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# # 5570193821 : MAJOR ENVIRONMENTAL ENGINEERING
KEYWORDS: FUNGI / ANTIFUNGAL AGENT / INDOOR AIR QUALITY / POLYESTER
FABRIC

NATTAWAT WITTAYAKUNSATHIT: EFFICIENCY ON FUNGAL INHIBITION OF
BENZALKONIUM  CHLORIDE AND LEMONGRASS OIL ESSENTIAL ON
POLYESTER FABRIC. ADVISOR: ASSOC. PROF. SIRIMA PANYAMETHEEKUL,,
PH.D.,THANYANUCH KRIANGKRAIPIPAT,, PH.D., 102 pp.

These days, people spend most of their time indoors. Cinema is one
example of an indoor place being full of people at a time. Upholstery fabrics in
cinema are made of polyester fabrics, which are main food of fungi. Besides, fungi
naturally grow in high humidity condition, seem expected in cinema. Fungi then
are concerned regarding human health effect. This study applied Benzalkonium
Chloride (BKC) and Lemongrass essential oil to inhibit the fungal growth on
polyester fabric. The concentrations of BKC and Lemongrass essential oil applied
were varied from 1% to 25%. This research aims to seek minimum inhibitory
concentration (MIC) and effective duration of both fungicides. The Polyester fabric
35% (TC) and 100% (TK) were determined according to AATCC Test Method 20-
2008, 30-2004 Section Ill, and 81-2006. Moreover, we determined the damage of
polyester fabric caused by both fungicides. Aspergillus niger was chosen for this
experiment because it is a prevalent airborne fungi. This study indicates that BKC
is more effective than 2%-Lemongrass essential oil regarding MIC and cost of
fungicides. 1%-BKC and 5%-BKC are suitable to inhibit the fungal growth on TC
and TK fabrics respectively. Effective duration of 1%-BKC and 5%-BKC are 18 and
more than 30 days respectively. Furthermore, TK and TC fabrics are not damaged
by 1%-BKC and 5%-BKC. So 1%-BKC and 5%-BKC would be recommended for

practical use.
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1.3.5 gamnlunsumden 30°C

1.3.6 pH Y93 lndleamesvddr1a 5.0 - 7.0

1.4 UYszlewinaininazlasu

1.4.1 @u15nuansusenau benzalkonium chloride %58 Undunausemganazlasy
AU tunzad g ludind sz anTu

1.4.2 978800 UASI8INNITAUNALTD I UNANSISE LU 15INTNEURS



Una 2
av a4 ¥
NUNIULBNATITLALITUIAYNLNYIVDY
2.1 ﬂimmwmmﬂmﬂumma

fie anmerniamelueiansvizediinends Tnefitdadeiivsuenisgaunine niadi
oA Amazanauis msmelaldegazan waglineliiAsnaidedequnmuesnuiioglu
it (unatls evmaw, 2554)

wiasiLlavesdaiiunige1nia dnunantiu 1sasey wagdtineu uaiivunsvile
nebiAndeymaunin wu vliszaedien wauayn Wuee Yandsvensedionnisnssan
vafiwunssianoliiineinisul feanswevita Wulsarla sauziandelsaizesenieg
drunafiuiitinnandudugs Wy msueuneuuenled annsaviliiAnsunsefadinle

Msfnw Boud wazvhauidladieruauuaiivmasinianielueias 1wy Thu
TsaFou drinaru Wudu szdaganrnuidsannmisidfuuaivniseiniald (@fnd s

LW, 2553)

2.1.1 yanuNIsINAnglua1IAg

n. nanfaeiTiAnann1w g (Combustion product)
uafiwlszinniiinannisenividemdanieluenens iy wdowhanudou
M9YFDINMS MIgALRe M3gaguifieu atuanvielelde uaznssivesviessuieaiuly
a1 sylansuafivanAvednelueins wu Awlulasiauleeenles felulasiausenled
finwAsuauneueanles finwasueulaeenled fredaesinoanlen arsnesuiasled
a1sUsznavdunidazimeuazoyniaiig 1dua wih lothifu quansdunid wagnniu
uenantudedipnfldiesssuridudomas wu Insmudeliimansueulasenles A1

Lulpsiaueenles wazayniruviuasyluoinia @uuna Avunnd, 2544)

2. @159UN3I5EIneY (Volatile Organic Compounds, VOCs)
Aa anshiiansusunazlalasiauegstseniliaznouliiana a13dunsdssivg

fagnuiagesaaniluansseive (Volatile Organic Compounds) @157953L1e (Semi-Volatile

' [J a

Organic Compounds) waganshiszine (Non-Volatile Organic Compounds) wiasnLil

(%

dAtyvesansBunsdssmenislueinns fie Tanuavaiianlinielue1assiuiaianssuung

¥iin lyasdunsdssineasseingaanuandanuasansnieg wugunsaliasesldddnau



wsesanetenas @mvied Lign a1siedeulald N1 @1sviazane wiasiiiaes wiu Ui
& H o Y 1 a v o« & o a & v

Wolsa Yig1vinauageiaiuiesdn iesadnsey ailsddany aduyns udu
wiasillawsazstinaginlminansdunidssmelanarefidu atuyns dlossineved
weaneaged oxdlau wudu Weosuadlen Huea weuludouazezlsundnlalasasuou 1y
AU grewmaililianududunazsiinvesansinulusiasnieesinggdauunnsiauay
VAINVIANY HANTENUABAUNINUDIENTBUNIEsEmelaeTInme YNNI TTEAELABINNALAY

el Uinfiswe Aok aduld 9113su uss wIawloudn (algnad unazdy, 2548)

. Wosuanlan

=

JuuAanlddd dnduguuse gnildldegraninwanddugaainnssuadl

[ o

Wosuadlanluasuaivdrdgludunanimeinidlueins Wesainansiilagnihunldiu

Y

o

Janneasuazdmnuaniglueians Janiluwnasiuveslesunadlaanddey laud lddn
a [ ca o 2 o/ g v & LY I 1 [y 1%

wazndnduevinainlisn Iunldduauiuiuainusou wivauiuiumiudou dunau

LBV nandueinszay Inesnana it wsuyiu iderdiuuenaniinesunailands

2 1

gnitiludiunanvesansindouramesilnes Wedaneg unasinidnduquaanesuanlanain

Y

¥
=) o o )

N tnsillanysel Wy aTuyns dduidemads winda w1 dadufing Wesunarlands
< H 1 & A= v ! a v

ansaluthendndelsaluaniuiiddesnisauazenn wu aglulsanegiuiadniie

Wosuadlanduarsnaliiineinisszmaifeadoynegnelusianie vliAnnisszaie

WPaaen /Al wazmaumgladiudy dunansenusieguInLuUTessYvianase

a

szuulszam Mliianenisuindsey Wesd ueulindy \ine1NQAUN veudia uagi
dnfyoraviliAnlsruziss @asnsse QANAAN UazAuy, 2547) p1AsTvaensEAITEl
asvlesunafladeglugiennuiduduy 0.04-0.1 duludiudiu (@uds visind uazauy,
2542)

3. sunAnaRnsaingseuumaiumeladiuansla (Respirable Particulates)
JuUnTIEUBIUNIAMATITNRE AUANAINNTAlUNTHIWYgTEUUNILAY

& aa v 1 3 v ' d{' ¥ 1 a

mela sunpvadnIddurugudnatsiosndt 4 luaseu wemgladiluazsumasiu
mela dulieeluvenluilsiegluganden nsilaiiveteuniniuavessduagivuin
Y93uaro0d JUS19 ARvuIwiY Audunsnaie wazadnuaiusalunisazaieu
Usgansamlunslesnvesiuazessdiuandrsiuluauiguyns luguyws luauldndulse
Jon ndaniuazestdigsruumaiumelands nalnvesiteniglunisiidnluazons

wianfazuanasiulumuiuriiremaaumela wu uTaun d1ne wasvaenaudiu



Y a [ v o w 1 LY a 4
Autlvwdny Aeglunin wasminduavessniglussesiia 1 Ju vinugeauludenldianly

o v 1 < a ¢ A < A | A a v
n1sMdnduazesnduefindvioduiiiow vunvesuazeeinuau1salunisileda
Ushageauanunniian fie 0.1-2.5 luasou eilnasequn1mvauywdun msziuaread
windanunsaiibiineinsle 91y vaenaudniauisasiveuiin ARTNTT QUIANANN wag
Atlg, 2547)

3. Auyw3 (Tobacco smoke)
Aluyranelueisusznausgansunuealeviln a1vegluguvesuia
lo uaroumeauwviuasgluaInia FuinnATuVENgUiuTunduaanuuazaINNIS b

] ! [
a

Yoy gildavyviusiniglahemanuudeumigaiuyniidily uenainaglasy

Y

]

HaeuReItulauUraLglaTuAuIARenaY aAuRSeaRednla sEATeLAos

M1 AN WazAD (@NTY VISHnR wazAuy, 2542)

2. ndu (Odors)
miLﬂﬁuNaamﬁﬂaumﬁuguﬁﬂﬁl,ﬁmmmhiazmﬂamaLLamsmaLﬁaWia
SEUUMIAUMELa ﬂéuLﬁuuaﬁwmmﬂﬁﬁﬁmlé’mﬂ‘ﬁqﬂ Wudiunauvasasiaiivatgviia
Yo a I [y ° 1 < A o w a v [ v v aa
wiinavieglusyaumusssuussuigoniafieniazmdnnaulvivualy dunalaainviesid
Auagun fn1sguunsidudszduasziinisszuigenialos ndumatiulzfnegniuded
wsudunauiu nmsidanaunigluenasaiulueinldnisszuigennia ia3sanenene

wagsgadunau (3an Juenans, 2551)

Y. A¥80IABYTINN (Bioaerosol)

avessaseTanmlaeyiluiivuiauszanas 0.02-100 luaseu dmfuvaivly
p1AnsTiiudaidinannsnfadinogiualdonuiunn wu Wegdunisieglussuuusu
o1 sty 1Won uarlada Wudu deifnreliiAnlsngluivesssuumadiumela Boni
asnegiiwilueinia (aeroallergen) azeatasedininaislueimsyilvinlsagiuisyuy
nsmela wu lsalnssayndniau giun lsadandnaugiiluiu adnazneliinngusins
sinee sandlilaunendntos asuilondum aufdsaindelumaiumelalusyfusngg wu
win Iuielng Saulse Wudu (i Jumans, 2551) AdTinmadanduainguesiym
aunemangluamslituazdosdianmiadendiuizay wu funawuidilussuy
sxUIBeINIA (WU n1aseetn man) fannefimunsausonisiaiydivlnvesgadn Hud
anmuadounarganIfivsnzaazyhlsigadnulsiindwausssUzUueglueinia way

imdauilugiosiaganelueimsinenussuudivennia Weawmelae1gatniiwuiuassly



= ' < [ Y a =3 ' % 3 o
mmﬂmmumlﬂiuiwma Aagylinalsawazenisiautigniuin (iu‘ﬁ‘W\iﬂ bARSUU,

2548) ANNISANWINITLUININGNALINUIBAAUNTINWNInsEaneluussennanelu

q

'
A

dinaudadiszuuszuigoinia n1sUipednwieiesdsuainialifiduunasinidavesie

wuafiise 1asa Wwes ilindnauialsaneadumadumela wu 1[9nde lonialueg Jon
v & o/ o A & a a & = o < 1 o a

v fetuluesvinsuiidussuulntazAnaauaiealisuainie awnsailulnasniidaues

AUNIIlA @Fnsnssa guAnAnN uavay, 2547)
2.1.2 a1n1ssaudaeiinainuanwainiAnielueians (anu lunvzalia, 2553)
wuseanilu 2 ngu fe

n. Mmsanlilavielaedameinaine1as (Sick Building Syndrome, SBS)
Anannisiderdeeglueinisiinnisldauivegradeundu lunvaine

Faau uilanuduiusiugunmeinianigluenans Weeenaineias gUieazIannvy

1) @nnnvadlsn
1. ameewmliiiieans vilveiniaainaieuanliaemiinly
asediniansgaenieluonnns wu o1 a1sell dienaelsamieg

A15LA%INN1BUDNDIANS

PN

A5 U wuaisy 1asd 1weT g
2) 9115U9sL5A

wusoanilu 5 nguenis laun
1. NANEINITIEANLLADIAN
flonsmusis uaum dhanlva aues seeneidesmazdusnnlusedldreuuiinaud
2. NANBINTANIYN
f91n15AnYN seAeLpien 913 1o ﬂﬁﬂﬂiﬁﬂqﬁLLﬁLLazﬁmmamaamnmLﬁ'aa@ﬂummﬁ
3. NANAINITNWAAD
Jo1nsAoliAe sememe weglagiuin
4. NENDINTNIRINIY
flonsiudauds du Huiiu Randedniay
5. naueMsUmATEy fTus Weud

T91N15UWATHLUSNUVNTININ WNeVan 1199 V1RaUnslun1syineaIu



9. mMsuthelaedianngainnisinauluenans (Building - Related illness,
BRI)
< [ [ Ao Y [ 1 =
un15dulienlianwaensediudungueinis SBS Ao a1u1saseyanvie
ya3971n15UelednauIndannguianuaivanelueinis enisiiuiiesludnwastdng
91n13te wduninen 1LY wasUiandnuiile WekUiseenanerasuanedlaldszuziia

wiwlunsiunsney

2.2 @
2.2.1 faugnuane (Usanual assunds wazauy, 2547)

suBugadniuuganilen (Eukaryotic) laifinaelsflad s1divrindunuuiwadiien
(Unicellular) wu 86 waznaneiwad (Multicellular) Seaduiduly (Hypha) nquusadule
Fonin ludidey (Mycelium) @ulemhludannuning 5-10 Tulasiuns wasdaiue1iuin
Usznaueniinead Beuead warderiumeluiiussilnslywanadu Weovudude 24u

aousaulnslinana-gu nilswaausznauniy glucans waglafiu

a v 1

= ' <) v I ¢ o 1
iﬁuaﬂ"iﬂﬂmzﬂiﬂﬂwumuiﬂLL@%LUUL%@@L@EJ'JLL@’J UNIUAYIUTUI9EDILUY

Y

'
d = 1

(dimorphism) fie dwasyluunselusimsifesteeunninesariisusradudule wad

] Y L]

a o a = 44 ] s ] o s a Yo N

Lﬁ]iigﬂ/lqm‘wgm 37 NANYALYYH Mi@lu5qﬂﬂqﬂiﬁamﬁ]$3~lzﬂiqqLUUL%@@L@EJ’JLLUUEJE‘WTI@LLﬂ I
v A < £

iliAalsasnge WU naln 1ndsu wasiviiAslsaduseyiy Wumu

o

2.2.2 1398519908091 (Wlanssas wavna, 2525)

1ATIASTNVOUTOTIUTENOUMBAIUAINAININTA 2-1



Gl Aut W MW L

PN o &
AN 2-1 Iﬂiﬂaiq\imaﬂlﬂjaﬁq

i - http://archive.bio.ed.ac.uk/jdeacon/FungalBiology/chap3a.htm

n. Waag (cell wall)
dieldndesganssmisssundosiniugaduess ssnudnvaslutuie)
widleldndosganssmidianaseu ssnudnwasnundudue wensanainiulddaau wihd

auveswlagaduenanmsvievinlesiugad fis Snwiadliasguinsegla

9. LwaduNLUsY (cell membrane)

wadianusuvhmthiveriudiuveslusiavatatu fasadu (ipid bilayer) us
azduUszEnoufe dau (head) wagvs (tail) Tngdaumsdadu hydrophilic agAUUEN
flUsfunarlnalalusiuunsneglusswingu Tnswamanusuasddnuas Tt Sudanluead
auutseanifunturareusalaaved uensniwadmuusudoimiiidudedentdiu

(Semipermeable membrane) siin1suaniUasuansszrinenisluwaauazuonigadaiy

A. wulananadia 15ARAL (endoplasmic reticulum)
Wusaswnwuanimminduasizilusiu sukvuiilslulounie

(Rough endoplasmic reticulum : RER) @aiintniidaetansanislusiunazanaviing1ae

1. lulwmauese (mitochondria)
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I3 Y Ao A v & ° Y a v Y v ¢ !
LUUIﬂiQﬂ?W\TVlﬂJLEJ@VIﬂJ 2 VU quuqﬂaﬁqﬂwaﬁﬂquslﬂuﬂlefaa llzﬂﬁ'm

\Ju filamentous A8 8717 wow Usznausmelusiuwaz lusiu

3. 1slulay (ribosome)
< I3 a‘d‘ QI aaa a al
Juseiunuuaaiaunsanulaludaddiouuuganslonuaslnsnslen
lassasavesensunwuaailufiiony IntndAglun1sdunseilusfusiuiu mRNA waz

tRNA wulafiusatenuiuafvavselulalanaiady

2. winglea (vacuole)

