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UNAINIY (Research article)

wWufin1snszanefvesnIazuteanaty PM2.5 luiufidieude sl
Particulate matter 2.5 micrograms per cubic meter (PM2.5) Mapping System

for Chiang Mai area.
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Abstract
Chiang Mai is an area that has experienced smog problems from past to present. The problems in

the past may have not been as severe as those at the present time. This is often heard as "Hazy" which is
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a phenomenon that occurs regularly every year especially during closed air with high air pressure spreading
to cover the area. As a result, the hot vapor cannot float into the atmosphere. Not until 2007 Chiang Mai
has started to face more serious smog problems, making the social sector aware danger of the existing tiny
dust. It has been proposed that the government sector should declare air pollution emergency and make
measures of pollution mitigation and prevention are brought about from the personal level to the city
level. The objective of this article was to study the distribution pattern of smog originating from PM2.5 dust
and to present suggestions for alleviating problems that correspond to the situation in the area of Chiang
Mai. This was conducted through observing and recording the concentration of PM2.5 dust during the smog
season from January to April of 2019 and 2020. Because this time of the year, Chiang Mai experiences the
most severe smog problems. The results of the study revealed a pattern of distribution of PM2.5 dust for
3 patterns with relationships between days and time, namely 1.The pattern of occurrence from Monday to
Friday, 2.The pattern of occurrence on Saturday and Sunday and 3.The pattern that often occurs during
several consecutive holidays. There was also another pattern having no relationships with other ones. The
patterns were presented through maps by using the color scale to represent the severity level for
convenience in understanding them and using them as a suideline for further study. The results of the
study can be applied together with the problem mitigation measure from both the government sector and
the public sector such as turning on and off the spraying system at the right time and place, building dust-
free areas for the group of people at risk etc. These can stimulate the people of Chiang Mai be seriously
aware of the air pollution and encourage them to prepare for dealing with actual problems. Moreover, this

also help save energy from wasting usage leading to sustainable problem solving process.

Key words: Chiang Mai; PM2.5 dust; smog season

unin

AmMzruenaiy (Smog) muneiansazanves] unseaiuluainansosynipsuiaidn (Particle Matter,
PM) Aflvuadurugudnatsegsening 0.001 luaseu s 500 luasou dadunannzmssmasuuuunieu
AINANTENUADHUNNVDIUTEUITU Imﬂsxé’ummé’um’]as'quQﬁumuwm Aty wazszoznaniduiatudy
22099 TN 9INBYRsTUMsUiazaU [1] Faju PM2.5 1uiluifivunadnann dinndvuaynuszana 25 -
30 wh yililuazessansar unzantiigiauveonuavingiduionlalnense [2] nslasududaduazeasuuin

TaivAu 2.5 Tuasau (PM2.5) finasassuuradsnanie inbminanuiaunfkaznaliialsaniaiunela vty

LY

Taquudlifideasunenisunmdnuidaisnalnlunisnalsaves PM2.5 i Tunisdesiunsednuimsunmgniaden

q

oradunmmilsihunieldlestuniesnmanziaunfuazlseiinainnislasuduiaduazeas PM2.5 [3]
funfmindednituiidnvasglivsemaluusinseng vililugnggudsiienniauis Uszasuiuanung
amAgeseaeInIAduwiUnmay SwihliAnnuenlussudilaie Judesudiiuluazessfiazaulueinie 3a

dewaliAavuenaiu (Smog) MiAnUTINgN15ailma7 TngamananiinaInnIsunINmIinaIeUl MsiLey

o

anvnansinunsiiawseuiuiidmsuganiadaly warn1sinindnves [1] nedeyansiadndu PM2.5 Naandes

£% o

04 Weaaudeslni vaansumvAuuaiy vilinswinguuuuvesiy PM2.5 ddnwugadeiunnt lngnuaniy

o

Wnsguivsewalneimun adu PM2.5 lugisfeunuaiusisuwmeusazindidgeaaiutinsfsuiiuiauveasn



NIATIneenans inalulad uazuinnssy uninendenivdug | 3

Ui 3 atun 1 uns1au - Squieu 2567

9 TaogndausuussgaiuniiAnnasgiudssana 4 - 501 [4) Fgusnarfiianneruenatutuaenadasiu
ngAnssuesywd uasmawutaTinwluildsiinnssihlugguds fusunsaufaswiou (5] JaFenldindu
PagananNenaiy

uenafunaodutlymussniamiofifoaintubuusyslunnd Tnslenztasennauds o1ai3umsue
oungedmeusasiindiusinagaaludoutiuvien feidlud we 2555 wulmuenatuduusngdaaudusids
nanafeunnsay denalifaninaunineinaugasaunugtielsassuumadumelafidndnululsmeuiaiia
astunnTlasianzisomiadednl Tnsdgmmmonatuldadmansenuammalpgianznianisviouiiead
neavedn auRwvaNIeN1595135 kaslaymavnmuesussu %ﬂﬁmiﬂi%LflmdaﬂlﬂﬂﬁmLEEJMWIUQ%QSUVL%JG?’]WJ'W

2,000 @1uum [6] vaurimdwmindeduiiulafinszuiuntsuitaym ineyaduluiidgmlndn uinisussm

v
=

Haymmwenauiistuluiiuiisiesiluddilionsuesialdgui Fsnszurumsusamdgmiifieg neundy 1y
nsfnseszuunuazosnihiiins Ul fnuraonamsmiusnuassumaihenmsvualvg vievuausaussyn
ihianuazeosinuuinugudnanadendedul fadunafivarugutuluemauazaneiusuussvomon
Aule ﬁy’aéquzhaammsqzytﬁawé’muﬁhﬁwL?Ju%aawLﬂuﬁummm{]@ymﬂ!uﬂfu’l,uamﬂm Lwi‘fjagmwuaﬂﬂiuﬁ?mﬁﬂ
vagavg Fliusesiufifiuiunlunmauitamiiieiuly waedoddfummusutionnmnniadiu nisils
Ussmnaunszmiindedgmiadugaduduiidde (7
fafunuideifsfesnisinuguuuunsnssaneivesmenatu PM2.5 Tuilufidendedminiglurag
gananuenaiy dunstuiind PM2.5 annisinudeyadisgunsalinaanimeinisdiuds, deyasinaniiin
aunnluiiuiiflondodml uasdoyaiifinisutsiuiiudeuazueundiedusing 1 iodumsiieudiousewing
Yoyaangunsaliilifumisns Auteyaanunasnnsgiu Tnsazuvadu 3 Saanatluusasiu tiefnwizuuuy
nsnszaefaiAntumelul w2562 uas 1.A.2563 uaraaduusuiiiuudiaesfiuansiinnuaenadotues

wiazgiuaa Invanunsadiedeasivsensuldviunnvesymuaiivmenaegadususssy uagaunse

P4
[ a =

Uszgnadldivuuimeussimgmiianasnisimawliuniseguasimassiiaduluswanlviliauaenndesiv

A0UNISAIATIUNTY

WUILENA
1. Anwguuuunisnszanedivesmsenaiy PM2.5 Tuiiufidis gyl

2. l@usuugummsussmdgyminaeandesiuaniunisalluiiuiidoade sl

auuAgulunsine
U583 1NN UUT1809N 180N HIUNISTUTINAT PM2.5 Lagnnaaasuadudasiufieas aantuas
wnuA1EE L aLAAITIAMUTULTILATNITNTEAUA b ULAAEYINIANASAY et aueTolaUakUE NIUNY

[

wnsnsussvndayyannnaigndegiiu Taenndesivanunmsaliinyuase

= ada o
ITLUYUITIVY
S N <

mu%%’a‘tumqummsmaaugag’muazLﬂusﬁ’a;ga AILARDUNNTIAUDULWIEY VU N.A.2562 LAy W.A.2563
I~ U 6 d! I 1 d' a 3 £ ) d'd d' o a a %
Wuszesian 38 dUan FUdutNNinaUIINNITUTNENAIUYBIUNANET INDUINNUITYUWEURIANADAARDY

Yoe5URuUNAnTY Tnelseavidunlulsaztunaudwiolull



NIATIneenans inalulad uazuinnssy uvinendenivdus | 4

Ui 3 atun 1 uns1au - Squieu 2567

VBULIANITINY

mAfeildtmun “Auiideadodml” K 1 Duituiidnw Tnglduundumeaisuduiu 121 wio
uwswmuseuueniieadedlul vionuwiswnusou 3 Jedwel Wuwuavesiiuiidng aseunquituiivan
910 5 $une 24 sva Tnefienuduiusiuanauuiies AfiguuuuiaTiavesussunsludnuaregendunuvu
Winawavidnluyhauludidies uasdedninsusuysyann

Tnsuuusassiiinnnmstuiindeyarmududureaniiznuenatuanau PM2.5 Tulufidioadeddl
Juszey 38 dUnoi Faazgnisndmiifugiudeyaiiielinzsisluuunsnszanedmutiana (41 11e wazd)
waznszarenuulunisdund seillildihdadeneuendy 4 W fieman ety weessuafivnisnmesue
wnsweglunsiesgine iesntadensuendanandudutadendimunililiiazusznevivieyaiisloglu

Jagtudsliiisanadmsunistihuninsesilunsall

P
LY

L rj\\ o

Wanduemisavuan N

¥ '
A a

= = = =~ !
AN 1: NUNANE LNENLGUENSL‘WN

AshUINUNg e luNuRfnw

Nuideiiliinsulweunges Fuluiunindfnssunarsuuuunsdgasdnvasiieiiuiioasninse

o '

A A A

matufinuariineideya lnsuvaduiuingn 3 iuf wariiufigos 11 Auf danm 2



1y a

NIATIneenans inalulad uazuinnssy uninendenivdus | 5

o o

Ui 3 atun 1 uns1au - Squieu 2567

dl ! = a 1
2R 2: veulngaeiiln sl

¥

1) fHuidaadedlvdsaulu neluauwiwmuseu 1 Wadlwl (wanemedudduluning 1)

a4 a o v

1.1) WuAFUaas Nl druatnales duansedst wazdvariesn JaduiuinaunaIuseniaiionnn g1y

Y

v

WYY warvianngd JEAUNANNAIUAADALIAT

GAIHNE

1.2) fufisuathenanu Wuituildlonmiidnsdyesldunn wriagseninegunflvddfy

1.3) fufishuatong Wuiuiiflaanuiiddamansuds W seSou danflvuds vaediidumaasasiiuau
LAZEINAONI TV DML
2) fuiideadedmisounans Reusuuumuseu 1 feseu 2 (wansedudileslunmil 1)

2.1) Wuishuathailen \uiideesaauiisnsdudning

2.2) fufiuaguwm visdureswhuatuan Juguwuegordelugurnuiiowazauiudu

2.3) fufiduatiiu shuadufide suathem suavusstheds Wuituiisjsguiudies Iruurusgends
WNATINAUAT LAz undisgdAgy %aLﬁuwﬂasjwuﬁwﬁ’mﬁgqﬁﬁaLﬁm

2.0) Huiduavinean shuanusmes Wuiufivudies fvefinuazyuvuagodenuuy

¥

3) fufidieaTedmisouuen fusauuaumuseu 2 faseu 3 (wansoduiindunwd 1)

3.1) fufiiuanuesion Muadunsietos Wuiufimudoifimsegeordevuuiy Sfemusgedoii
waglasensUnudnass Mibiin1sas s wiulug i oulas na 1A

3.2) fufisuadunanavinena shuanuedis smualasaniu Wuiufidead uaslassnmsthudnassd
nszmediuey Tnefiuiinumsnssumniarluuifng

3.3) flufiiuadunssuns suadunans Wuiluiiguruegerdeiunans Wugadnuesauulendiifinngls
AnuSIuNsdys

3.0) fiufiduauiifier oAt LA FuavLaAIY LﬂuﬁuﬁmmﬁmﬁﬁmiagmﬁaLLax%i’m

Unit weidlanuiviesiedddgyililinisasasnusdulugisiuven

nsdsauyiguluniide

v v
[

nsssauyigulunsideluasail Wunsnunudeyaiiisitosiunisnszaedives PM2.5 ngudeya

o A

a & a & a d' v Aoy ¢ v v o o & 1 =
DLANNIDUNFLLATINUIIYNLNYIVD VINSUEJQJUﬁGIJaQﬁﬂ"IUﬂ']imwmaﬂﬂ'ﬂu’“\]ﬂ‘mﬁmL‘TIEJQIM@JWQLL@U W.A. 2555 03 W.A.2562



