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ABSTRACT

Part of air pollution problem arise from waste gas in rubber drying process
which contains an volatile free fatty acids. Biofilter is a technique for contaminated air treatment.
The technique has high efficiency for removal of volatile organic compounds at low molecular
weight and concentration. The objective of this research was to determine the removal of volatile
free fatty acids by a composite media biofilter. The study involved two stages. The first part was
to optimize the composition ratio. The coconut chips : compost : sludge ratios of 65 : 30 : 5, 75 :
20 : 5 and 85 : 10 : 5 and the inlet concentration ranging from 10-100 ppm were investigated.

The optimum ratio obtaind from first part was used in the second part to
examine the elimination capacity of volatile free fatty acids at three empty bed retention time 30,
60 and 90 second. The first experiment showed that a blend of 75 : 20 : 5 was superior with
respect to volatile free fatty acids removal efficiency the pressure drop ranging fron 1-5 mmH,O.
The second experiment revealed that the elimination capacity of volatile free fatty acids for all
empty bed retention time. The experiment biofilter was applied in rubber drying process
industrial factory that can be remove volatile free fatty acids in the range of 98-99%, the pressure

drop 40 mmH,O
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1311 : Devinny et al., 1999
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2.3.9 MM UM IAILANIAZEOANVYIZUY (E1IENHBE JUASINS, 2551)

Schnelle 1122 Brown (2002) 1Ana133101300 0 ULIATEINTBIFINNAINNTD

Y ! Y o A @ A =
ponuuy Idnareguny uanihimshnuszmlondy 1n509n509FINNAWITODNLLY
9)3 a a A I a qu‘ 9 =y Y a A 3 o Aaaa
lanwuvdanazidla wisdunvuaadsdromsyadaniiau  wiadluuuudlfnse
v ) 4
Tagsa U admiseneundnueanseanseadInmezlsznoudie FudIna1e (Media packed
' 4 '
bed) 52UUNTL180IMNA (Air distribution system) (AT09111AUFU (Humidifier) LaLIAT09918
! 7 A a A a o Y ¢
9101¢ (Blower) @7Ug1Un3aiN19asnaIuyeUAI0dnIT033 M iy sznovaly gilnsal
uani)asunnudou (Heat exchange chamber) to1l5ugangildmmngauiusz vy nazssun
Y ] 4 Y Y

n32919111 (Water sprinkler system) #¢1¥lunmsaiuaunnuduvesiumidudinais (aigwa
o 4
Taud, 2549)

1) ANNANVDIFUAINAIUATOINTDIT 1MW (Depth of biofilter bed)

= 09; % d’ = Q'J =\ = ld' =
anwanvesrudmnanluniownsosdiniw Taeia lazlinnuanegh 0.5 o
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VOIFUAINAN
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2) aUNI8 (Microbial)
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a 9 1 1 a 9 =\ d' 1 1 A A o
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=
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4 E4
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Y
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o A A =4 a [ 1 1 <3 a dy a AdS v I A
moludnanligaunsdnainnaeriiaogudl uaeee lsnaumaausegaunsonduiluds
A5l RIa mazeziInszezna lumsisuauszunanas uazdsromuilszansnm
Y v a 9y o tﬂy a A SAq Y A a A = 9
Tinuszu Undndrinregaunidnlylumsisuaussuuveansoansaadimmnes ldaznou
Y
NNsVVINTAUUTIUUAZNOUITI (Activated sludge)
3) mstleue1miat (Air supply)
a I v o w a a a 2 A =
pandauuilvdsdidylunsniyanTaveagaunislunisanseasinIm