I3 Yy dad v & o = ] gy < S &

Julassadanfiideuduiien 1531 tonoplast Hdnwauzilugy aneludidie
= . i i ° Y a v | ° Y o g ]
a (pigment) AqusTYey wingleatuswihmiiiadewingloaluiiy Ao imdiluunds
agﬁﬂaqﬁ’ﬁuﬁgmaﬂLaﬂﬂ’]ﬂﬂﬁ%‘UTwﬂqi(}hQg] LY ﬂqﬁﬂﬁUﬂNLLﬁﬁﬁua@aINaﬂ ﬂ’ﬁLﬁ‘Uﬂiﬂ

aillu Wusu

%. Tuadea (nucleus)
Julpseadienidigeny 2 9u Fangluussgansiugnssuly dnnuusnmnss

nansvenwad aelutinaduad DNA egiludruiunin Suthieuaun1svinauiegvesas

2.2.3 NFAUNUZVDIT (uviiiley WIlAuned uazans, 2555)

s

seeRuglanwuuafene waglieidomea widiulvgazveneiuguuulionde
eenTsassaUasiliandeme alesvassnivenaiugiianisaiisaUasosidniee wu &
o = g a <@ v 6 1 < 1 &
w1 i W Wy Wusu avasvessaunsawiisenidu 2 ngu fe
n. aleiNonduind (sexual spore) laun lelnales (zygospore) uoalaalos
(ascospore) Wag LwanloaUes (basidiospore)
2. alasnliofuine (asexual spore) laun Aasatile (codinia) wag aUasusuile

dlo3 (sporangiospore)
2.2.4 Y2309 Anasan15930yv0931 (552 Iy, 2553)

Uadendnanenisaseydulavessiluanzuindonnise) taun
n. dwdenudu Wududislunisindeudisomsnieluadlaegsazainuay
Wusneliiinufiisen hydrolysis Tuvaziinuduluonaimunzauiunis

L3LAULATD95IAD 60-70%
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a |

2. gl srdulvgaunsanugamaiigeaalafs 42 sernwallod uigunin

Y

a

wangaufaslumaaiadulavesneglutag 20-35 ssmiwaldea

A. 9anTau (O,) Wuladefidrdyuin wsezsdeddoandaulunsmeladfions
L3gLule

3. @1ve1ms dedldormsiendndundinuuarldlunisiadyiivie Inevdes
wulusllugesemnsnieusnimadudiganduidnunnieluiead ansemsfimang

AunsasgAulavessiie Wima 39l C H way O WuesAusenaudifey

2.2.5 1safisnnantyasl

n. lsavansnt@uaniasa (Center for Disease Control and Prevention, 2013)

a I3

Wolduame e Wwestlungu Aspergillus TneiinainnismelaeiaUss
19351910t lUNVen FuAnnsiaenuinalen dniiafuauniigiauiulads wu §and
szuugilauiuunnsas gUaglsailiindedin Wesnniisvuugliauiuunnieaseseninuily

Tulana

9. 13AIui (Uue3 gIumn, 2554)
TsanfiuiAnainnsiisanmeladfuasuisegraudniliannisnevaussd
Aound YilsAnlsauare1n1sinetu iy Unfinuilugaduazessarlsifinennsinund us
fnfueuiiiulsagiiufigaduazoondily azfionistiynlua defieenisveslsngiui
tues TsagluiAntuldvaessun 1wu
Antuluszuunismela oinsuiasddaudihynlue 90 fuayn daayn
(auhlusiniFen Tsauiiennia) vieeaiionsuuss 1w le faumgann dennsvey Fadu
pnsvaslsniin anvmueslsanduiiiintuluszuuntsmeladauannifinanledulutiy

YUAN AL LALLTDINUBINNA

[

Nnduiimide on1slulsagiiuingud laun 9nisauiiy Auli Feame

q

C% ¥ [

G Uﬁy, NUNINNTUNBIITUAZE WIONIANATINANUS

q

lsailuidlanmvndfey 2 Usens e

(1) nssuniug wu lsadia lsawionia aintuladeimnnewliiuse i@

Y] I

Julsadsnanuineu uwalsagiuiuiseds wugnssuldldanmgdidailn wu uieimis

o

uASosUsziu 1Wudu
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(2) Gwandeu Wuladendrfgyuin nsizansnegliuiisneglueg sousis
g & [ < [ L [ a = v o a aAw v A
v lddnasilunviuaeglueinia egluemis egluingdsvesiinduda dandesseiene
ansnegiuifiliaunsousaiiumenilan wu inasaenlyd Wesiluenia wielsdulutiu
AeaniuinauazeIaUae e Minasnegiiuiivanil uenanildaddadesiunirlvlsa

a v

NAWToNNITTUUIITL WU enAUAeunUas uafiverniaanaiuse afuyws s

Y

2.2.6 L%’aﬁ'l Aspergillus niger

Aspergillus  niger WWudasiesdufinuldunluszimalng nudosviailu
UTINIAR LAY 129-138 aves/gnuiadiunseinia adesiidnvuzddimaniosdanmd
2-2 iulevesswiindlifid duiuglaonisldavesuuulaondowme 1wsglaaluamsiia
hnaglasa Anutuduimsinnndt 60% wasiinldffiguvnives (wssng Suinen,
2535)

ol e \BAN3ANEY wazAMey (2554) uag ACGIH (American Conference of
Governmental Industrial Hygienists) LLwﬁmL%aswﬁgwmiuussmmﬂhimslﬁu 500

aﬂa%/qﬂmﬂﬁmmmmﬁ (unviE Laﬁmiﬁﬂqﬁu LarAy, 2554)

K. Nishimura

A 2-2 Aspergillus niger

fian : http://www.mold.ph/aspergillus-niger.htm

2.2.7 nalnn1sn1antdasn (Dao warAme, 2011) (keda wazAly, 1985)

maiul,?iaﬂjm%aé (Plasma membrane) fwealdUn (Phospholipid) 18w

29AUITENBUAINING 2-3



Hydrophilic 3
“heads”
Hydrophobic
fatty acid “tails”
Hydrophilic
“heads” /

Al 2-3 lasead1avas Phospholipid

13

Phospholipid
bilayer

i ; http://www.scottsmithonline.com/interests/medicalschool/biology/110a/

Midterm1Materials/Notes/MyTextbookBSCI110aMT1.html

[
v

Noalnalausenaulusmediumuazaiuny d@umdudiunid drunmadudiun

Taifien

a155Ud0y051 0@ uNTvILard U lUi e N 1nA 2-4 Taearunlifivragvinle

WoalWdUaiinveris@unelutu wasiinn1sisesinragudanimig 2-5 drunivragyinlnds

YaTUNDAINATAUIAT LAANITUWIUINTY N LAARLANLAZANE

cH, CF

™
]

{:HE _N+ {CHE}“CHE,

CH,

¥

n=911,13,15

AN 2-4 1AS9A5199998158UE9T857 benzalkonium chloride (Takeoka kagAguy, 2005)
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AN 2-5 Waaiw%mﬁmsdmdwLLazmiL'%sNéhﬁﬂgU (Dao wazAdy, 2011)

2.3 fNInAedanes

InAaneas Ao Malansdwasirenuduaisen dsusznavlumenainas
lalan3nueanages waznIawmLsnnian sauduedatos 85% lasumin UfAsemiuadl
SENINLBANDTDABALNTAAISUBNTANALIINAAMLBAMDSVY UUNUIEAIILIN INELBANDS
Jueawesimuunniegngluidule Fadilassaiomaunisanini 2-6 ndleawmesaiuisn
wuseanidu 2 wila Uezek, 2006) laun

n. Indeamnasyindus
= = fa v Y] v % ¥ Y] ° a
Julndeameinduledudiuds Ysznaulumevaavarimidnluanasiiuasinosiunaladin
i vdnluenaasasludunss fussujisendmsunisduaszilndieanasuiindud,
& A 3
Ao lnaroa waznsansauaulalasa

9. INAeamasINA DU
dulevfintusenausielitanludus Indeawasviatinldlunisiasuainuud sty

Nanamn wazdalin1sivesnawnsratslunIsanATITASTURNBN1SAYY

O(CH2),0-C C

O O
i

AN 2-6 TASIAT19INATvalnaLeaLmas

i - http://chem.chem.rochester.edu/~chema21/errata.htm
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dfndnarnidulelndieamas 100% danmd 2-7 ulediauudausauin dau
gangugs nunusieansiall numusisnsialazvia sesdunieduvetin MTRd uagnuniu
' & a § < Y ai 5 a U & = Y 2 o a < & v
dovtios ndleawefluiliveuiilusssuyd dsuiawiass anunsainlusdnduded

AMFUENINDINIATITULSS
YaNAINHIINALDALNBS 100% wad Jein lndeamasnauing (cotton) Aa KN
Tetoron cotton (TC) @an i 2-8 1unisuauiusznindhenazlndeanasludnsidiu

65 : 35 anaudR laiga laidae nunudenistnlas

AR 2-7 flndeaned 100% (TK)

fian - http://www.thaigarment.co.th/images/Polo-TK-2.jpg

A 2-8 flndleanes 35% (TC)

fian - http://www.thaigarment.co.th/images/Polo-Lacoste-TC-2.jpg
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Auandinazanvuznisldiuvesdlndioainosniag aruisaagula

Tupnseit 2-1

M519 2-1 AnaudRvaranwaznisidauveainaiiagieg

Foi3un FAIUNAN VDS anwruATAMALUR aNWLNS
WUy ANNEANEL | N15TEUe | Anwaen dau
91N1A NN
TC WU NEY Uunan Ywnanw | wiledhey | Tdauiedes
(Cotton65% + U nidndhe Tl
Polyester 35%) fifeymises
FNVIAGY
TK wulodumsen GR ae Dughun liiroedu
(Polyester 100%) wite 3adne
guenn laivn
Lyitin

2.4 g1sUsenauuudalatisunaalse (Benzalkonium chloride)

19nW0uile1 alkyldimethylbenzylammonium  chloride %38 ADBAC WJu
a1sUszneulungu Quaternary Ammonium Compounds nsululdusglem taun u
a13vianedsdidin 10u surfactant wazilu phase transfer agent Tugmainnssuiall (Bore

LagAe, 2007)

Quaternary ammonium compounds

CHs
S"’r Catn 1 1= C
' - CH cr
/ }'H'CIE-HJG v | E.@
= CHy
Cetylpyridinium chloride Benzalkonium chloride

m‘wﬁl 2-9 TAs9as19u99 Quaternary Ammonium Compounds
fisn - http://www.pc.maricopa.edu/Biology/rcotter/BI0%20205/LessonBuilders/
Chapter%2011%20LB/Chl1LessonBuilder_ print.html
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2.4.1 AauENURA (Sciencelab, 2013)
- avaneldilu lenuea uazezdlau
- pengVisléAT pH 1@unans ieidusa
- HAmdesoounialulld
- AavWUUEANYIIAU 0.98 N3/gnuiAnlguALInS

- Aanuuiiy LDy, (Oral) winfu 240 fiadnsusieflansu (meaeafiuny)

2.4.2 msunluldau (Usuiady Lﬁymﬁqa, 2542) (loannou WagAg, 2007) (McBain Lag
AUy, 2004)

dulngliuansendolsn Tnsdruiiiidavearsusznevivudaladen
aaelss delaun N waz U vhldudalealnaladadudiulssnevvengadiuuicas waz
duildliithesasuszneuuudaladiounaslsiitlinealnalafatosing ianisidee

a

AngU Favbivesmainigluwadinasenluateduueniaziwadang arsiiannuluiiven
wagliiszaneihsailoidelras luunangnatainld 1-2.5% a1eunaagarunsaianeiiodiv
guvtnlaunn laglivilvunaleemileulalasinueseanled uanaintdaaunsainluly

[ 5% = & - v Y
LUUﬁUUa'NNEJ?J’]L‘U@IiﬂLLﬁ%‘U’]EJ'mEJEJ@Gﬂ‘lG]E)ﬂWJEJ

Al 2-10 ansuszneuudalaeunaslse
17‘II3J'1 :
http://www.bonnymans.co.uk/products/product.php?categorylD=1421&productiD=62
12
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2.5 Unsiuveuseivigannnzlad

Taannsanminduaindiudieguesaglad wu Tu aen wa 1WWudu @dnau

WINTFIUNANTUNNANNTTY, 2545)

AW 2-11 mglad

i - http://regiond.prd.go.th/ewt news.php?nid=41213&filename=index

2.5.1 daganangurnans (@rinnudeyaayulng, 2544)

Fomeneans : Cymbopogon citratus (De ex Nees) Stapf.
o196 : Poaceae (Gramineae)

%aé’aﬂqw : Lapine, Lemon grass, West Indian lemongrass
Foviosdu Ay, bAs, aLlAs, Wawnsey, Widdle, wiaaginse

Amdufy (Sciencelab.com, 2013)
: LDs, (Dermal) 2 nSumanlansy (maassiunseane)

: LDso (Oral) 65 nSusiefilansu (maaesfiuny)
2.5.2 vangrumadnerenans (friinamdeyaayulng, 2544)

n. QVBALYBUUATILTE
A4 o 8 w Y Y aa . . '
Wewniduneuseeanas lasuimeaauseis diffusion method Wuin
Yfunreusemgantung lASAULINTY 0.3% JUNA 5 UAR./ATU @1Unsadudutanuaiiisey
E. coli, Shigella flexneri way Bacillus subtilis Ia feunlawmulueadieiioainydiiu
azlas wailuneasumeds disc diffusion wuinindusglasanududy 5% tagiindn o

Usgavsnmnisdugadiowuniise £ coli waz Samonella typhimurium la@fian
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Ly &
Y. VBT

fiuneussmeaintunglafiidiudseneunanlunisduduesn fie citral

= & ! Aad Y 59 v ! A 1aY o 14 aa a
way myrcene Fauludniivigeuuarlifiviegmeniu dunlifivailvnealnalaiinnig
Seamiragy luvagidiuniitnilindaealndlauieas vinliiianisunsvesveaman

¢ o § v I3 4 o 8 w Y & o v &

meluwaduagyiliigadane Weuduveussieanluaglasluimunduasumuies

W Wduveuszmenlusglasanududy 2.5 uay 3.0% aansadugureslanafian

£%
< =)

diewansananglasluguuuuniagildlunisduduresiumaasignsiuiee

51 aunsaazulatunisien 2-2

M5 2-2 enudnduresansaianglaslusuinuusineg ildlunisdugaies @rinnudeya

ayulns, 2544)

aidvaaton mududureniny | aaduduves | enudud

nzlad (uAn./ua.) drfunensyme | vesansann

MIC MLC neglad PIGH PRI

an./ua.) nLgu (WAn./
1a.)
Trichophyton 122.5 135 10,000 125

mentagrophytes

T. rubrum 135 147.5 20,000 250
Epidermophyton floccosum 115 125 5,000 62.5
Microsporum gypseum 235 310 10,000 125

au & a 9] Y o = I~ )
QWU?QUULﬁ@ﬂi%ngﬂﬁugﬂLL‘UU‘UW@JUV‘@@Ji%L‘ViH LUBNAAN Ni"lﬂ']QﬂLLag'ﬂ@W']

avaInilleiiguiuguuuudue (Al 2556)

Ly

A. QVisAUER
Wewasanenzlasaeeniusannuldutu 40 uan./ua. kasuiduney
a '3

FEWBAINALLASAMULTUTY 60 UAN./UE. NANAILUDIMSIALLTD WuIaunsadudedan

Candida albicans &

2.5.3 mMsafiaunduvausseg (@H0nauunsgiunindueignangsy, 2545)

a1un50anala 535 lawn

. msnausnelen (Steam Distillation)
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fuannisee Trladenuiwidosnisanmunsiueuseve lovuwaztiiuneou
syineazeuluniuYie LLé’aQﬂﬁﬂﬁLgu@hm YN UNDUTLLMYLATUIILLYNTUBDNAINAY

111501 U T UNEUSLMERBNUN ML AZLAIN 193NAVBIISUAD TUadNAUNY

2. Msananeu1dudnd (Extraction by animal fat)

Jagtuldisannmgansiailuny e naedldianuuuaslssauuin

A. NsanAMeaIsil (Solvent Extraction)
Pdviazanslalasesuauldasluiuiuisesnisans aglaunTureusswe
araueany) MntutlUnduiavinliduduundu Itduaisniisduldussdusenaumdne

Windeging udildueanegeduigvdazanstiiiuneussineeanun wisg1slsiau dadldai

Y

avaneanAveglulndurenssmy 019vhliszanefiesla

gj = = .
4. NNIAUNTBUU (Expression)

Y

dldenvesiivnienaliludamduiubny warirludu aglaveavaindng

£%
o

iuazidiuneussiienauiuey NUUTDLAUNBAL U UND UM NTUDBNIINAY 9

ANUNSOMENUNTUNEUSLMEDNUNLS WATaT1NAVIISHAD WTureusywmeanlaazliuSans

q

IS 24 1
wn wagdongnsldanliuiu

2. msanameasusulaeenlanivian (Extraction by CO,)

