maﬂszsqml,amﬂ?{au%’aﬁmLﬁuLLazmismummﬁm

Tnenfunsussgainmasinidosmanusiasgreius S1uauisau 9 ui uazdiieatodluiiud
TnnazfAdelfinsasuiinseideyannssuiunsilddniunisuduase innsAudeyalidu
szyuagliufussauausaaniudsudedniuiion1sdniuuimmdelasinisdnnisvesuas
voudefivmnzauuasiivsyavsnwluusiosfud

25 asldunouuarnsinsgideyamaadfdhelusunsy SPSS

Tumsinneidoyaiildnuuuasunuvesnmsidendad Adeldagunadisnsusvanauay
WATIRIEITN TR wisgalsinn deyausUsziiuainuuuaeunulathunidiaszideya
yaadaselusunsy sPSs suduismsfifiuszavsamuarsinuasiiieidunmaaeuuazdudununli
yosmsieszifildannnsinseiie i maidnunm

3. NAN1339Y
3.1 agUNaanLuUaeun
mafutoyalneliuuuaeunudoyafiugiunisdnnisvesasvonds Sruusisiu 70 ga léun
wuvasua i mihiivesgneiu wuugeuuilifumnenulasyaradu WU ssfnsUnAseEUTTRsHY
Fusznounslumagneun gliusnslugnen wu gnanu safuine dnvieailen wavUssrwulagseu
ameun Fauanaalumsed 1 uagasedl 2
M3 1 Snunuuasuauluiiuiidng waedidlidoya

FyiuuugauaIy
aneu il lAUINS
NUUITR | Ussnau aun.  |gusznaums| Tugweu
NYURTNAYHE 1 1 - - -
NYIUUYIRD NN 1 1 - 2 -
greuussAugs - thlay 1 - 1 1 -
AVTULIYIAYN NN 1 - - 1 -
NYURINAYNY 1 - 1 1 -
NYULNITIRN KA 1 - 1 1 -
NEULMIVIANFIUNTNY 1 5 - 1 -
INYULINIAYITE 1 - - 2 2
NEULNIVIRNNTEAS 1 - - 25 15

P

&
Y X3 ao ca o = v A > o =
‘m $I89IUHAIL T YRITUg I AL EnaUTIA UAMInaRN Uiz Tautssanal w.a. 2561-2563 | 1045

-

eyt



=
M1919N 2 ﬁEUNaQWﬂLL‘U‘Uﬁ@UﬂWQJ

Nuitld| 90 | S
ey | ik uny. | 5095U| DevEE| N1SAANIS Yainfin YaLgiu
Windle | e
gnenu |dvanadu| 3015 | 1090 | 5dv |daivvezies | Bdapmisdhideys Fuerduniazady
WA | §LnanaTy Tneinsdaio | waganudnisinmsves |t Insdnuenves
QHnen | fwingassiil vy dnviay | ailifuRareudones | verlulsiviaeniy
1 ady flsumsusaiainenss | seulaudu imsdauen
waglifinnusaudionn | wanadin ezgiiiiluy
psAnsUnAsasvinsiu | ui nszasilune
gve |shualdden | 1015 | 10 9n | 16 4 [dannsvezies | dwesidwautes 14l | fnmsdauenveziily
WSTR[ Sunatiuumng Fe¥mfvoey | anusauiionnasdns| thluimnasileiivay
AN [Swriauasng putGinn | UnAsesdIusieafiul dmau smumdngniva
nanlsiuyuey | wesmhsnudu g | Tulivingesiinen
vozfinuniniian | seuduldl veedluda
iR NOANTIHVDS | iiukenmayn 2 &
tinvioadien

aveu |dwaugs | 1315 | 1390 | 13 & [gremdansves | Jgmnsdanisves | fumemnsiesdesiu
WA | §LnaUNEN Sufu eun. | ABIuUTEUN waz| imsdauenues e
wigs - |dmingason ﬂa,;mt,%"aw‘%lmm SleriugneIuy
e feey Tan1unnindn | saiiuaeseeeeenns
yozianie uadlall| Unasesduriosiu
nsfauenueziine | unfuverlugneny

dnviazasy
e |shuatmmd| 1015 | 990 | 12 & [Faivvesies| enenlifimauiiinda| Iduanusautienn
W@ | unedosana flavue favey| vezios Sutudess| ssdnsunasesdauiios
Quiin| dminanaues sifunou wé | laidfiesme uassuUszana Auagnad $rue1ms
TUusnneuas | tos i]zymﬁaulmg'asﬁ Lﬂ%‘lm?{ﬂqumuﬁms
woRnssutinviendlen | Auenveesenued
oy |duatheens| 1015 | 79 |50 & |n1sdanisves | saivveglidfisswe | eun. Sidudnludans
wiAd | gunailed gnensuiuoun. | Aenisinuvey vorlugnenuduay
QWY |dnauns auA. MLy azas aiinadiauen
S ENALAS g nUTeian vy
Slgdatnludmuneg
Tuldlvidendn wae
Plurenfusousuld

106 | audidvuasiinausuduianadon nsudasunmunwiuandon




Nuitlk| 90 |S1uou
ey | ding UM, |5995U | fevee | N15IANTS Uadin taiau
Wnhe | e
gneu |fmuaduniiiey| 2,000 15| 8 9a | 32 89 |dansvezies |yaainsliine msAnuenveLsloia
Wi9YIF | guneiinsey flavn Auld 15 Tu luwe
QHea | dwinanauns Wwdunsedifiveey
fivdaen sh dnsivey
yluien fsnau e
IW3ATTI
gnenu|duauasn| 1515 | 1590 | 30 41 | IN1TULELeS ffamiFosyaains | $1uem1sv18v84
WA | §1noUIIN VIR JuUsENIMuINGn | fsgdn Tnmsfuenes
gaune | davinae wazn13feteya | Tiuileiugney
N5IANITVEE AT
verun Uszrguly
grenulaiinsfnuen
farallus
gMeTU [fhuaviuesds |2 a5 6 9a | 50 dv | §ansvezies | Jamvesgrenudnit | adusuiieann
WAaIf [ §ineqise RNYAIING AUFNNT | fUsERRUNS S1uens
Q50 |dwminiae Jan1sver Msnde| An1sARLeNUe Y
uwidsdaya Jayvnann | Ml
woAnssuinvioadien
sovgzline deverliine
gne | fuarsgiu 25,000 13 410 &1 | Sansvaziea| tym fe sutszanauay | fmusadetuiivoniiv:
WA | dunegnseis e Fuves | uaudwes sofuaey | fUssneunsnsiud
QnsEd | Taminiae yng fudh - iu | vezdanlngiinan | gnwiu 1ueeied
tivieaidien w waath | Swinadains (29 $1)
wAgneuiuIuia| duhuemns wied
fovszannwe uid oy | fimsdanenveziily
iisadslainsounqu | wiviinumesuvidies
wagtdmiihfagline | gnedmsinnsuey
Tungvioaie GRITNANG

3.2 NANNTAUNTWAITIEN

4
a o a

aveun dadlvgiinnusudeduesdnsunasesdiuriosdutes Fudumudnvaeiinwas giivseme
A A ado 1 A | ] N A o § val @
Wun Andsviheanyuyulazrdlsausuy daulvgegamugivisengs silviidymlunisdnnisves
saufivgrresesAnsUnAsosdiosiuguaguyunisuen liseunseruivesnisiaivaesliuiuey
wingslsiniu axdinissaudonmnlasunisfesveningneius Tunsdlvesggvieaieiivsunnuaes
PN RUTsgneu azdanislaes Mslimafiudunamieseuanudnisdaiveeslinniu
i B $IONIUHANINTIEYONFU IWeUazANeUTIAGWINARN UseT1Tsursrana w.a. 2561-2563 | 1O

e

eyt



v 9

osfnsUnasesdiesiufitiegnenus Tumsiamsverduidsdiymmareesng wu gunsal snvuves
sauitliifivane sruumsnuenyes vguinauves st sutdtamiunadfeloyouasaug
Aeafunsdanisvey egnlsfiony Fegarnuuuasunuuasnisdunualddnilddomn asnsnagy
¥ esfnsunasesdusiosiulufuiisuilimmusuiledugnenus lumsdndivuasidaveslumngnenue