Unaudzimatlousimealidiuasosnsesdinnludadiu das1lvasinmanednsilva



30

[+ a [ [ [ ] c?/‘ dyd' 9 YA a a
MFUANHNINY 100 §IU A0 1 dIU NIHINDAINIT INNDNFIIUAY (Excess oxygen) 14
A = A 9 1 1A a =\ o (% a a a S J [
1A509NT035 W e 1iuu lanleonduiesned miumsnTaau Invesgauniduasz i
I o a [ Y . £ 3 )
Wumstlestumainanszuiumsdosaaisuny 1301018 (Anaerobic process) Fuiiluanngin
a A < 4
TnanaumiulunToanToasInw
4) U33an13% U (Moisture content)
a kg (4] U t:' a g [
Unaanusuveamsarsiaszuia 95 % mamulsuiannuguldsy
) 9 A A 43’ 16y 1 9 A di’
FTUVAWNTOMIA 2 N9 A MIANANNFULAMFADUIITLUY HazmITANANNTU Tae
v Y Y ) Y Y
ATINUTNAUAIMITNUVIFUNTDI I5MITHATILNATE TUT09UUIAYIREATT UNT 1L B ML
1 Aa o Y a [V qg/’ o a (Y a A A q ¥
e luginull o1z ldinanssadivesrudina1s uazinamsnenvoagaunion lild
a a dg’ = a S J dy [ o w a Y [ Y a A <
poNFUNATY Fegaunioniniley luaunsothiaasuans lduazezneldinanawmiiu
. a oy { <] 1 c?’
(Quinlan et al,, 1999) UnAvuavesneaiifilgnisivuiaanndt 1 mm Mszusinmiigga
920g7N 0.021 m'm hr’
5) Qﬂ!‘i’iﬂ“ﬁ (Temperature)

1 a

A A o a a A
Qﬂl‘ﬁ{]ll‘ﬂL‘Wll1$ﬁllG]i’]i]‘ﬂ‘L!‘VI5EJGLL!ﬂTi‘ﬂN”Iulmgﬁliigm‘]_ljﬁﬂgﬂﬂigﬂ1m 10—
4
1A Y a

Y a I -4 o e v o Y
40°C 91 mWQNQQﬂQTHﬂxlﬂuwa‘lﬁﬂ UnsgYNNIaY (Williams et al., 1992) GL‘L!‘V]”Nﬂa‘]Jﬂ‘L!ﬂ1
4

o

A a 3 Y a = v o 2 o g 9 = o
UNHY uﬂu”lﬂ%Lﬂuwa“lmaumawmuaﬂm muu“luf]ﬂwunmmgﬂumammimmm

Q Y

{ a Aaw 9

) Yo & ~ 9 A A o 1 S J [ =
5@1!(11(?ﬂ‘]_lﬂ”IGHVILGIHTJ‘]J?JLWi’JL‘WNﬂ@]i”lﬂ1§8i’]ﬂﬁﬁ”lfﬁ]i’)ﬂi]‘ﬂu1ﬂ§8 muiunsmmmmmszuuu

6) M3LVIINN (Mass loading rate)
A = S a 7 & Aq 9
MILVTINNVOAATBINTBIFIM W UM Tmes il 15l unsmivuaves
dy Y a A Y A @ %) ] 09;
szuu Teemszussnniannioldlumsmmisidimesous 14 Ao oas1 Inavesmariudgu
F4
[ [ @ o @ [ 4 ] o a 1 []
N30 NANNWNMY LagdATINTITA 0A1 lvavesmaHusunsos Undoglueie 03-1.6
3 2 .-l
mm min
MIZUTINNVOIAISNANY (Contaminant load) Ao WIAUBDIAITUANENADY

9 1

9 A = 1 1 a I v A [l
WUATEINIAIFIMINaBanolTuas WuilladendAnasdananscnUA0ILUUNTOINI

a9

9 ] v v
Fanm Uszaniammsthiaegdluilonszuisnnd 6as1m3 lnae1niam

7) NANHND (Empty bed residence time-EBRT)
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a

[

1 v 4
et 1dinansgady (Adsorption) HazgAFY (Absorption) 1a1iniin Taenalivzuegiu

a o a @ @ 1 v o v ® a 4 . @
FUANFUANHUALITAAINA N (BU IAINANN IUNITAIIANILOUNT & (Organic gas) 09



31
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v W %) a A o . 1) d?’ ' dy