Junsariaseesueulaeenlamaineldusaiugs welmiduveuszme

3 1%

Tunwazatelumsvaulaeanlenivan warUasslvasuaulaeanlonalsyiinluwsssuuni

£ v [y

wineusiuvensEe gV Yedninveditine AununsHAngs
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AN 2-12 dsiumeauseeaInngbas

fian - http://www.herbana.eu/essential-oils/79-lemongrass-essential-oil-cymbopogon-

citratus.html

2.6 uAdeiineadas

Pasquarella WagAn (2012) FoansUszanaduiuqduvidfiassegluainianiely
Tssnmeunsidaliuinisuazidaliuinig daviAunnsgiuiostuvesgdunidlueinis
aelulssnmeound uazUiuudmamgniosseninenisidusegnauulduarlilléindesga
91mA lnsvhnsmeaedlaeidendnsinsnyuiisuennia 15 dedalus Wudunuvosusdas
Tsenmeuns 19 Tryptic soy agar Wusmmsidsadouuafiae wazdmiusild Sabouraud
Dextrose Agar Wuommsiasade Tnethidslutui 36°C Hunan 2 Yu uay 22°C Hunan 5
Fu gty nud melulsanmeussfidaliuinsiidouuefidonassluoniaunnniilss
amounsidaliuinig lnsnuinsfuiesauuuliieiesgneinialiviinaitoqdunis
wnndt nuidenuafidelulssnmeunsuingn 798 cfu/m’ wagNUTIWINGR 57% 89
Fregsermariivannielulssnmeuns (Pasquarella uasanie, 2012)

Dao uag Dantigny (2011) Ls'?iyaﬁLﬁuqﬁuﬁéﬁ'mmsaLSﬁwé’]’Uﬁ’ULﬁaL?}ammma"l,ﬁléf WA

v [

N a ' o X A 1% o o vee o =
LLUﬂV]Liﬂlllﬁqll']iﬂ'ﬂ‘ULu@LEJ@GU'E]\‘]NavLm@ LWT]%QSUUﬂ'ﬁLu’]LﬁEJGU@QNalllﬂﬂﬂa'n‘ﬁﬁ]u']'ﬂ’]ﬂlfﬁ

v
a =

51 MIneaestidun1snUseans N nve e 1UealunNISTUTLT IMARTUUURIDINT 910
Tomnsinde iiansgadeyanmasegia tevueagnldiduasdugudesiunuiuuwds
waraunsnInmlaazain Jaldeniusalunisududasinyinienmisiings Tagldeniusa

Tu 2 anng Ao arsazarsunazloleniuea TuN1SNAaRIUTLANTAINNISEUTUTDI1VD
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dsaransienuea Wesildlunismaass Tdun Aspergillus candidus, Aspersillus flavus,
Aspergillus niger, Cladosporium cladosporioides, Eurotium herborarium, Mucor
circinelloides, Mucor racemosus, Paecilomyces variotti, Penicillium chrysogenum,
Penicillium digitatum, Rhizopus oryzae Wag Trichoderma harzanium 30AN1INARBY
WU ansazanelenueaiinududu 4-6% figamail 25°C annsadudaninindesin
wiiale luvazdimsmnassszansnmnstiududesvedleroniuea Wosildlunsvaaes
laun Aspersillus niger uag Penicillium sp. lanan15maassin lateniueannuidndy 20%
flgamndl 25°C A 0.7 kPa ansadussnisnszneavasveautometiideddn Tns
Tounnssvesmsldasazansuaslolovuea fe gunsaieiesilefiannsafanseuls luians
THansazanioniuea uamsldloleniuea vaszisvedlelemueade awnsaiianissyidale
neleinudu 3.3 kPa

Phongpaichit wazAn (1995) esanmsiaunssudadeslngldansiaienaiin
nstudeuludanndenly Sesndudesifauimadensulunisdudutes Taslusmidded
Bonldudnfusiansssund dedmnudufiviodnidsgnieunduazdesanade 10y
nsneaesmanututusiaavesesasiufatesfiaunsasudadonls Mo Tneldans
afnrlduanluresduinuounasldidosandszndlneuas wauian Wranisaaesin
asatgluivanluvesfudnueunnududy 50 wan/ua. aunsadudadesily uay
UsgAvsnmnissudsaeiiudidesianussmalneiiduinnitasiuditesanussme

]
[V 7

WAL FIUTLANTAINNNTTUGITUBYAUTLHZLIANNISULIDIIAY IAYTEELIAINISUL 3 U

Y

fiussavisnmnsdudannninszeznan 1 uar 2 Yu (Phongpaichit uazAne, 1995)
Tzortzakis Wag Economakis (2007) 1esa1nnnsldensinunasidunsesouyuduas

Aaundoy wardmndndueimis nsiisdennuidestesunsiotasaiunnau Tnoweneny

wimadenuiodsivasaduununisidensinuuas nisluniadeniu de 14wanfusiain

5550979 Fen1sneassiidenlvduns lasiduarsduds Wun1snaanammnududuveans

¥ [ 1
v o A o w

dugureurduneuszveanazled lagldidesi Aspersillus niger lunisvaaes waald

(%
v o w

aududuvesiiuneuszieainagladlugas 25 - 500 ppm tluuudedigungll 13°C

% s

ANTUFUANS 95% lAKan1T1Aaeeln UiduneusyineanaglasAIUINTY 500 ppm
aunIndudinsiiniest Aspergillus niger 16 100% (Tzortzakis wagmaug, 2007)

Xu wagAue (2012) Wes1 My AiAnlsAn1AS NL@UNUNIN MUUSZINARISINAIUN 1T
a = P ! v O aa a a Y o A 9] .
NUszmedu Wesnluausamansdudaniiusy@nsninle 3udenld phenylmercuric

nitrate way benzalkonium chloride @auduansiidlunisdudauaiiseluni urag1elsAniy
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Felunuawideientunisld phenylmercuric nitrate wag benzalkonium chloride Tunns
Fufaderautwari Suhmmeaeszansanlunisdudadesdulefinelfinlsams
a1 Iaeldans phenylmercuric nitrate Way benzalkonium chloride Fasildlunisnaaes
I6un Fusarium spp. waw Aspergillus spp. dududesndulefineliaalsanismiinuunn
Tomnaidsatie potato dextrose agar tnluuslugumdod 35°C Huaan 3 Fudmsu
Aspergillus spp. Way 7 JUEMTU Fusarium spp. INN1INAABINUIN phenylmercuric
nitrate  SUszAniatmnissudadesidulefideliAnlsanianigenda benzalkonium
chloride Usgnad 1,000 1 ImeldA1 Minimum inhibitory concentrations (MIC) 10u

N1510MBI UNSUBNUTEANTANUBINISET UL

v o

Foksowicz-Flaczyk wag Walentowska (2012) frdfludusnimungdnsuvindu

[
14 4 a IS

v@ornauld 10997n878Me1nALAe kAUNI9ATITUDIN H1ATULRMTe5191803180

(%

duas1edt INdNFINUBNTIMUIDIMANTUUUAN U anniuiIvesiWasuly Faneas

nauduTy Wudy dainesiuudl Weuywdlddifiwesiiesunsidngsninie dwa

U =

nszvusiesyuugIANiY $911338nUI1a15 Quaternary Ammonium Compounds (QACs) &

q

17 [
v A

UszdnSamnisdudadengarlidviaewaglaareddn waganauideres Pemak wae

ANy (2006) wuitndelumsnuazindelulasiiussaninmnisduguuafisuwasiiosngs

= A

Fadenldans didecyldimethylammonium nitrate ((DDAIINO,) Sudfadosiuuinadu Tne

L4

Wdadulvndivuemisideaie udwimeagesiadly dluvuluguunidodunan 4
dUnvi fioamall 29+1°C auAiuduing 90% ndsnUutadands 1935n1sgduiuies

senlainalusyitiuiuseeu I

[y

= [ 14 ! [l ¥ 1 dy
5¥AU 0 fip wesldiumenUawavdesnanelinudos

[y

seeu 1 Ao wasluiumenlan LideINdodkaInuieas

[y

SEAU 2 AD UadTUMEALUEY TW0T) 25% VoINUNNAaDY

e

[
[y

SEAU 3 A9 YaTUMEALUET H1991 50% VBINUNNAaDY

e

1%
[y

cs & v oA A ] & A
SEAU 4 AD WBILMUMIEAILUAT ULBDTIUINNIT 50% UBINUNNAADY

[y

3¥AU 5 A L%asmquﬁuﬁmaaqﬁgwm
ndntu tiludespiendes scanning electron microscopy HiageuiUAsuutasdule
YOINATUU AINNITNABDINUTN g'uwimfmwﬁwﬁu 5,000 pe/¢ dry fabric ﬁ’]ﬂJ’]iﬂETUEj’jﬂL%EJﬁ
Taluszeu 3

FoRvasuddeiidnuwiun Tiun uideves Dao war Dantigny (2011) Tzortzakis

waz Economakis (2007) Xu wagAnz (2012) MiN1INAadaeLtos Aspersillus niger waz



24

Penicillium sp. Badudesfinumnnluussernia wazsniddeves Dao way Dantigny (2011)
Phongpaichit  wagAfly (1995) Xu  wagAe (2012) way Foksowicz-Flaczyk W@y
Walentowska (2012) Uenanniznisuaidiondsanunsatiluussandldiunuidedls

FodrinveanuAdefidnuun oA s1uideves Tzortzakis uay Economakis (2007)
Tanngnsumdefigungd 13°C Gsgampifimnganlunisusidesifie 25-30°C uas
sA¥eves Dao uay Dantigny (2011) Masiudadesteniuea Sudumsidinudouywd

Tuilgtuauidensdudadesndeans Quaternary Ammonium Compounds £adl
tornn uazdlifinmirtludszndldfuinndioaned vuideifadenldarsusznou BKC
wagtisunenssmennaglafifuamssudatosuuinindieanes

Mnenasuarauifeiiifsadostonuadraduinldnsuiladediduadents
Widulmesdon Tavasuiuusilivaaedlasd

1. L%ai’lm%wmaaﬂ A9 Aspergillus niger

2. Aerududiinsluntmeasseglugag 70 - 80%

3. gaungilun1sunes 30°C



unii 3
WHUNNTANLEUIUARY
3.1 Januazialinug
3.1.1 Fanuazansaialdlunswsiomaasaia Mineral Salts Agar (MSA)

- Ammonium nitrate (NH;NO>)

- Potassium dihydrogen phosphate (KH,PO,)
- Dipotassium hydrogen phosphate (K,HPO,)
- Magnesium sulfate (MgSO4¢7H,0)

- Ferrous sulfate (FeSO4¢7H,0)

- Agar

- Petri dish PNAEUEUAUINANS 9 LWURINT g9 1.5 LwuRiung
- Autoclave

- LOANDTOA

- Jnunesauna 1,000 Jaaans

- 93U 500 adans

3.1.2 Jaguazansndinidlunisia pH vasdlndeanasivy

- pH meter

- Unwneg 400 fadans

- fnlnaleainesluil 10 nSu AuIR 30x30 LWURLLAS
- Wosiwy

- Hot plate

- NILINUNRND

3.1.3 Jaguazarsiadinldlunisiwisiae e

- 9WNSLABNTE MSA

- Petri dish YWIAEWHIUALENAT 9 WURWIAT 89 1.5 LwURInT
- NADANAABY

- g’fﬂmﬁ?}/@ﬂ

- vhadede

- upanegea

- lulasUdns

25
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- fdrune 1000 Tulasang

- YANTBUTDT

3.2 NNSLAINDINNTHALYD MSA

Farimidn NH,NO; 3.0 nFu KH,PO, 2.5 n31 K,HPO, 2.0 nTu MgSO,+7H,0 0.2 n¥ul
FeSOqe7H,0 0.1 N5U way Agar 20.0 U WEBuTnduauUsIng 1,000 fadans uavau
JUATATANY wé’qmﬂﬁ?umidm@gilsumjmmag 350 fladans wdnhluiduedes autoclave 7
figumind 121.5 ssrigaidoa anudu 15 Usudsanisaiia Wuia 15 undl vwanguausy
1wy water bath fiflgamgdi 50 ssraia winiomnadsatouunas Petr dish 19

RmtvesaIy Hbidnagauudedn

3.3 N159A pH Y8981 (AATCC, 2006)

Isiﬁgmmg”lu AATCC (American Association of Textile Chemists and Colorists)

14

Test Method 81-2006 fiunau 250 fadans ¢ae Hot plate tWutian 10 urdl wdiin
meg1s 10 Ny Tdliludnauleglviauegliin Uauindninesamenszanuiiing uanuul
nausialy 10 wi ndunslilvigaumglivesdinquanasauisgumgivies Uddlee1geen

MnUINaUAIENBSIEU NEIINUUYINNITIAAT pH @8 pH meter

3.4 N1SLASBNLTDT

a [

W31 Aspersillus niger &@pa1nan1tuldeInemanitazinaluladunriauszine

Ine nsudneraans (TISTR) lnewdesieglugunaoniiouiauds (Freeze - Dried Cultures)
FaB M sInzWennrasatoualediail (TISTR, 2012)
3.4.1 lWazlumanresiaesininarsvosnasaiisuiawdsdliduses Judrdgu
¢ v o S ] & )
WaaNeEea 70% WonLIAY LawnrasatBlisLlseoniduaesdIu
3.4.2 fwlaeviaengdunidesnun umildlulastilndaa Potato Dextrose Broth (PDB)
Useanne 0.3 - 0.4 ml aneatluvaengaunidiioasaigansuauwanyaunsdly
vaen lngvinluanmuasalte
3.4.3 QAATALANUNANYARFAUNTIIINYADAAUNTE WANINTUNEARIUUIIUDIMT
dy dall < [
\BeatBluuLde (Agar plate) §1uau 1 ven
3.4.4 Y1luuuigamgll 30 esrwaidea Wuian 3 Tu wWielidesn Aspersillus niger

wseduales
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3.4.5 wisupnuduTuetes Aspergillus niger Instinnduiiiiunisengouds 9
finddns Taadluluamumzidon whlivhalededeliiiutiews iolv
adosrwaeeeniniminens anduihlunseseanseiiansoserems
sanld 1dlulastiundgaansazaigalesst 0.1 Taddns urlunenasuuusy
gulglaiiines (Hemacytometer) waalanay cover glass dnlutiudiuIuaues
shendeaqanssaifanini 3-1 wazUiuarmdudulivindu 10° aves/dadans
Tngldgmactail

Sruuadsfmiuliimus X25 X104

5

c{' v o = Y  aaa a ¢
AN 3-1 ﬂ'ﬁu‘lJ‘U']u’JuaU@iLﬂaiqﬂjﬁJrJﬁaﬂqueﬁIWﬂJLﬁ]ai

auas/Tadng =

3.5 35N157Aa84

¥

3.5.1 Anw1UsLANSNINA5EUWYDI1VR981S BKC wazuhdunaussmeanaslad

AN5199 3-1 AwUSNIEIUNSANEIUTEENSAINANSTUGITDI1VD981S BKC hay UL umel

seigannglas
fiauus Arfildlunsnaans
fauusAu
- ANUINTUURNENT BKC 1510 15 20 uag 25%
- mududuresisunenstmeannglad 12345 uay 10%
- % vesinlndeanesll 35 uay 100%
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fianydsnu
- UBinaudesifianas
AaulsnuAY
- gungiluguude 30°C
- svpvnanlunisunie 14 Ju
- mm%ué’mﬁwﬂuﬁﬂm%}a 70 - 80%
- pH e IndamesItEY 5~05— 7.0
. Sunudes 10 aues/dadans

143811A5570 AATCC Test Method 30-2004 Section Il (AATCC, 2004) Stume
AsVRReesal
1. WREUOMTLABUTD MSA
2. dhinindeameslmidun 35 wag 100% LUinaAn pH
3. MeAesn Aspersillus niger Aty 10° aUed/Aadans Usuas 0.4
fioddns asuuoaABade wiindedeliimewiaiisufuea
4. finfnlndeamasiva 35 uaz 100% Wugurnauliliduriugudnans
3.820.5 \wufilums udnhiluguseasagats BKC aandutu” 15 10 15 20 uay 25%
difunenszmeanazladanududu” 12 3 4 5 uay 10% wazweanasos 50% (control)
Felddusvaranetdunenssmeanazled antuhlunemsenacuua e TS as LT
5. dluduliluguuteifigaumgli 30°C waganuTudusivg 70-80% (u
a1 14 Ju
6. Uspifiuuszansnmnssududosiail
Linumsiasiulavendes (snesunadiy clear zone Tumiae
fiaduns wasiTeuiisuiduesiwudves clear zone lnsifisuanniduniugudnalsves
clear zone)
ldnunisiasgivinvendesuionesdrondan wawunis
Wigdulmesdennelindesgansaeid
wumsiyiuinvesdesiilonssionua
7. LIJ‘%EJ‘UL%Uﬂis%w%mwmié’ug’aL%@iﬂd’lmwﬁmimﬁﬂazﬁm%quqmffl
withanududuresasiulunnasssielunismaaesd 2
8. Tn1sVRaeed 5 ASq

VY % d‘ v o a U U '3 o 1
PINGLAR : ANUTLNLVDI *2 kg *3 Tdaunauluafinin § (Mesuluddnwaikazmea)
Y 9 Y]




A5 HID M5B80 MSA

U
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e a # .
Tar pH f Indeameilni

)

o

& ¥ : ¢ o aa a 4 A
HERALEI AL 10 ﬁﬂﬂ"j:‘ﬂaaaﬁ"é RN RGNS HEE S T Llajlﬂaﬂiﬁﬂ?