NIATIneenans inalulad uazuinnssy uninendenivdus | 6

Ui 3 atun 1 uns1au - Squieu 2567

FIANUTURIAAUNIIANINTFIUVBINTUAIUANL AT WRE BT Ve IYIviunaTiavuenaAiutunauliny

InalAgeiu Jadinsmanyigiuimuenaiu PM2.5 Tuunfnwiulisuwuunisnssaeinaenndesiuluynd

nsdadeya

nsdsnteyalun1sidelundsdidumsdmateyaranudududuazens PM2.5 1e93lus Haumng
\3aeinAinmuAMeINIAYLIANANT SNDWAY U SW825 PM2.5 Detector $1uau 3 ines Safinnstnanfndalii
Ui sosudfiazdulurennuqesng 4 vesusasiiufises Taew3esil 1 iiudoyalufiuiides 1.1, 1.2, 1.3,
2.1 1A30eii 2 Lﬁuﬁayjahﬁuﬁﬂaa 22,24, 32, 3.0 uaviAiei 3 Lﬁuﬁayjae[,uﬁyuﬁeiaa 23,31, 3.3 099N
waradesauvdlnavesiufinasdosindessuiugunsnl Jeldidesvzanfunanganislugdnganis
Ustanad 10 Wit sautonun 11 90 Tnevimsdnsadeyalusuuuuideadud 4 ads de 1 dasna Fadufualuus
azafandoniu WWusreria 30 u saonounnsinu U we. 2562 LAy W.M.2563

daunlaiAvuvasteyaveaniasy Tneidunsdudindrmnududu PM2.5 s1edalus Suas 12 alus
sroviaan 3 Ju n 2 a1l 1dun doyannanilelgf degilsaFougnayineds, feyaanandgudsens
odval degfiguisandodl uanfutoyalurangnanuenaiusomnvesd w2562 uay n.e.2563 il
mngudoyadiinusedind Sslivieioyacduiiaunimenaasaaudutu PM2.5 fiAnanmstuiindeyadau
qﬂﬂaaaﬁﬂmf}umami wazladnisuy sturnud suazueUna LA usig 9 vU IQAIr, AirdThai, Chiang Mai Air
Pollution: Real time Air Quality Index tJusiu saufiadoyannaniigudidvasauasinousunisinunsuiiiey

el Faiiauedoyaguiuuisealvdiiunie www.cmuccde.org

nsSpuLiiguteyaNUValeyalInTg Y

Tun1saruaa PM2.5 AQI Wuiin1saanauudnluniseiuia 39aadudsunalulasnsy Wmdn) de
anuiAduasvetetna antuithdnnulilasniuliulanlu AQ duiu 1 lulasnsu = 2 AQI vie 1 lulasndu =

10 AQ! 10 lilasnuusniudu 42 AQl udiiloanlulasnsuds 100 udendaludias 10 lilasndu tuduiios 5 AQI

'
=

ity uaslufigafiondu 1 de 1 (1] Tnsaunsadundvdauammoimasefures PM2.5 iumaiuled (8] 4
maiFeuiisudeyaildangunsaiduiusrnngudeyadidinnsednd futeyarnundstoyavesniagludiud
Aot Aimassudisudeyatuas 12 $9lus Wusses 3 5u s 36 $2lus Tasfinrsananuaonadesiures
Uoya1AIEIU LaImAwyiiauaenndes (Index of Item Objective Congruence) 3Mngns 1.0.C = R/ N [9]

R = Anadetoyainundunnsgiu N = Atadeteyasnniaiesin

1.0.C 1001 %38 Wiy 0.5 wanedn Valid/1gla

fegne msfimsandeyaiudl 10 nuaiug 2563

Aadsaadiudy PM2.5 ananniiaSad = 54 lulasniusiegnuiariuns

Andedeyaaniedesin = 52 llasniusegnuirriunsveserna

10.C = 1.03 §anndn 0.5

v ¢

f0g1e NMINTUTELATUN 11 NS 2563

N a

ALRREANITNTY PM2.5 91naanfiasadl = 45 lulasnsusiegnuindiuns

U

LY

Aadetoyannesesin = 42 lulasniusegnuiAriunsvetenie

10.C = 1.07 3311nn91 0.5


http://www.cmuccdc.org/

NIATIneenans inalulad uazuinnssy uninendenivdus | 7

Ui 3 atun 1 uns1au - Squieu 2567

binsuideyaildanaunsaldusuazangudeyadidnnsedng dudeyavnuvasdeyaunsgiu

YaanAsgHulAnLdennnediuiuiosay 95

AN5197 1: WSsuguaIsEIng AQI way PM2.5

ANNTINE AQl PM, 5 a8y 24 3119 A185UNY

(ug/m?)

- 0-50 0-120 A1U1909INAINTTUNANIINS VDN INNUUNR

Usgryuimnly : yAanssunanawIsnuung

21NAA 51 - 100 12.1 - 354 fithsauafiy - anfanssuiildinaiuiy
Uszanguinly : vhsnssunatsdsmuuni
101 - 35.5 - 55.4 gidymaunin : ndnidesianssunarudsiiliiss
150 ynuaglaiiaunu

Usgruinly : anfanssuNaaweniaaIuIu

151 - 55.5 — 150.4 NAUQMEVAIN ¢ IAAINTTUNANDS LANNUIBYIN
200 Aanssulueiang

Usgrruinlby : MANAEININTTUNAIHLIIN FELIAN

2INALE 201 - 150.5 - 250.4 Hidgaunin : wAanssunaudmnile uay
N 300 amuguUnsailioatudloddu

Usgmmuinly : AAINTTUNANMIMNVTA waza

UNINY 301 - 250.5 -500.4* gunsaillosfuidiedniiu

500** NAUMETNIN : AITHNLUBIAITHALIANINTTY

UFuU39131n Chiang mai Air Quality Health Index [10]

MINAUMUUTIRDS

muié’sﬁﬁummamgﬂLl,wmsﬂszmaf}“’mawmﬂﬂi’u PM2.5 umauNufinienw Jsazuansdnune
AYILTUUSITBIAMIETNENAT PM2.5 finaquituiiAnuludaiananiu sonuludnvagresman ieliidunm
ognadugussan Inevhnsdimadoyanududunes PM2.5 51889l Tuusasiiudigos dumssuudnaesnislva
yoawafimmaania Tusunsy ANSYS flow simulation iunissrassnislavesernalufiuiie Wauilay DTM
DTA Ssunddesfianlidelunseusuuagldnulsunsy uifideionaldidnimeusundngns “ANSYS Discovery
Workshop : M53iAsgsimaieanss (CAE) semalulad Real time simulation” e ¥ufl 30 fugneu w.¢.2563
flormstuniigndn wszsui g Taodunmsmeasddnulusunsulutisnansdn uazldannsaih
amitldanlusunsusenunldauneuenls

ndnldgUnuunIsnsEeiuds wansoyakukuiiif s dauguusaig 4 adussaziuiigos
Tngagifunnuuananesiufanmsnszaeivesmenatu PM2.5 Tuusazdas Gatmueliid 3 taanan feil (dosan
wnnaosnnuilnavesiiufiuasdediinidessuiugunsal Sdldidossennandiumsangamildlugdngemils

Useanas 10 wil)



NIATIneenans inalulad uazuinnssu uinendenivdus | 8

Ui 3 atun 1 uns1au - Squieu 2567

1) 92981 Faust 6.00 - 11.00 1.

2) %3918 Haust 12.00 - 16.00 u.

3) %291 Al 17.00 - 21.00 v,

Mnduthdeyausastasnmveusaziuiinfvuadudiade Tnsasiiiomn 3 9aenan de 1 ufldes
uazardidoyarionn 11 fuiretu felimaunuanded (meefl 1) Weazmndensfing i3ssnnenmarluaue
Aan laun Aile1 Aindes ddu duns wazdsing aud ey (awdl 3) Tnsunuiuuudassildazuandsiiiiu
ANudNTUS Maiadeud nsdsuuvasaududuvemuonaty PM2.5 luudazdianan ieuandliiius

anunsalfiinturesd w.a.2562 waz w.a.2563 Jadulnfianunisalnuenaiusunsetiaunnda

@ 0000

AW 3 wansdseaunugulsaldluwnud

NFIATIEYRATULUUNITNTEANEFIvRMLENATY PM2.5

vhuuudiaesnmenmitld mv‘hmﬁvﬂzjummﬁﬁﬂjgﬁu wdmAedsluidazdasnatnirundacuy
wnudl Tnsunuifilddursuandiifuaniumsaifunnssiuluudazdasnavesudas fu fsanunsnaduisnis
\deufl WieguuuuNsNIEILivemLenatY PM2.5 andiatiludaricite warandisueludmasdnle de
annsathlussgndldfuleuesusamigmitdiiumsed imsaldoumieduiunaisla Serlinadwsia

g uargedensnensvosiign

NAN1599¢

mnmsdmateyaluasilfideyauinnet lnevitufinasdasnaiiiauaenndostiu nuirtoya
vuonaiu PM2.5 Tuideafoslnivesd w.m.2562 wag w.a.2563 Faudifisuuuunisnszatedivesuenaiy
PM2.5 aenndosty Tasutadunszeiidsiuiiuaznszsanedndonm wdmnideyeuiisufisutudoyanin
aniinnuamoiniadaiuumastoyaunsgudu Tnglimaisuieutoyaedsnedilug adoe 12 92lus Dy
szevian 3 Yu nuhdeyedildfimuaenndesiuiudosas 95 Jeanunsalddnadatuanunisaladld

MNULUUMINTEINETa 4 ngu anunsniiunsuiindeyalundasiiuiides (il 2) udninauer AT

Tnegukuunsnsyneaang 4 sUwuuiliindunuiuwazdnaiidaiul Inglanvuadeisunudas JUkuUD

Yudueie “CmSg _” Ngoun9n Chiang mai Smog kazuvuAIANFussItulAasiuiaed Mi3eamn1useauan

ﬁE]fJ‘l‘UWWlI"Iﬂ FIRNTNN 1 haznIn 3

4

1) Msnszaeialuiudunsins (CmSeA)

Wuguuuiiadulugisiudunstenns Wunisnszaeiesnainaudnans nawiuguuuudaaulugas

v '
1 Ay =

Yrenuuanaiulusiuimiilanarailesnauasnseanemlldiundnanesuyien fednalmisadaalnisaunans

U

waziiloadedlydseunaniiseduAUTULSITIALTY TAgRanIzUTRIMMLINUUEEVANYTY 5 ldune Fradmuady

% a o £%

JULTIFIFANULUINUUTYUARBITAUTENUTIFANUABLENN dDAATBINUANINAIILUNABINAGILAL MUY

vibinuenadu PM2.5 Tusaudegluuinaddaduiunvll vasiviciieldly sanegiilanatadieuwnu uas

gavhelugiminuanuudsuniasdnase Weiunlananadedinuulsanas vaeinunlagseudseauay



1y a

NIATIneenans inalulad uazuinnssy uninendenivdus | 9

o

Ui 3 atun 1 uns1au - Squieu 2567

JULSANTU Tnglmzaunwnuuaeranfioenanendesmiludiiunmuiios Feaenndesiuan1nnisesnas

Ry o 2

99Uz INTIUNUN Nn1sdyasnduaninendeaineiuliio

Y

g : 578 < ~ > (<~

- _’,;;;——-}——-"" 3 o i B

201 (a) atina () e ()

AT 4: uanaguuuy CmSgA it (a), U1e (b) waga (o) mudsu

2) NMsnsgaeiiluiuasiageniing (CmSeB)
Jugluuuiiatulutuansuazending Wunmsedeuiilumuiianis Ssaunsodunaldananusunse
seAvannaninsUasumunidluyniiaia Suanndiawmtevedanatailasluting vduammsiiangJuan

wagdield lugrsuneuazan anunsadiuguuuunsnsgaediladaau Inednuenaiuisulsunaqunasnneiu w

1Y

HunnfiausuwssgeniseAvaunsivasTudegngluunauuanlavdedya 700 U vioauuiwumusounaaves

sl o o

ol Fadugrumndsdnddey [Wunfsweinain veassndum Lazurawiosflgalowis Sedennassiung

Tgnuiunvessennslugisiuneaasuazeriing

s ()

i:ﬁn;i;ﬂ_ (a)r . 'ii;alxiﬁsl (k)

A 5: Uansguluy CmSgB 93aid1 (a), U1e (b) kazen (o) muasu

s o o

3) MsnsEeMYNgaTUa Ml Funeaindngnevse Tungaend (CmSgC)

i

a P ] | @

JugUwuuiiatuludniififuneeafaseiuriesonitiungnend uaziduguuuuiifianuuusigsiignain

9 9

LY ]
ad adaa Y

14 3 UUUU Tdnuwaead1efiuguuuu A uag B Tauiu uddnsesiiiuiniianusunssdugineuntiuldlaisedu
ANUTURSIRAY N URsulinudaAsedinuTuLs LN AUAY %ﬂLfJumsLLmmalﬂgiﬁuﬁiﬂmau
| A2 v o= v o f a1 w & 2 & a R &
napntIIAiuTuindeya 38 dUai ddseiungaeivivau 7 AT uasiinguuuuiiianun 5 ass lag
Praafidanuiuusiguuazdaauiigafedisiuneaiudniwazfuasnsiud ludouuweou w.a.2563 Judu
Prananidnvesfigrduiusndiandudendedni saufsUszansiluinumsiuilainunndugidiu

ADAARDINUNITANINVIDALNE



NIaTImemans walulad uazuinnisy unvinendenwdug | 10

Ui 3 atun 1 uns1au - Squieu 2567

danda(a) saina(k) s ()

AA 6: uanaguuuy CmSgC it (a), Une (b) waga (o) mudsiu

4) Uuvuiivsingduuisnds (CmsgD)

o U s U

sUuvuilinfnduluiudiansieiuns, Juans wazfuansteiuans Wugluuuifinnusuusmaneiuiuag

3
Ao a 2

nszedmlunniiavng fewaznszangeanludnasiludisdaun viliisnsiuleninan Aelumseenluviianssuluy

Punalag
4 =) RS
gl a) dntina(h) dnenlc)
A 7: uanaguiuy CmSgD ¥t (a), Une (b) wagan (c) nuasu
afUsena

°

PINMIREILUTIaeIMenmIULUUNISNSEeR I dsiuTivetenaty annsadwungusuuliilu 4

' ' '
oA a v

nau loun ngud 1 gunuuiifiaudedreduludieiuund Fulnfetuluiudunsiensdadunisnszaedieanain

B3
gudnans nguit 2 sUuvuidmnudadefuluiisiungaianiuazerfinddadunisiedeuiluamiian nguil 3
giJLLwﬁﬁmm;uLLi&ﬁmw’ﬁuﬁwﬁu 5 nds mﬂﬂmﬁﬁi’waﬂmﬂmaamiaﬁ'uﬁ]unammai’uﬁ”’mm 7 oy 1Hunns
uiveglugiuilassou waengud 4 1Wuguuufinszmedluwuumanilden udliaunsneduisnnuaonades
dufives TnewiagUuuuiiies 5 ads wuderiunguil 3 udimssiliaunsnssyteiuiiinfidmauld Seild