Tuduresuduasdliinisnmelumngneus wuhilagduldlinesmietunsgneiu s
finmsfnuenuazdnfvveziiinanianssuvesmulesegudd uddgmiiinuie siulazan MY
fapgiitrsauarliifivsne niidadey Suauauiuarseumaifvussilinsaunau Tnsanglugis

'
=

q@mm/iaaLﬁamﬁﬁm/iauﬁmaﬁ’wmumn uaﬂmﬂﬁLLé’awqaﬂsimaqﬁfﬂﬁmLﬁmhmsﬁ’ml,wﬂsuazfﬁauﬁq
s feesiifimauenussamvesuezdadites danlvgjosnnlinagnenu fuumefiuiueuuaziinig
duasusymduiudliunniy Kmueduiiiaslerusudetugneius auuuams uidesnsliie
nsfldhusnmeamnaadnlunsimusuumisiiliuiivonsuimsuluiui uenaniuragretun
Hailszrmudnoaluiufififeruduuddumsdniunuiefunsdansesieisaednsduaia
wazenszfunusudelvindely
3.3 ajuuarinsginaaINN1sUsEuNgueay (Focus groups discussion)
nmsUszsungudesiinguitimine iun Wnthiivesgnetuuisnd Wmdhiidninmnuins
fufloysny Wmthilesdnsunasesdiusiosiu Wnifmauia Wniiiddnaudannde
AAFUsENBUNS gnvny wilnnudusaaeaum udsszvuiiendueglaseugneu Taeiinaagy
sdnUssgungueos Sunudidniauddl
A5 3 Sunudiiriuuszgunguees

anegIu | WM. | N |dUsneums| UsEYu | AWM. | UN. | FUN. | JUNEUS | WULL | gNnIu
aneny | aua. Tawseu | dewandes | wavna | naa. |viwsivuil| duse
Mait 9 | fua YNy | doguan
i 10

aWea | 8 Au - - - - - - - - -

amu | 10AU | 4AuU - - - - - - - ]

naan | 10 AY - 2AU | 2AU - - - : - ]
Wga-| 10Au | - - - 20U | 2AY - - - -

il

QW1E | 8 A - - - 2 Ay - 1Y - : _

Qgwidn 6 Au | 1A - - : - _ 2 Ay _ _
Q59 | 10 AU - 8 AU - - - - - 8 AU -
Qnsghe| 10U | - 8 AU - - - - - - |8au
e | 10Au | - 5 AU - - - - - - -
N3

Usznud 1 anunisainisdnnisveziazvendelutlagiu gvenun dafiuvezios SWlesunums

1Y

3uilouaAnsunAseddyiodiu YesIAMTNNENEIUT NUNALALATIAINATEIY LokA 2IAU)

108 | quiisouasiineusududanton naudusdunmunmasnton



MaATeshuytds el nazdosniu W Tiudn sesynd wasduynd vesmani mndwehiing
wifiunusmeenin evewnsthluienay veviluilusnuasilinay vesilaAadauonlisimie
vgrounseilanau

Uspifiud 2 amlumsdanisvezvesgnenun tagtudlifmdsusiinaerihnudonisiams
vozuavveadelnonss TlasnseunilinnudiFeansiausnvezivye uiddlduanusuietos
Painvieafisnnidmihfigneuuimsdanisveg iy suussanuaiuayuliifeameyilinistann
Buldlden wgdnssutnveadienddideslianuiusiolunmsfauenves anmsdananginsuves
ﬁfma'aﬂLﬁml,ﬁuiwﬁmfiauﬁmmﬂﬁhq?iuiﬁmméﬁmﬁumsﬁ’ml,l,aﬂ%smmﬂd']ﬁﬂviaqLﬁaﬂuﬁuﬁ

Useidiuil 3 wamansdanisvezvesgnenu Wilussansam eenliillasaimsiindivezsie
vimgilowvey sontiinsssnduiusviowuziiinveaiinlivedauenveslignies wievivey
ndueenl drumsdesieg viawladn lav uag QR code Huumdlunmsdanisvesdunsevesgneus
flazdaasudmihiignenus uazsidnvieadiedlisusuuasAauenvezduneneiagnsios

3.4 MsUszunaniUAsuteRniularsszaLANAnS U fTRN YR sg e

mMsUsrydalfiinsseaansaazdnhunuUftRnisvesgnen Fos uumssdanisvey
wazvesdesunmelugnenuuininiang fusenideanile agunalddsil

mM3dansuee MsanUsinaelaevan 3R lddwnhegaanain lge/nvuglinauny iy
dituit faee (nvieadiafidiuan) deusudevend meldlitudmihiiivianisdauen) s
ANEYINUAIUNITIANTTVEE AnwrTasiendeya aaAUsTENaULALENIINTSIAIRYEEYBILAAL VY
diethluguuivnamsdnnisvegivanza Tnsuevenun dmuaulsuienisiansuesyngne s
fhusena Yssmduiudlianudlumsan dausnvseianislusazaneuensiumsde watn lay
venszanetm theussnduiuslinng infetnenguenaasinsivinumineinssssumfnaraanndes
iU (Nas.) kaznAlATegeAnIs g seaalnsiivingdn (sand.) Hreusynduiusyuruseuaney

M3AUTIUIIMLEE uelsuiaraunsla - U lsadewnuvezdnstuiinnsdauenvey dn1s
fmuansvhaazeInanuil insussaunuiviiafvees nenudymuasguassalunisinmsvey
puaanuiidaiusunueslignanaua Tfdausnvssmuussnn wondesnsianu faniises
TnoganuUimnasinvieadien adAmuiinaves anuazeinegiave Amuanaithuezeen TIN5
limfidmihin Ussnduiug Anteussiamueses Imsdauonvey etistdos 3 Ussiam Savidsves
TiasuudazUseian wUsdEdveziaazUssanladnau dseedvuinlagdnuIuaIauviIgaEy
favezdnilugifeslanmd avern seunnelidmihisuiaveutssdga fmsiiendnualveiosiu
unduduvilslumsdanisvey wu duln daviduifvnawanadnlaeinsenuddinaundudy
55507 Tanuidmiuvhdeduviduasnmsihenindanin neidenanuiifivmnya vezusarUssinn
lidalimungaunudssian Aadeussnduiusvesianves wu Wanisa auld wasiuinnssy
faveghinUssnvagiidygnaiou

n1330u39d Usznduius Gosnsanuinamey TasaimsvezAuiu Ussnduiusaude waln
loi¥oa Wususadlitnvieaiivadanenves TassnslimmuiinBou Ussvaumy i fathedssuduius
$ruewna/fusznaums susdmadnuenveyianglunasaeusn dudesnasiag

LS

&
Y X3 ao ca o P v A > °
‘m TGN IV IS InoUTIAIUGMIna DN UsrTTsulszanal w.A. 2561-2563 | 1OQ

e

e



3.5 agiunounaynsinseidoyanisaiidelusunsu SPSS

Tumsliesgidoyaiildnuuuasuniuesnisifonseitu ideldagunafonisussanauas
TATRIETBNTIRUN gdlsnny Jeyauisssinuanuuudeuaulitiuiiasizideyanis
afasnelusunsy PSS duduiBmsiifiuszaviamuazsinidy Weidunsvmeasunazdudunuali
P0IMTIATIEAT LR INNITIATsdeTE N denmnw Tnefdfuduneumsinnmeinuiiuang
Tufns daunuwt (2544)" Taglumsisdeudeyadivedounsoueioislunsyusudeyaivansauiu
mnEsissneufmestsluluuaeunuazdesdimsauiindoyauazaigiionssia (Code book)
fmundeiiduusgloviiensiinsiesiusznoudne msfuundesnuys (Variable Name 1130 Name)
Mummeadiouvesivesinuys (Decimals) fosunadasuds (Label) Arwaaauds (Value) mnnumang
Y93A el (Value Label) wazszdunisiadoya (Measure) doyailaztufindoududnaumiiy
fAfoannseiinszidoyaldlasiie fradffiuguuazaadidmiunaaouaunig Ineldmdsan

Menu bar 188 Analyze uddonAERRATRBINITIATIZAIN Window NiUsngmuasu Aazldnansiase
MIUABINS