..:_

g h = - |
’EUF-T"ICI’F'I%ILLEIW'FIEI‘ETHN 35 AT 10% AU 3.8=0.5 FHUALIAT F#']Elﬁ"l“éf_lﬂﬂil‘fﬂ"ﬂ

W

%

¢
Laanaaaa 50% (control)

BEC 15101520 &z 25%

i

ar

¥ Ll Y
HIHUHAUIZIHADINAS 1A

12345u8z 10%

)

k'

faeih Tay #9501 S N o
I IR T IHUNTHaIATINa199099 1 IR U a7 .ﬂ!‘ll"l

$oaoA i oo . = =
ALMLFD 30°C ANMMFUFING 70 - 80% THuan 14 Tu

R

3 3
UszidiviszAninmmsdudadas udmBaudiaunarsvialail

= 1 y = I 4
Uszansamannnii tiou linaassmalumsnaandii 2

=l

W

¥

;l ar
MNINAABIE 5 ASY

AN 3-2 HUEINSANBIUTEANSNINNNSEUT 1D 1UD9ENT BKC way

Yfunreuszwmeaneslad
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3.5.2 fAnwagnisideuvesansiugauyes

399 3-2 faudsildlunisfinwengnisidauvesansdugaes

fiauus Arfildlunsneans
fanushu
- % wesinlndeaneslriduny 35 way 100%
- szeznalumsunie 7 15 wag 30 T
fianusnu

- MSNATUVDWTBTT

AaulsAIuAY
- oamnluguide 30°C
- mm%ué’mﬂ’wﬂuﬁﬂm%a 70 - 80% |
- audiduvesansdudadon NHANITNABDIN 1
- pH veslndaEmeI InlEY 5-05— 7.0
C SuuRe 10° alod/iadans

Fupounmsmaaesdisdl

1. wienealasaite MSA

2. dhilndeameslmidun 35 wag 100% LUinan pH

3. MeAes1 Aspersillus niger Aty 10° aUed/Aadans Usuas 0.4
fioddns asuuonsAsade wiundedoliimewiutisufuea

4. siadnlndeamasla 35 waz 100% Wugurnaulididudiugudnan
3.8+0.5 wufuns udthilugudemssudadonannavanesd 1 uazuoanased 50%
vi3e 1ndu (control) Tntfuthlumsanansuuauemsiaaie

5. lualilugundedifigungi 30°C uazaududusing 70-80% 1Hu
a1 7 15 uag 30 T

6. giniidosuintuluszeinanla Slaifidesuintuuansitengnislday
vosmstiudate sz ey nai

7. MNISNNARIT 5 A
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= a da s
Jaf1 pH A Indoaaas

)

A\

& T : $a oo 4 & w4 ogwd
woaraTIATMENTY 10° gilediadias asuuomsiasude uaunas 1y

y

3 o v B _ = ¥ - =,:_ =
"I:_-_:UE-J’ICI‘NEL'EIETLFI'EI‘H‘HH 35 udz 10% A 3.8=0.5 FHUALNAT ﬁ?ﬂﬁ’l‘iﬂﬂﬂdl’ﬁﬂﬁ’l

W

T T S - ¥ ¥ o
LAaNagoa 50% ¥ UINau (control) FIFEUEEDIINA MUV N U= T Y

(31IMIENAaDaN 1)

)

W

i Ty 2 S O N
HIFT IWAEEWD T WU T8 3A7 N8 19U 9 1R NS LA .TJL"U"I

TR S T L 3 -
ALFD 30°C ATMTUFIINS 70 - 80% (Tlur1a1 7 15 uaz 30 Tu

R

5 o 4
aintesuiaduluszeznala

W

y ¥
IN1INAaDIE 5 Afe

A9 3-3 wnuransAnwoensitauvesansfudautesn
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3.5.3 ANWINAYIEISEUENTRIIRBLUDNN

a o i~ = v o & =
A5199 3-3 MauUsniglunsAnwinaresd@siudLaesneliionn

fiauus Arfildlunisnaass
fanushu
- ANUUNTUVDIENT BKC 1510 15 20 25 uag 80%
- mudiduresisunenstmeannglad 1234510 uag 100%
- % vesnindeaneslriduny 35 way 100%

- S¥ezlANTTRUIMTNLA 03N NN 13710 uaz 14 1

AU sANY
- Uminvesinindedas i
- AnwAEENvR N INAAWD S L

4350195571 AATCC Test Method 20-2008 (AATCC, 2008) fduneunismaaessil

1. dndlndeawmeslug 35 waz 100% Wugtnnauliddudiugudnans
3.8+0.5 LwuRlung udnhiluguieasazats BKC amidudu™ 15 10 15 20 25% way
80% tnifumensymeanazladanududu” 1 2 3 4 5 10 uay 100% weaneged 50%
1indu (control) uwinitldansliun petri dish

2. théndeanoslug 35 uay 100% 91nde 1 TuFaimin (lddewidnly
auliurs sz asshlmnududuvesarsdudaddsuntadluuasaudududadodfayd
wrlnidesuasayiulnge) Tneszovnatlunistaiminudazads 16u 13 7 10 waz 14 Hu
Wi dwahminiasuuasivlunsdaiminusasaddudnuazve anvaiidud 9y
thandSeudioutu control TilesduinmsBsuwlameniminunntosdfiola

3. drnlnaleamesing 35 waz 100% 1nTe 1 UdesanImiIsendes
USB Digital Microscope #an1wil 3-4 tilegaimidevevesiniilesanauiduduvosans
Fududon wnnssudisuiuingu Inesseznailumsdesaninusasads 1aum 13
7 10 waz 14 Ju

4. ¥NNISNNABIT 3 ASY
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ATl 3-4 ndea USB Digital Microscope

3
Ui Indedwod nudu17 35 uaz 100% A108 15059 ud1219 130U petri dish

W W
g = oo
1173 (control) LAz BKC 1510152025 UnBTuraNIzMaInAz 1ag
1LBANDIDE 50% 1Az 80% 1234510 uaz 100%
i W ‘1/

W

o 4 & = 4 & - ] Z '
i llFaimdn Tagszazna lumssahmiinuaazads 1@un 13710

= o g P | =
uaz 14 74 udnhuaBeudia o dminfinlsuuilas1ildy control

W

111 11/a99A29n809 USB Digital Microscope fiagdnyaizii/asu Ty udniun
= & 2 '
R sufmsuduinngu Tasszaznailunsdaagninm

.z : N
nAa=ATa 1aun 13 7 10 uaz 14 u

W

¥ &
NADDILT 3 AT

AN 3-5 WHURINISANINAYBIANST USRI W BLLBHN



3.6 ayuyannaasluanuily

152991 3-4 asugansneaesluanuidy
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N1INARLY NUIUYANITNARBY | TTOLIAINT
GG
1. AinyidszavBammsdiudatiosvesans BKC 130 yn 2 \floy
wasiuneusmeTINaglad
2. Anwengnslduresmsiiudauten 120 %9 2 o
3. Anwmavesansdiudationdaiiiaer 480 99 4 \piau
d9UYANINARB LA 730 Yn 7 oy




35

uni 4
NANTSIAYLALIVITUNA

Nan1sNAaBIaNNNsITElun1sAneiuUseendy 3 Han1SVNARBY ALLAUANT
sduauisedilananliluund 3 feil

1. namsAnwUsEavanmnnssudadieswesans BKC uavisumenssiveainaylad

2. wamiﬁﬂmmqmﬂsﬁmmmmﬁé’ug’aL%aiw

3. nansAnwAIEEEIINaNsSUS L TosReLE ot

MNHANIINARBIY 3 N1aMAResil TithunTinsiesisiudtu Wemdoasuuaziilug

AnauveingUizainvesnuidol lnounarn1ImeaelsneasidenvaeNan1sNAa el

4.1 HaN1SANEIUSTANSNINN15EUEWYRI1V09815 BKC wasunduaussmeanaslad

JunsAnwnitomussansameesansdudadesina BKC uaztsfuneussimeain
arla¥inanssudutosviala anududuwinle fenumunzauiuiaiale wazidinaann
nsfnuniludnwegnislinuresassudadonde

411 wansdududesivesars BKC  uwazinsiuveuszieainazladuudi
waeanasivid 100% (TK)

nsnaaesdilunismaassnisdudaudesiuudn TK @wans BKC neunis
naaodldvhnmstad pH vaih TK 1¢en 5.60 Geegluveuiamemiidod

devuidesasunan 14 Yuudh danausvansawlunistudadesiuuii TK
feans BKC TnatUSoufisuauinaad clear zone 91na1md 4-1 wudn wleannududues
@13 BKC qﬁu YUINVDY clear zone %Mig%{uaﬂmﬁuié’%’m Fuina1nans BKC aza1ea1n
flugonmaidnadie Wil clear zone Wintusouin Insnududuresans BKC Aifvun
Y94 clear zone Youdign A BKC 1% fanmil 4-1 (n) Fsflvuinves clear zone WAy 46.0
fiadwuns Tuveusdi BKC 5% fanndl a-1 (1) BKC 10% #an1nil 4-1 (A) BKC 15% fanndi
4-1 (3) waz BKC 20% fanmd 4-1 () flvunnwes clear zone Wiy 56.0 77.0 74.0 78.0
fadwns Feiluszansnmnisdudadosuiintu 22% 67% 61% way 70% muddu uay
Anududure9as BKC 713 clear zone 1nfign Ao BKC 25% fan1wil 4-1 (2) Taflvunn
494 clear zone Wity 90.0 fadns (Lifidesiniy) uaviiuszansamlunissududos
Wiudu 96% ileieufuans BKC 1% Lﬁaﬁﬁagauﬁmswﬁﬁ]uﬂswwLLammmﬁmﬁuﬁ’

5¥91774 clear zone VBIHT TK BALANULINTIUYDIANT BKC AININA 4-2 WU AINULIUTY
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989815 BKC fNasauu1nued clear zone a8190mLaYU tAgIUIAUBY clear zone LLRUTU

a

MUAMUTUTUVRIAT BKC wagnnAuiuduyedans BKC i clear zone 11nAT1AN
11AsgIL (Fulsy mneds Aanesgiures clear zone Tuadded wihity 40 feduns Tned
fananuuwiavesdi TK fldvaaes dedudioriuuudi Tk axliaunsmiauiduduresans
BKC thululdenlé) uansin nnarududuvesans BrC lunuifedannsotunlisudado
sruuin TK I8 wagenudutuvesans BKC fitosfianfiannsndudatosuud Tk 14 Ae

BKC 1%

bar = 1 WURLUANT

AN 4-1 NMIAYFRULPUITEIIUURI INALDANDS LN 100% NINAMUTNTUYDIENT BKC

GiN‘]: (A) BKC 1%; (9) BKC 5%; (A) BKC 10%; (1) BKC 15%,; () BKC 20%; () BKC 25%



37

)

UaaLung

a

Clear Zone (

AULTNTUVBY BKC (%)

¥

AN 4-2 ANUELRUSTEIN9 Clear zone UB9HN TK warANUuTuadas BKC
(EuUse nuneds ANIRsgIuYes clear zone Tuiwideliviiu 40 fadwns tnedifiu1ain

YUIAVBINT TK Akinnang)

Y o

NnuTedldeansgedidudiinazatsvesintiuneuseiveainazlad 3q

o ¥
@ U 1 [ ¥ o (3

woanogedftuinduasanidelsn mzariuuideissenihnmeaenaveoaneged
semsiasaiulnveadesuwin TK was TC #ae Wons1ulszansnmilwiasweningduney
supanazladlunsiiudatos Tnglunsneassilidenlduoansgediinududu 1% 5%
10% 15% 20% 25% uay 50% waznoun1svaasdlavinnisingl pH veedn TK wag TC Laen
561 uar 674 wd1du wan1svaaesUiIngdn Wesasgdulaldnnanudutuyes

[

LOANDFDA AININT 4-3 NUIYAIUIN LOANDFOALULNARDN1STUTWIDIIUURN TK wag TC

[
a v

TuATetidenlduaanasadautudy 50% Wudinazate Wiesanniauaiunsalunis

avaneasiign wazdlinideves Dao waz Dantigny (2011) Mldusanegediluasduduios

9

[y

Tngnuiueanesedanunsndudadionld uiussansnmmstiudadoslids 100% Juegiu
punpiflilunsvuiBesuduiladendn lnensvuiBoniigumgd 25°C Fedldnruduty
vouoanesed 36% lumssusadendunnnimstuidoiigamgl 40°C Aldmmududy
vouannesed 20% lunmssudadion ilesngampifngalunisisyiulaventos
aglugas 25-30°C
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100

(%)

70

F951

60

lnvas
(6]
(@)

B 7K
40 -

a

N1SLRSEYLAY

= TC

30

20

1 5 10 15 20 25 50

ANMULUTUVDIDANBTRA (%)

A 4-3 ANEURUSTENINNTIATYLRUTATOUTOIIVUNY TK/TC Lay

ANMULTUYDILBANDTDA

Aeunsnnassdudadiosuuti TK fettuneussmeainagled lavinis
Yo pH wesin TK 1den 5.618egluveuinnanided

N 4-4 Bumanissudutiosiuudin TK drernsumneussmeainaglad
WU ‘vgﬂm'mL%’usﬁuﬁuaafwﬁummzmamﬂmzlﬂ%f Famd 4-4 (v) (A) (3) () (@) (%) (%) (a)
flunmues clear zone Wiy e 90 fiadlns sniutsurenssveanazlad 1% fanwi
a-4 (n) laiflonnnues clear zone wazaINAMF 4-5 wud1 nnanududurenittuney
sumenazladiivunmes clear zone wnndAmATgI snuitureussvenayled

1% FIWARIIN L51A1UNT0UIANUTNTUYRINTuRNsseanaz lasiradlUTdSuS U a0

v
A o w

vt TK 1 Tngennadaduvesituvensemennagladfitosdian Ao thifumensziveain
nzlas 2%

dlothamil 42 way 4-5 ilessiSeudiouiu nuin Sanuunnsees
nsfududosuinty 9namd 4-2 aniuldiivuinves clear zone awifiuTunINAIY
Wutuwesans BKC usivunawes clear zone axlsiifiudunuanududuvesingtumonssime
anazlag 28 clear zone WgsansvuIn Ao 0 way 90 Nadwuns s md 4-5 Aduwuil
21T UNIILANULANAVBINTANENUIAETT ngwasuaamwmmwmﬁ Ao ANEINNTalu
M5EveRIEsSUSIuANAITY 9INAN5197 4-1 WU dsurenssmeanaglasiianaay

a1 1 dldl

o a a d! U ’11 a a
sule 0.07 Nadiunsuseon TINAEININEAT BKC 7ilAranusiule 1.88x10  dadumsusen
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PU1BAMUIN UTueusEeanaylasa1unsaseveladieningls BKC warluauwidetilu
Msneaadlunvurszuuln Mlianuudusesdnsureusewmeanezlasnszaelunasdl

ANULTUTUYINAUTITUDINTIAEUTD LHaT BKC 1aAaulun195auuenvadtn Jaiuaun

299 clear zone Aunna1eiuaanlunuANUTNTUYDIENS BKC

1599 4-1 AnAnudiuleuargaiienvesans BKC wavindiuveussivgainazlag

asudaden A1Aueule qaLRan (2961 !
(Hadtunsusen au LaLgeE)
25 29ALgALTYE)
BKC 1.88x10 538 (EPI System, 2010)
Yfumenssivean 0.07 228 (Rajasekaran, 2006)

pzlas
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bar = 1 WUGLLAS

At 4-4 mswSgiiuiavesdesuuiindeameslug 100% fifmnududuresidumen
semeanegladingg: () thifunousemennazlad 19%; (@) diduensuineainaglag 29%; (a) thitu
yausewganezlas 3%; (1) ﬁwﬂwamsmamﬂmﬂﬂ% 4%; () ﬁﬂﬂwamsmamﬂmﬂﬂ% 5%; (R) 13'133"14
vouszmenazlag 109%; (1) tisfuvouszivieannaglag 15%; (1) tisiumeuszimeanagla 20%; (@)

Jrfunauszweainaglas 25%
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)

UaaLung

a

Clear Zone (

90
80
70
60
50
40 —
30
20
10
0 - T T T T T T T T
1 2 3 4 5 10 15 20 25

v v Y ¥
ﬂ'J']uL%N%u%aﬂu"ﬂu%aﬂigLﬁﬂ%qﬂﬂx‘lﬂi (%)