LIATNNNNUDINTIBOUUNTY (Inorganlc gas) %zﬁl%nmmumumm

8) ANNAUAA (Pressure drop)
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[3126N G]NnJLlNﬂiJ”ﬁ]1ﬂﬂ1§ﬂﬂ@]3ﬂl@ﬂ‘ﬂuﬁ3ﬂiﬂﬂ muuﬂmﬂaaumﬂmqmamumqmﬂmm
3 o Y a o a 1Y 3 3
ﬁ]%tﬂuﬂ15ﬂﬂﬂﬂuﬂ1i@ﬂ@n uazmsmﬂmwmuaﬂqﬂﬁ) msmﬂmwmuaﬂqmumﬂumm&;
o o Ao Y Y Y o A @ 9 A A ~
a1 ‘EIJVWHGLWGIBQGL‘BWQ\‘N1H§IQGLHﬂ”lil‘Wllﬂ'J”I?JﬂH’E)”Iﬂ”IﬁHJ”I?J”IiHi%‘UU ﬂﬂ@]mi@ﬂﬂi@ﬂﬂﬂﬂ”l‘w
winaussauaalszua 13 inH0 uazldwdsnulumsduauoimalszuia 1.8-25
a v Jo 1 &2 o 4 @ v A [ @ d o dy a
ﬂTamwﬂuma‘ﬁmwugﬂmﬁﬂmm ﬂUWNﬂuﬁﬂﬁNllﬂ'JnJﬁNWHﬁﬂUﬂWi%UiﬁnﬂWHWﬂ
Y

(Surface loading) lumsmdamsduilouvazilsznnuesdinais (Devinny et al., 1999, Leson
etal., 1991)
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2.4 MINTIVNBNANTNINIVDI

(Y] Y Y] o d
2.4.1 wamspdgINVIVUS 90 IMIndIAMEnS
o v v 4
Ottengraf et al., (1983) lAa319unus1a0dUAUAUS (Zero order) N1o1A

9172 Diffusion rate limitation MALOUALNIA (First order) M Elaliglj wNI1IY Reaction rate

.. . . .. . a & A LIS d A ado
limitation IAYAN1IE Reaction rate limitation ﬁ]smﬂGuumauwuﬂamaumwwmﬂﬂﬂqu

Q

o w a

dy Aa o Y o Y A . dycv o w a o
Wu‘ﬂW’Jﬂlf]\iﬁ’)ﬂﬁ1\1hlﬂﬂ1ﬁu1ﬂﬂ1%ﬂhﬁW‘H (Active) M AN1TUDATINMIDINANANY LU TAUY

a

(% 1 ) aaa 4 v W v w
@nllf]ﬂ31ﬂ15l3\1611’6\1ﬂ15ﬂ1ﬂ§]ﬂ581mﬂﬂﬂﬁu‘ﬂgﬂ wazulsHnAUNUIZIZ A TURE (Contact

. o e . a & 4 Y g A A 9o~
time) LA NTN1IT Diffusion rate limitation fuzmmumamwmwmumamawﬂummﬂmmm
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"o ' o v kY 1 A v 9 ™ dy A 1A 4 A d v
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2
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ddy 1 [ D=4 1 z d' o 9 d' [ o w A A
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AN FUYR I TURT DATNITUNT LAANVYNTUYDIAITAIAY

Allen et al, (1991) WU LUV 1A09UITZUURITANAUUUVFIN W 14
Y I . £ P o A o g v W B A
A1na193)1 Compost meteria #4145 11un13M39 H,S dzldnyazuaunsouauni onw
Yy 9 Y o 1 < o o s A )
Wutued H,S Tue1madiaingl 200 ppm wazsziluaumsduauguaionnudnduues