- . . : "
destian e dwnaw  wn WNTign

UIUYAAINT

5UN 1 nyluansduyaansisuiiaveuneanunisdnnisveslugneus

N3 MuanITIINYARINTISURATEUNEITUNTIANTSUeElugneu 1161539 d9mnudesunnuay
fAladgegi 2 Ay

- nfnssuesinionilen
wazldu3nms
m osiian
miley
Odrunane
(=Pl
[m] mwﬁqm

40 o

30 4

v A P~
u@iﬁ/lij@ Yunans 4N ll’]ﬂ‘VIE‘jﬂ

VY
mwmuuanvgﬂsxnaumi

JUT 2 nymluansanuduiusanusisieseniedmingnetus fugineitesdun

110 | guéiReuazinausududanindau nsuduasununnaIndau



nsmiliuandliiiuindmihignetun léuamsuiielunisinnisvezanguszneumsunniiga
uazléfuanusufienninvieadisiesfian

Tumslinsiesgidoualalusunsumnaads spss Tunsiteadad fdedinegthafeaty
Sruruvesdoyaiildannisdism dufuidideyaunassfunnuuuaeuniuaniesgideyanaada
Felusunsu SPSS Vailtiiolfunisvaseuuasiusumnliimenisiinneiildanmsiinseideisnig
Banaunw wagnuidanugenndedunansiinmziiBinanindldsiunms

a 4 v
4. 11TULASUDLEUDLUY
4.1 39130
1NNTITERUININITIANTVEERaz vt delug eI AlagNsEUINN TIToRU TR S
) ] ] @ = P i Y A a a =
wuuildiusiu (PAR) nstldnwilunianziueenideanile wuhgduuunmsianisvesnilussansam fe
Wlumsdamseee Wy nsaauTinaveglaendn 3R ldmieganaain Togad/nvugldnauwnu
finsiiusiusiuvee MnuagsuRaveunale-Ualssdownures In1stuiinnsdauwenes suis
fn1ssauseAlvausid i Usenduius Aadheussinmvesey Jymdnlugveanisianisues
Tugnenu Ae M3idstoyan1siansignasaasluss@nsnin veduInAusizemnIsinnisuey
LifinsusisnafSuRagaunsiansuelaenss Ianusiudennasinsunasesdiuviosdutioy gneu
MALAaLIUYTEIN yra1ns Idgmaintnvesiien Tuganisvieaiien fwesiidnuiudeganimiigizm
AatiukIMIINTTIANsVEEveavenu Inliussananmunndu Ae mstiiuAusiuleiuaAnsunases
duviesdiu Tuuimnansdanisiavdeuninenukuueuliiu@Intig unssusRUssodunusiu
Jiieades Usuladawes gafivees uazdiuduenUssavuey dWunmsdidedeyanisdnnis wazn1seusu
WAU3NITINNITIEE IRvIRUINITIRLLeULaEYRIUYRINISUSURMIUNR Tnen1sildiusiuves
a ] - = = Y Ay v o vo v 9 v a
Wertesiaun WewSsuiisunisdnnisvesgneugniuildenssiviaslasusetaliidugneddes

e3¢

'
a

a Y} a 1 Aa =~ ] 2 I3 ] Yy a v
NUNTTUINITIANTTAILINADUNA Iﬂ&lﬂﬂ'ﬂqllﬁillllla"\nﬂaﬂﬂﬂiﬂﬂﬂﬁ@@a'ﬂum@ﬂﬂu (aUn.) E\J‘Uigﬂ@Uﬂ’ﬁ

D.

wazdnvieafisnduetned saudagneuuisiuwigslay Aldsuanusudeanssinsunasesdiuviodu

o
=

(aUn.) Wuegfwuiu wasiiniswisunsondidnissunisussiliveneuddeadnaay e

LY

e uiuane uuien Aoy wudn Insianisvesiesianan aely vilsladendanudfgy

<

=Y

AoN15¥ANITVEE Ao ANUTINEDIINBIANT MiteuAeIte fusznaunistuiui siufsrusuile
nTnvisaigIles

4.2 Uolauauwy

| ag & dd v v 1 v A IS a !

aneuwiiduiuinyssssuiassgliusslomnisuiu Sanuvanvanemsdinings denwgeulm
! a v v 3 IS £ A % o 1 Y a
sansdsuwdadlunndiu dsmumininisdanisialagiameiulymussuasvendunazneliiin
AudEmeseiuug: Usslevinaziinasodiusigeuiiegnunninguasdadiu Maiviienuidesiunums
D GNETULINYIRNITD 9NEIUWAIAUIYS - UIlan 9neuwisAgrIe Imikan539e se1deuiside
wUUJURNuMEouwIMeTlas NSz ANmINAAINA ST UM TITBRINN1sTIRdEmulassn T dludy
drumiislunsdnvhununmanieuanundenlunsssdunsiuseatuanendde Fagneuwiwayng
witluuszimavziadinsdanisulanissusest dwudamsinsewnsreganansidelinsoungy
N119Y9UALABAAS DINUUTUNTYDIGNEULVINTIANN Wi AetudandAgNgatunisdnnisvey
A a1 ' ! Aa 2] = & A ] o a ! LY = [
AansiduTmvemtsnunddmladidslunun mnlufinnsanlivausiuiunisfnuidssiiu

fﬂ--‘--c«x
5 ..6 Ao ca o = v A rs o =
‘m SIENTUAANIU IV YDIFUE VU ANDUTUA 1T InaeN Use91TsuUszana w.e. 2561-2563 | 111

e



Uymineaiumsdnnisvezluiiuiinues Usuniidanuuwnnavesaneuliinzsiludnuazmeniann
WU gneuuun visegneuieglunsiu Iwiutnvieuiiey wieausudevewusznaunisluiiui
elviligyuuuiuImenIsIansvesfsieluluswan

anAnssuUsENIA

meiBuuImImstanisuesuazvsadelugretuuvienic 1 duSeadddenshauiaiussing
prfouagvihsruiuAdeluiud Ao Wwihilgneuuisnd Wwihdidinuimsiuiioying
Wwhiidinnudanedennia imihfidiinnuninenssssumanazdanadondmin esdnsunasos
drufesiiu fusznouns $rudn liuinis dnvieufleasysesvuiteglnesougnetun Tuiiud
mangfuoenideanie quiidonasiinousuiudanndon nsuduadununndunnden veveUAN
mhenuwaiifedemniuifamiulumaifoadslifuedguasninduogdenamsidoaded
wgninluldliussg Tnguszasdnuinsly waznsidedeysanns ludnuusrudazgninlimeuns
derdunsresenliifnUssleninndsdusioly

L@NEN531989
1. weswyaRgnenuwisnn® w.e. 2562 1eRaRUn. 1@ 136 aeudl 71 0. wih 145, (@sTui
29 W wAAN 2562)
2. nsuAIUANLaiY. asUanunsaiuaiwvesUsenalne U 2551, nnne: NSuAIUANNaTY; 2551.
3. unsing nduden. mafauunEeudiSegUivinemans Fes 1 #h uazasnnadmiuiingon
SulszouFnundi 5. (NN USUIUUTR]. UATEITTA: mﬁwmé’aiwﬁgummﬁﬁ; 2550.
4. amaayl Smudayasal. vdnnmsdansdanedouetiedBu. ngumme: aneduaiumalulad
(ne-giu); 2550.