AWM 4-5 ANUFURUTTENING Clear zone ¥0981 TK harANUdutuvesiuvoussive
neglad (Wudse vuneds Aunsgiuved clear zone luswddeilviiv 40 faduuns lng

AN119MNVUIAVBIEN TK Nkvaasd)

~ 90 o
X o
~ 80 e I
(o
® 70 2 -
R
g 60 CEEmc s GEw Ca e G G
»2 o e w w o :1:1 o o
2 50 o o = = = i o e
c — — e mm i e i - i . - = [l BKC
o o :
= 40 =
< e e - . o o Lo o Y o .
@3 30 - ZhEm i i G G Can N
= e =% :-: :-: o i o o nnezlad
@ 20 e e g g o o o o
g R 2o ::: i o :::: - [0
10 o i o B i i1 it i
O I T T T T T 1

1 2 3 4 5 10 15 20 25

v ¥ X
AMULINTUVBIFITIUGWTDI (%)

A9 4-6 Uszansnmlunsdugadesiuudn TK senineans BKC uaziduvauseinean
mzlas (Wulse vuneda AwnsgIuvesUseansninnisdudatesluaidetvindu 44%

TRgiNUIINVUIAYBIRT TK Nldnnasd)



a2

A15197 4-2 SIANVBIANSTUTUTDIIUUNT TK (AL, 2556)

A158U81YN 5981 (UMnadaaans)
BKC 1% 0.0014
Yfuneussiveannasles 2% 0.0764

WotA g 4-2 way 4-5 uwsizmdulssansanlunisdudutosnas
= a o U d‘ 1 Q‘I ¥ v Y} gj dy 1 Y} 1 ¥ v
WIgueunu fan1nd 4-6 WU NANUINTUVDIENTTUTUIDIUAINY U AITULTUTY

10% Usfureuszwmeanaglasivseansnnlunisdududmsuusn TK u1nninans BKC 819

1%
A

auiiou tituvessveanegladmsduiunmesmssudatonianinldsudauton
vufh TK uilu@inussdriudy eudndngfesmsanududuiitosfigaiianusadudagon
vuih TK Iy fadu Tuuddeifadonans BKC 1% uazthifuneussveannaglag 2%
Hudwnuvosasiudates uanidlefarsunanmmvssarsiudutesifiass fmsa
fl 4-2 wud1 a3 BKC 1% Tnngnninddfumenszimeainagled 20 Ussunm 55 1
wazartusmAdeiitadenans BKC 1% Wumssududesuui TK Ssaziiluneasssely
msnanasinuorgnislinuresasiudaon

4.1.2 WaN158UE9LAD51U09815 BKC  warundunaussingainazladuusii
nALeamas s 35% (TC)

nMsvpassifunseasnistudutiosiuuin TC #awans BKC Tnanaunis
VNAaeIEL1IaTn pH UeIrn TC a1 6.75 %QEJ%{J:IWZJ’&)ULGIJN’M%{]IEJ%

winULEes e 14 Fuuds wui danuuandisvesnistudadios
VAN TC Feans BKC 1Andu lnpans BKC 1% fuuinves clear zone tasiian fo 365
fiadiuns Fanndl 4-7 (n) wazans BKC 5% fan1ndl 4-7 (1) BKC 10% #anndi 4-7 () BKC
15% FInndi 4-7 (3) waz BKC 20% 3n1ndi 4-7 (@) Svunaves clear zone Wiy 52.0
58.2 61.2 way 62.8 fadns MU wazans BKC 25% fenndt 4-7 (a) flvunves clear
zone mnﬁqm WINAU 63.6  Haalung LLazLﬁaﬁﬁagammﬁmﬁmemﬁumwmmm
AUENTUSIEMING Clear zone Y998 TC wazAUTLTUI09E1S BKC AInInd 4-8 wui
U184 clear zone WisTunuAudLduYesans BKC wiloufunisnaassdudaiesiuy
A1 TK 93813 BKC wagnnAududuasans BKC dvuu1nved clear zone 11nN3161
wmsgIu Bnciu @13 BKC 1% mingaud siddedannsadenldans BkC nnarandudy
enUiuans BKC 19% suldn @13 BKC 5% 10% 15% 20% uay 25% Wuansdudadesiuuin

TC 19 wazAududuretans BKC Milosvigaiaunsnduguiasiuuii TC 1a Aa BKC 5%
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bar = 1 WURLUAT

AN 4-7 MssRulnve e IUURI A S 35% NiANTLTUIeENT BKC

Gi’N“]: (n) BKC 19%,; () BKC 5%; () BKC 109%; (1) BKC 15%,; (3) BKC 20%; (2) BKC 25%

90

80

70

)

60

UaaLung

a

50

30

Clear zone (

20

10

1 5 10 15 20 25

AMUYUTUVBY BKC (%)

AN 4-8 ANUELNUSTENING Clear zone UBIHN TC haEAMUMUTUVDIANS BKC
(EuUse Munefs ANIRsEIUTeY clear zone Tuswidetivindu 40 Jadluns

TefiNuNINVUIRYRIEN TC Alvaand)




44

nsnAalidun1sNAanIn1sTuduaRIIULE1 TC MmeuIureusEnegnn

1
=1

nglas Tnorounsmaassanunsain pH vesih TC A 6.74 Feogluveuinanuie

1AM 49 nud Sanauandsvesnsiudadesuinduiitiiusyme
naglasanuidudu 1% uaz 2% windu Tnetifuneusuennaylad 2% famil 4-9 (@)
ihifuvewszmeanazlad 3% fanwdl 4-9 (A) tifuneuszimeainaglad 4% it 4-9
(1) dhsfuvenszmeanagled 5% finmdl 4-9 (1) uazihiunensmeanazlag 10% &
Al 4-9 (@) flauraves clear zone Wiy Ao 90 fadns withiuveussmenazlad
19% Faamil 4-9 (n) laifivuinves clear zone wazideirdeyaluiinsizidunsmuand
Aruduiusszwing Clear zone vesih TC uazamududuresifuneuszimeanaylad &
awidl 4-10 WU wuIRes clear zone TasynATIITUTRNhT UL TTIMEINAY LASTAY
1NNINAUINTFIY pnuiutisuesssvennagled 19 mneanudn snwddeiansaden
ihifunonssmenagladlulilunistudadosuuin TC Wmnamududu snifuthiuvey

semeanaglad 1% uavanududuitesiigafiaiusadugudesiuud TC 16 Ao Uiy

POUTLMEANALLAT 2%

bar = 1 WURLUNST

A9 4-9 Mstaseyiulavetesuudnaleamasluil 35% NAutuduresiiduvou
izl,uamﬂmlﬂ%&iw"]: (n) dduneuszwisanaglas 1%; @) ddureuseimeainaglas 2%; (@) Uity
eusewgnezlas 3%; (1) Uhtuvensyweannaglas 4%; (2) hsuvensyweanazlas 5%; (@) Ui

yousEEaNeLlas 10%
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90

80

70

)

60

daaLuns

a

50

a0

30

Clear zone (

20

10

1 2

W

4 5 10

14
o o/

Y v ¥
ANMuduTuYuraNsEeAInazlaS (%)

ANA 4-10 ANuduRUSITEnINg Clear zone ¥addn TC wazAUduTuveI T uRNTEIY
neglad (Wudse vuneds Aunsgiuves clear zone luswddeilviiv 40 faduuns lne

INU19MNVUIAVBIRN TC NTNnad)
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100

90
-
S 80
&~
@ 10
aqg
aag 60
o
@ 5o
o
= 40 Y o
E B ynsfuneuszive
@ 30 1 naglad
G
B 20
-

10

0 - T = T 2 T S

1 2 3 i 5 L0, 15 20 25

AMULINTUVBIAISEUE WYDST (%)

A7 4-11 Usgavndnmlunsdudaaesnuudi TC 5e1ineans BKC wagtnduneussingann
nzlad (dulse vneds Aunsgiureslseansnmnisdudutestunuidetviiy 44%

1R8iNU1NVUINYBINT TC AMNAaD4)

A15799 4-3 51ANVBIENSTUTNTRIIVUEN TC (1pd5ua, 2556)

A158U8UY57 591 (U Nsadaaans)
BKC 5% 0.0070
Jfuneussivesannasles 2% 0.0764

‘:4' Y W v a a v o &
NN 4-11 WU u’mwﬁamzL‘M‘EJR]WﬂmﬂﬂimﬂiﬁawmWWSLUﬂﬁEJUEJ\‘iL‘UEJ

a

571NN31815 BKC fianudutduiiednu winnananududuinioeiganaiunsadudues

Y
1

YU TC 19 Anuuduuedans BKC wazundunauseeannazlas windu 5% wag 2%
ANUAINU WALLIDNANTUITIANYDIATEULINGADY AIRNSIN 4-3 WU @15 BKC 5% 3151@1
gnnithduneuszmeanaglad 2% Ussana 11 wih insizaziuanuideidisdenans BKC

5% Juansdudatesuudn TC Faaziluneassdelunisvaassdnwiaignisidauvesans

[V Y
v A A !

SUguTs waznalnlunsdudwtesi A @runludtive9ans BKC wazunsiunausemeann
nglafvilinealnalafianisiSeaiinia gy wenvitseanainiu luvugndiunivivesans
BKC wazurduneuszwmeainezlasvinlrndansalndtauieas tan1swnsdnedy vinla

vanuaiMeluwadlnasanwasyinbiwaasnie (Dao wavAny, 2011) (keda wavmAniy, 1985)
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dethnanisveaesii 4.1.1 uaz 4.1.2 yndSsudiouiuemAdedug wuinans
BKC 1wu3§fs§ﬁqw§1umaé’u5&L%@ﬂ Aspergillus niger Fadullumaieasuiunanis
NPAaeIeT Xu uavAmz (2012) fians BKC anududu 8x10” % awnsadududes
Aspersillus niger 19 wazluauideues Tzortzakis way Economakis (2007) wuindsfumey
sumpnnazladiiussansamlunsdudadies Aspereillus niger imnaundudi 5x10° % us
Tuisedmududurenifunenssmeanasladitiuszavsamlunissufadosiae 2%
Famruuansnswesmudidureaisfunensmeanagladiunaunanannislunsunide
51 91m5iaede Tnelusuiseves Tzortzakis  waw Economakis  (2007) 14 Potato
Dextrose Agar (PDA) iluenmsidsaie ﬂmﬁamﬁqmmﬁ 13 perwadoa [Wusseziian 6
$u Faduannsitlivnzauudnsiedyiulnvendos Asperaillus niger uwiluaiseidly

1%
1 IS

MSA LBuemsideadodsdiansemnadululnnaueiunid vndesigunad 30 e
wandua \uszezna 14 Tu femmmaresnuuanasiana Juilienidedldany
duduvesans BKC wavidumenszmeanazladinnninnuddesy lneanuunniees
omsiReadelidwmadionsaasddumidsei wasdnudeilndfestumideiine nuise
U839 Foksowicz-Flaczyk wag Walentowska (2012) Aldans Didecyldimethylammonium
nitrate Fauansuszneulungy Quaternary Ammonium Compounds Wuideafuans BKC
Aimeaodlucuddod indudades Aspersillus nicer vugnaiiu Ingnan1sMnaeIlsngIn
@15 Didecyldimethylammonium nitrate mmaaé’us’f‘;’w‘?‘?aiw Aspergillus  niger Tendlold

USunauunnian 5,000 lulasnsusannddu 1 nSy lneddlwdslunisnaassiaennasdnu

£ '
=

nudeilae gunginldlunisunides 29+1 esmwalea uaziwesildlunisnaaesde

(%
[

Aspergillus niger TulagUulatinisumalulagdanesunludiunussgndlduudiiedug s
& Y o o v Na 3 & v oA 3 = = v a
Wes1 urdedrinvesnsldimalulagdanesuilufe mdariesuilulisinfgindidiiung
Uszanad 2-3 1 (UnIngnaemaluladnseaunaInszuasuile, 2551) wagiilavinludn
viofledldsunas UV Faneslessu (Ag) Mdulanenindnwgaeenainiledn Vil
Usgansnmnisdudadosuazergnisidauvesii@aiesuiluanad uenantudaes
lopaudtlvaasdiuiu Fenalvindynisedawindenluniends (Oromieh, 2011) Tuvauegh
13 BKC Nldluanuifeildnelifanansenudedwindeuuazdsinign Junuigauuinis

lUlgluFIndszaiuninnIn
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4.1.3 WSgUIgUNaNISEUEWYI1989815 BKC 5831319/ TK wag TC
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Sarwlunis
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Us
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AMUTUTUVDY BKC (%)

ANA 4-12 UszAnSanlun1seuguas i TK/TC wagAuiuduyadas BKC (dulsy
neds AURIEILYeIUIEaVIEN NS U Lo TluMITetWnAY 44% laeiinunain

YUIAVBIRN TN AFDY)

INWANINAERY 4.1.1 kag 4.1.2 U510 a13dudaiesimunsauuuni
TK uag TC Aa @15 BKC willouiu winnududuuesansdug niosnliviniu wanadnnig

wansinelifuegiunaanifvesdn NG 4-12 wudn MnaaRutuduvesans BKC i1 TK

=

efiuseansanlumsdudadesngninin TC g #n TC luindeawmasiusenausie
Indoanes 35% waz e 65% Fuihefiwaglaaduesdusznou awnsagaduiilid uas

Wediy TC Thnvwanuemsideside Kazgaduansemisdsegluguarsazanainluly

(%
o

e vliwesuasgyAulauudnladieniann TK Auszneumelndioanas 100% 93

wa a d’l’ val o w o a s a 1 a 5 o/
ﬂmﬁN‘UGWWI‘UL‘ZI@T{LWW (ﬁ']‘hmﬂWUWWU’]’JVIUWﬁﬁﬁﬁiLVIﬂIUIaEJLL‘VI\‘W’W], 2554) 1WS1¥ALUUNN

q

= v

TC Fa09MPNULTUTUYD9E15EUENTDTIUINNIEN TK Tunsgugaaas
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4.2 HansAn¥I18n1sIgNUvesEsiut e

nsneaesliiinguizasAiioginiosasiinfuuuinilansduduresiegilela
Aoongnsléiuresansduduies lnsudsssaziialunisdunneenidu 3 919 fie e
1 7 15 uag 30 Tu

4.2.1 a1gnsldauvasansduguresiuudi TK

rounsnaaedldinnisiaan pH vearia TK 1de1 5.60 deegluveuivaves
el

MnwanIsnaaesil 4.1.1 Uningi1 asfudadonimnzaududi TK fe
a1 BKC 1% a1nn il 4-13 LﬁumamimaaqmiLﬂ‘%fy]@ﬁim%ﬂ%@i%ﬁﬂ TK filans BKC
1% o¢ Tnennd 4-13 (n) Lﬁuﬂﬁm'%ag@uimaqL%aﬁwl,ﬁaiwznmmulﬂ 7 Ju danaladn
il clear zone WHatumuUnd Tdnuesuintuuudi TK Weszovaily 15 way 18 Ju
Aoslinuidesintuuuin TK fandl 4-13 (u) way 4-13 (A) wiilosvesawiuld 19 Hu
WURDSWARTUULEN TK flan it 4-13 () wiinindesniuldunn wifuanadeuseanzam
yesanstudatiesimely waziileszovnaiinly 30 Yu §an i 4-13 (1) vunves clear
zone anad uaiidosnintuuudi TK mzasiuasdudates) BKC 1% vudh TK To1g
nsldau 18 Su Taeslensu 18 fu avdesdnansdudaidost BKC 1% asuuih TK lnisnads
wile m&;waﬁﬁﬂﬁmmmaq clear zone amasuazildesuiniuvuinge Wesiin1swau
ﬂismuﬂwiLmmuat‘é?&uLLazU%’Ué'fﬂﬁamwia@@%umiﬂizﬂaulaimm%uauﬁL"f]u
duUsznevresansdiuds BKC Ihitoldiiuunasansueudunidlunmsiasaiiula (Pedrini

wazAz, 2013) Huu1aved clear zone Mudsuwlasluaunsaazulaninnsan 4-4

N s & ¢ PN ]
A5 4-4 LUSIIUAVDY clear zone NARENANUNITYLLIRTNN G

i % clear zone fianasdiawfisuruiud 7
15 10
18 20
19 100
30 100
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bar = 1 WURLUAT

AT 4-13 msmf%zytﬁuimaqﬁasmuﬁw TK fidtens BKC 1% AEAUTZELLIA): () KU
U 7 T @) swld 15 31 (@) /il 18 Tu; (@) sl 19 Tu; (@) iuly 30 Tu