' ;yaw o Yy o w A 9 9
H,S 4111731 400 ppm u@ﬂi]”lﬂuPj')ﬁ]flflﬂl;!,ugu”liﬁﬂﬂ”liﬂﬂa@ﬂﬂTﬁ]ﬂﬂauﬂﬁ]ﬂi%llll@]uu‘]_lﬂ

aFaneuduiuInTamIneai Tz UUMTANA LIV UFINNT I A2
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Devinny et al., (1991) WU MVUT1209U85LVURIIARAULUVTIN NN 1%
Y < . . . £ 9 o w oy % Lﬂy a o @
mﬂamﬂu Granular activated carbon L1Q% Diatomite G]fﬂﬂt!ﬂﬁmm%umuwmwmmmu
A a A o I Y] = 19 Y o [ a A o I YY)
TN UU %uaﬂymmﬂuﬁumiaumwm L!@lclsb'@l’JﬂﬁNL“lJ‘L!ﬂu‘ﬂ%hﬁﬂ‘]ﬂmmﬂuﬁhﬂﬁ@u%ﬂ
4
fue
. Yy 9 o [ [ 1 dl o [
Baltzis et al., (1996) vlﬂﬁiNl!‘U‘U‘iﬂﬁfN@uﬂUq\iﬂ’JTﬁ'u\ﬂﬂﬂ‘LHﬂW Oxygen

diffusion 118 Oxygen uptake ¥1AAAIY NV ATAIMIALITRBUMIENAT IR 1 Fila 19U

E4
=3

51194 mJ‘u{haaﬁﬁwmﬂﬁ’wamaﬁumsmﬂamﬁq fch1391%’1umsﬁ1mmaammu
v
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i%‘].l‘]_lllﬂ HagnuI E]”Illi’)’f)ﬂC]J’H]‘L!‘1u61ﬂ1ﬂlﬁﬂﬂlﬂl1izﬂﬂﬂg‘luﬂSll”lﬂlll”lﬂ ﬂ$%11ﬁ

a a o w 4 4 a o3| v o [ o aaan
ﬂizTd‘n‘ﬁm‘wmmmﬂﬁﬁmﬁmmﬂmmﬁmmﬂummwuﬂﬂm”lmimﬂ;]ﬂsaﬂuszuu uag

U

A o ~ dy Y = A o Yy 9 o w A Aa Idg‘
ENﬂ]%‘ﬂﬂu!ﬂ@uaTuTiﬂiglfﬁﬂllﬂﬂﬁ/]11‘”5ﬂi]gﬂQ%11W@@Q1G§§$UUﬂ]ﬁ]ﬂﬂaumlleuu']ﬂiﬁﬂlueuu
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a

Ergas et al, (1994) WU uvUSa09ve9szUURSARAULULFININA 1%
o S . o w . A o | [ 2
danaruiu Compost material 1un15M199 Dichloromethane 92 ianyuTUANNTOUAUTHY
(First order leinatic equation)
2.4.2 MANMIVNEINVFHAVDIAINAI

Lopez et al., (2003) WIM3ANEIAMANTAVDUAEITAINMTIABATHUI

A v A =] ) 9 I o =\ ~ A =\ d" AAa o
nJaendaaaiidnemnlumainlududinsearimmunigaiionnlnunHIT U1z g
] . o <3| o
AMUHUUUTIN (Bulk density) A1 pH 1Huna1e I waugadnunn ianuannialunsdu
3} F) S (A A A o @ A A = 1 @ 1 =
laun Bdsmasigemsiiisanedmsunuaiiine lilinanemsgadu wazammsgado
[ !; yw a 7 (a [
AUAU (Pressure drop) A1 HeNINHEIN15 AT 1z YT e luTasou Wearesa uaz Tdua
aiFey lunldendlaas wud danaiuszning lulasnudearesa: TduaaFen Tan
& o s s o
100:1:13 %4 Taen2 liaduuniSelsasilsznevved lulasou earesa uaz TiluamTawy
Y
o @ o w vAa o 1 < 1
5%, 1% uag 0.6% lagimtinuianudsy naaautiasenandiesdu uaaldmu
v A I 1 1 o @

nlaenmaasenuisaldiluunaseisuazuvaslulasnudmsunuaiseld

Liu et al., (2005) 1dnaasalddina1aman Compost, Lava tazdy 1uszuy
INT04NTBIFININ 1112 A Ethyacetate, Isopropanol 11a¢ Toluene WuUsza@NTA M IluMs
1117a 100% ﬁﬂﬁxUﬁnﬂ Ethyacetate 200 gm~ h'' 1182 Isopropanol 120 gm” h' 5282172110
1< a A o [ a A o w A Yy 9 Y
U 45 118 90 IUN d1M5Y Toluene Usza@nFninlunisiintia 40-100% NANMVNUVUY UV