5. Fsemad wimnaeg. nszuumsiasuasurududeUssanauUszydeng. veuRAY: ASIWIUING;
2543,

6. o3 Anwa. Best practices 2av83dnsUnasasdiuiosduiifinnududamumulusda uas
N5HaUTINVDIUTEN VY. NFUNN: aardunszUning; 2546,

7. Useitus 13500099, JUlUUTesnsilduTiu. ngamne: drlinedeasunisugnin nsulily; 2543,

8. dthaunemuativayunside. ssanfviansildusimvessznvunagnszuumIadLnndey.
NN E185S; 2544,

9. Erwin W. Participation management: Concept, theory and implementtation. S.L. Atlanta:
State University; 1976.

10. Reeder WW. Some aspects of the informal social participation of farm familiers in New York
State Cornell University. New York: Cornell University; 1974.

v & o w

11, f97 danuusl. MIITeN1NsAnyILagdInueans. NJunns: UEn dnysiiwml 11e; 2544,

112 | audideuasiineusudufwindon nsuduasunaninduindon



nsuszliumadennisusunivesiiasvieilsluusnueilnedanisiiuauy
Y952V N1INAITYIERe Lazwigdaile
Evaluation of adaptation options to sea level rise, coastal erosion, and storm

surge for coastal cities along the Gulf of Thailand

arns Adlas* AngnY wnwn dandnwal aguduns dANu auana
Asadorn Kammuang*, Suppalerk Pukpak, Nidalak Aroonchan, Atsamon Limsakul
Audideuasfineusuiudanden nsudaaununmauandes

Environmental Research and Training Center, Department of Environmental Quality Promotion

E-mail: a_sadorn@hotmail.com*

L% 1
UNAnga
Jymmsiinduresszauidiveia mstawizeils waswgdails Oulgmfigusuluiug

v 9

a a

snlnegui n Idsunansznuifudunn mszduiyitiiliaydeiviiu vnsels wazai
AiAEARazAMtnaie Wity daiu sndfet Thquarasdiiolinney duasieanunsal
mmL?ﬁ'smLLazLmeqmiU%’Uﬁ'fluﬁm;ﬁmaqﬁuﬁéniwa'gﬂéh n lngnan1sinTeikazdaaszviuleuy
waggysmansfifedesiunsinturesseiutimeia nsfnmizaneil waswgdnils sauisanunisal
arudssuaznisuuilutigtuluiuiisrlnesus n wud seduimealuasseiwesussmalne
f8nsiigetu (3.6 - 6.6 Taduns/d lurad 2535 - 2562) snnhAadeilan (33 fadums/d) luvaed
fufleilangiasilnsuarsunduressemealne gnimengUszana 830 Alawms wazaInnis
AANsaisAamgdntisuisaiiutu 3 - 9 Wesdud luowian nan1sfnuil wui fufidssanms
diduressziutmeia mMsfamzveilauazmednil 1uu%|:smﬁu17'ié'nlmagﬂﬁ'a N ATBUARY 7 J9UIN

]
% =

Ty 49 dua il szduAudssvamyUlulsardua dauunnd1eiuduediuinavemyiiu

Taesta 49 swa fszduanudssdedgmdngnn vimusluiuiiiauaunsolunisuiuguiie
sessullymldd vl sefuenuanunsalunisusuivessiasudifieniuuanseiu Tnefduanisuna
I¥Msdgiing wavesdnsunasesdiasiu lemiiunisudladamieitene LLasﬂ;mﬂuﬁuﬁﬁmiU%’ué’a
seafuanmgmisanatd Iagldujiiugania (Seasonal Calendar) wagn1sdndaumudIAnes
fofivinisgiionnia (Climatic Hazard Ranking) Tnefinuvulinmddgyfudammsiamzeils
inndudusiunils sesasnde Yyvnisvenesweuiiesargnamngsy Inguuamisnsuuiue sy
oo afisturesssiuimean natamzeeily waewigdnils 2 1) msufuisedutaan
2) msvusalusgduguou Sadunsusuialussesdu uar 3) nsudusilussdunisduiuaues
mass Fadunsuiuiiluszezen

o o w

AdARY : N13UTUAT MsiuTuYassEAuIE Msiawizeeis wigdails

o

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
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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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Development of eco-forest model to reduce the impacts of sea level rise
and coastal erosion
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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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Development of index and tool for assessing public awareness on climate change
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UsziiuBosnaasundasanmgiienialusounmssuitinum misnuuazandunisnw
fiRgdedldaiiunnuirnudilatazanuasenindeanng Jam wasnansenuliunuszmvumn
stedeilos winEwIaisns weflauazia3osdedmiunsinmunazyssiunadunydfivangan
el TnnUssasdifteimnnduiirumseainvesUssmmudumadeunasanimgiionnie szuu
UszananadmiuUsziiuanunseminvesszvvusiunisivasunUasaningiionnia uazUseiiusesu
AumszninsunsUAsuLasEn mglienniaAves 3 nausetng msandsinnumsyvindums
LﬂﬁauLLUaaaﬂwwqﬁBmM (Climate Change Awareness Index ; CCAI) aﬁml,mﬁml,azmwﬁlﬁ'mﬁu
Auasevinty 3 df fie A3 ANATIa warnginsTd lnglassaiuavesAusenauvenall CCA
gniaINIUUABUALEUMaABULUAIan Mg ToIn1A anntuvhmsiaundail CCAl fiflauna
Tugas 0 - 1 wazszuuUszuaas lugusuuiuieundiadu (Web Application) fdredenisldau
LazansaNIIUNasERUANIRsETAlATUR nansUszfiussiuauasEindunnnUasuLUas
anmgdeonimasszemu 3 nduithvane wut Usssmuluiiuiienlnesus n fdadedei ccaloglu

[

s¥AU 0.5 UszmvumunadiudrdgyseyluirunisuSudirenisiuisuulasaningiienniaurieui

'
! a

fAadenuil CCAl aglusysiu 0.76 uazUszynvulunuinguidmungveansudauaiununindunndon

D

a1 a

fAanenuil CCAl aglusedu 0.78 uannil Jadeiitinasonnuunnssvesasuil CCAl Usznaude
918 sefUNsANY uazerw udu uindmadiuszavunguimsneegende samfnadiuddyiisey
TuLLNumﬁJ%UGT’JGiammJﬁauuﬂmamwgﬁmmmmma 71 6 97881 WaTAIATBIMALATILANGAN Y
Liflnasiorsill CCAl meadRetndideddaiissiunrudesiu 95% s wdpsdlefitmuntuaunsa
Ul nszduanumsgnindunavdsunlasanmgfienniavesussrsulussduiuildase uas
satiuamplviimsthluldussleviifoweunsliunmacausineg Afedestuunns 6 vesnsouoydyan

anusyrniincmegmsiudguiUasaningiiennie
fdiey : dvfianumszutin mawdsuulasanwgiienna wwun1sududsenisAsuasanmgliennawisnd

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
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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 CCAl 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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msusziuauldldvesuuusiass WRF-Chem dwsuiiufinnawilonauuuvasusemndlne
Evaluation of WRF-Chem Modeling for the upper part of Northern Thailand
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UNANED

Huiinemiteneuuurecsvmdalngliusyaviulaymmuenafunndusseznanieunmssy
demaliiszivanududureaiuazessuuadnndy 10 luaseu (PM10) HA1gaiunitAuInsgILAmnINe 1N e
TuussenmalneslvresUsamelng vesadslymmsifiatuvessyiuanududuvos PM10 4 fiendos
fuladeuvasiuinuaiiv Wy mawrluillds wasnsunsnsyagluduussemaiifedesiuiade
mgaiieaing Ssenaduiustuundsiuianduiiuiiianelusazaeuenmemiionouuy dan1s
ﬁﬂwﬂﬂ%ﬂﬁlmﬁwuﬁﬁam Weather Research and Forecasting (WRF) model coupled with Chemistry
(WRF-Chem) ¥ihmsdnasssesumnudiudu PM10 Tudeusiunan w.e. 2559 dadudisggmuenaiy
Weusuiumnyldldvesuusiaaddaefiansanyssansamnissiaesaanududuade 24 $3lua
Y94 PM10 wagymaUTeuiieuiudeyaninsininnanmein1mansansiainaun1neIne augide
waeEinousuduAanndoy waranilarainamamernma nsumuauuaiy Tuituil 8 Sminmawdensuuy
(Wodlval Weese §1U19 uddesaou Wn dmu wns wasnelen) wuAnadefildainnisngaie
nnynandnsaianunmeiniaiidviniu 112.17 pe/m® wazAriildainuuudiass WRF-Chem
La?{ammﬁﬁmamﬂamﬁmwi’mﬁmwhﬁ’u 82.17 ug/m’ lawilen Bias #39A1AMALUNLDYY 30 pg/m’ %39
Uszanad 26% Faneanuiuuuiiaesdunltusiaesddmenidildannsasiaiauasiidnieadn
fAnduysalves Fractional Bias ([FB)) = 0.3 A1 Normalized Mean Square Error (NMSE) = 0.46
uaz Factor of Two (FAC2) = 0523 Gsegluinasifiveniuld naildidannsathnsiuaddaden
neidnduaziadinarsaninluldluwuudnass WRF-Chem dusuusemalnelasioly

o o w

AdARY : PM10 anAwmitie 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
TN
g@; 89TUHAIILISvRgUdITUaLRnoUsus WawInden Uyl 2561-2563 | 151