Wnsalunsiesizid vueidsuuuuiidnifedududszdn 2 suuuu Taun 5Usuu CmSeA \intiu 176 A3 way

Y Y

av v

JULUU CmSeB 1AnTu 64 A3 Fululumuinguszasdnuidefidesnsfinvizuuuunisnszanedivesmaenaiy

PM2.5 meluiunfnuiileadesdval ludiggnianuenaiuresl w.A.2562 uag W.A.2563

dyuna

mnmaifudeyaluiiuidiondedmitiaggnianuonaiu wnse - wwiow) T w2562 uag W.A.2563
WUFUWUUNINTEAEMITvBmNaNATUAIL IngUIEaAnudde 3 sUkuy ol

1) nanszaediluudunienns (CmseA) Sdnvaznszaefeenngudnasaniiuiifidarududugs
luditufisou Tunaeiifufigudnatsarannusuisasmugiam

2) nMsnsgaediluiansuazeniing (Cmsed) Wunsindeufilumuiiamsaniiang unnidoanile awn

a

neiuniviegfialdveiles



NIATINeEnans inalulad uazuinnssu univetdenwdug | 11

Ui 3 atun 1 uns1au - Squieu 2567

%

3) PrvanduninifuneaindngndnseTungaend (CmseC) Wumsuivengaendiiuiilneseu Tnefiiiud

Augnadlilafienusuusianasnion 2 sUkuunaunt

dalauauug

Jumsthiaueteiausnuz g duiiuiideadodminuinguszadauiseds 2 Tasdredminuand
sUuuuMsnsEaeRmLenatu CmSeA uaz CmseB iumdn esandnsinduussiuasasouaquiinussdriu
TuanefisUuuy CmSeC uay CmSeD Tuudfaziimnusuusannnd wileniafitiosads
1) wuamsusandamnluiudunstaans

a

1.1 19839970 CmSeA Pt dunuenatuiinsswdunnluiufifineesgivmn Jaduiuiivfflanuna

a1nAgargangin Jsludndudeddnsinhdadunsaneamglidsuiinman wiaunsausululdinaugs

¥
o A

91 videadviesasnrudmiusesiulstrnanguidssiiuiuiiniauguussdamngaundn Wy guésions
uauiaien guvuamn anivededeind WWusdu

1.2 §1999970 CmSeA Fasue Liesnduuenatunszedaluyniiui nsenzlanaradiondedlliia
AruguLs LTSy annsausamigilasdanslfauinasnmnedts smdssasduensmiionn
maengulidisiuareoniiuanuguiuluemAaanseniings

1.3 8148997 CmSeA F3n Tawmudnananmnisasasiivuuiy Ssmsdeldnussuuiuazesni
pauauuEendnduuTnadiesdedlndsounandluoufsseuuen uasannsaRnRainaNgADINIARIIMINLEN
ddnyil Wi matenmanin Mauensaulvn ynawenausdu natennemse s
2) wnausstynriuaisiazoiing

desnits 3 dasnaniinuenatu PM2.5 Unaquyuuswnitud Ssanunsadanisléaumiasnmsussm
Hmldmaeanan utenalszanddalinuduiinugeidussiuauns Weannsliwdsnuldiduiy snsituisu
orndeldruldmuaniunisaiuagenumngay Tnsaunsodalfnussuuniuazossiuasinaugaoinimiould
MUNNINTELAIVOMUBNATU PM2.5 szauduag Ingd198991n3uiuy CmSgB (A 5) Faadn (a) ¥asune (b)
LAET3AN () MUY
3) wwnussndymlugieiungnend

$198991n3UuUU CmSeC lasanifunisuiveglgiuilneseunasynituidiuilufenuonatu wandls

q

@ ! a [ a 1 1 a o t% 1 ] 901 =) L
WiuUSamuenaiy PM2.5 fuinningaanaiund vinlinsnisussimtymedeniswuaz ool NIDNARUGA

P

91n1a e1alduanskannidn F935nsuiieffigndelidnisesnluueniiinende uasdmsuliilungudesiang

N o v g vg v oA [ = o & v 1% I3 1 - LY
wWasuiinendelnluiesiivasndu mindwmdnduseseenlutrauenimsaiuniininiiawnsalesiuduasess

e

1NRsNsNaanRdaInULlpTeelury

anunisalnuenaiuvendeadedmidnduiuinianusuuse Jsndudesiliuunnsnsimnsnis

o
o @

Syurdu Nans waze lneuuimsussdaymiminzaudedondedusl Jaiadgymmuenaiudulsesuasings
Aiiuey Ao usTmUgniintudsedrulilaunniian wu nsruazessilueinialigniigniia nslaldeu

Wnandndgaainialudiiafidannnuguwsias widulvduumenisianislymiuszerens wu nmsiniuingd

Won msdanslgminirfinaeie



NIATIneenans inalulad uazuinnssu uninendenivdug | 12

Ui 3 atun 1 uns1au - Squieu 2567

1) 1195N1INIRARITEULIEUUTLAY DD
mamsUnasesdaiadedudldinnsiadessuuniuarensimumasenddaysi FUshAUTER
wazuddluiuiigiios flanmslinunasananazilvauddenilaglisndu famnsausuvdsuiuiiuasianld
Nulasfnwainguuuunisnseredala
Tnosvuumuauiulasnisdnvenazesniluiillas iaanuudamstdaduiliaanndesiuuaslss
iy ﬁmiﬁﬂmmmﬂazﬁm%mwmﬁw’iué’wmiﬁwama:aaaﬁwﬁaammﬁaLﬁauﬁmwumuamﬂwwﬁu 9
desmnifusruviignesnuuulildeuldlui Uelds uenaniddsannsndsuwidalugiuuusig 1 deiden

sULvuImganfiufirnanndaindes [11]

AN519 2: FRRYNNUNTIMLNLEUADNSUA MU EUUNUAL DBILN

T/ m Funs - Ans s - aniing
dradh  Mufituendles anguugifiuiisoudng e suwuInam ussves viman
anmanszefgiuiiiles sougslowavauudu
dute fuiidleadedlmiseulu uarseunans fufidondudmiseulu warseunans

WAl UA AR UL D UL VSN INUA WaldauAuNauLuInULaIenan wazuinig

429 Lown umegualld dumsgidunmsgees  Hirlduavnz unnveuiieadeddng 1wy guaudng
asiin ldumegdumung dumagany AU YUIUUIUAR YUTUFNN
EIVRRT QRN winededeslal aunu eyl gusuu

Wig B NBANSALAYEILNDNNAS

wafinininay  Paannuusssuiuiingflussezdu wazenaiinlonaliAndunnladntdes

Rl

2) maRndssruUTinaugADINA
msaﬂs?ﬂﬁmau@ﬂmmﬂLﬂuLmeaﬁQﬂUﬁﬁﬁmﬁgﬂLLm'L%Imh'mgﬂ’]iiﬁLﬂiuLﬁmﬁ"mzuuazaaqﬁw lag
ansoldlituuuinaugrenneiluinzantunslénuluniutounieiuiite Ssdudnmavinureaiesd
avgronadeluiiuil e msailawes srhunssrunstiiansluedondiedsuliduonefneuldesu
oonly [12] Fsannsosniiunslédenumes sudsannsathinfasmuenmsiiinedoiioassiosaonduls
wazwuuinaudnsgaoiniafifiszuunsesornimogniglu anusavhenluiudl Jnldeld ludnusmsvouionses
1MA LLaﬂumS‘UﬁmﬁjzymsxﬁuLﬁaamsamﬁy’ammmqLLaﬂﬁﬁﬁ’zy muq’lﬂﬁuszwﬂuazamﬁ’]
Tnenafimainazlesuieduldluiinmafofussuuniuazessin Aodunsussmdgmsuuanzia

HenszevionauiitutuliuIues Fesdaldnuluginaiinuguwseivssauainaweiuly



NIATIneenans inalulad wazuinnssu uninendeniwdug | 13

Ui 3 atun 1 uns1au - Squieu 2567

M19199 3: Megeituinvuzaudenslaliinaugaeinia

Tu/ Juws - Ang \@1s - 09ing

dradh  UinanuudsuenesaUseyuuaziiu AugTIYNT Yuvuiu gusuingw guuinng
URNGER YUMLDIFUE
fute Aufidondedmiseulu uarseunans Aulondedlny ywyuduan auuiy
Aeniay NMsliihdugiinnanl
tam  Weldnuduisumaendidy maen  guleadeduel aunndu yuauamw gurumus ey
maiin masensinlyn mesnauudy  Suneasd sunenang

NWYANDINTIY

HalmIAg1  HiwanaugukssluiunIngilussesay

LANVY

3) wasnisnisugnauladangu

Wunstedaasuannsnisussmdymou g Namnsadwalaluszezen lnedennssalinuangauiu

va o o

anmomealuggmanuenaiy aunsadenlsidusuiiinuaudAsnduiuldfuugnauunauuuinaiinenady
suuse Inendenuinadliaonadasiugafifafesy uriuazosnir frsidumaiiveuduivlueinmanastaesah
suldflulugh uazanansnUgnlinszansdmiuitegendelviaenadostuiiuiiaeadulditudu Inefivnsegaauazdae
snduduld msglassadsedluiinmuazBondudou wimndulidosasdniuduldunninlidu imsediuialy
wnndsuliBu ednuarlufidondn Su veru fvu viefnluimdenerhliumeRnluldd daude fud
Massasaiuiuegsadududou Tdntednduiuliguiu 01f usinmd asafun Tun WWusiu (13]
lnggggnianuenaiy ﬁﬂLﬁﬂsﬁumﬁmhﬂﬁLﬁmﬁwﬁ%@hﬁumiﬁmLLsiqé’Tulﬂuwmmwmaazﬂjﬁaaﬂ%
Fadumsdaudsinniiuned iliduliiigndamdoudduvesdduludnuuradenelsl Feesiinsuiudou
AwAnREfunMsiaudsiuliideml safeuslimnudlaunidmihiniidmuites Uaselvmlilsilena
vhuiivesiuAeniseneniatisanuaiiy wafiniainazldfueidunsanuafivluszezenlagliiadeaen

2INANUGTTUYIAINYIBL T

a) mmmiﬁuﬁﬂaamﬁgu

Huituiifitsananudsslunisgn PM2.5 Whgsane leedentesivinsanundsiniaduarons uagl
fuvasiuinuafivneluies viefanssuduiiduumasinianty, msdenviesiiiiuszguaswihensiisiiulesian
dieanmsuanivdsuvesenmameuenidnaluenans mnviesfindesiuennamsdentiesiu luiffan i duumds
avauvesiunelures 1wy wesiiaes in3eueu nau 1udu [14] WSsuduiesuiuemaiansoyhianssui
aoandosfumssiuinusysnuld wu qudens esaun mauanu WWudu Tnevhmsfindaeiansesennia
wazdiulassadurudsanmgdimilassovlfaznndomstemeina Seaunsatmuniiuiivaznanadeld
sililavaenndeaiuianssuvesussrvuiundn Tnsnaiimninazldsufoaunsaifinanuiulaliuss vnsngu
Aedludedlu warandgpmainduaelsamaiumeladfistuld wWisudumsaisiiuiiveusdelustainm

nge



NIATIneenans inalulad wazuinnssu uninendenivdus | 14

Ui 3 atun 1 uns1au - Squieu 2567

A15197 4: FegeuNmIzausen sUauUaenHuy

o

T/ e uns - ans \@1s - 09ing

aunufiun 700 U audsnwnis vedseyuuas  aaindulivey anilsalwiedll

WARSALAUILN YA annflvudadesiui onwn 3
P wwInendendesinl auasITEAENIay

wInedemnalulagsueaauu

pantaien patnaunes saedsiau  delanluil deaiunen daillnsen Snldvads
IR WINEIREIwATedlul Ismenuiauns  Sansedst vefauinusssudedlnl

T9A 15 INEIWIBUTY

auudu mavtauasBedlul weviagnn  aundu auueuhudednl auuauiuisane
PUM AUIEEUNANY WAUAUBNES WALk guenuvasImgny uytume

Wiy

£ 17
=

Hafiand  wasdyynisifegielsamaiuvmeladiugy Inunvaesededmunguides

ANV

Jarausuurdnsuiduassaly

nshnudTeiiinanmsdufindeyaninusuussvesnnentenaiuiuileudedvtdainddviinanm
91na lugisggnianuenaiu nadnsiuduaruduiussenineiuiidanususswazionssufidniuluiug
1 ! I o w
aanaduanngy

Tuvauzfiaaunisalvuenaufianugunsunniu uinmanvalileadedwiludewmenaiundunaieidu

a a = & e v a & ° a ° d
Aun Wesnniluusingnisaindesialulsedmnt anvadallgvnlsassuiauiunsn o1avililasvateaua

v
[

aszmindernudunsevemuenaiull fieudesmslidinunduanfiuiiiusesiidnass Tnen1s3deiiduiios

fegeguuuiiindulu w.A.2562 wag w.A.2563 sty wiviasiausslevdund@nwdeluliunives

wialinsusamdgmiidilivegtiuaenadediuaniun1saiaswngdu wasihannanianlanduAudileadesdnl

1aN&E1581984
1 AsUAIUANNATY. $30UTANATYNI@INIA UMISEU LUIAA LagN1TIANS. NTUNN: NUNTWURYYS; 2553.
110.

o

2 NINTIU ANAA. thfuiitiadomaislsaszuumelalufiuiisuneiios fminveuudu. nsanside
A1TITUGUANENS. UMINNFBVBULA. 2563; U7 4 atufl 4: a1 - as.