05gm"
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Chen et al., (2006) 1474 Lava uag Carbon foam U119 24 pores/cm (PPC) 1ag
[~ Y A = A o o .. . 1 a A
18 PPC 1udnannluszuunT0anso9n 1w tie11ia Nitric oxide WuNUszansamnlums
1117A gD 93.8%, 79.4% 1Az 58.6% d1M351 Carbon foam 24 PPC, Carbon foam 18 PPC 112
Lava fNA1AY La Pressure drops Y93 Carbon foam Hanlnw 1 mmH,0 ¥4 Pressure drops
A o 1 Y Y] a A 1 1 a 9
iamdngaoudiyminsgaduuazmana Insevioreslugumaauszunla
. Y 9 A ~
Gabriel et al., (2007) lanaaeeld Coconut fibre IUTTULIATOINTBITINN
4 o o . ' . v
e l41un151511579 Ammonia WU ANVANTY Ammonia VUL 45-300 ppm FTELIANANY
19-36 U171 AUA 30 1uN3111ia Ammonia gaga 12 gm” b uazlsz@ninimmsiiiia
80%
I @ 4
Singh et al., (2010) 1dnAaeald Wood charcoal WudnaraluszuumIes
= A Yo @ A~ oA Yy 9 '
N509320 1 1o 151117A0 1M ANHN Toluene WU NAINTUYDI Toluene 1UHI 0.04-4.5 ¢
m’ 80310135 U3INN 1UI930.6-1104.5 ¢ m” h- Usz@nFamlumsiiiia egluwgaa 70-
95.5% azNMITUITINN 11045 ¢ m* h' MANNTINIITDIUMIATAGIgA 872.5 g m” h'
Y
#9171 Wood charcoal @11150199 Toluene Iapenadilszdnsan
Filho et al,(2010) lanaaesl¥@ina1e3 ¥iafe Polyurethane foam,
Sugarcane bagasse 1tag Coconut fibre luin3oansesdinn tetitia HS Tasldunasiuiia
a o 1 Aa A o @
i}’d‘lﬁiﬁ]m Aecrated submerged biofilter 110 Activated sludge wuNndszansammstia
1 o o a Y] @ 1< a
WY 100% HAIIAMTAUTZUVHES 2 J1 5282210 10Y 49 WA ANuuIuv U Ive
H,S g 11929 184-644 ppmv Ha4N15NAAB9100 1 WuNUsz@nFaimmstiniagad 99.3%
anuasalumsiitaves Polyurethane foam, Sugarcane bagasse (li& Coconut fibre E)gli
11979 17.8-66.6, 18.9-68.8 118 18.7-72.9 gm” h' Mua1AY

U

2.4.3 waadunednumsliinseansestimminiansa lvsiussivieas
Jq 9 A = = a A o w
Otten et al, (2002) lAl4AT0InT09FI0 N Anp1szanininnsia
. . Y 9 A A Yo A
Butyric acid Tu Laboratory scale ANUUNTUYDITUTOUU 25 1Az 50 ppmv l¥@1na19no
Compost 1A% Compost : Perlite 1a88A51831 Compost : Perlite A9 3 : 1 WuNUszadNTn N5
Y ]
1j117@ Butyric acid 9118 100% 94 Compost t1ag Compost : Perlite 1AM 1¥lun1snaaes
2,000 h
. Y= Y A = o o o w A
Sheridan ef al., (2003) laAnu1N3 lHATeInT0IFIMNE MTUMIThiTAnaY