4.2.2 a1gnsldauvasasdugurasiuudi TC

rounsmaaedléinnsiaan pH vesrin TC 1de1 6.74 Feegluveuivaves
Ao

MNRANITNAART 4.1.2 Usngi astudadonimnzantuin TC fe
@13 BKC 5% 91nn il 4-14 Wukansnnassmaiadayivlaventiosiuudi TK fiflans BkC
1% og nudndevudosnlusrezina 7 15 uag 30 Ju fanwdl 4-14 (n) (v) (A) Sslaifido
suARTUULEN TC usinunavas clear zone anasmudIdy wansitognsldauvosanssuds
{091 BKC 5% vuih TC forgn1sldauninndt 30 Yu dufe dosdnans BKC 5% asuuin
TC yn 30 Fuvieannnii wasidlethwanisvaaesil 4.2.1 uag 4.2.2 uinszviagUengnsld

UVDIASTUTUTTIVUANN TK waz TC 92l9nims199 4-5
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I X

bar = 1 WURLUAT

A 4-14 MIRTYRULAYRUTRT VAN TC Milans BKC 5% agausyeziiaden: () du

T 7 %, () sty 15 Y (P) wuly 30 Ju

M1399 4-5 918NTIENUVDENTTUENTRT VU UAF19

A v v & X v o
YUAVDINT / F1FUUUYDIN 21815l ()
1 TK / BKC 1% 18
1 TC / BKC 5% 11NN 30

4.3 NAN1ISANEIAMULEENIEANEITEULWYDIIRLIBRN

nan1snaaesiLuNanisAnwmnTivnelUuas dnwasAuasuldvosdin
TK ua TC iosnnlésuasiudaton s‘ﬁﬁmiflsﬁmszwdwfmﬁﬂﬁmalﬂLLazé’ﬂwmzﬁ
Waswluveatngiuiu WeRansanmsned 4-6 wuin dminiadsvesti TK wag TC Ay
aonndoslUlumaiiontu fe iildSuansiadl suldun a1 BKC 80% nsiusmeouszimean
azlad 2% 3% 4% 5% 10% waz 100% ldanunsadaiminedinly iosanideidadingy
9999 NTAs I owanaRn fennd d-15 lusuaseddesediuduanudemeves
oifiAnananstiuduteslaiidmnudsme 100% wenantudanuin ditaunsads
dmiinlg dmingvesiud 1 way ud 3 dufirnuuansrefulssana 20-70% luvned
dveindhuesiuil 7 10 waz 14 Sauuansnefuiioadnios (laiiiu 10%)

Lﬁ'a"?m'ﬁwﬁ%’auaﬁmﬁ’ﬂﬁﬂLfJuLUa%Ls'z‘iuﬁsuaaﬁfflwﬁfﬂﬁ’i’]ﬁmsﬂﬂ Fang19Tt 4-7
wuin dwindiivneluidesanindulutuit 3 7 10 uay 14 Aadiu 57% Weflsutiutuit 1

= A

‘ZN&Jﬂ']ﬂJ']ﬂﬂ’J']ﬂ'ﬁLﬂﬂJ“ﬁU@@ue] gnLIULEANBTRa 50% LLauL‘lJ‘LJ‘Vliﬂu‘Vl’?J‘L‘U'J’] mﬂaulu

<

ﬂ@lﬁLﬂﬂﬂ')WNLﬁEJMWEJGIE]LUE]NW ﬂ'liLﬂ‘flﬁﬁL‘U’e]'iL‘UNGIUTVWF]NWWMWEJlUUE]EJﬂ')’]U’]ﬂﬁUﬂ'ﬁQﬂ
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ssunldnelminanudsveseiias waldauisassulawuuiiu thesandmdnananiely

9

]

DA dUNANNIANAITTEEUDIANSIAT Rl rTnENanae InsIzastud oINS nwIY

YoRPIudiuluae

M5N7 4-6 Umitindn TK wag TC duiliolasuasiaiinig

a151adl dwindiade TK uaz TC (n3y)
Sudi 1 Suii 3 Sudt 7 Suii 10 Suii 14

Snau 0.2015+0.0085 | 0.0867+0.0048 | 0.0866+0.0047 | 0.0866+0.0047 | 0.0866+0.0047
0.2159+0.0036 | 0.1207+0.0071 | 0.1174+0.0025 | 0.1131+0.0026 | 0.1129+0.0026

weaneses | 0.1518+0.0012 | 0.0499+0.0007 | 0.0498+0.0006 | 0.0498=0.0006 | 0.0498+0.0006

50% 0.1971+0.0034 | 0.1068+0.0040 | 0.1016+0.0039 | 0.0977+0.0036 | 0.0975+0.0035

BKC 1% 0.1813+0.0062 | 0.0811+0.0020 | 0.0810+0.0020 | 0.0807+0.0020 | 0.0807+0.0020
0.2114+0.0094 | 0.1209+0.0024 | 0.1191+0.0016 | 0.1150+0.0017 | 0.1148+0.0018

BKC 5% 0.1955+0.0075 | 0.1264+0.0076 | 0.1169+0.0034 | 0.1148+0.0031 | 0.1126+0.0028
0.2096+0.0037 | 0.1542+0.0053 | 0.1264+0.0004 | 0.1207+0.0004 | 0.1201+0.0006

BKC 10% 0.1848+0.0092 | 0.1203+0.0041 | 0.1129+0.0042 | 0.1129+0.0042 | 0.1115+0.0040
0.2260+0.0044 | 0.1671+0.0033 | 0.1425+0.0032 | 0.1345+0.0031 | 0.1304+0.0032

BKC 15% 0.2104+0.0133 | 0.1675+0.0151 | 0.1498+0.0163 | 0.1438+0.0166 | 0.1388+0.0166
0.2280+0.0041 | 0.1900+0.0055 | 0.1556+0.0028 | 0.1447+0.0031 | 0.1365+0.0031

BKC 20% 0.2076+0.0223 | 0.1650+0.0160 | 0.1468+0.0061 | 0.1388+0.0061 | 0.1316+0.0060
0.2273+0.0025 | 0.1867+0.0073 | 0.1691+0.0018 | 0.1542+0.0017 | 0.1422:£0.0024

BKC 25% 0.2159+0.0126 | 0.1749+0.0083 | 0.1546+0.0049 | 0.1452+0.0055 | 0.1335+0.0057
0.2560+0.0129 | 0.2174+0.0114 | 0.1848+0.0085 | 0.1649+0.0079 | 0.1446+0.0080

BKC 80% N/A N/A N/A N/A N/A

oi™ 1% 0.17040.0064 | 0.0839+0.0036 | 0.0836+0.0036 | 0.0835+0.0036 | 0.0835+0.0036
0.179120.0072 | 0.1165+0.0015 | 0.1554+0.0015 | 0.1151+0.0017 | 0.1149+0.0017

oil 2% N/A N/A N/A N/A N/A

oil 3% N/A N/A N/A N/A N/A

oil 4% N/A N/A N/A N/A N/A

oil 5% N/A N/A N/A N/A N/A

oil 10% N/A N/A N/A N/A N/A

oil 100% N/A N/A N/A N/A N/A
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M15N7 4-7 Uwindngd TK wag TC Aivmglumussesiiaansdaiisuiuinninvesiug 1

RREIGEY dwing TK waz TC imeluidewfisuduiuit 1 (%)
Sudi 3 Sudi 7 Suii 10 Suii 14
Snau 56.97+1.10 57.02+1.13 57.02+2.30 57.02+1.13
44.09+2.51 45.62+0.28 47.61+0.34 47.71+0.32
LaaNasgea 50% 67.13+0.18 67.19+0.15 67.19+0.40 67.19+0.15
45.81+1.09 48.45+1.09 50.43+0.99 50.53+0.94
BKC 1% 55.27+1.55 55.32+1.57 55.49+1.07 55.49+1.55
42.81+1.55 43.66+2.38 45.60+2.24 45.70+2.19
BKC 5% 35.35+6.09 40.20+3.94 41.28+1.59 42.40+3.56
26.43+3.77 39.69+1.19 42.41+1.19 42.70+1.27
BKC 10% 34.90+2.51 38.91+0.87 38.91+2.25 39.66+0.93
26.06+1.11 36.95+1.14 40.49+1.12 42.30+1.03
BKC 15% 20.39+2.36 28.80+3.46 31.65+8.46 34.03+3.92
16.67+1.37 31.75+0.21 36.504+0.30 40.13+0.29
BKC 20% 20.52+1.86 29.29+5.40 33.14+3.24 36.61+4.88
17.86+4.03 25.60+1.57 32.16+1.46 37.44+1.70
BKC 25% 18.99+1.81 28.39+3.49 32.75+2.49 38.17+2.92
15.08+1.40 27.81+0.80 35.59+0.58 43.52+0.46
BKC 80% N/A N/A N/A N/A
oil 1% 50.76+0.56 50.94+0.55 51.00+2.08 51.00+0.58
34.95+1.81 35.57+1.78 35.73+1.69 35.85+1.69
oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
oil 4% N/A N/A N/A N/A
Oil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
oil 100% N/A N/A N/A N/A
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bar = 1 WUALUAT

NN 4-15 WHathdaRnnuanueImsagLtanaanndlalasuaNseudutas

dlothdnvarvesin TK fldsuarsiafiunuisuidiouiuiilésuingu
(control) fanwil 4-16 (n) fiszeziian 1 5u wum Wﬂaﬁé’us“?u%aﬁ 1oun weanasea 50%
Fannfl 4-16 (¥) @13 BKC 1% san1ndl 4-16 () BKC 5% san1nil 4-16 (1) BKC 10% 6is
AT 4-16 (2) BKC 15% a0l 4-16 () BKC 20% SInndl 4-16 (1) BKC 25% fanndi
4-16 () wavinsfunenszmeanazlad 1% danmit 4-16 () Snwazideilaiunndnefuiin
ndu fio laifinsdnvnvesdulefiindleamesusedidla nszasiuisaguldi dwminues
fhianasluifunaunannnssemevesansdud Falimuanunsasemefiuansafusnised
4-8 iiuléin woanesediinywanusalunsszivegeiian Tuvaeilans BKC fmnuannse
’Lumsismwﬁﬁqm FananisneassiilnuaonndasfuauaINIsalunIssEMEY09aNS
Fud Tneweanesed 50% annsaiunisSesinvesdulgldegadmau osanueanesed
¥szmeennliunn lurasidulevesihfilasuanssuddualdanmnsafiunisdeadvondy

leldognstnau Wesanansdudunaquilavitivesdiie



P399 4-8 AanudulenazynLfionvesasfudutesuasfivinazay
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anstiuds AAuaule (adwns | qaken (amn i
Usan &l 25 9961 LaLgeE)
LrALTYE)
weanoged 55 78 (Lange uawmue,
1967)
thndu 238 100 (Fordham
Preparatory
School, 1998)
drsfunenssimean 0.07 228 (Rajasekaran,
nzla¥ 2006)
BKC 1.88x10 538 (EPI System,

2010)
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bar = 12 fadiuns
At 4-16 Snwassvesin TK dieldsuamsaiisneg Wonuly 1 u: (1) vndy; @)
weanegea 50%; (A) BKC 1%; (1) BKC 5%; () BKC 10%; (a) BKC 15%; () BKC 20%; (%)
BKC 25%: (a1) tsfumenseweanegla? 1%

widleraruly 3 Fu wuin dh Tk FldSutngdu faawit 417 (n)
LOaNesad 50% FINWT 4-17 () BKC 1% fanwit 4-17 (A) wazaintumoussmeainaylad
19% it 4-17 (1) Senwamilefhfiuiloutu fo Wunsideshvendulefidaay Tuvas
fians BKC 5% fanmndl 4-17 (1) BKC 10% sannil 4-17 (2) BKC 15% sanwii 4-17 (@)
BKC 20% #an1ndl 4-17 (%) waz BKC 25% fanndi 4-17 () SatunisiSessmeasduled
Foouaniu wazidlonaiuly 7 10 way 14 Su fen it 4-18 4-19 waw 4-20 WU
svpznaniimuduiusfudnuazveaief TK uasuwladld fe denarruluuiu
Snwansesiveaduled TK awUsngdnnuiudnies fillunaunanaruaise
Tumsseimevesansiall Sea1s BKC farwanansalunisssmetiiianainasiednauely

LY

Idell Fudumewaivinliiin TK Ald5uans BKC Usingnisisessnveaduledndhiian
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bar = 12 {a8ns

At 4-17 Snwaszvesin TK deldsuamsaiisneg donuly 3 Su: (1) vhndy; @)
waanaaaa 50%; (A) BKC 19%:; (1) BKC 5%: () BKC 10%:; (a) BKC 15%:; (%) BKC 20%; (%)
BKC 25%: (a1) Wisiumenseweannaglad 1%
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bar = 12 HadLluns

Al 4-18 Snwaizvesdin TK Weldsuasdiane deorwly 7 $u: (n) dndu: ()
waaNea9a 50%; (m) BKC 1%; (4) BKC 5%; (a) BKC 10%; (f2) BKC 15%; (%) BKC 20%; (%)
BKC 25%; (a1) 1hsiumensvweainazlad 1%
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bar = 12 {a8Lung

AT 4-19 Snwaizvesiin TK dioldfuansadene denuly 10 Ju: () ¥indy; ()
waanaaaa 50%; (A) BKC 19%:; (1) BKC 5%: () BKC 10%:; (a) BKC 15%:; (%) BKC 20%; (%)
BKC 25%: (a1) Wisiumenseweannaglad 1%
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bar = 12 {igdkuns
At 4-20 Snvasrvestin TK Woldsuasiaiisneg Wormily 14 u: (1) vhndy; @)
LoaNagea 50%; (A) BKC 1%; (3) BKC 5%; (3) BKC 10%; (@) BKC 15%; (%) BKC 20%; (%)

BKC 25%; (al) siureusywieainaglas 1%

nansAnedneavesi TC Adsuludieldsuansdufadesndulunuds
AR 4-21 4-22 4-23 4-24 gz 4-25 Wiodrswsinavesdnuaziied TC Mdsuluile
Igsuansdudatiosud wui deuadeadsiunavesdnvaziiein TK Aasuly Ao s
Seeiaveadulani TC %Uifmg%’mﬂuﬁu dleszeziariiuluuiy dadunauiann
ANNENNTIUAITENEVRIENIIATIIULAEINY LasiivaunnaneseninedneueR TK wag TC
Fiaeuly Ao f1 TK azidiunsiseafveaduledmauiionamiuly 3 Ju uddh TC asuiiu
nsBesiveaduletaauiloszesiainly 7 fu ﬁ'ﬂiﬂumﬁs@mauﬁammLﬁaﬁwﬁﬁmﬁu

U 1Y

lngdn TC fauauifgaduinnin TK auilananililunanisnaaei 4.1.3
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bar = 12 faaWn3
At 4-21 Snwasvvesti TC deldSuansiadisngg deruly 1 Yu: () dhndu; @)
LoaNagea 50%; (M) BKC 1%; (1) BKC 5%; (2) BKC 10%; (2) BKC 15%; (%) BKC 20%; (%)
BKC 25%; (aw) 5ﬂﬁwamzmamﬂmﬂﬂ§ 1%
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bar = 12 LaaLung

Al 4-22 Snwaizvesdin TC Weldsuasiafivngg el 3 u: (1) dhndy; ()
waanaaaa 50%; (A) BKC 19%:; (1) BKC 5%: () BKC 10%:; (a) BKC 15%:; (%) BKC 20%; (%)
BKC 25%: (a1) Wisiumenseweannaglad 1%
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bar = 12 1a8Luns

At 4-23 Snwasrvesti TC deldsuansiadiangg deruly 7 Yu: () thndu; @)
LoaNagea 50%; (A) BKC 1%; (3) BKC 5%; (3) BKC 10%; (@) BKC 15%; (%) BKC 20%; (%)

BKC 25%; (al) siureusywieainaglas 1%
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bar = 12 JAALUNT

At 4-24 Snwairvesdin TC deld¥uansiadineg deruly 10 Su: () thndu; @)
waanaaaa 50%; (A) BKC 19%:; (1) BKC 5%: () BKC 10%:; (a) BKC 15%:; (%) BKC 20%; (%)
BKC 25%: (a1) Wisiumenseweannaglad 1%
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bar = 12 Haduns

At 4-25 Snvairvesdin TC deld¥uansiadiineg deruly 14 u: () thndu; @)
waanaaaa 50%; (A) BKC 19%:; (1) BKC 5%: () BKC 10%:; (a) BKC 15%:; (%) BKC 20%; (%)

BKC 25%; (1) ddiureusywieainaglas 1%

INHANITNAADIUAINITIAT TS INAULARATN a1sdudautosn BKC 80%
Puneussmeanmzlas 2% 3% 4% 5% 10% wag 100% naliinmAnuldenienatiati

o

Tngasfudaasynlirng aRnfuaueImsRsLTenanann deidunisussaeduinlunudde

(% 1
v A

1 dyuansdudutosn BKC 1% 5% 10% 15% 20% 25% wazindunaussiieainazles 1%
linalmAnAnudsresawioni wWesanaursadesdundndnle wazvrnidinfanasluiudu
NANIINNNTTELNEVDIANTTUTNTDI wazanwuen1sisassvanaulelulamdisunlas
dnwarnsesivenduleausadunaldegrsdnaudimiostuedivriiavesansdugs
o Q’.II -:ly al' 1 ) v al Y3 % v & [ <@ 1 I3
a1sfuduresfssineeintlinissessive wduleysngliviudamauss wininduans
fudagesiiszmedh nssesshvesduleusingiiudaaud Jusgiuainuaiusalunis
spmevasasdudutosuarAuautiveniiod TuwivasnsihlUldludinuszaniu ansduds