3 U9V Yauuaianng. nasiegunmvesduazeatlueinmevuialiiu 2.5 luaseu nalnnalminlsa uaznis
Snwishemsunmdmaden. Mnsansmsuwmdunulneuazmsumdmaden. 2563; U7 18 atiudl 1: 187 -
201

4 auns Junse. uwasiiln nansenukaskINIIdaNIsHuazeas PM 2.5 UshiuniawmiiovesUsemelne.

MyasaInANtindSY. 2563; atuTi 25: 461 — 474,



10

11
12

13

14

15

NIATIneenans inalulad uazuinnssu uninendeniwdus | 15

Ui 3 atun 1 uns1au - Squieu 2567

Kim Oanh, N. T. Leelasakultum, K. Analysis of meteorology and emission in haze episode
prevalence over mountain-bounded region for early warning. Science of the Total Environment.
2011; 2251 - 2271. DOI: 10.1016/j.scitotenv.2011.02.022

99938 ANsUsIAIUNS. LwInswitgnmuenaiu dusudmiadeddnl. 15a1snunIsusnssgiouas
nswles. 2558; Ui 4 atudl 1: 72 - 105. DOI: 10.14456/papo.2015.3
wihegdfeiionsdanmandanuuasiasugine. nadhsrTuasieuselyvvuenatu Tnsiedomsate
ANAMEINATEUULEUEeS DustBoy Tudsuinelne szegdl 4. aatuiveneansuavmelulad. ol
1IN elyd; 2565.

nsuAIUANLATY. MIAMUINAYTAMNANEINIATIETUYEY PM2.5. 2562. 971 http://air4thai.pcd.go.th
Rovinelli, R. J., & Hambleton, R. K. On the use of content specialists in the

assessment of criterion-referenced test item validity. Dutch Journal of Educational

Research. 2. 1997; 49-60.

Chiang mai Air Quality Health Index. m13519USBULBUAITEWING AQI ag PM2.5. 2563.

g
- °

YA UIUNIANATY. WUUT

uWIAINIAINNING1S; 25642, DOL: 10.14457/CU.the.1999.69

TapsnaransvasszuUmAndulunilalddagnislnvenazeain. nTmn:

Insiidn Weney. “dndiden” Winaugaeiniavunaivg. 2562. Auduiile 2 Tguieu 2563, 30
www.usagroundwater.com/

ufivin Wugnssa, Asey 83, Msdnduluazeswwadnanatuguieiivlueans. 1sasdnumans
wazay WM LFams. 2564; Ui 6 atiuil 12.

nsueundie. wwmsaauazdesiunansgnudeaunmanduazassuualiiiu 2.5 luaseu (PM2.5) dmsu

annudnw. 2563. 30.


http://www.usagroundwater.com/

NIATIneenans inalulad uasuinnssu uninetdeniwaus | 16

Ui 3 atun 1 uns1au - Squieu 2567

UNAIHNIY (Research Article)

N1375299INTEAVAMNGEUMINTWUAYUBUABNITUTLUIRNAN AN
Measurement of floodwater levels in urban areas using

digital image processing.
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ANEATY : NIANWINTEAUANNGIIN, MTUUaIEN, MIUTEINARANATYA

Abstract

This research aims to study the methodology for calculating floodwater level in the photographs
of urban areas using digital image processing techniques. The methodology can be divided into five steps:
1) data preparation 2) noise reduction 3) edge detection 4) extraction of vertical lines, and 5) calculation of
the floodwater level. There are two distinct study areas that variations in the appearance of edges. To
simulate flooding, water is manually added to the images using photo retouching software. The
experimental results show that the error in calculating the floodwater level for the first study is 7.44 and
55.56 for the second area. The higher error rate in the second area can be attributed to the presence of
the objects with vertical edges, such as fences and columns, which has greater presence compared to the

first area.

Keywords : calculation of floodwater level; Hough transform; digital image processing
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pondiaa Bandrdunnleleananninadiadnlenodudnalsd annsmnasudeds Modified alcian blue dye
dlovnaeulnsnsmzdsduswnaivan Mineral salt fifis PEG 60000 ansidudu 15% lastniin/J3anes it
$rasannziaionth nefivesdudniamdn EPS Turs 6.76-45.02% dedmdentdlolaan MuD01-2 Huuuaiide
unsuvangUvion fdnvarlaladifudondy daunsondndnlomedudnanlsdliuiangean (4502 + 1.15%)
faitlelelandandmanunsanudeniizaientinlégs Tnefusinawad 9.47 + 030 log CFU/ml 9Innnziass
Hunan 6 fu Tuensideadowad TSB iy PEG 6000 esidudu 15% Tnenwiin/Usinns Sawaillalalunnsig
ogailduddneada (p < 0.05) fuyanuaulildin PEG 6000 (9.23 + 0.15 log CFU/mD) anndeyadilalu
aAteiuandfifiuinge Mubo1-2 fdnsnmgslunisimunduiidonuafifonuudaiomsUssgndldlufiug

aunaldsald

Addey: TslonuailiSenuuds, Wnlewedudnalss, Auaiunaldl

Abstract

Exopolysaccharide production of rhizobacteria strongly affects plant growth and drought tolerance.
This work aims at evaluating the ability of bacteria previously isolated from the dry region of orchard soils
in Chanthaburi province to produce catalase, oxidase and screening exopolysaccharide producing drought

tolerant rhizobacteria. The findings revealed all 19 isolates were capable of producing catalase, while 8
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isolates showed ability to generate oxidase. Furthermore, all 19 isolates exhibited exopolysaccharide
production when cultured in a mineral salt medium (MS) supplemented with 15% w/v PEG 6000 to simulate
drought stress. The results were confirmed using the modified alcian blue dye test, with percentages ranging
from 6.76 to 45.02. Isolate MuD01-2, a gram-positive bacillus with a mucoid colony, was selected due to
the highest EPS production (45.02 + 1.15%). Additionally, isolate MuDO01-2 presented high tolerance to water
stress with a cell number of 9.47 + 0.30 log CFU/mL after 6 days culturing in Tryptic Soy Broth (TSB)
supplemented with 15% (w/v) PEG 6000. The results of water stress tests were not significantly different
from those of the control without PEG 6000 (9.23 + 0.15 log CFU/ml, p < 0.05). MUDO1-2 showed high

potential to be developed as a drought bioinoculant for application in orchard soils.

Keywords: Drought-tolerant rhizobacteria; Exopolysaccharide; Orchard soils
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daiden 1ng38 One-way ANOVA uaziUSsuifisuanuuanisuesaiadessninaynvaaifieisves Tukey’s HSD
Multiple Comparison test 7 sz ued1fey 0.05 (P < 0.05) Tneldlusunsy IBM SPSS Statistics version 26.0
(Armonk, NY: IBM Corp; 2019)

NANTIY
nmAFaUUNIeIALASIATILAZ RN TN

MnmameaeuUfAse e azaanazeandmanaslsleuuaiiFers 19 Teloian wuinloluanliuavinly
nsvaaou laeddiuiu 8 lelaiandiiaufAsensanisa (+++) ldun KhDO1-2, ThDO1-4, NaD01-2, LaD02-2,
MaD02-7, MuDO01-2, MuD02-5 ka¥ LaD01-2 nan1svadeuufiseneendina wuind 8 lelaian Alvinauan loun
KID01-2, KhD01-2, ThD02-2, NaD02-1, LaD02-2, PoD01-2, MaDO01-7 iy MaD02-7 é’asﬁaaﬂauamﬂumiwﬁ 1
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181%[,’[31/] NaN1INAEaU NANTIINAEDU
ASACLaE* ONTYLAE** 1@1“&6‘” ATASLaE* ONTYLAG**

KaD01-2 ++ - PoD01-2 + +
KaD02-1 + - PoD02-4 ++ -
KIDO1-2 ++ + MaD01-7 ++ +
KID02-6 + - MaD02-7 +++ +
KhDO01-2 +++ + MuDO01-2 +++ -
ThDO1-4 +++ - MuD02-5 +4+ -
ThD02-2 ++ + SoD01-1 ++ -
NaD01-2 +++ - SoD02-3 ++ -
NaD02-1 ++ + LaD01-2 +++ -
LaD02-2 +4++ +

e * Uinsenavasiad : (+++) anessfiadaunn, (++) arewdads, (+) devewdat, () liiianowda

= Yffseneendiad : (+) AnUasen, () ldiaufisen

¥ < a < I3
nsnagauNsaudnlanadugnalse

NanN1sNAaaUANNaINsalunsRAnEnTanedudnalsdvedlslawuaiisas 19 Telaan 3nnnisneaeu
Tolaanaz 3 91 nunlslowuaiisewdazloloaniaiuaiuisalunisuand nlanedudnanlsawanstadiuagiadl
Weddyneada (p < 0.05) Inglaloian MuD01-2 ansnsandn EPS ligeiign (45.02 = 1.15%) lelwian NaD01-2

an EPS lasnfign (6.766 + 0.72 %) Asuandlunini 1 dmudsdndentianizuuaiiiselolyan MuDO1-2 @iy

ludusiol
nsnedaulutunby
ab
50 < a N
abc bed 45.02 + 1.15 e 4zBax
a5 4 40.51+2.66 178
4001 %159 37.80% 197 def cde
40 4 de de de 3145+ 34.85 + 1.9;3
.. +1.89 . + 337
55 | BRELE, 3252+33 < 410 otns
fgh fgh
2464+ hi 130
30 Jeataz 2471+
3.26 20,01 =
£ 1.00 h ‘ 169
= 25 4 ! 3.57
LF 1.67_* 0.5 14.88 +
20 4
1.44 )
i J
154 676+ 1.25%
10 4 0.7z 0.07
5 4
o J

[N VR VY ST VY S A A VR A ¥
AL P R L G G AL
\_,p“ FHF PP TSP PP

A A % ny
5 a° \n’ % \—\' qQ -\:1’ ¥
i = fLy AP AP S 9 @@ D

\}’D \33 @0 \!\\5 gJO ;,)O \:D \:D
lolaan

ad 1 Wesifudnisasradnlanedudnailsavadislanuaiisena 19 lalaan wizdedluaimswad TSB
luanmednaoanIuntidy PEG 6000 ARdudy 15% tagumtin/Jsunns uuiiainuisa 200 sou/uni
gamniivies iWuan 4 Tu Teyaiuanseglugy mean + S.D.

Y

NUBUR F9NwINF1aU Eneds dauuand1ameadifiiiseau 0.05 anmsiUseuiisulneds Tukey-HSD
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n9e3gyvaslslanuaiiselalyan MuD01-2 Tusmsiiu PEG 6000 Ansdudusneiu

Hanaaeun1siasgyvedlelelan MuD01-2 angwugniiuszdniamlunisade ers lagegn luannizdnaes

q

'
a a

wSemuanenefiu wuinmsiaSaveateluanisiiiu PEG 6000 Arsdudu 15% Tastniin/dsues fusue
\ad 9.47 + 0.30 log CFU/ml @ dlaiumnsnsegeifoddamisada (p < 0.05) AuyanuauilailAy PEG 6000
(9.23 + 0.15 log CFU/mD) Tuniansemudusd ot uaaududuves PEG 6000 wui 1@ e MuDO1-2 &
Msiasyanas Tneflusunanead 8.66 + 0.25 log CFU/ml uaz 8.22 + 0.16 log CFU/ml luannagfiiiin PEG 6000
gy 30% uay 40% Tnsthuin/usins muddu Fedinnuuanseiusgreiiteddaymeada (p < 0.05)
furrnssyuendeimizidoduemsvas TSB 7iiiu PEG 6000 avududu 15% Tastmin/Usunng uaz

YAAIUAL Aawandlunng 2

a

ab 9.47 £0.30 be
10 - 9.23 +0.15 B.66+0.25 c
2.22+0.16
8 4
,g 6
>
[T
U
g 49
2 4
0

Control 15% 30% 40%
A1 dudY PEG

A9 2 USunanwaanidinveslelaian MuD01-2 Tue1misivias TSB Miu PEG 6000 AMLTNTUANSTY

Junan 6 Tu dniegnnglivies feyafiuanseglugy mean + SD.