" -



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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Fusafiviiannsandoutredunsuuauld’ lumanilonsuuwvessemalneduituiiviaiddaym
sonaty anususswestym Boulswarudlviinafivgiuvesiinasuazessuuiaidn (PM10)
fanAunienasgunaamemdluussemelaeiliinduszeznamansansdeiu uazdiaemi
it PM10 geluadaeifeunuaniusisiuioumeuremn?’ Tneflamsnainnswiludilas
filunmsunesioiy Tan WewSeusulssiufidmiuinnsnues wasdaiflwiidudniadonds
il mauiuty mawenen wanl utldomaundsiidavesuafivnsenaiidmasieo
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yndademagaiesinelimunzauiiduamenieiviliuiinuiuaresazuafivnsenaaza
oglufiuil ndmeannromaiufussiafesiiliuasensiifinduaunsonruassegluusseiniels
Huszornafienun Jymidmansgnudessianseaiisiuaznisuins msamasianisun
wazyeenA guamvesUssrsuluiuilaense®
Usrlewtinnuuudaesdmiumsianisuasuitiymmuene udy nsumuALafivlaldszuy
wensaifieniadieusouanmemuenafudmiumamiensuuuressumalveiidanuandoadaiud
Uswan 25 n91eRlains’ uasmeunsludiuled Gl wa. 2551 s 2550 Usgnoudne 3 daundndedl
1) wuud1a99 5" -generation Mesoscale Model (MMS5) siaiulag Pennsylvania State University fiu
National Center of Atmospheric Research (NCAR) Usginmansgarsnlunisinassssuunyuieuyes
U5387M1A 2) UsinainisuanUdegvasduuiuasy lalidasa MODIS active fire 371 Fire Information
for Resource Management System (FIRMS) Usginaansgatisnilunisussanuainisiantdos uaz
3) NM331aRININIEAUMHULIUARY 1HuuuTIaes Hybrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT) @84 Air Resources Laboratory (ARL), National Oceanic and Atmospheric
Administration (NOAA) Uszimeian3gaisni wiegnslsiou wuudiass MM5 lanaanswauuas
Liginsarduayulag lnglulagiuiuudiass Weather Research and Forecasting Model (WRF) L
uwuibuudaes MM5 wagsinsidemiuegisunsvans wu luseUssmaldinsiuuudiass WRF

Wl¥nudiuiuuinaswaiiemiaeInim Community Multiscale Air Quality (CMAQ) Wievinug A1
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fnsAnwiaududmsuldlungdea wunianuaunsoiagaanisainsinmen1saine peak 109
PM10 16° uenanillutagiuuuudnaes WRF lagnitmunlmndu coupling model Auwuudiass

a < = o o Y a [N a [y
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N133189998WUUTIRBY WRF-Chem IUgIUNN91INKUUIIaes WRF Henaunagyiinisdnasd
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Frouuus1aes WRF-Chem 1y agfaainiuvauniiuiinissiass (Domain) wasdoyagnioninenan
wuUd1aee WRF luandulsnneu wé’amﬂﬁ?ﬁaLﬁuﬂﬂiﬁﬁayjamiismauaﬁwagmaé’wéﬁlﬁmﬂ
WUUI1a09 WRF 1n11d1uuud1aes WRF-Chem siolu

2.1 Yoyaniiusewmauazanenine

mmwauaLimuwml,ﬂumaﬂﬂumimLEU’]LLUUﬁmam WRF a’l(ﬂ‘ULLiﬂﬂ@‘U’e)iJaL“U\‘lmeﬂmm’N“]
|2 ANEURINHUSEINA (Terrain Height) Snwaen1sliAu (Landuse) 1Hudu snwauammu
ladnmsguiInSauiuluuI1a09 WRF Aaog1aiy ma;&aawmzmﬂwmu (Landuse) iumouiiv
wuuaesldlifoyann USGS way MODIS® fmmiudeyagniesinenillidmiuimuaannadowiy
(Initial Condition) du§un1ssrassluanizasifiasdesinnisussananansuiiuniauinnaiiSenda
WRF Preprocessing System waznadnsilldazlddmsunisiumaluwuusians WRF siolu Tnedeya
ﬁﬁLﬁﬁﬁlﬁ%ﬁm%ga Reanalysis Data 983 NCEP FNL (Final) Operational Global Analysis data™ wag
Real-Time Global Sea Surface Temperature (RTG-SST) Analysis'

Inedeyagnileaing1vesyntaya Reanalysis Data 8 NCEP FNL (Final) Operational Global
Analysis data anansan1atlvianl@aindules https:/rda.ucar.edu/datasets/ds083.2/ Feyafinvuaziden
Feuilutuiszuiy 11 wiadu 26 sululuifsnseduaanunaeinid 1000 millibars 4%
millibars wazdikususznaune Air Temperature, Cloud Liquid Water/Ice, Convection, Evaporation,
Geopotential Height, Humidity, Hydrostatic Pressure, Ice Extent, Land Use/Land Cover
Classification, Planetary Boundary Layer Height, Potential Temperature, Sea Level Pressure, Sea
Surface Temperature, Skin Temperature, Snow Water Equivalent, Soil Moisture/Water Content,
Soil Temperature, Surface Pressure, Surface Winds, Terrain Elevation, Total Precipitable Water,
Tropopause, Tropospheric Ozone, Upper Air Temperature, Upper Level Winds, Vertical Wind
Velocity/Speed,uag Vorticity' LLazﬁm%’UﬁgWﬁaaﬂaqmmﬁﬁ’gﬁmzLaﬁuaq Real-Time Global Sea

[
=1

Surface Temperature (RTG-SST) Analysis fauagidendaniuiilunuisguny 0.59%0.50"
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2.2 Joyan1sszunguaiiy

dmdutoyamsssuieuuasiainainmaniu nsAnwildlddeyann The Fire INventory
from NCAR (FINN) LLazmmmmau‘Twam%yjamﬁizmar;!uuawaﬂwiﬁﬁ http://bai.acom.ucar.edu/
Data/fire/ Wag https://www.acom.ucar.edu/acresp/dc3/finn-data.shtml ﬁm%@yjaﬁgﬂa?ﬂﬂ%ﬂmﬂ%
N1SANUINANUAITANEIVBY Wiedinmyer, C* ﬁiﬂﬁﬂi’faaﬂaﬂ'ﬁmaﬁmmnLﬁaﬂumimwﬁumnﬁﬂLwﬁﬂwﬁ
uarnsUnaauuesiiau JadenisUdesuaiin uasUmidomasivszananis snduaiieliszan
ShsnesrusresuiaruafiviidaruanBendeiui 1 mseilawns Adsuuuuiivengdmiunsld
nufunsiassmsiadeudrevesuaiinv (umaad) sedugiiameauazseaulan

ToyamIsruetaiwInfanssuvesywilaliyntoua EDGAR-HTAP version2” fiaviuawidun
0.1°x 0.1° F3UsTNOUMESNTINTILUIBVBIRY CH,, CO, SO, NOx, NMVOC, NH,, PM10, PM2.5, BC
way OC yateyailldaiaaindeyanisdesuafinildinsmenulussdulsema samdudoya
menermansluseaugiinig uaziasuaietoyaatn EDGARVA.3, US-EPA, MICS-Asia, EMEP/TNO, REAS
Tneuvadumediu A htap_1_air @M5UNSszUNaivaINAIANNSIUEMIDINASENINUSEINALAY
Tulszne htap 2 shipping @1115Un1952 U180 NEAINAIANITVUAININTD htap 3 energy @3y
AARRANNTIUNISNAALWAN htap 4 industry dmsuniagaannssun1suasn n1similesus lane
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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

s
g@; TN RN ITE VR I UaRnaUsuA EWInaeN UsyihT 2561-2563 | 171

" -
et



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 fligsht 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 lag 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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AnJuoEnAen UorssmaunasuansydduTinauesyakoefintu 15.44 fu/fu fsnmesyarles
firdnligniesmundnaunivia 6.2 fu/fu’ mafnuildhnmaiusegauinugumuiiogindusey
wavamuansyds esanenvdsmansenurewuey Sssiivnafuiedsansfivluemeiudutag
faudrluninunfiang Susondsanile fau guru F azegimiloauesovey druguru G aogldan