WBIINTEAYTIND LANAAINULFLUIEUINAINENTOUTUTDINNTLLVE98 1ilp9anulauans
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SUSUTDIMILNET U @15 BKC 20 wag 25% Ludu dasldnanlitnuisuiuninasduda

1% '

WW9INTLMEI8 19U @15 BKC 1% wazinsumeuszimeainazles 1% udu

Mm ——  18rm _ 2 T

STREC 15KV ®3.888 17mm + STREC 15K #3888 17mm STREC 15KY # i8 17mm

AN 4-26 anmdulesn TK Wslasuansduds BKC sazian 14 u 97nnasd SEM: () £n

wan (Control); () ﬁ;ﬂﬂé'“u; (m) BKC 1%

——  1@vKm ———  l@¢m _ an
g - 15KV ¥3.088 17mm STREC 15KV ®32.888 17mm (B : 38 17mm

AN 4-27 andulesn TC Winlasuansduds BKC syugyian 14 S 31nnaad SEM: (n) BN

wan (Control); () ﬁéﬂﬂé'“u; (m) BKC 5%

ogelsfinnu Tunsnaassildndesififidsuenenmilunsinvaudemeain
msffudatendeidlofindioanes oravilinmnismaaesdiaruilidaiou ldausaseyld
sgrnidmduleiindeawesiinaudsnienseoll lnoduluvesinlndwamasonaio
nsdnanieidesguiilesnnldsuamsiudadenald Tnhilndeanesfiliuasduds
Fenluhnseranmduleflndieanosdendos Scanning Electron Microscope (SEM
U JSM6400) fir&weny 3,000 W Ineldeninsesiin TK way TC 7ilasuans BKC 1%
wag 5% Luszerian 14 Ju suddu esaniimnumngauuinsiluuszgndldly
FAnszdrTunniian uaziilothwanisvaaeandIeuiisuiuaglédnind 4-26 uay 4-27

Fanudwn TK wag TC Alillasuanslag Tasuuinau waglasuans BKC 1% wag 5% danwey
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ulewiiouiu lufinisdavinvesduleiniu msigastuudsaunsaazuladnais BKC 1%

way 5% luneliinanudsmeseiletnlniloanes
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unil 5
agunan1sIdeuaztaLauauug

¥ 1
av dAav & A a

MATeITngUssasAieAnwlse@nsnmaesansuseneuiuudalaiounaslsa

9

1%
o w
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A1519 N-1 Useansnnlunisdugutasivesans BKC vurn TK tnglduauumanuldeasiu

A1 NN Clear zone ‘U'e)\wfl"] TK (ﬁaﬁmm)
(10" 10° waz AMNLIIUTUYRY BKC (ppm) pH
10 auad/ 1 2 4 8

18a8ans)

s 1 0.0 0.0 0.0 0.0

asadi 2 0.0 0.0 0.0 0.0

Ased 3 0.0 0.0 0.0 0.0 5.60

asad 4 0.0 0.0 0.0 0.0

S 5 0.0 0.0 0.0 0.0

\ade 0.0 0.0 0.0 0.0

71519 n-2 Useansammlunisdudadesivesirduneuseineainazlasvudi TK Iagly

YDULINIUILLAN

N15NNADY Clear zone ¥83d1 TK (Radiuns)
(10" 10° uag amnududuveniduneussmeainazla? (ppm) pH
10° alad/ 50 100 200 500

1aaans)

s 1 0.0 0.0 0.0 0.0

asad 2 0.0 0.0 0.0 0.0

Asad 3 0.0 0.0 0.0 0.0 5.60

st 4 0.0 0.0 0.0 0.0

asad 5 0.0 0.0 0.0 0.0

\ade 0.0 0.0 0.0 0.0
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A1519 N-3 Useansnnlunsdudautosnvesans BKC vusn TK

N1INAADY Clear zone ¥83d1 TK (Hadiuns)
(10° avay/ AMALTNTUVDY BKC (%) pH
NGGRIE) 1% 5% 10% 15% 20% 25%
A%adt 1 460 | 520 | 755 | 720 | 80.0 | 90.0
ﬂ%j\‘i‘ﬁ 2 46.0 58.0 76.0 77.0 74.5 90.0
asait 3 470 | 560 | 790 | 750 | 760 | 900 | 560
ﬂ%j\‘i‘ﬁ 4 45.0 55.0 73.5 76.0 77.0 90.0
ﬂ%’jﬂﬁ 5 48.0 59.0 81.0 70.0 82.5 90.0
Lﬂgﬁl 46.0 56.0 77.0 74.0 78.0 90.0

A1 Clear zone ¥4 BKC 10% 15% uag 20% luflmauuansteiuniadsdifey 1ide9ain

A1 P value >0.05

A15719 N-4 Useansnmlunisdugaudinsivesiniuneusewmeainazlasuuin TK

15 Clear zone ¥84#1 TK (ladiuns)

GER anudutuvesinsiurenssmeanazlad (%) pH
(105 1% 2% 3% 4% 5% | 10% | 15% | 20% | 25%

duas/

1adans)

ﬂ%’j\‘i‘ﬁ 1 0.0 90.0 | 90.0 | 90.0 | 90.0 | 90.0 90.0 | 90.0 90.0

ﬂ%’jﬂ‘ﬁl 2 0.0 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0

ﬂ%’j\‘i‘ﬁ 3 0.0 90.0 | 90.0 | 90.0 | 90.0 | 90.0 90.0 | 90.0 90.0 | 5.61

ﬂ%’jﬂ‘ﬁl 4 0.0 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0

ﬂ%’j\‘i‘ﬁ 5 0.0 90.0 | 90.0 | 90.0 | 90.0 | 90.0 90.0 | 90.0 90.0

0.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0

3}
DD,
™




A1519 N-5 Useansnnlunsdugutasnveiwaanasad 50% UuEn TK way TC

7

N15NAADY nasivTnveatosiuud TK waz TC (%) pH
(10° ave¥/ AMUduTUvaLaanagead (%)
N0AAAs) | 1% | 5% | 10% | 15% | 20% | 25% | 50% | TK | TC
s 1 100 | 100 | 100 | 100 | 100 | 100 | 100
afai2 | 100 | 100 | 100 | 100 | 100 | 100 | 100
afedfiz | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 5.61 | 6.74
afaia | 100 | 100 | 100 | 100 | 100 | 100 | 100
S 5 100 | 100 | 100 | 100 | 100 | 100 | 100
\ady 100 | 100 | 100 | 1200 | 100 | 100 | 100
M99 N-6 Ui%aﬂ%ﬂWWIUﬂqﬁgUg?ﬂL%’E]s']sl]@\'ia'ﬁ BKC ‘Uuﬁﬁ TC
A1INNaY Clear zone 6113\35?1"] TC (ﬁaamﬂ’i)
(10° ave¥/ AMUIUTUVDY BKC (%) pH
1agaans) 1% 5% 10% 15% 20% 25%
aded 1 380 | 540 | 590 | 59.0 61.0 62.0
Afadi 2 360 | 505 | 57.0 65.0 62.0 62.0
adadl 3 355 | 510 | 59.0 61.0 64.0 645 | 6.75
asadi 4 370 | 525 | 580 60.0 65.0 63.0
asad 5 360 | 520 | 580 61.0 61.0 66.5
iy 365 | 520 | 582 | 612 | 628 | 636

A1 Clear zone 89 BKC 10% 15% 20% Wag 25% hiflamuuanaeiumstisdiney ieosain

A1 P value >0.05
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N1INAADY Clear zone 98981 TC (Hadiuns)
(10° alod/ anudutuvesinsiueussmeanazlad (%) pH
1a5ans) 1% 2% 3% 4% 5% 10%
ﬂ%jx‘lﬁ 1 0.0 90.0 90.0 90.0 90.0 90.0
ﬂ%ﬂﬁ 2 0.0 90.0 90.0 90.0 90.0 90.0
ﬂ%jx‘lﬁ 3 0.0 90.0 90.0 90.0 90.0 90.0 6.74
ﬂ%ﬂﬁ q 0.0 90.0 90.0 90.0 90.0 90.0
ﬂ%jx‘lﬁ 5 0.0 90.0 90.0 90.0 90.0 90.0
LQEIEJ 0.0 90.0 90.0 90.0 90.0 90.0
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dsadl dwiind (n3u)

Asad 1 asadi 2 Asad 3 \ade
ﬁ'mé"u 0.2052 0.2076 0.1918 0.2015
wOANBERa 50% 0.1508 0.1531 0.1514 0.1518
BKC 1% 0.1883 0.1765 0.1790 0.1813
BKC 5% 0.1928 0.1898 0.2040 0.1955
BKC 10% 0.1873 0.1746 0.1925 0.1848
BKC 15% 0.1963 0.2227 0.2121 0.2104
BKC 20% 0.1898 0.2005 0.2326 0.2076
BKC 25% 0.2224 0.2239 0.2014 0.2159
BKC 80% N/A N/A N/A N/A
Oil 1% 0.1738 0.1743 0.1630 0.1704
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
Oil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Oil 100% N/A N/A N/A N/A
wnawe:  N/A mneas llanunsadaiminvesdildidesmnidetinydndnfuauems

L&
bAELYD
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.0909 0.0878 0.0815 0.0867
wOANDERA 50% 0.0493 0.0506 0.0498 0.0499
BKC 1% 0.0824 0.0822 0.0788 0.0811
BKC 5% 0.1325 0.1289 0.1179 0.1264
BKC 10% 0.1246 0.1165 0.1199 0.1203
BKC 15% 0.1531 0.1832 0.1663 0.1675
BKC 20% 0.1497 0.1637 0.1817 0.1650
BKC 25% 0.1758 0.1828 0.1662 0.1749
BKC 80% N/A N/A N/A N/A
Oil 1% 0.0867 0.0852 0.0798 0.0839
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.0908 0.0875 0.0815 0.0866
wOANDERA 50% 0.0492 0.0504 0.0497 0.0498
BKC 1% 0.0822 0.0821 0.0787 0.0810
BKC 5% 0.1177 0.1198 0.1132 0.1169
BKC 10% 0.1134 0.1085 0.1169 0.1129
BKC 15% 0.1317 0.1634 0.1543 0.1498
BKC 20% 0.1398 0.1498 0.1509 0.1468
BKC 25% 0.1519 0.1602 0.1516 0.1546
BKC 80% N/A N/A N/A N/A
Oil 1% 0.0864 0.0849 0.0796 0.0836
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.0908 0.0875 0.0815 0.0866
wOANDERA 50% 0.0492 0.0504 0.0497 0.0498
BKC 1% 0.0820 0.0818 0.0784 0.0807
BKC 5% 0.1152 0.1176 0.1115 0.1148
BKC 10% 0.1134 0.1085 0.1169 0.1129
BKC 15% 0.1253 0.1574 0.1488 0.1438
BKC 20% 0.1317 0.1417 0.1429 0.1388
BKC 25% 0.1422 0.1516 0.1418 0.1452
BKC 80% N/A N/A N/A N/A
Oil 1% 0.0863 0.0847 0.0794 0.0835
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.0908 0.0875 0.0815 0.0866
wOANDERA 50% 0.0492 0.0504 0.0497 0.0498
BKC 1% 0.0820 0.0818 0.0784 0.0807
BKC 5% 0.1130 0.1151 0.1096 0.1126
BKC 10% 0.1121 0.1073 0.1152 0.1115
BKC 15% 0.1204 0.1525 0.1436 0.1388
BKC 20% 0.1246 0.1349 0.1352 0.1316
BKC 25% 0.1306 0.1401 0.1298 0.1335
BKC 80% N/A N/A N/A N/A
Oil 1% 0.0863 0.0847 0.0794 0.0835
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.2165 0.2192 0.2121 0.2159
wOANDERA 50% 0.1932 0.1984 0.1997 0.1971
BKC 1% 0.2147 0.2186 0.2008 0.2114
BKC 5% 0.2138 0.2082 0.2068 0.2096
BKC 10% 0.2247 0.2309 0.2225 0.2260
BKC 15% 0.2281 0.2321 0.2239 0.2280
BKC 20% 0.2297 0.2273 0.2248 0.2273
BKC 25% 0.2658 0.2607 0.2414 0.2560
BKC 80% N/A N/A N/A N/A
Oil 1% 0.1717 0.1794 0.1861 0.1791
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.1255 0.1240 0.1126 0.1207
wOANDERA 50% 0.1022 0.1085 0.1096 0.1068
BKC 1% 0.1209 0.1232 0.1185 0.1209
BKC 5% 0.1482 0.1567 0.1578 0.1542
BKC 10% 0.1690 0.1690 0.1633 0.1671
BKC 15% 0.1867 0.1963 0.1869 0.1900
BKC 20% 0.1783 0.1903 0.1916 0.1867
BKC 25% 0.2225 0.2254 0.2044 0.2174
BKC 80% N/A N/A N/A N/A
Oil 1% 0.1150 0.1166 0.1179 0.1165
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.1175 0.1199 0.1149 0.1174
wOANDERA 50% 0.0972 0.1030 0.1046 0.1016
BKC 1% 0.1177 0.1209 0.1188 0.1191
BKC 5% 0.1260 0.1267 0.1264 0.1264
BKC 10% 0.1391 0.1455 0.1428 0.1425
BKC 15% 0.1551 0.1586 0.1531 0.1556
BKC 20% 0.1679 0.1683 0.1712 0.1691
BKC 25% 0.1927 0.1859 0.1758 0.1848
BKC 80% N/A N/A N/A N/A
Oil 1% 0.1140 0.1153 0.1170 0.1154
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.1134 0.1155 0.1103 0.1131
wOANDERA 50% 0.0936 0.0992 0.1004 0.0977
BKC 1% 0.1135 0.1169 0.1145 0.1150
BKC 5% 0.1202 0.1210 0.1208 0.1207
BKC 10% 0.1312 0.1373 0.1349 0.1345
BKC 15% 0.1441 0.1480 0.1419 0.1447
BKC 20% 0.1529 0.1535 0.1561 0.1542
BKC 25% 0.1720 0.1662 0.1564 0.1649
BKC 80% N/A N/A N/A N/A
Oil 1% 0.1135 0.1149 0.1168 0.1151
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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d1sad vwindn (nda)

ﬂ%ﬂﬁ 1 ﬁ%ﬂ‘ﬁl 2 ﬂ%@ﬁ 3 Lagﬂ
131ﬂ§u 0.1132 0.1153 0.1102 0.1129
wOANDERA 50% 0.0935 0.0990 0.1001 0.0975
BKC 1% 0.1134 0.1168 0.1142 0.1148
BKC 5% 0.1195 0.1203 0.1206 0.1201
BKC 10% 0.1272 0.1336 0.1305 0.1304
BKC 15% 0.1362 0.1397 0.1336 0.1365
BKC 20% 0.1407 0.1409 0.1450 0.1422
BKC 25% 0.1515 0.1464 0.1358 0.1446
BKC 80% N/A N/A N/A N/A
Oil 1% 0.1134 0.1147 0.1167 0.1149
Oil 2% N/A N/A N/A N/A
Oil 3% N/A N/A N/A N/A
Oil 4% N/A N/A N/A N/A
QOil 5% N/A N/A N/A N/A
Oil 10% N/A N/A N/A N/A
Qil 100% N/A N/A N/A N/A
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ANANUIN A
Material Safety Data Sheet
Benzalkonium Chloride MSDS (Sciencelab, 2013)

Section 1: Chemical Product and Company Identification
Product Name: Benzalkonium chloride
Catalog Codes: SLB1921
CAS#: 8001-54-5
RTECS: BO3150000
TSCA: TSCA 8(b) inventory: No products were found.
Cl#: Not available.

Synonym: Zephiral, Zephiran chloride, Osvan, Paralkan, Germitol, Germicin, Enuclen, Drapolex,
Drapolene, Cequartyl, Benzalkonium A, Benirol, Bayclean, Ammonyx; Alkyl dimethylbenzyl
ammonium chloride; Ammonium, Alkyldimethyl(phenylmethyl) Chloride;
Alkylbenzyldimethylammonium Chloride; Alkyldimethyl(phenylmethylquaternary ammonium
chlorides; Quaternary ammonium compounds, alkylbenzyldimethyl, chlorides

Chemical Name: Ammonium, alkyldimethylbenzyl-, chloride

Chemical Formula: Not available.