'
ada o

AR FI9NYINA1IU Magis IAnuuanaavneanansgiu 0.05 nMsiuTeuiieulagds Tukey-HSD

anwaznsdugiuinervasleleian MuD01-2
INNSANAN YN dugIngvedlelaan MuD01-2 Faluseansainlunisasne EPS igean lng

mMswnzidesuuiaviie msuds TSA Uniigamgiivies {uan 24-48 Falus wuilaladvendeddnuuiluden

v
a

{811 (mucoid) gUsnax (circular) Amiiiau (smooth) veuidsu (entire) lalaonduuuiadygatudniosan

o

Hmems (raised) Ineglunguuwuaiitiownsuuin uvieu (bacill) dawanslunmi 3
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(n) ()
awil 3: dnvagmsdugivewedalall mnzidendounenmsuds TSA aamgives iunan 24 4alus (n)

waziwaavadbalaian MuD01-2 Afnaswene 1,000 Wil 3nnsdaudnnsy (1)

aAUs8NaNTINY
nmsUssliunaandilunisitueyyadassuarnisudndnlenedudnailsdveslslouuafiienAnuenin
nAusousInigluiuwiuwdwesaunaldludmindunys nudms 19 lelsavansoasiveuludanziadls

=

Tusnuutdl 8 lelaaniliNauINfon1sNAaaUaNTNa @annasdnyu Hussain wazAne [18] FanUNslawuailse

o

4 35 Telwan Adausnnfiemsnatiaunsnainsezasadlduasidnuuslaladdudonsudadusnumeddy
voudefindndnlewoduinalsd @1 Ashry uazaniz, 2022 [7] aguiilslauvaiideifanaudilumsainnzias
waveendidasdieussmanisaieasendnduliiufiviivind fnafiunsiiauaznisegsenvesiiglunidzusi
uds osmnlunmzmeiiivinifsanedsneendindu (oxidative stress) ilosmny3un ROS fignasianniu
Jufnanuldaunaiussuudiueuyadasevesiiy vili ROS luvhaewadlangnisiujiseduanstiluanaly
wad oulwingnziaanadaannlslsuuaiiSeaslugeaas H,0, Inaeduiiuareondiou Sadunisanysunm
ROS Tuiwadiiy InseendinadueouluifissufAssinmswudeidnasounnansisiuluduanasendiou uasd
druiefestununueddunaznistidnansiioraiudunesoisad
nanageunsasrudnlenedudnatlssveslslonvafiSefmadoduanziasuasomidaenisiiy
PEG 6000 manandudu 15% lnevhmdn/usunns wiedadndosaluda (osmotic potential) -0.70 MPa wudnsia
19 lollanaunsananlanedudnanlsalalugag 6-45% 9 nn1svnaeeurieds Modified-alcian blue @onnAdesiu
iwEJmu’ifﬁadawﬁwﬁﬁwudwLLUﬂﬁL'%EquLLﬁaﬁagﬂumwm%mfwmmaamﬁmLSﬂIﬂJW@ﬁLLGﬁﬂm"Liﬁlé’ [18] Fadunaln

o ' & o =

NéAyrentsnuudeedlslauuaiiise lneWeiindadnlanedudnalsainisasslulefduiusinity vinlideatu

N

wadnamzuidwashlildfuasemsuazihegaitane lurusiersufivldsulsslesivildannse
wWigdvlaldlunmenadidesnlulefidudadumafuinhuinuseunnuagiu daelumafuinwauiu
Tumnuagiusey anmnsadieiuinahlifufimwaranmsggdedriumsssme [19] wwailSefiadns EPS ung
awuggnuindautAdiueyyadasy fansamda ROS uarUnteuwadivainmiuiaieameeendindu uas
dananan1sAtuANges luuLazdId AT e VeI Y Aanssuresnuafisemani lulsusinitvanusoiiu

ANNUAILNTO LUAITNUNIUADFNIZVIAULAE S NEINTSHARYRINYLS [6] Tanaainanuddednuinlelaan MuD01-2

a

anunsandadnlanedudnanlsdligeian (45.02 + 1.15%) wazlinnsadergaziaaUiunmun lngaunsanuwasle

q
=

g9INMINARBUNUUTINAUYAGATINgaTe 8.22 + 0.16 log CFU/mL lun1iziaemiiilifin PEG 6000 Aadudy

U
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40% Tngviwiin/u3anms (-2.49 MPa) Ineitfefiliunuaiieunsuvanguviou Alidnwarlaladidudonduannis
a51amedues T nuazndseenuenwad @onndetusIe9uVes Bogati and Walczak 1wl 2022 [20] 714
wuaildounsuuanilasadwemiinsadivsy noudretununvesnUilalnawau Sohldnusenzutudsle
fntuuafiFounsuay dliluansniasnunduuuafieunsuuinuinuseuiniitligand Insanzia
vidadafiadraeulnaves aenadostusenuves 3555 uaz S9as [14] Anuiilslouuaiidenuudesiuag 19
Teloian Afauenanituiiniudwesiuaiunalsl UsznausenuaiiSownsuuinsiuay 12 lolwan wupfiSounsy
au 9 lelwian uananil Ashry et al, 2022 [7] s1earuiniluuaiidenuuds 2 Telaan 910 20 lelotan AfALENaN
flufiurauds 1éun Bacillus cereus DSA way Bacillus albus DS9T ansandn EPS THUSu1nige Tuan1azsians
\w3unthiiiin PEG (-1.2 MPa) Tneito DSA anunsandners 1d 3.4 fadndu/dns) dudeviansmeiugian
a¥reneaviaalduasiautisy q fduasunsiasyuesita [7] wenanni llyas et al, 2022 [6] s18aMumsAnEen
wuaienandnlsnedudnalsiuiinageiun 2 aeiug anfamun 24 aeius fhsusamanizeioatly

Audmeand Fudenfndenainaidemaidannseainzazadlauazlautfou o Aduaiun1sasyvesiy

d3una

o
= v A

NuaTedanunsaradenialslawuafisonunddlolatan MuD01-2 Naruisanandnlenaawdnanlsaia

Ysunugaigaanianue 19 leloian aniuiuiudsduaiunalidmindunys lnganusaadensnziaauay

q (]

Y a

nuudslaganmmagevlunnediaenassnul Ussneviutedninuineildneglunguuuafiisounsuuinisieg
sanstldussgndldaulunuiinunsnssy lnesuaiiiselinsaineulaaUasdsanunsanunean e livangay

TuiiufitnwasnssuuaziinauansalunsutsiuiueUssdndulan Jsmsinisdnwiiufuisnaautfasu o 7

q

A a a

PreduduauiRlunsnusasvadlaloanainann twn n1sas1ansndulag-3-a:din waziouluyliodd fevdliua (ACC
deaminase) TiudsAnandRd 9 Tunsdauaiunisasyvesiy weyiglunisusadiudneninvedise MuDO1-2 Tu

A dudSuansinynsamsuldlunuiaiunalively
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Abstract

Developing guidelines for caring for patients before returning home to the outpatient department of
Srisongkram Hospital is qualitative research. The objective is to study the situation and develop guidelines
for caring for patients before returning home to Srisongkram Hospital. The sample group consisted of
patients from birth to 60 years. The research tools were a personal data questionnaire, group discussion
questions, in-depth interviews, audio recording equipment, a knowledge test for stomach dyspapsia, sout,

and high fever in children under 5 years of age. Test the quality of the tools with 3 qualified experts.
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Cronbach's alpha coefficients were .70, .74, and .80, respectively. Data were collected from December 15,
2017 - December 15, 2019. The data were analyzed quantitatively with frequency distribution and
qualitatively with content analysis and triangulated for reliability. The research found that patients lack
proper assessment of needs and knowledge, including a lack of information transfer between agencies. The
researcher therefore developed patient education for 3 diseases: dyspapsia, gout, and high fever in children
under 5 years of age. The results of the first phase of the evaluation found that patients with 3 diseases
had an average knowledge level of 3.9, 4.8, and 4.5, respectively. The researcher therefore adjusted the
method for reflecting the data and evaluating the second phase, finding that the knowledge averages
increased to 5.0, 5.0, and 4.9, respectively. The findings from this research can be used as a guideline to
educate other patient groups at Srisongkram Hospital. The results of this study were disseminated to
community hospitals and subdistrict health promotion hospitals as a guideline for educating other groups

of patients.

Keywords: Guidelines for providing knowledge; Outpatient; Repeat visits
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[N

Sglng axdftaeinsuuimsfiunundineuondmuinn nmslidnsuiasgalulumeamnuissdu faelasu
N13AnNTas 1595w uarsuendutnu dliuinisusazaasssulunsuunu waglideya fUlsunsdiuea
anudilalulsafiuthe liinsguaniadutaslimngay fosnduindnws wieiduthesunssiu

n1sguad Uaeneundudiu iunszuiuniswiendUienieauaninuiwasinuelunisguaniies
Tulsafiduthe fduneutsznaudne mavsaiiuanudosmslunsquanuies mslifoyanmsguaguniniivangay
fuamevedsanazuiunvesdiie msliteyadesmamsfinedoninutiemde uasmsUsdiumusnisiudie
Toyaiildsu FenisquadvasnoundutudufanssuildluduagluiiFondn “nsmaunusmiung (Discharge
Planning)” luadtindtleiamizlse 15endn “Exit site care” Inenisldndn DE method [1] Tunislianusneundu
hu dawluunungtasueniinsialsemludiliifvunrieveuvavesnsndugiionoundutuiiisausiinig
weneusauinislideyauiheteundutu vie Exit Care (2]

lsmegunassasnsy wuanudidglunisguadUisneundutiu Jsldgauinisdeyansundutiu (Exit
Nurse) #aus 2559 ﬁQ’ﬂq&Jﬁm%’w%‘mﬂuLquﬂQ’ﬂwuaﬂ T 2558-2560 WA Tuay 139.3, 147.83, 154, 25 578
mudsty Tl 2559 SiffUaeuszian Urgent $1uau 101 598 Non Urgent 4,428 518 fifflherdnsuuinisd fige Exit
nurse $1u7u 3,384 518 Anidusosay 8.72 vesfihefiunuuinisunungUasuen ffvisusnnduiniumsinm
shvemsiinnelu 48 Falua (Re-visit) $1uru 523 518 Anifudosar 1.29 vesfthounungiiouen ol Re-
visit Snunamannanisiiulaglann Fever cause §1uau 161 518 TsAwii (gout) $1u2u 138 518 dyspepsia

w3 93 518 warluduauiiiifUienin Re-visit Aosininwilulsmeiuia §1uiu 15 518 Annsuszlivlossiu
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Abstract

Negative and Positive Cloud-to-Ground lightning flashes 67,921 events obtained by World Wide
Lightning Location Network (WWLLN) between January 2017 and December 2019 were used to study the
seasonal and regional dependence of CG flash density and return stroke peak current over Thailand. We
found that the highest CG flash density occurs in eastern Thailand. The CG flash density over this area is
higher than 50 flashes/square kilometers/year, especially between March and May, CG flash occurs 1.2
events every minute. However, over northern Thailand, the CG flash density is less than 5 flashes/square
kilometers/year. It is also found that the return stroke peak current of CG lightning over Thailand varies from

10KA — 150kA with an average value of 61.1 kA.

Keywords: lightning; flashes density; return stroke peak current
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Abstract

This research aimed to study the properties of lightweight concrete slabs using industrial and
agricultural waste materials such as polystyrene foam and rice husk. Cement is mixed to produce lightweight
concrete by casting it into concrete slabs for drying paddy and test plates of 30 x 30 x 5 centimeters and
5 x 5 x 5 centimeters. Hygroscopicity Test The results of the experiment showed that the slabs containing
cement: polystyrene foam: rice husk in the proportions of 3:1:1, 2:2:0, and 3:0:2 increased the weight and
strength of the test slabs, and the increased proportion of polystyrene foam mixed proportions reduced
the weight of the slabs. The hygroscopicity of the test strips increases with the amount of husk mixed at

proportions of 1:3:1, 1:2:2, and 1:1:3, respectively. Therefore, the right proportion that makes the slab
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lightweight is Formula 2, which is 1:2:2 (cement: polystyrene foam: rice husk) with a production cost of
67.722 baht per square meter.

Keywords: Lightweight concrete; Rice Husk; Polystyrene foam; Desiccant
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Abstract

The purpose of this research was to study Prevalence and factors related to Stress, Work Burnout
and Work Efficiency of Furniture Industry Workers under the Covid-19 Pandemic Situation. The sample
consisted of 120 operational level employees from 10 establishments. The size of the sample was
determined by using the known population ratio estimation formula, and selected by simple random

sampling. The general data were analyzed by descriptive statistics, and the correlation of the variables was
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analyzed by chi-square test. The results showed that, Employees' work stress had an average of 0.99, at a
low level. Work Burnout had an average of 2.09, in a moderate level. Efficiency in performance had an
average of 3.18, at a moderate level. Work stress in workload and time pressure and behavior Is associated
with Work Burnout with statistical values of .000 and .011 respectively. Occupational stress is related to
worker productivity. with a statistical value of .002. Work Burnout in emotional exhaustion It is related to
the work efficiency of the operators. in terms of self-adjustment and conduct with a statistical value of .020
at a significance level of .05.

Keywords: Stress; Work Burnout; Work Efficiency; Furniture Industry
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Abstract

The objectives were to assess iodine in food materials and commercial salts in Sokoto; assess
consumption of iodine rich foods, and assess knowledge about iodine nutrition. Questionnaire was utilized
to collect the qualitative data, and levels of iodine were determined with standard methods. The design
was done in quasi experimental fashion. All study subjects passed through these stages of grouping exercise
namely, pre-test group, Intact group and post-test group design. The levels of iodine in foods taken by
respondents have shown disparities and all the iodine values across zones of the state are sufficient. Fish
has the highest iodine (56.0 + 7.01 - 100.1 + 0.01ppm), then egg (50.1 + 0.01- 60.0 + 0.01ppm), then
vegetable (39.5 + 0.01 - 47.3 + 6.1ppm), followed by chicken (32.7 + 5.01-45.0 + 0.001ppm), and lastly, milk
(17.0 £ 4.01- 32.6 + 5.01 ppm). Most of the salts contain adequate iodine. The pattern of the use of salt
shows that, about 70% of respondents in Central Sokoto Zone (CSZ), 67.8% in Eastern Sokoto Zone (ESZ)
and 69.6 % Western Sokoto Zone (WSZ) sometimes add salt to their meals. The consumption of iodine rich
foods reveals, vegetables were the most consumed iodine containing food materials (compared to those
that avoids vegetables in the zones of the state), the eggs, followed by milk, and lastly fish. Mostly, there
are enough iodine in salts, enough consumption of iodine rich foods, and poor iodine nutrition education
among the respondents. More iodine awareness is needed in the state.

Keywords: lodine; salt; chicken; vegetables; thyroid; goiter

Introduction
In most of the cases, iodine is imported into the human body through the foods such as vegetables,
salt, meat, egg, etc in forms such as iodides, iodates, molecular iodine, and organic monoatomic iodine.