Yosavey Inevinisnumegisansiivlueinie Tusswinedun 27 nuaniius - 5 duieau 2562

N & s
A | T ——
ﬁmlnuﬂ!-ni‘ﬁ.mn

T ussssyuniligmiinfian

o A& o | & A & a & a ¢ & & A
31]1" 1 LAAIADIUNLNURIDYN ‘IN‘LJ‘VWDl‘LJ LVRNYNYYSDLANNIDUNE LLagLLVaQWQGU’EJg‘SQlIGUU IUWUVIﬁﬂ‘H']

R
g@; TIEIUKAIUITE VeI UazRnoUTUA NG Usyd1T 2561-2563 | 19T

; i



2.2 fnyagilen e

é’ﬂwngﬁmmmaﬁmi’mﬁ%’méﬁuaaﬂjﬁuﬁw%waﬁuaamqm 2 wiladtiauszdggna fio sy
nyiueenideunilolugavun wazusaunzfunnidedlalug ey ganavesdwminyssudiansanniy
anwazvesauiiienavesUssmelneaunsawuseents \u 3 g9 é’ﬁqamn Suduuszinunataiiou
panAudsUsEInaNaaReunNAUS ge¥eu BuduUssnanaafeunNATuS s eunguanaN
gasu Buduuszanananafeunquaiauisnaiafiounainn (nsuggleuinel, doyaanimeinie
Manziueenideunile, gllonadminyisud)

2.3 nsifiufiegaziingziieg1sasusen VOCs was PAHS

231 mafusegsansuseviluena Wunmsifufogasenluguusonsioun lagld3s
117551 US.EPA. Method 10-5 (iudegnensiay 24 Halus Wussesnanderonnu 7 fu uasilulinszi
EIGELN Mercury analyzer lngldinatia Cold Vapor Atomic Fluorescence Spectrometry

232 mafiuiegsansusevlulu Usznouse Tugrenmea wdesiauiuinsoinia uae
yhnsese1n A (Filter holder) dwiuldnszaunsesiteriuiu viia Quartz filter \iufetshednsnsiva d dns
seunt \iuiiogndiay 24 $alus Wuszeznadeiionu 7 Yu wazildimseidenias Mercury
analyzer lngldinaila Cold Vapor Atomic Absorption Spectroscopy (CVAAS)

233 msiiufegiuaziinsgiiietneens 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
Tagltdafusetienavuin 6 ans Wusedradunar 24 Halus Tngltgunsaimunusnginisiva
4939107 (Flow controller) TumsamuAudnn1svalinreeineg19eIne kasinn1sAsIeriaieg s
feLATeq Preconcentrator-GCMS

2.3.4 mafiudegnuaginsziimegeans PAHs Tuerme umsiiusieendusUvesuazess
(Particulate Phase) wagluguvesing (Gas Phase) §1984m1338 US EPA Compendium Method TO-13A
“Determination of Polycyclic Aromatic Hydrocarbons (PAHs) in Ambient Air” Wudeg 19
maeaLuAaE1e PAHs 7us39ie Polyurethane Foam uag XAD2 tiunian 24 dalus Tnelddy
aneIMARIEensIN1saUseanal 16.67 dnssewni dmsun1siiudieg e PAHs Tuduaree ldnsenunses
yunLdusuguenats 47 fadwuns vuiagngu 2 lulaswns wazthlvieseilaeldiades
High Performance Liquid Chromatography (HPLC) i detector WUU UV detector wag Fluorescence

detector

3. NAN1T398
3.1 il uituidlifundsisssguruiazuezaidnnsefind (Background)
nan1sAnwAAIEduRds 7 U vesUiinaasuseviluetne fiewiiu 1.7 ng/m? wazansusen
Tudu fAwiiu 0.01 ng/m’ @wsu VOCs Tuania wuUsunauans Benzene wag Acetaldehyde A7
WU 1.0 tay 17 ppbv A1UaI9U
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3.2 Anwmsduidiouvesasiivluenauinaunasiisuezdidnnseind Smiay3sud

(1) ansusentueiniawazlugy

NaMsAnEINISAUIDEN 7 fu ﬂ"]mwwﬁ’u%’uLaéamaqawsﬂiaﬂuammLLazs'guU%nmLmziqﬁqeuag
dnvsedndidnmamnduadiasm wusanududuadsvesassenluainia Sengarity 3.5 ng/m’
dvsugurulnesouwnamezdidnnsedng Usnayuwy B IA1WAU 3.4 ng/m’ dusuguvu A waz C
Sy 3.1 ng/m® eanuiduduadsvesmsusenluduuinauvasivezdidnnsoind de1gean
Wiy 0.06 ng/m’ waguTaasyuyy A, B wag C dleni1fiu 0.02 ng/m’ wazdlenFouifisuamuduiiunie
vosesUseviluamAkazuuInauasisesdidnnseind fuiuiivhluiidusunuiuiiifenssy
Tuslosuagyuvu fAwindu 1.7 uay 0.01 ng/m® wuiAnriduduedsvesansusonlueiniauinm
uwidsiisnerdilnnsefindgeniniiudivialy Ussana 2 wh faguf 2 msfnwdliduilsinsdiniamnoes
Tuilddlagianzvegdidnnsedndniassunsoidussdusznousuisansusen wazasinisdaiv
LLazﬁﬁmﬂzﬁumwaﬂwqgﬂwé’ﬂqmﬁmaLﬁaammiﬂmﬁaﬂuﬁuﬁ

Fhmﬁmﬁmma1iUin1!'lua'1mﬁun:'lu€§u (ng/m?)
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(2) VOCs luene

namsAnmnaLiuiiegn 7 furasans VOCs nquansnesziSuay lineuzduomalufiuiivilony
LLﬁ%U%LﬁMIﬂﬁLﬁENﬁ@ﬁWEJ%@LgﬂmiaﬁﬂﬁuazﬁqwﬁuﬁﬂLLEJﬂ?JEJ%@LﬁﬂV]iE)ﬁﬂ?‘I 910U 5 90 Lo guwu A, B, C,
D wagtuw E wuansngu VOCs neueiiednuau 4 9iin laun Benzene finnudiudueglugig 0.70- 1.1 ppbv
Dichloromethane fianandiudueelugag 0.60 - 0.70 ppbv Acetaldehyde fianuidaduaglugia 3.5 - 5.3 ppbv
uaz Acrylonitrile imnadidusglutag <0.50-0.70 ppby Inemnaaiiusetisiimmninaihse Sanainm
011 24 Falusvessainalne Fiduiasdindnidlifnanssnuronmunimennmakazaunimeuniie
%awmuﬁluﬁuﬁ (Ani5239a15 Benzene dm3u 24 Falua windu 2.4 ppbv AiinsETians
Dichloromethane dw5u 24 21as Wiy 60.5 ppbv sy Teans Acetaldehyde d1wdu 24 Falus
WU 477.9 ppbv ANE5E35Ens Acrylonitrile dwsu 24 Falua Wiy 4.6 ppbv)’ ﬁqgﬂﬁ 3
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ppbv