Section 2: Composition and Information on Ingredients

Composition:
Name CAS # % by Weight
Benzalkonium chloride 8001-54-5 100

Toxicological Data on Ingredients: Benzalkonium chloride: ORAL (LD50): Acute: 240 mg/kg [Rat].

Section 3: Hazards Identification
Potential Acute Health Effects:

Very hazardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation.
Hazardous in case of skin contact (corrosive), of eye contact (corrosive). The amount of tissue
damage depends on length of contact. Eye contact can result in corneal damage or blindness.
Skin contact can produce inflammation and blistering. Inhalation of dust will produce irritation to
gastro-intestinal or respiratory tract, characterized by burning, sneezing and coughing. Severe
over-exposure can produce lung damage, choking, unconsciousness or death. Inflammation of
the eye is characterized by redness, watering, and itching. Skin inflammation is characterized by

itching, scaling, reddening, or, occasionally, blistering.
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Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Mutagenic for mammalian somatic

cells. Mutagenic for bacteria and/or yeast.
TERATOGENIC EFFECTS: Not available.

DEVELOPMENTAL TOXICITY: Classified Reproductive system/toxin/female, Reproductive
system/toxin/male [POSSIBLE]. The substance may be toxic to kidneys, liver, heart,
gastrointestinal tract, cardiovascular system, central nervous system (CNS). Repeated or
prolonged exposure to the substance can produce target organs damage. Repeated exposure of
the eyes to a low level of dust can produce eye irritation. Repeated skin exposure can produce
local skin destruction, or dermatitis. Repeated inhalation of dust can produce varying degree of

respiratory irritation or lung damage.

Section 4: First Aid Measures

Eye Contact: Check for and remove any contact lenses. In case of contact, immediately flush
eyes with plenty of water for at least 15 minutes. Cold water may be used. Get medical attention

immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15
minutes while removing contaminated clothing and shoes. Cover the irritated skin with an
emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean shoes before

reuse. Get medical attention immediately.

Serious Skin Contact: Wash with a disinfectant soap and cover the contaminated skin with an

anti-bacterial cream. Seek immediate medical attention.

Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is

difficult, give oxygen. Get medical attention immediately.

Serious Inhalation: Evacuate the victim to a safe area as soon as possible. Loosen tight clothing
such as a collar, tie, belt or waistband. If breathing is difficult, administer oxygen. If the victim is
not breathing, perform mouth-to-mouth resuscitation. WARNING: It may be hazardous to the
person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic,

infectious or corrosive. Seek immediate medical attention.

Ingestion: Do NOT induce vomiting unless directed to do so by medical personnel. Never give
anything by mouth to an unconscious person. If large quantities of this material are swallowed,

call a physician immediately. Loosen tight clothing such as a collar, tie, belt or waistband.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: May be combustible at high temperature.

Auto-lgnition Temperature: Not available.
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Flash Points: OPEN CUP: 250°C (482°F).
Flammable Limits: Not available.
Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Slightly flammable to flammable in presence
of heat.

Explosion Hazards in Presence of Various Substances: Risks of explosion of the product in
presence of mechanical impact: Not available. Risks of explosion of the product in presence of

static discharge: Not available.
Fire Fighting Media and Instructions:

SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use

water jet.

Special Remarks on Fire Hazards: As with most organic solids, fire is possible at elevated

temperatures

Special Remarks on Explosion Hazards: Fine dust dispersed in air in sufficient concentrations,

and in the presences of an ignition source is a potential dust explosion hazard.

Section 6: Accidental Release Measures

Small Spill: Use appropriate tools to put the spilled solid in a convenient waste disposal

container.

Large Spill: Corrosive solid. Stop leak if without risk. Do not get water inside container. Do not
touch spilled material. Use water spray to reduce vapors. Prevent entry into sewers, basements

or confined areas; dike if needed. Eliminate all ignition sources. Call for assistance on disposal.

Section 7: Handling and Storage

Precautions: Keep locked up. Keep container dry. Keep away from heat. Keep away from sources
of ignition. Empty containers pose a fire risk; evaporate the residue under a fume hood. Do not
ingest. Do not breathe dust. Never add water to this product. In case of insufficient ventilation,
wear suitable respiratory equipment. If ingested, seek medical advice immediately and show the
container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as

oxidizing agents, moisture.

Storage: Hygroscopic. Keep container tightly closed. Keep container in a cool, well-ventilated
area. Do not store above 23°C (73.4°F).

Section 8: Exposure Controls/Personal Protection
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Engineering Controls: Use process enclosures, local exhaust ventilation, or other engineering
controls to keep airborne levels below recommended exposure limits. If user operations
generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants below

the exposure limit.

Personal Protection: Splash goggles. Synthetic apron. Vapor and dust respirator. Be sure to use

an approved/certified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spill: Splash goggles. Full suit. Vapor and dust respirator.
Boots. Gloves. A self contained breathing apparatus should be used to avoid inhalation of the
product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE
handling this product.

Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. (Amorphous solid powder or lumps.)
Odor: Aromatic.
Taste: Bitter. (Strong.)
Molecular Weight: Not available.
Color: White to yellowish.
pH (1% soln/water): Not available.
Boiling Point: Not available.
Melting Point: Decomposition temperature: >140°C (284°F)
Critical Temperature: Not available.
Specific Gravity: 0.98 (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
lonicity (in Water): Not available.
Dispersion Properties: See solubility in water, acetone.

Solubility: Easily soluble in cold water, hot water. Soluble in acetone. Very slightly soluble in
diethyl ether. Very soluble in alcohol. Soluble in benzene. Solubility in Benzene: 1 ¢ dissolves in

6 ml of benzene. Solubility in Ether: 1 ¢ dissolves in 100 ml of Ether



Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Excess heat, dust generation, moisture, incompatible materials.
Incompatibility with various substances: Reactive with oxidizing agents.
Corrosivity: Non-corrosive in presence of glass.
Special Remarks on Reactivity: Hygroscopic. Also incompatible with nitrates, anion detergents
Special Remarks on Corrosivity: Not available.

Polymerization: Will not occur.

Section 11: Toxicological Information
Routes of Entry: Inhalation. Ingestion.
Toxicity to Animals: Acute oral toxicity (LD50): 240 mg/kg [Rat].
Chronic Effects on Humans:

MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or

yeast.

DEVELOPMENTAL TOXICITY: Classified Reproductive system/toxin/female, Reproductive
system/toxin/male [POSSIBLE]. May cause damage to the following organs: kidneys, liver, heart,
gastrointestinal tract, cardiovascular system, central nervous system (CNS).

Other Toxic Effects on Humans: Very hazardous in case of skin contact (irritant), of ingestion, .

Hazardous in case of skin contact (corrosive), of eye contact (corrosive), of inhalation (lung

corrosive).
Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: May affect genetic material (mutagen) and
cause adverse reproductive effects (fetotoxicity, fertility (female)) based on laboratory

experiments on animals.

Special Remarks on other Toxic Effects on Humans: Acute Potential Health Effects: Skin:
Causes severe skin irritation and burns. Eyes: Causes sever eye irritation and burns. Ingestion:
Harmful if swallowed. May cause severe and permanent damage to the digestive tract. Causes
gastrointestinal (digestive) tract burns. May affect behavior (central nervous system depression,
depression) and metabolism. May produce burning pains in the mouth, throat, and abdomen,

profuse salivation, muscle weakness. May also affect the respiratory system and cardiovascular
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system, liver and kidneys. Inhalation: May cause severe irritation of the respiratory tract with sore

throat, coughing, shortness of breath, and delayed lung edema. Causes chemical burns to the

respiratory tract. Causes irritation of the mucous membranes. Chronic Potential Health Effects:
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May affect material (mutagenic) and may cause adverse reproductive effects. Prolonged or
repeated skin contact may cause dermatitis. Repeated or prolonged exposure may cause allergic
reactions in sensitive individuals. May cause cyanosis of the skin and lips caused by lack of

oxygen.

Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.

Products of Biodegradation: Possibly hazardous short term degradation products are not likely.

However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: Not available.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal: Waste must be disposed of in accordance with federal, state and local

environmental control regulations.

Section 14: Transport Information
DOT Classification: Class 8: Corrosive material
Identification: Corrosive Solid, Acid, Organic, n.o.s. (Benzalkonium Chloride) UNNA: 3261 PG: Il

Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information
Federal and State Regulations: No products were found.

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR
1910.1200).

Other Classifications:

WHMIS (Canada): CLASS D-1B: Material causing immediate and serious toxic effects (TOXIQ).
CLASS D-2B: Material causing other toxic effects (TOXIC). CLASS E: Corrosive solid.

DSCL (EEC): R21/22- Harmful in contact with skin and if swallowed. R34- Causes burns. R50- Very
toxic to aquatic organisms. S26- In case of contact with eyes, rinse immediately with plenty of
water and seek medical advice. S28- After contact with skin, wash immediately with plenty of

water. S36/37/39- Wear suitable protective clothing, gloves and eye/face protection. S45- In case
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of accident or if you feel unwell, seek medical advice immediately (show the label where

possible). S61- Avoid release to the environment. Refer to special instructions/Safety data sheets.
HMIS (U.S.A.):

Health Hazard: 3

Fire Hazard: 1

Reactivity: 0

Personal Protection: j

National Fire Protection Association (U.S.A.):
Health: 3

Flammability: 1

Reactivity: 0

Specific hazard:

Protective Equipment: Gloves. Synthetic apron. Vapor and dust respirator. Be sure to use an
approved/certified respirator or equivalent. Wear appropriate respirator when ventilation is

inadequate. Splash gogsgles.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 04:19 PM
Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently
available to us. However, we make no warranty of merchantability or any other warranty,
express or implied, with respect to such information, and we assume no liability resulting from
its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any
claims, losses, or damages of any third party or for lost profits or any special, indirect,

incidental, consequential or exemplary damages, howsoever arising, even if ScienceL ab.com has

been advised of the possibility of such damages.
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Lemongrass Essential Oil MSDS (Sciencelab.com, 2013)

Section 1: Chemical Product and Company Identification
Product Name: Lemongrass oil
Catalog Codes: SLL1522, SLL1897
CAS#: 8007-02-1
RTECS: OG8250000
TSCA: TSCA 8(b) inventory: Lemongrass oil
Cl#: Not available.
Synonym:
Chemical Name: Not available.

Chemical Formula: Not available.

Section 2: Composition and Information on Ingredients

Composition:
Name CAS # % by Weight
Lemongrass oil 8007-02-1 100

Toxicological Data on Ingredients: Lemongrass oil LD50: Not available. LC50: Not available.

Section 3: Hazards Identification

Potential Acute Health Effects: Very hazardous in case of eye contact (irritant), of ingestion, of
inhalation. Hazardous in case of skin contact (irritant). Slightly hazardous in case of skin contact

(permeator). Inflammation of the eye is characterized by redness, watering, and itching.

Potential Chronic Health Effects: Very hazardous in case of eye contact (irritant), of ingestion, of
inhalation. Hazardous in case of skin contact (irritant). Slightly hazardous in case of skin contact
(permeator). CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available.
TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. The substance is
toxic to lungs, mucous membranes. Repeated or prolonged exposure to the substance can

produce target organs damage.

Section 4: First Aid Measures

Eye Contact: Check for and remove any contact lenses. Do not use an eye ointment. Seek

medical attention.
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Skin Contact: After contact with skin, wash immediately with plenty of water. Gently and
thoroughly wash the contaminated skin with running water and non-abrasive soap. Be particularly
careful to clean folds, crevices, creases and groin. Cover the irritated skin with an emollient. If

iritation persists, seek medical attention. Wash contaminated clothing before reusing.

Serious Skin Contact: Wash with a disinfectant soap and cover the contaminated skin with an

anti-bacterial cream. Seek medical attention.
Inhalation: Allow the victim to rest in a well ventilated area. Seek immediate medical attention.
Serious Inhalation: Not available.

Ingestion: Do not induce vomiting. Loosen tight clothing such as a collar, tie, belt or waistband. If
the victim is not breathing, perform mouth-to-mouth resuscitation. Seek immediate medical

attention.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data
Flammability of the Product: Combustible.
Auto-Ignition Temperature: Not available.
Flash Points: CLOSED CUP: 71°C (159.8°F).
Flammable Limits: Not available.
Products of Combustion: Not available.
Fire Hazards in Presence of Various Substances: Not available.

Explosion Hazards in Presence of Various Substances: Risks of explosion of the product in
presence of mechanical impact: Not available. Risks of explosion of the product in presence of

static discharge: Not available.
Fire Fighting Media and Instructions:

SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use

water jet.
Special Remarks on Fire Hazards: Not available.

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill: Absorb with an inert material and put the spilled material in an appropriate waste

disposal.
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Large Spill: Combustible material. Keep away from heat. Keep away from sources of ignition.
Stop leak if without risk. Finish cleaning by spreading water on the contaminated surface and

allow to evacuate through the sanitary system.

Section 7: Handling and Storage

Precautions: Keep away from heat. Keep away from sources of ignition. Ground all equipment
containing material. Do not breathe gas/ fumes/ vapour/spray. In case of insufficient ventilation,
wear suitable respiratory equipment If you feel unwell, seek medical attention and show the

label when possible. Avoid contact with skin and eyes

Storage: Flammable materials should be stored in a separate safety storage cabinet or room.
Keep away from heat. Keep away from sources of ignition. Keep container tightly closed. Keep in
a cool, well-ventilated place. Ground all equipment containing material. Keep container dry.

Keep in a cool place.

Section 8: Exposure Controls/Personal Protection

Engineering Controls: Provide exhaust ventilation or other engineering controls to keep the
airborne concentrations of vapors below their respective threshold limit value. Ensure that

eyewash stations and safety showers are proximal to the work-station location.

Personal Protection: Splash gogsles. Lab coat. Vapor respirator. Be sure to use an

approved/certified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spill: Splash goggles. Full suit. Vapor respirator. Boots.
Gloves. A self contained breathing apparatus should be used to avoid inhalation of the product.
Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits: Not available.

Section 9: Physical and Chemical Properties
Physical state and appearance: Liquid.
Odor: Strong.
Taste: Not available.
Molecular Weight: Not available.
Color: Orange. to Brownish-red.
pH (1% soln/water): Not available.
Boiling Point: Not available.

Melting Point: Not available.
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Critical Temperature: Not available.
Specific Gravity: 0.895 (Water = 1)
Vapor Pressure: Not available.
Vapor Density: Not available.
Volatility: Not available.

Odor Threshold: Not available.
Water/Oil Dist. Coeff.: Not available.
lonicity (in Water): Not available.
Dispersion Properties: Not available.

Solubility: Not available.

Section 10: Stability and Reactivity Data
Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Not available.
Incompatibility with various substances: Not available.
Corrosivity: Non-corrosive in presence of glass.
Special Remarks on Reactivity: Not available.
Special Remarks on Corrosivity: Not available.

Polymerization: No.

Section 11: Toxicological Information
Routes of Entry: Eye contact. Inhalation. Ingestion.

Toxicity to Animals: the oral, rat, LD50 is anticipated to be greater than 65 g/kg, Dermal LD50: 2
g/kg [Rabbit].

Chronic Effects on Humans: The substance is toxic to lungs, mucous membranes.

Other Toxic Effects on Humans: Very hazardous in case of ingestion, of inhalation. Hazardous in

case of skin contact (irritant). Slightly hazardous in case of skin contact (permeator).
Special Remarks on Toxicity to Animals: Not available.
Special Remarks on Chronic Effects on Humans: Not available.

Special Remarks on other Toxic Effects on Humans: Not available.
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Section 12: Ecological Information
Ecotoxicity: Not available.
BOD5 and COD: Not available.

Products of Biodegradation: Possibly hazardous short term degradation products are not likely.

However, long term degradation products may arise.
Toxicity of the Products of Biodegradation: The products of degradation are more toxic.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:

Section 14: Transport Information
DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.

Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
Federal and State Regulations: TSCA 8(b) inventory: Lemongrass oil

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR
1910.1200).

Other Classifications:

WHMIS (Canada): CLASS B-3: Combustible liquid with a flash point between 37.8°C (100°F) and
93.3°C (200°F). CLASS D-2A: Material causing other toxic effects (VERY TOXIQ).

DSCL (EEC): R38- Irritating to skin. R41- Risk of serious damage to eyes.
HMIS (U.S.A)):

Health Hazard: 2

Fire Hazard: 2

Reactivity: 0

Personal Protection: h

National Fire Protection Association (U.S.A.):

Health: 2

Flammability: 2
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Reactivity: 0
Specific hazard:
Protective Equipment: Gloves. Lab coat. Vapor respirator. Be sure to use an approved/certified

respirator or equivalent. Wear appropriate respirator when ventilation is inadequate. Splash

goggles.

Section 16: Other Information
References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 05:57 PM
Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently
available to us. However, we make no warranty of merchantability or any other warranty,
express or implied, with respect to such information, and we assume no liability resulting from
its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall ScienceLab.com be liable for any
claims, losses, or damages of any third party or for lost profits or any special, indirect,
incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com has

been advised of the possibility of such damages.
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