Firstly, iodine has to be trapped when iodine is moved from the capillary into the follicular cells of the
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thyroid gland using an active transport system powered by ATpase dependent Na+/ K pump [1, 2]. Secondly,
thyroglobulin is made in an independent process in the follicular cell of the thyroid. This step begins on
the rough endoplasmic reticulum via the peptide units (of about 330, 000 weight). In turn, the units formed
a dimer, then incorporation of moieties of carbohydrate; then the molecule is taken to the Golgi body. A
complete thyroglobulin has 140 tyrosine residues embedded to act as substrate in the manufacturing of
thyroid hormones [1,2]. The thyroglobulin is stored in little vesicles that in turn reached the apical surface
of the plasma membrane and then released to the lumen of the follicular. Thirdly, oxidation of iodide
occurs. The iodide of the follicular is shuttle to the apical surface of the plasma membrane to reach the
lumen, a shuttle facilitated by iodide/chloride transporter dubbed as pendrin. Then, the iodide is hastily
converted to iodine. Then organification of thyroglobulin, and iodination of tyrosine present in the
thyroglobulin take place. Invariably, addition of iodine at position 3 formed monoiodidotyrosine (MIT), and
incorporation at position 5 yield diiodotyrosine (DIT). Coupling reaction that involves two DIT joining to T4
hormone, one MIT joined two DIT to form T3. Then thyroid hormones are preserved in the thyroid follicles

in the colloidal state for a period of months
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However, iodine deficiency occurs when there is insufficient iodine intake or inadequate iodine
utilization [1,2]. Consequently, the essentiality of iodine as a micronutrient cannot be overemphasized. It is
required by the human body to manufacture hormones, thyroxine, and triiodothyronine that are needed
to regulate metabolism in cells during the transmogrification of oxygen to energy calories. The body cannot
produce this vital element, rather obtained it from the foods that are available in the environment. The
element is likewise an essential thing needed for normal development of brain, especially in children, and
fetus [3].

However, lack of iodine in enough amount is a concern that results in many adverse consequences
in human biological system and in turn affecting development, growth, and functions. The consequences
due to iodine insufficiency are diverse such as endemic goiter, cretinism, hypothydrodism, low fertility,
reduced intelligence, stillbirth, deaf-mutism, miscarriage, brain damage etc [4,5].

Worldwide, about 1.6 billion people are taking food that contains insufficient iodine, and in turn a
public health concern that can be remedied by application of some amounts of iodine in salts or food or
by taking food that contains iodine residues. Salt is a good carrier of iodine because most of the people
take it regularly and it is a cheap commodity in the market. Other sources of iodine such as food, vegetable,
fruit, meat, egg, milk are not the actual manufacturers of iodine because there are no enzymes to assemble
the element from preformed materials rather the element was absorbed from the environment. Plants, for
example got the element through water, soil. Likewise, animals take in plants, water, and other animals to
supply the iodine into the body. In tumn, the humans find the element through the food chain involving
animals and plants [5,6,7,8].

Meanwhile, a surf of iodine and related studies across various parts of the world has shown that
there is need to monitor the levels of iodine in common salts and the attitudes and practice of users of
salts. Parable, Naeem et al,, (2021) [7] performed a study on biofortication of rice variant with micronutrients
including iodine, and found that the method is a good idea to tackle hunger and micronutrients deficiency
as well. In a Southeastern study, it was revealed that, spices, grains, and vegetables are significant suppliers
of iodine to the populace in the area especially the urban people [9]. Habib et al,, (2021) [10] reported
that, health education pertaining iodine should be inculcated in education avenues of the public and at
community/ household levels. Likewise, a study from Kenya depicted that, there a challenges to universal
salt iodization such as insufficiency of common salt iodization, poor implementation of iodine iodization
laws, poor storage of salts, limited iodine nutrition knowledge, and expensive imported iodized salts [11].
In a study from Ghana, it was decried that, despite the formation of policies to tackle iodine levels in salts,
the contents of iodine in salts in the study area were not appreciable. In turn recommending the regular
checks on iodine content of sold salts and regular training of sellers on ways to preserve iodine content of
salts [12].

Nevertheless, Umenwanne & Akinyele (2000) [13] decried that high iodine deficiency, lack of
information in South-Eastern part of Nigeria are rampant. An analysis of iodine in the environmental sources

in some villages of Anambra state, Nigeria was performed by Olife & Anajekwu (2013) [14]; therewith,
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cassava (a major foodstuff in that part of Nigeria) contains lower iodine (compared to the recommended
standard) due to goitrogenic contents that aggravate iodine deficiency. Emilike et al., (2017) [3] in their work
on effect of storage on salt iodine levels in Portharcourt, Nigeria decried that, storage of salts in open market
styles (major markets in Nigeria) induces reduction in salt iodine concentrations, albeit salt is a major tool
for intervening against iodine deficiency disorders in developing countries of the world. [15] in their study
of iodine deficiency in children in Ilorin, Nigeria show that, a quarter of the participants still suffer from mild
iodine deficiency despite the prevailing policies aimed at surmounting the problem. Moreover, a study
concerning iodine deficiency among pregnant women attending a university hospital in Rivers state, Nigeria,
indicates a predominant prevalence of iodine deficiency stressing the need for urgent supplementation
[16]. A study from northern part of Nigeria, Sokoto Nigeria, shows that, inadequate iodine correlates with
poor academic performance in girl children [17]. Likewise, a study of effects of goitrogens on iodine in
various water sources in Sokoto, Nigeria, shows that water iodine concentrations in different zones of the
state were mostly lower than the recommended standard amounts [18]. Thus, it has shown that monitoring

iodine levels, knowledge and attitudes are vital in the policies to tackle iodine deficiency.

Objectives
To assess iodine in food materials and sold salts in Sokoto, investigate consumption of iodine rich

foods, and assess knowledge about iodine nutrition.

Methodology
The study was carried out in Sokoto state, Nigeria. The exact location of the study was shown by

the map in the Figure 2.
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Data collection

A structured questionnaire was employed among the participants and recorded their demographic
characteristics, consumption of presumed iodine containing foods, and knowledge of iodine nutrition.
Preliminarily, the questionnaire asked about the characteristic demographics of the participants. Section B
asked about dietary styles of the participants. Section C asked about iodine deficiency knowledge. The

sample size utilized was 246 participants.

Determination of iodine in salt

Procedure

Prior to taking a 10 ¢ salt sample for analysis, the salt was thoroughly mixed in tightly sealed plastic
bags to ensure that the iodine is homogeneously distributed in the salt. Ten grams (10g) iodated salt were
dissolved in 50 ml distilled water, from which an aliquot (50 ml) was analyzed as mentioned in the titration

step, without adjusting the concentrations of the reagents or calculation [4].

Titration

Once the salt was dissolved in the measured amount of water, sulfuric acid (1-2 ml) and potassium
iodide (5 ml) were added to the salt solution. The reaction mixture was then kept in a dark place (with no
exposure to light) for 5 to 10minutes to reach the optimal reaction time, before titration with sodium
thiosulphate using starch (2 ml) as the indirect indicator. The solution turned deep purple. Titration was
continued until the purple coloration disappeared and the solution became colorless. The concentration
of iodine in salt was calculated based on the titrated volume (burette reading) of sodium thiosulphate using
to the formula mentioned below
lodine (ppm) = Titration volume in ml x 21.15x normality of sodium thiosulphate x 1000 (Muleta & Kibatu,
2016) [4].

Salt sample
Determination of lodine content in fish, egg, fruit/vegetable, milk, chicken/meat
lodine in foods (fish, egg, vegetables, milk, chicken) was determined using atomic absorption

spectroscopy (AAS) as reported in Umar et al., (2023) [20].

Ethical Approval

This study was conducted according to guidelines that do not violate the rights of human subjects
in research works. Equally, approval was sought from the Ethical Committee of the Department of
Biochemistry, Usman Danfodiyo University, Sokoto. Additionally, the Ministries of Education and Health of
Sokoto State approved the conduct of this study as well.
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Statistical analysis
The descriptive statistics, chi-square test, and one-way analysis of variance were carried out

at(p<0.05) significance level using Microsoft excel.

Results and discussion

The results for this study were shown in Tables 1-5.

Table 1 Showing demographic characteristics of respondents

Demographic Central Sokoto Zone Western Sokoto Zone Eastern Sokoto Zone
characteristics (CS2) (WS2) (ESZ)
No of Subjects No of Subjects No of Subjects
(Percentage (%)) (Percentage (%)) (Percentage (%))
Age
14 20 (24.1) 25 (31.6) 25 (29.8)
15 24 (28.9) 23 (29.1) 23 (27.4)
16 20 (24.1) 19 (24.1) 20 (23.8)
17 19 (229) 12 (15.2) 16 (19)
Religion Islam 68 (81.9) 69 (87.3) 72 (85.7)
Christianity 15 (18.1) 1 (127) 12 (14.3)
Tribe
Hausa 38 (45.8) 42 (53.2) 39 (46.4)
Yoruba a4 (48) 3 (38) 1 (1.2)
lgbo 3 (3.6) 2 25) 1 (1.2)
Fulani 18 (21.7) 19 (24.1) 8 (9.5)
Gobirawa 16 (19.3) 8 (10.1) 29 (34.5)
Others il (48) 5 (6.3) 6 (7.1)
Class
S.S 46 (55.4) 49 (62) 50 (59.5)
S.SI 37 (a44.6) 30 (38) 34 (40.5)

The demographic characteristics of the study subjects are shown in Table 1. More than half (141
subjects) of 246 study participants were aged between 14 to 15 years (of which 53% are from SCZ, 60.7%
from WSZ and 57.2% from ESZ). Less than half (106 subjects) of 246 study subjects were within the age
bracket of 16 to 17 years of which 47% were in SCZ,39.3% in WSZ and 42.8% in ESZ. Mostly, the
participants are Muslims, most of the participants are Hausa by tribe, others are Fulani, and few are Igbo
and Yoruba by tribe. And the participants in Senior Secondary One (S51) are more than those in Senior

Secondary 2 (SS2). Showing that, they are at stages of development that require enough nutrients for
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proper growth and development. Failure to acquire proper and enough nutrients may have life-long
consequences as well and hamper the socioeconomic potentials of the youngsters and ultimately affect

the entire society.
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20 -
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I Inadequate < 15 ppm
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Number of Retailers in the Communities

Sokoto Central Sokoto Western Sokoto Eastern
Zone (SCZ) Zone(SW2Z) Zone (SEZ)

Salt lodine level (ppm)

Figure 3lodine levels of salts obtained from Retailers in selected communities in SCZ, SWZ and
SEZ showing the proportion of iodine level in salt samples with various degree of iodine status. Inadequate

iodine level in salt (<15ppm) and adequate iodine level (>15ppm)

From the Figure 3, it has been shown that, majority of the salts obtained from retailers contain
adequate amount of iodine. Few of the salts drawn from various regions of Sokoto were having inadequate
iodine levels (below 15 ppm), with salt brought from Sokoto East as having the highest iodine insufficiency

(below 15ppm). Similar to the findings of this study, a recent study conducted by Moyibo (2018) [21] has
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shown that there is continuous compliance in adding enough iodine in salts that is with the hands of
retailers in Nigeria. However, the levels of iodine found by this study (Figure 3) are lower than the range
found by Moyibo (2018) [21] and Emelike et al., (2017) [3]. This could be due to difference in brands, length
of storage, diverse storage methods, and diverse processing of salts that were analyzed in the two different
studies [3,21]. Salts that are stored under sunlight or wind experience reduction in some amount of iodine
content [3,21]. The presence of enough iodine in most of the salts in the state should be properly utilized
to inform the public to take in enough salt to avoid iodine deficiency, because lack of awareness could
deter people from using enough salts. Likewise, the presence of low iodine in some salts corroborates with
the view of Fan et al., (2022) [5] that some salts are not fortified even in developed countries like China. In
a similar study in Kenya, it was reported that some of the salts analyzed contain no iodine [4]. The few
salts with low iodine should be shun or people need to take other measures to improve their iodine levels
by taking other iodine rich foods and avoiding goitrogens as able as possible. all of these cannot be achieved
except with awareness or health education among the residents [5]. Universal application of iodine in salts
in a view to address iodine deficiency is a historic tradition because both low and excess iodine situations
are behind thyroid diseases or iodine deficiency; and even mild iodine deficiency is harmful to health,
therefore it is pertinent to take right amount of iodine intake always especially the one taken in salts that

are common [5].

Table 2 Pattern of Use of salt by Study Subjects in Three Zones of Sokoto State

Variable Central Sokoto Zone Western Sokoto Zone Eastern Sokoto Zone

Frequency (%) Frequency (%) Frequency (%)

Pattern Salt addition

Sometimes
Never 64 (77.1) 55(69.6) 57 (67.8)
Often 12 (14.5) 20 (25.3) 23(27.4)
Rarely 4 (4.8) 3(3.8) 2(2.4)
3(3.6) 1(1.3) 2(2.4)
Type of salt used
lodized 75(90.4) 67(84.8) 66(78.6)
Non iodized 8(9.6) 12(15.2) 18(21.4)

The pattern of the use of salt by the study subjects is presented in Table 2. About seventy percent
(T7.1%) of subjects in CSZ, 69.6 in WSZ, 67.8% in both ESZ sometimes add salt to their meals. Subjects
that never added salt to their meals in CSZ, WSZ and ESZ were 14.5%), 25.3% and 27.4% respectively.
Nearly five percent (5%) in CSZ, 3.8% in SWZ and 2.4% of subjects in ESZ of Subjects often added salt to
their meal while 3.6%, 1.3% and 2.4% in CSZ, WSZ and ESZ rarely add salt to their meals. From this, it has

been shown that a significant portion of respondents uses salt in their diet, which in turn will serve as a
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potential source of iodine to them. However, their low awareness about iodine nutrition could be the factor
spurring non-use of salt all the times. Therefore, it is very possible that when the respondents are giving

health education about iodine intake in salts, they would be adding salt to their diet always [22].