--Euu --5 --E --E H-E-\m - i

EBenzene @ Dichloromethane BAcetaldehyde & Acrylonitrile

o

JUN 3 Anududuves VOCs nguansneusiseusnniiundne Jwmiayisud

nauans VOCs laineuzids inulutinalndiRssefiswssdidnmsednduassurudanenss
ddnwselind 4w 5 viia laun Propene AAududuaglutag 0.80 - 1.1 ppbv Chloromethane
Aanudutueglugie 1.2 - 1.3 ppbv Acrolein Aanandutueglugae <0.50 - 2.9 ppbv Carbon Disulfide
A1ANNTLEE WY <0.50- 1.1 ppbv wag Toluene ANAUNTUaElUY9 0.50-0.7 ppby Wagnud
a3 Acrolein fifnanuiiituindegenniiysmu C i 2.9 ppby SeilnAunamiaiihse Tadmsu 24 Flus
Uszanas 12 wh (@udhsedaans Acrolein sy 24 Falug wiriu 0.24 ppbv)’ é’fﬂgﬂﬁ' 4

ppbv

i

- 4 s ime - i I &8

S,
]t

o

U 4 endudunes VOCs naulsinongSeuinaiiuiidnuiminy3sug

(3) PAHs Tugnie
wamsAnMIAUFaEns 7 Yu gesans PAHs uaima vinmafusegsanymulasseuuvasisuee
Sidnnsedind d1uau 2 90 1uA wuvu B uaz C wuans PAHs $1uru 9 viln Beilans PAHs $1uau 3 vile
71119 International Agency for Research on Cancer (IARC) iz‘lpf’]Lﬂuaﬂsﬁﬁaiﬁl,ﬁmmﬁﬂ‘lmu laun
Indeno(1,2,3-cd)Pyrene fidanududiuiade 1.03 ug/m’, Benzo(@)Pyrene 0.14 ug/m’ wae Benzo(a)
Anthracene 0.45 pg/m’ Vlgx‘iﬁ AMNNTANYIVBY IARC madamﬁqmmma;ﬂlﬁﬁqﬁl Benzo(a)Pyrene
NN Benzo(a)Anthracene agdnnnal Indeno(1,2,3-cd)Pyrene 38 BaP = BaA > IP Tudiuves
PAHs vy C wunguans PAHs laireuzi3s §1uau 6 vlla l6iun Acenaphthylene Aianuiduduiade
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 pg/m’ Wi dfuAUYUYL B Wuans PAHSs

71U 6 1A kArANULNTY Acenaphthylene Yuwu C ANUWNTUAINTIYNYU B Useanas 3.4 i
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18 Acenaphthylene WulAaINATEUIUNTINIVEY AITHIENTABUA NISIILHL (Polystyrene) N1SLHN
w1 Tl wagAsldl usiu efanssumaninuiguwu C Asgui 5

o

ansnauindlgednezlsinfinlalasansueu PAHs anverdidnnseiind Smiay3sud

Aaniouse

ashireuzisa

m YU C

" Y B

[y

JUN 5 ANUNtuYesans PAHs UShuunany) Janiny3isud

q

3.3 ﬁmmms‘dmﬁaumaamsﬁﬂumﬂWﬂu'%nml,méaﬁwazﬁqmu Janiayssug
NARINN15A5IINETUTEN VOCs Uag PAHSs "LummmmﬂLma'qﬁwaséqmw,wugﬂwé’ﬂqﬁmﬁma
9 2 WS WATUIAIT T TN OILAZHT U%nmsqmuﬁagﬂﬂé’tﬁmﬁuLméqﬁwassqmmwumaaau,amm
agUldfinsei 1
a1t 1 auduturesasivlueinmaade 7 Yu aniuiiossye

FUAVD AT ‘ﬁu‘ﬁﬁﬂﬂ WS aveLUY wna e ﬂguﬂjulné'l,méqﬁ”waz
L‘ﬂ:‘iﬁuﬁﬁ anvanguIAUIa HUUWINGY | WUULINDIUASLAN
13:712::? wnaehevEy yuyulnd HASHUUEN | aiq F | vy G
Sidnnsadnd WUU | wvdeisvey (wileaw)| (dax)
LATUYE QNNAN | UUULNNGY
YUVU dUAUna | Azl
asusenluend (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 Wag Benzo(a)Pyrene < 1.0 pg/L
: Naphthalene, Fluoranthene, Fluorene, Phenanthrene, Benzo(a)Anthracene W&z Benzo(ghi)Perylene < 5.0 pg/L
- ladldhmsnsiata
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A9 1 wandlifiuinansfivlueinimainnisuutieuansusen VOCs uag PAHs Tupinie
U3DITE T YT UUNNDILALLHT wuasuaiuluemassnandidiedegmaomideiouiiiou
ﬁum’mLsé'fm’fusuaam'imaﬁieﬂ,ummﬁﬁnmmmﬁwazLLUUQﬂwé’ﬂqmﬁmaﬁ% 2 wie laun ansusen
Tuanneuazlurdu Wuaaﬂd%mm‘ﬁwazLLUUEJaﬂaU 7.8 uag 8.1 Wi LLa%QQﬂ’jWLLﬁﬁﬁﬂﬁﬂﬂJﬂgLLUUﬁﬂLLEJﬂ
uazilinau 5.3 way 4.3 Wi mudIfu asngu VOCs fiwuisiu 2 ¥lln Benzene Way Acetaldehyde
Tnefanududures Benzene finsranutiunamianiissadmiu 24 dalug Uszana 25 iy
(AufhseTeans Benzene dmsu 24 Halus Wiy 2.4 ppbv) Wud1s PAHS ‘\]’mLmalxﬁﬁyﬂ‘dEJ%LLUUQﬂMé'ﬂ?j“U’IﬁUWa
31w 2 9l laun Naphthalene wag Fluoranthene ﬁm%’mmmﬁwawmmwuLwﬂaqu,amm
NWUENS PAHs d1uau 7 ¥ila fasneuziSe loun Naphthalene, Benzo(@)Anthracene wag Chrysene
1gie BniamsindsdsanssudaymuiioglndiAssumdsiaesfinumsuudeumsusenyinamgumu G
Fuduyuvuiogdaanuevey