Table 3 Consumption of lodine Rich Foods by Study subjects in Sokoto, Nigeria

Food types Central Sokoto Zone Western Sokoto Eastern Sokoto Zone
(Cs2) Zone (WSZ) (ESZ)
Chicken
Eat 73(87.0) 67(84.8) 71(84.5)
Avoid 10(12.0) 12(15.2) 13(15.5)
Fish
Eat 60(72.3) 61(77.2) 59(70.2)
Avoid 23(27.7) 18(22.8) 25(29.8)
Egg
Eat 69(83.0) 68(86.1) 74(88.1)
Avoid 14(16.9) 11(13.9) 10(11.9)
Milk
Eat 68(83.1) 62(78.5) 62(73.8)
Avoid 15(18.1) 17(21.5) 22(26.2)
Vegetables
Eat 78(93.9) 76(96.2) 80(95.2)
Avoid 5(6.2) 3(3.8) 4(4.8)

The consumption of iodine rich foods by the study subjects is presented in Table 3. This study
finding in Table 3 indicates that vegetables were the most consumed iodine containing food materials
(95.1% compared to those that avoid vegetables in the zones of the state), the eggs (85.8%), followed by
milk (78.0%), and lastly fish (73.2%). All those food materials are mostly cheap and very accessible to
consumers; hence, serve as good materials for intervention against iodine deficiency, people need to be
aware about good diets that are cheap and local. It is pertinent that, iodine should be added to various
food materials taken by humans to address the issue of iodine deficiency [4]. In Table 3, it has indicated a
combination of diverse food types that are important to supply iodine to the human body when consumed.
All these classes (vegetable, egg, chicken, fish, and milk) are good materials containing iodine. This is similar
to what was reported in a study in China that reveals diverse food materials that contain iodine for human
intake to tackle iodine deficiency issue [8]. All these sources of iodine (fish, chicken, fruit, vegetable) are
not the actual manufacturers of iodine because they don’t have the assembly of enzymes that make the
element in the body. However, they also imported the element through their environmental sources such

as water, soil, and food [8]. Therefore, the consumption of diverse food materials containing of iodine and
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salts containing enough iodine should serve as recipe for tackling iodine deficiency in the state. However,
the presence of goitrogens in other food sources (including water) in the state, and excess iodine intake

could spur iodine deficiency as well.

Table 4 Showing some levels of iodine in certain food materials in Sokoto, Nigeria

Food Types Central Sokoto Zone Western Sokoto Zone Eastern Sokoto Zone
(CS2) (WSZ) (ES2)
Concentration of iodine  Concentration of iodine  Concentration of iodine
in ppm in ppm in ppm
Meat/Chicken 34.6 + 0.001 32.7 £5.01 45.0 + 0.001
Fish 100.1 £ 0.01 56.0 £7.01 39.5 5.1
Egg 60.0 + 0.01 45.9 + 0.001 50.1 £ 0.01
Mitk 32.6 £ 5.01 170 +4.01 235 +0.1
Fruit/Vegetable 39.0 £ 5.01 39.5 +£0.01 413 6.1

Values are expressed as mean =+ standard deviation

From Table 4, the levels of iodine in different food materials taken by respondents in Sokoto are
shown with disparities. It was also revealed that all the iodine values across zones of the state are not
iodine deficient, because the values are greater than 15ppm. Fish has the highest iodine (56.0 + 7.01- 100.1
+ 0.01ppm), followed by egg (50.1 + 0.01-60.0 = 0.01ppm), then vegetable (39.5 + 0.01-47.3 =+ 6.1ppm),
followed by chicken (32.7 + 5.01-45.0 + 0.001ppm), and lastly, milk (17.0 + 4.01 - 32.6 + 5.01ppm). All
these sources found their iodine content from the natural environment or deliberate addition during

preparation [2].

Table 5 Distribution of Subjects on Knowledge of lodine Nutrition across the Three Zones of Sokoto State

Central Sokoto Zone

(CSZ)

No of Subjects

Western Sokoto Zone

(WSZ)

No of Subjects

Eastern Sokoto Zone

(ES2)

No of Subjects

(Percentage) (Percentage) (Percentage)
Have basic knowledge 13 (15.7) 9 (11.4) 6 (7.1)
of iodine nutrition
Have no basic 70 (84.3) 70 (88.6) 78 (92.9)

knowledge of iodine

nutrition
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The distribution of knowledge of iodine nutrition among study subjects in the three zones of Sokoto
State is presented in Table 5. Few number (28 out of 246, that is 11.4%) among the study subjects in the
three zones knew some basic knowledge of iodine nutrition. Specifically, based on every zone, they make
up 15.7% in CSZ, 11.4% in WSZ and 7.1% in ESZ. Eighty-four percent (84%) of the subjects in CSZ, 88.6%
in WSZ and 92.6% in ESZ lacked the basic knowledge of iodine nutrition. This study finding is dissimilar to
a study from Bangladesh that reported good knowledge of diet among the participants (that did not
influence a positive action). Therefore, there is need for massive awareness creation among the residents
about the importance of iodine, intake of good iodine amount, and types of cheap foods that have iodine
among others [10]. From the findings of this study, it was revealed that, the salts been sold in the state,
and the commonly foods are rich in iodine above 15ppm. The iodine in foods is obtained through the
environment because no animal or plant food can manufacture iodine instead relied on the water, food,
soil, and related sources of iodine [2, 23]. However, there is poor knowledge of iodine nutrition among the
respondents in Sokoto, Nigeria. Considering the vital roles of iodine in human body it is a glad tiding to see
the foods have enough iodine. The iodine is important for example in the thyroid hormones, and thyroxine.
However, other substances in the food of humans such as goitrogens and antinutrients could significantly
impair the intake of sufficient iodine from foods and spur iodine deficiency [2, 8, 19, 20, 24, 25, 26].
Therefore, it is better to note these possible substances and inform the public on how to tackle them
properly; but the iodine nutrition education in the state was low, then there is need for intensive efforts to

apply community acceptable strategies to create awareness among the residents of the state.

Conclusion

lodine is very essential to humans especially the young ones and have to be imported through the
food. Therefore, there is need to analyzed the attitude and actions of consuming iodine in foods and the
levels of iodine in common food (that is the salt). This study has revealed that, there are enough iodine in
salts sold in Sokoto state in most cases; there is enough consumption of presumed iodine containing foods;
and very poor iodine nutrition knowledge. More efforts are needed to create awareness about consumption

of iodine rich foods, and consumption of salts for the sake of iodine.
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Abstract

The objectives of this research are to design and develop Stingless Bee Honey Soap Packaging of
Songklong Floating Wat Taling Chan Market. The research method consists of 6 steps: A study of general
information on packaging of stingless honey soap packaging, Study of packaging design and development
guidelines, Study and development of honey soap packaging, Design packaging, Design Logo design concept
and packaging graphics for honey stingless soap and logo design graphics and packaging of honey soap
products. The results revealed that The suitable materials for the design and development of stingless

honey soap packaging are kraft paper and transparencies. Packaging design must have an attractive form.
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The packaging is suitable for the product, useful. Logos and packaging graphics must adhere to color
principles. The shape of the logo comes from the bee, the bee, the honeycomb shapes from plants that
are a mixture of herbs, fruits from the leaves, flowers and stems and shapes from geometry. Use a creamy
yellow background color, The black text contrasts the background, The typeface uses a font that is
hexagonal, similar to a hexagonal honeycomb, The illustrations used are honeycomb photos and the bees
working to emphasize the realism of the feel of nature and there is a white watermark in a hexagonal
geometric pattern similar to a honeycomb.

Keywords: Design and development; Packaging; Stingless Bee Honey Soap; Songklong Floating Wat Taling
Chan Market
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= o '

UsrAnBnmginisuiegnsdmivnumedsauaiite san1sifenud 1) Ussfugdniouieisnumngides
wuafiBuuunseseInAluLf (Vertical Flow) w1988 60 x 90 x 70 Wwufuing Janyhainliigandouialu
winvwavun 8 daduns aunthinszantatuduiaziased (Ultraviolet, UV) nun 5 fadiuns suuuiinssuy
finaunsesennAaINAEuBNKY HEPA Filter wunn 12 § fulufindsszuuuasainsdievasliivigostsaisus
1119 18 aduazviaealn PHILIPS UV T8 TUV 18W (F17T8) dwsusidemslug fgunsaluansgainiiuazemiudy
Yug¥ieu sTUUAIUANTTRaN uasadnmasn Tisndedsaindogdiuuend 2) nan1sAnwiaruvasaide §
asnnananuiadsadorumduriiugudnans 110 Safwaslumaihnuldgean 35 Su nuimenuiadents
nninaniiwdeslugfanuvasaite 3) msfinwmanmeaeddfindousogadmivnumizidsuuaiide naaou
AeadauuaiiSe Salmonella typhimurium (TA 100) Wisuifisufusswhegiiussfugtusasduasnidonmnsgiu
Wudwﬁﬁ”’aaaﬂﬁmahjLmnm’wﬁ’uﬁ%é’nwmxuazﬁwmuhiaﬁ Winaves Negative Control uazwa Positive Control
Tneg1uaulaladives Negative Control vawhsansgusazinanlaiiiu 100 lalad Swaulaladvounaniindous
wnsgIuiiuldiade 47.66 + 1585 laladl inanangivssiugiutulfiade 52,44 + 17.61 Talail @1 p-value =
0.25 wazdwiulalailves Positive Control tuldiiu 600 Talaillunniwan

o v

Ardfiny: guaende, Flllde, atllsdy, dlulesenin

Abstract

The purposes of the research were to 1) Invent a sample preparation cabinet for bacterial culture
work and to 2) Study performance testing of sample preparation cabinets for bacterial culture work. The
research findings showed the 1) Invention of the vertical flow bacterial culture preparation. The size of
the cabinet is 60 x 90 x 70 centimeters the material is made from 8millimeter thick Formica laminated

plywood. The front has a glass cover with 5millimeter thick to protect from dust and ultraviolet light (UV).
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The top has a fan system that filters air from outside through a 12-inch HEPA Filter. Inside there is a
lighting system with an 18-watt fluorescent light bulb and a PHILIPS UV T8 TUV 18W bulb (F17T8) for
disinfecting the cabinet. There is a device to display temperature and humidity while working. The system
of fans, lighting, disinfection lamps is controlled by switch box outside the cabinet. 2) The results of the
sterility study showed that the cabinet could hold up to 35 agar plates with a diameter of 110 millimeter.
It was found that all the agar plates prepared in the cabinet were sterile. 3) Results of sample preparation
in the cabinet showed the growth the Salmonella typhimurium (TA 100). Comparing between the
invented cabinets and Standard Laminar Air Flow Cabinet. It was found that the two cabinets gave the
same results in terms of appearance and number of colonies, both as a result of the negative control and
as a result of the positive control. The number of negative control colonies in both cabinet and each
plate did not exceed 100 , the number of colonies from plates prepared with standard cabinets counted
an average of 47.66 + 15.85 colonies and plates from the artificial cabinets counted an average of 52.44 +
17.61 colonies and p-value = 0.25 , the number of positive control colonies counted more than 600
colonies on every plate.

Keywords: Sterile cabinet; Ashtray cabinet; Biosafety cabinet; Biohazard cabinet

unin

veafiRnsivinemazindymansuminendoveuniuinisdansiounsaeuniaufoinafeatunis
naasupnudufivvesenazarsiaiiing q Fsldinisinelunasanaass (nvitro) Ineldwadinzdoady
Fregrmnass (sample) wnun1sneaesiudninaass Mograsadmziedildimmessddutwadidede
(tissue culture) Lazleaduasgadn Wy Weuvaiideiludu mamzfsuradduiudosufifnudemaia
Usrnite siesUfuRnsdnsunedeuasiesdiauarenn Sauduseifouseuios annsahenuazenld
918 wenU3nMeenNesUiRnanaaauiugadn [4] mavessmeiisuradiiunuiifesmsanuareings
mniufiadosiloTmenaanivietagilifinisuuion (contaminate) WelsevodsanysnagyilmiAnaudeme
sioauld duasaite (Fandiung) fe inTesdioinenmanifiddydmivauiidomnisauareings 1 iWuedesilo
fugrudndudmivies fiRnslasameiorsfoinmmairinedaendednlitunuiidesnmsemiudaondy
M9TAnegutu Madedeuasniamzidsaieibe (8] wlandnvesdefinislusunses HEPA filter (High
Efficiency Particulate Air Filter) nsaseimaniguensuitlulug HEPA filter Ao UKWNT819138 Boron silicate
fiber 3o Glass fiber indaudansiuihiiussnaudedule (fiber) aufulUufngorisssineursaduded
PAENIN 9 @wnsaandueynianig o I wu idunnezlivunadurigudnans 50-150 luaseu duuaziduleves
Finflounn 0.01-100 Tuaseu drudelidanionuafifodvuiaud 0.001-10 luaseu luvasiisveusunsos HEPA §
vnadushausnastaus 0.3 luasounioninndt luvesufoRnmsivinedigarfiuldnuinsufoifoo
Fefanudssesdaiiisiinanudemeronuiiominnisuudeuldas fafunseueditededanuaulafiay
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1. SumeunsAniiun1siseusznaudae 5 Tunou fail
1.1 Anwanudululfuasmualamvesssuu nsaianiesdouaznaasuirdesioflduitym wad
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1.2 Jipsgvideyaiilaanmsfnuiludud 1 lngdiasieiainnisfinuideyauazaiulsenausing q v

U
v

UaeaLdounsguiieainuitnienuudgildiutseneudidy 3 dau fio 1. wiunses HEPA filter 2. Blower /
fan motor (1Waaw) Lﬁamuaumﬂ%aL%u%ﬂmmﬂmﬂuﬁuaxmmmﬁlmsﬁu HEPA filter 3. Laminar flow tJu
shuemanglugitndeuiidunuuiirmaien [9] firmsvssemannneuengazgndusulaeinauriunsnse
MNFUTUHILIALNTEY HEPA filter uéalvasangnieuenluuuafis (Down Flow) H1u product viefieesoang

MYUBNAIUAATIUATNT 2 [12]
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Vertical Laminar Flow Hood
[ | / « Intake

HEPA O |
filter ™
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A 2: drudsznaulan1snTeseINAYeIgan il

1.3 ponuuugdmivnumizidsmuaiite Tasvhmssenuuulassadawagmadananfioansaulngld
Ligaadouiialiuivm 8 fadwns uwiuliwivdouduaniiunideisonmanaiaii uiuardiunussadugs
(High pressure laminate 3o HPL) AnauURrosuiuaIfiiug Ao wiuss NuAousINTZUIN NUNIUAeNIIYATn
warnufenuty Anufeu sadsansiduneiin fedwhenuazeinldiediiuia uarddulidon varnuans
1Al wanzamiunuesnwuuanuesn1ely 01vieu #ie i e wasnleiiiees [2]

1.4 Rndsdinusznausing q 18ed iU uunTo HEPA seuuliii uasadng uasidmsusinde sinauuas
\osTngaimnfimanudy

1.5 iunusideya agu Jnseit wazdavhaiionisldaussuy

2. \3esilans3se

2.1 fFsudogsnumzdisnuuafionuunsasennidluuuai (Vertical Laminar Cabinet) 41199845

N9 90 LWURALAT AN 60 LWURALAT g9 70 leuRluns dndeinToternmogaIuuuYedfuIsausy HEPA fitter vunn

30 x 30 Wwufluns Laziinauussrugaietuinfouesinimanaeuanidlugananslunini 3
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2.2 UssfiudszAvinmdteniegsnumsiisuuniiGe
- arudasaidovosiiuiivaulug Tnsdeurineudariianuareinnielugdie woanesed 75
Wesidudislilessivevesneanasodvunislnidudalnlwmasnyd 15 il iensunaDanaongiududacg
Influasainuagszuunsosoinia fdliedonianulszaia 5 wiildie e fuadosnouudusumaaou Tneidash
wanewnsdsndeslilugidunaiii 4 wdnhlualufidsatoieudioutumand Undisliueng (Positive
Control) ganwazveadefivuluman
- wanimaaeslifnisudiegnsdvivaumisidsuuaiite lnonaaeuidsadouvaiise

a a

Salmonella typhimurium (TA100) luem1side e (Agan) augilonisiseuniaufianisiniwingrdmivld

s

aoutnAnwindvmansszaulsyyns lwidenisneaeumnuluiivaisienisnaieiug (Mutagenicity) lg
Anwinisnensnanesiuguasiuaiiiie (Bacterial Reverse Mutation Test) 10381105511 Ames test

The Ames test Salmonella mutation waefleuiSendu % 71 Ames test Wunisneaeuanuluiy
asnomsnaneiusadlinanismanedléisinda (Short term test) [5] TdgnAumunasfandudausd 1971 dean
Iwmunuazduauuisnaaeunrndufiviideniudivils Ames test iTuIBNMaaeunvdnonaeusdegn
Aunulag Mmans191sd as.d.8uleud uazauswiumIvedewednesille 105ndd TaevhnsuSuugsaneiuguea
wuaiiidy Salmonella typhimurium 3dluanmunfazansnaininesiludaiauldios Inanedumeriusild
annsnasensnesiludaifulfios Aefudeonduifazanunsaivlaliluomadesdaisuoudaifudite aeiu
drumnidomariiiansnaneiusndulufidnumsmilouvsmnygwiteionusssumiudtuazannsofulelds
wiemadsadeiifusinadaifuiifn dethlunaaeusuasienaeiusiseraGennananeiusienanldindu
nIINaEWUSIUU reverse mutation SrunlaladivendefiAnnisnateus (revertant) Wisuiflsuntsatsmaaen
ngumuAl (Control) Fvannsnagunaldirasnaasuiigninenarsiuiuiolivazandesifisdla n1snaadeu
Ames test JaquuldiamndunansiBudisunnsgiilonunniigaieds Standard plate incorporation assay #is

wanalunni 4 [13]

possible
mutagen a high number of
revertants (his- to his+)
suggests the mutagen
rat liver causes mutations
extract plate incubate
l > = — — ___ —_'-_— = -
media with
minimal histidine
plate incubate
Salmonella strain — -
(requires histidine)
control plate
(natural revertants)

i 4: vannsmegeurnuilufivatsienisnaneiuguaznisudana
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ANANNUSVDIN TN UALDINUUTUUAETILASU (Dose-response relationships) na1AsLilaLALATND
naneiugluliinaiigiduwas Sinulaladvesdeiinaeiusiiniuduwansiegnslunng 5 1Wunsmageuansne
NA1LWUS Sodium azide AULlo TA 100 Weldsu Sodium azide Tuusunauiiindu Ae dosel 1y 2.5 ug/plate

uay dose 2 LNUU 5 ug/plate [11]

Control

Dose 1 Dose 2

A 5: anuduiusvesiiwiulalatiwenananeiug (revertant)

Y9418 TA 100 Wisld$u Sodium azide

pAuunnisesdnusuarsulalativesdomaniliifuarsionatewus (Negative Control) iy
ansazanotines pH 7.4 $1uu 25 lulasdnsseinan waginaniifnaisnenatesiug (Positive Control) Lisans
Sodium azide (NaN,) [Wudu 1 fiadnsudedns 91uiu 25 lulasdnsdowan vnsvmeassianamilsuiulaeyin
TugtaaniBounsgiude SUPER CLEAN §u120H ifleguaisuiisudnuasuassuulelativoade

3. adanldlun1s3de lawn Anede drudsuuuninsgiu a1 P-value [7]

Nan15398LLazaAUIENE

WNan1539e
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v o o 1

AdelaniunsUsERvggwssufmegsnumnzifsuaiisnutuneunsiTelusvesd 1 lnstdoya
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MR 6: GLnsEiagUINZIRBLUATISY

a

nshUngiudy v nszanduduiaziasyd A vieeagTdwmTusnie o vieeauasing

Y 9
1%

3. NADIAINTAIUANTEUUAN 9 agauansumniivaraNtuNelud ¥ YansesonAneuenig

U

2. wamananasligAnuanudasnite

fdevinsmaaedlinuginiousegnamziduuafide fivssfugiu danmsonananuiaudsadesunn
urugugnats 110 fadmms lunsivuanmsanananiiudsatoldgegnia 35 su faasaseunquitud
favualug fanwd 7 n. nageudaimandifionsidsade (Culture medium) dlilugasiay 35 wandannd
7 9. yhnsmadeuiian 30, 60 way 90 uit udniwwanlumzdeludunitonungd 37 ssmiwalvadunan a8
s Funndnwazreadeiiintu vhmsvaassdena1isiuiu 3 91 mnwanismaaesmuiiiuiiudasgaanslugi
aruazaaUasnndesuandunind 7 o, faduiegimwesnimnananidesdofimumsd 2 nelugidunan
90 mﬁ%aL‘ﬁunmm'smuﬁqmiwﬂg'jﬂajwwﬁdm 9 Lﬁﬂ“ﬁUMEQﬁmﬂﬁ?LWﬁV]iULW’]SL%@IUéﬂML%IEJ NHANTNARDY
wuimnvavlivsingidels 4 etufuandunssd 1ide N = linuide Tnswdsufeutumaniineneuend

(positive control) Bsninandaziiyesig 9 WIUURLEAIlUAIN 7 .
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3. nan1sAnwINsNaaeslddinieuiiagnsdmiunumizitsuaiite

nadauldsudauuATiSe Salmonellatyphimurium (TA100) Fadudenldlunisisounisaoududsedn

v v
o Y

AILATUNDUNTNDINITLALLTDAWNANBALNITNTLINULYD NAUNUAITNAFDU LUSHULTIBUAUTENINGNITAS 8

v

Med1eangNuseAviTulazguinsgiuguasniiio (Laminar Air Flow) ¥ia Horizontal 8%e SUPER CLEAN §u

A

¥
= a

120H $1uau 9 wansiag udmadeumizilioluduideanmgll 37 ssmwadeaduna 48 4alus nanismaaes

9 Y
v

wuhdnuusvendeuariualaladliualiunnseiu Mnaveanandlaifiuansdenatesiug (Negative Control)
LazHaveNaviiasionaeWs (Positive Control) Tnedulaladiues Negative Control vesiisaesy usiaz
wavlaitiu 100 Teladl amil 8 n. ai’wuauiﬂiaﬁsuaaL‘wa‘wﬁLm%&mé’mmgwuﬁ%amﬂu‘%ﬁ'wﬁﬂﬁaﬁa 47.66 + 15.85
Teladl wavangiiussvstuduldiade 52.44 + 17.61 laladl 99nan31efi 2 dethluneaeuad t-Test: Paired

A a

Two Sample for Means A1 p-value = 0.25 fsfufsaguldhdualalatvsadofifstulumananguinsg i
LLaxa‘i’ﬂmuiﬂiaﬁmﬂé’ﬁwamLmﬁf\i’wmuiﬂiaﬁLa?{aLmﬂm'NﬁuaEJNhjﬁﬁaﬁﬂﬁmmqaaaﬁisﬁuﬂ’a i1fey 0.05 wsoll
uansnafutiues drusiuaulaladves Positive Control fuldiAu 600 Talafluyniman auAsufualos vy
Taladfisauunidu 600 Taladl Tisisnuiunniiundnneduls [10] fuanddunmnd 8 . wandliiuiinis

nsnaaeslugiiuseAvgiuiinnuazoatazlvinanmmeassliwand1singduasndounsgiu

oY

a Y] a & Aa Ao
2NN 8: anwauzlalativasypluAiSeaea

n. wansinnulalatiinan Negative Control . tansdnuulalatliwan Positive Control

5%

M19199 2: wanstiudiulalall Negative Control gfeanuienuaydnuiulalail Negative Controlgingnias

Wand Iuulaladduinsgrunaeanuien Juulaladdgnninies

1 45 51
2 65 60
3 62 59
4 53 aa
5 17 18
6 25 69
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iwandl Sruaulalafgunmsgruiizonnuiem Swulalaiigiinanies
7 a5 71
8 55 30
9 62 70
AV 47.66 52.44
SD 15.85 17.61
*P > 0.05
afUT18NaN15Id

Asgufeged T uNUIIBEEMUATISY Usenaumeeasduseneay 3 du Ao 1) Aidiivuin 60 x 90 x 70

A

wudies Jagrihanlddandevialiumnuasiadvuinvun 8 Tadwns aunihinszanladudulasuaed 4
Usggdmiulafuundsannidnyinny dgannsansuulfisidelmedeuteldazan 2) szuunseseiniasme
HEPA Filter 2w 12 %7 fuduernannaisuendludluuufsieinauua 10 1 3) ssuuliuasainede
vaonlivigooisaudinadliih 18 Sduazsindofevasaln PHILIPS UV T8 TUV 18W (F17T8) 91nesduszneu
#9 9 vessTULRIna1In Sedamaliiermanisusniadeuiiihlugdadueimeazeamszgnasowheurunses
HEPA [9] Bsansnsadndueynialsvumdniigniia 0.3 luaseu (weiiGefivuinyszanu 0.4 lunseu) Fuilviule
Iihannsansesomaliunanmstuiiouaenadoatu ueyy Beasd (2557) (3] lddarhmididoides mawdes
UftRnsiteudtymnisiFounts aouiv “mplanamzdeneaddng’ wui @’Uaam%mﬂuqﬂmaﬁﬁﬁu’%mm
mshauiivaeaitelnglugasifnsomenuuazinsasandeaiiieliomeamuisuhusnseslneitily duass
\eaziimasanuuuidu 2 suuuy Aetlestunsuuioumadmnedesnngvhauuasdesiuinuanmsinide
W1NEad wargTailsie (Biological Safety Cabinet) LTJum%aﬁamuQuamﬁwﬁamﬁwé’ﬂmsﬁwmusuaq
ueines Wnauuazusiunges HEPA iileuntosfuitRruuarauindonlsl Uaandeanideqadnrelse (1] duaon
oftimutudldyulumandaussinamimiuum dgiegnislénu 10-15 3 ergnislénuvousunsos HEPA
ogil 1-2 ¥ Juogifuauivosmslion laedldannsandouldfenueshliasanuasUssndn T1ausy HEPA
YU 30 x 30 wuAlng S1AUsEInamisiudaesiuumududdve Wessuisuiuguinsgiudedisnnigs

Uszanaanuuauum 91gmvinaulszanu 5 Usewinmsiudeu HEPA Filter Tdsuuszanamimiluuim guaseitie

' v
N o = =

fdudsannsalflunsvhauldesstaeiaunmlisneingunsgu quainedliausadanmsvdsueivsuay
gunsalldimenue dauUsendandnuuasulszaauInng

2. wamanaaasliginieusogadmiunumesisuuedise Mnuansmaaomuiuiuiargnnielugs
aazenlasavInitie Mnnsnadeuiistenuaiiselneldide salmonella typhimurium (TA100) Fuduidedl
TlunsiFeunsaeuduuszilufes finmsiwineldlinansmeasaduiiiwela nan1smasesmuitlsife

wanssiundnvarvewdelaziwulaladaunSeuainguasniien1nsgiu dUuasaeuInsgiu vaena Class I

FelagnalUudseennuan1seaniuukas MruaAuauURn1uNInIgIua1e qagelneg1anianiauinniimils

a ¢

wmsgruderaluil NSF Standard 49, EN12469 : 2000 wio AS2252 [6] §iiUszRvsiuanuanisnaaeseiulals

U
v

Pannsaldiiainavitnuessudmegdmiunumisiissuaiiels dauiesjufinisivine1ddinieile

wnzAedinseufegdmiununizidesuaiise lagugnsananguasaadmiununizideuvadiiede

Y

(tissue culture) LNBARAINULELILALAUELMNEIINNNTUUL DU
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