4. F5aluazdaiausiue
4.1 39150

4.1.1 prwididuedevesansuseviluenmauasluiuuinaevezBidnmseinddinganii
Uinmdiudiiag 1V Wy guruseu uwasiweyBidnnselnd fuifitensauludiosasgumilsifundsiisnns
Tufiud Aifuiwasisesdidnnsedndiduundssuianisiifinnsuanudesarsusenoanu
daaunndon 1nnsAnull wuhasuserluemauinateverdidnnsednddearududuaioes
ansuseviluenmAegil 3.5 ng/m® dmsuuinarurulaseuwvasivuerBldnmsoindinarududy
lRAvgegail 3.4 ng/m’ WaSsuifisuanenunsifsatuauysaimsanumsunsnszaeluene
wazmavutlougiunadeuvesasusenanundsiisuesBidnvsetind guiitouasiinovsududannon
U 2561 W‘U’hmim’g'«ﬁmﬂ%mmmiﬂiaﬂummﬁﬁluﬁuﬁﬂgmmméﬂﬁm885Lé‘ﬂwiaﬁﬂﬁﬁﬁmnm
frvauasivg sunetulndlyenal Sminyisug Afidigeand 21.1 ng/m® Vledlesdnisuinis
drusuaundlngiinasnisldliinsieezanfsluiuiiundsfiaezsdnmsoinduarsaseirliiinsimn
Tusdnndnayhlddviinuwesdidmseinduaznauniosasussasdinismthadunding st
fimssadetygfsuaiinisdadanuiiiiewisusesuiniesnansl wislaldinnswnaelnfluitui
AolMAnMsUNsnsEEYeINgNA U T sivdunsieunsnszeeenludsansenusiourulagseu
msanfiunsfanandmalinnududuresansusenlueinimanasegiauiulidn wansliiiuiinism
wezdiannselindeziinsUanuaesusunauasuseneengusseiniarnududugenitvesdidnnsetind
flsifinsen deinszauaudivesasusoniu aunsosumeldfigumniund dansiduves Peter
Maxson® wag Ministry of Agriculture, Regional Development and Environment of the Republic
of Moldova’ szyindndinsinvezdidnnseiindaziinisuantaseusunuasuseneengusseinie
audidugenineydidnnsetndiilsiinsunuasaonadestunsfinyiduvosiuiElunAavesBidnmsetind
(e-waste) Tulalar Uszimadu Adannaduduadevesansusovlueiniaegil 30.7 ng/m’® sl
mstuteuresmsUsenuinmlefisueyBidinnseind Smiayisud Sevhniivesussmaiug 8.7 wih®
nsUutiouvesansusenluoinia fufluvasisezuuuimnesiassniamududu 14.2 ng/m’ dagend
wdsfisveruuUlenay undsisuesinuenuasiiinay fitawindiu 1.8 way 2.7 ng/m’ WanslALinI
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msunvezluildeinliiinmsuninszasvesusevluenmaluliinagannudnsiimmninilenSeudio
Unamsusenluemaivanuiiindnvezuuuilinauresiasian Anuinasinuansusenlueinia
oeffl 52.4 +15.6 ng/m’ (D.A. de la Rosa uazAmz, 2005)" fetiummddyueansUdosarsusenan
voydidnnseiind Aeludnuonvesnoufisuasitlumdangislignios wu eonvgosisawust 98 LCD
Tnséwislefio uunined vaoall nuzussyananil ibudu Wevesdilinnsetindussesgumuiigniauuy
ligndesnamdnauiuialudaanden asuseniilududsznevazgnianUdeseeninaugnasd
manfiuagilandvesUsen dwanszvusionnnmTinvesyuduazannmasnadey
4.1.2 mavuieuresans VOCs nauReNzis UinauyuvuiogindidssuevesBidnnsednd
uazyuvuAnuenverdidnnsednd 103Ul 3 azuiuldinaududuves Benzene Dichloromethane
uaz Acrylonitrile gy B uag C aguinalndifsstuveiivuezdidnnseding guwu D uas £ 1utiu
ﬁﬁmiﬁmLLaﬂmazaLﬁﬂmaﬁﬂéﬁﬁhmmL%’msﬁua%ﬂuizﬁuLﬁaaﬁuﬁuﬁﬁ"fﬂﬂ gnIuE1s Acetaldehyde
Ferudutugannluiuiivily desndegludiouasiinizasasmuiiu Faanmsideves Thiago N.
uazAzs¥Y I Acetaldehyde nuluiufifioninnnsosudiifmsliidudemadnmiiveancsed
Wuduwan’? wavans Benzene Dichloromethane Acrylonitrile way Acetaldehyde dunisuuiiou
Y93en3 VOCs ngallairienzifa fguil 4 wudh Acrolein fifanududuadegenniigmu C wirfu 2.9 ppby
FefianAunnsiadhseTadmiu 24 $lae Ussan 12 wih Duiiuiiflegusnalndifesetisues
Budnnsefind uasdszenaulumythuuisduyiierdn Jo Aauen uazenuezdidnnsedndlagldenssnnusd
Fudomdmnmsanwives Hodgkin JH. uazAgz (1982)" wui1a1s Acetaldehyde lag Acrolein
ARINNNSHINANERNTEA polyethylene plastic kazaINNIsAN®ITEY Ashish S. uazAME WU
mawneslutevsiians Acrolein ganiiussenmaiilunatowin® fadu Acrolein fifiaududugslu
yuwu C anvmdnilvginanmasnussitossnsudiiduasdusenou dauiuiiilunuans Propene,
Chloromethane, Acrolein, Carbon Disulfide way Toluene dApnudutuade 2.9, 2.5, 1.4, 2.4 uag
1.9 ppbv fuEIAU g?fﬂﬁmmLﬁu%’uqmdﬁaasjwﬁLﬁw‘%nmlﬂélﬁmﬂaﬁwazﬁLﬁﬂmaﬁﬂéaéﬂuﬁuﬁﬁm
Tneituiivhlyduiuiludosiidnsesasmnuiuuas fuituiiliflvey fofuans vocs waniddaulng
flunasiuinunnnsenasdeaenadesiunmsidevesqudifonarilnoususuianndeusauiu
AyasIsAAUAans unine douiion lunsnsininans voCs luiiufidles Sminuumuas famtauyusid
WieUszidiumsiinduazessiond lnsdmnududuresansfinensise 1dun Benzene aglutag 0.5-2.2
ppbv ANNNTUYeENS Dichloromethane agluyas 0.6-2.4 ppbv ANUNTUYRIENS Acrylonitrile
2g/lu19 0.3-0.7 ppbv wagANUINTUYeIa1S Acetaldehyde aglumia 3.4-13 ppbv Wieilans VOCs fiwu
ofuinalndifssUafiseydidnnsoind enaunanmawveyBilnnsoindunsdiniayainnnsesas
vedu dmiuansiiliineuzise léun Propene agluas 1.4-12 ppbv Aaduduveans Chloromethane
agluY3 0.5 - 2.6 ppbv AAUTWIEES Acrolein Bglutie 0.4 - 5.0 ppbv WagANUINTUYRENT
Toluene 8¢luya 1.3 - 11 ppbv
nsuwifouves Benzene Tumnmafifunguansneusis luftufiundsfisuosuuumnauasin
ﬁwuﬁmqqﬂdwﬁuﬁLméqﬁwamwuﬁhﬂau udsiisvssdnuonuazilonay wasiuivhluiiffanssludes

wazgurudslifunasiisveglununussana 84 Wi 73 Wi waz 59 Wi auddu FallAAuaiseds

e
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iMnun e 2.4 ppbv @3 Acetaldehyde Tuiiufiunasiisesiuumnauazinngnnaisezhuuilnay
Usganae 6 Wi gendnunasnisvezdnnenuazilinaudseanns 21 wih wavaandiuiialundinanssy
Tudowazgurulifivnassezlunuiiszuna 5 wih GRlniuiumnasiiae s guyuiinsvnowazm
vUdpyansnnaddundonaInI Ak UUHInaUNgNaNguIAU1a
4.1.3 nMsUwleuvesas PAHs quwu C wunguans PAHs Linewuzise S1uu 6 wia
Town Acenaphthylene, Fluorene, Benzo(a)Fluoranthene, Acenaphthene, Benzo(k)Fluoranthene
warChrysene Lazans PAHs Ainaugise 3113w 3 wiia lawA Benzo(a)Anthracene, Benzo(a)Pyrene Wag
Indeno(1,2,3,-cd)Pyrene \law3auiisuanududuesans PAHs ganditusiogsiiufigueu B ag19
wiuledn Gsa1nmsfing1ves Fullana A, wazay (2000)" waz Johansson |, van Bavel B; (2003)"
@135 PAHs waTiiinINNTEuIUNTINITEE NISIHNE9TA8UA NS (Polystyrene) AMSLHIMEN
Tuldl wazAaldl (Judu Jaunasnda PAHs wandnulaluiuiiudiegnyuasu C uag guwy B
[y 4 ¥ ! & A&~ o a a 4 a £
nsauMwalussuluguey C lanswiluiunidussosuihveeddnnsetindvaeviiadiu
o & - o < o [J Y a = [J =
\iaTouuNaaNLasH B NBALALL U B TUTIIUNNYIILARAENT PAHS 91NNM5LHN Fan1snsevingul
JzamanIznuRguAMNUDIUsTrsUluiuiiloninars PAHs wiluarsifieuduiiwdsundusi
winuaNuduiiwsessluau falunslasuans PAHs egsseiliosaavilminanuduiivnessuunng
199319M18ld LTD991nas PAHs zidhdsanelidenassinds malaenismela nsfudseniuems
o S Ao A ' Y a = ! a 2 A o ' 1 0y
wazAudeun1A PAHs WalunalilinAuLdsssiansiinuaseiieietenatewis Wy Yan seuuinla
A a % & ¥ ! = & Ad
WAZVIAOALTDN TYUUANBY NTELINIZDIMNT Maane 1T Rantle 1Uudu Tudiuvesyuwy B Jaduiuii
aglndifesiuunaaisvezdiannselind wuans PAHs 41w 9 afiamuiuudanududumndngueu C
= & A& ' =] [ a A o = < & 1 <
Wesniiunegluyaniavianaenian waziivssyvunviedmlunensnsviniu agslsiniy
n5lAsuans PAHs 91uau 9 il 1Whdsumenaennardalianuidssoguniniguniu
= =1 v & = & a 2 v a
ajunan1sAinwasetiuandliiiuil Msfnwnisvuideumsivluomadudeyalunmsuseiiiy
UaNWAATUNo19d AN sENUABUTTTITUTINIIATIMasEol wasdiliiuinldasiiniswives
Tuiilas Usunuasitwluenaiifinduainnswidusinanainiusinaasiuiissmvesoninanes

Dutiinasnn ansivwsiasslinivanyassosnuniudimanssnusoguninuasdainden laun fvvasUsen

v v
Y K <

Tasudtuandosauiguusy lnsaraviliiAneinisledu veulindu Uinfsue aenmsdn wuw
Welidn seundy waveravinatesruuUTEan dwaseni1siseus NsEUIunTAn AN @uns
wazn1sdeas mnsanelasuusenarauludinugasdwmasioln ssuunismelasazorafistuide
Na v v ] I a v o g Ya A aa v o g va O 1%
Fiald a3 VOCs danansenusormvts viilviAnseaefeiiands iliiimtdsfaunns vin wi
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