4 . . { y oA 1 1 o . I
1W0aA n-Butyric acid Iagrldsu@ou lumsduiumsiuandisduuaz1¥ Wood chip 1ilu
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FnaamenmInuiY daanuduuves n-Butyric acid 8g3¢1319 0.13-3.1 g [n-Butyric
acid] m-3 [air] WU 52VVUANNAW30TUNIIATA n-Butyric acid g3ga 100% #i Superficial
gas velocities 38.2 ,76.4, Iag 114.6 mh’ mmmmm“lumﬁﬁﬂﬂqwm 148, 113 tlag 344 g
m’h’ AANuAUan 30, 78 Lag 120 Pa MInaasdlian 120 Ju iwuﬁuﬁumiﬁqmwgﬁmm
Column 23-27°C , Gas flow rates 0.3-0.9 m’h ", EBRT ranged 46-15 3117 118 Humidity 98%

Yun et al., (2004) 18145200 Trickling biofilter AnE1NINIA Aqueous
volatile fatty acids (VFA) iui‘imazam”mﬁﬂ Tae 1% Immobilized Rhodococcus sp. B261 WuMN
A1N50MIA n-Valeric acid (0.5%) Failuarsdszneunaniiinldinanaumiinigly 25
$1Tu9 neldanizfiensazatodl pH 8.0 53115 11av0901017 0.2 1 min” A2152 0.96 b
uazgung 37°C

Schlegelmilch et al., (2005) FnumnlszansamlumsnianauTasldmiauden
fimmzan TavdmlnginszurumsiidnazimFlumstianay 18un nszuaunsms
N1UNIN NTTUIUNMTNIUAT LAZNTZUIUNITNNFININ Tﬂa‘ﬁﬂsxmumsawﬁmﬂ%ms@ﬂ
FUANFUANY 11 Activated carbon, Activated alumina, Silica gels L% Zeolites L‘T]ué’u
NT2UAIUNITRATY TAUN NTZUIUNITAAFUNIINIGNINUALNTZVIUNITAATUN191AT]
ﬂizﬂﬂuﬂ1iﬂ1ﬁﬂﬂ§uﬂ1i%ﬂmw | 414A Bioscrubbers biotrickling filter 481 Biofilters ARESIRPIL)
ﬂa' ulasl¥anudon 1AuA Thermal afterburners catalytic incinerator {1¥ Regeneration thermal
oxidation (RTO) n3ruaIumseengiatunuylildanuieu 1dun Ozone UV uag non-
Thermal plasma P3NAAEUTZUUNAY 2 5211 14UA Static test system 15uszuDR1S
qumﬁaﬂﬁi%ﬁlu Olfactometry 11 Treatment media (%Y Adsorpbent scrubbing liquids 40
biofilter 1182 Dynamic test system 191unszuaunstianauiilsznoudio unit 4199 19y
Test units, Air pump, Recirculation pumps, Flowmeters mi%ﬂmiﬂﬁummiﬂaﬁqﬂ"lﬁl“ﬂu
Odour problem, Odour management handbook, Odour assessment, Chemical analysis, Data base,
Test system, Test plant L& Full scale plant

Tsang et al, (2007) 1&ANH Fibrous bioreactor tieWaLM3ITTANALIN
Fusoruluoimia Tasuanisnaasseoniu 2 ¥uaou 1dun n1snaaoald Fibrous
bioreactor 1UN15819A VFA WU Mass loadings 22.4 gm’h' Hilsz@nsnimmsiiitia VFA
95% NNt 1HFInans Synthetic fibrous packing §1¥3U Trickling biofilter iioAnEIAL
Wuduansues VEA 1aZEBRT w1 7t Mass loadings 32 gm™h” 9zi5ufin1sazauves VFA

14 Recirculation liquid ttaziiszanininnsaiinia 99% msnaaealdian 4 iheu
q
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Saenz et al., (2008) laAnu1M3 1¥32UUNIATBINIIFININ Tunsida VFA
Tunszuamaninnisdesaaionnnlyl¥eondiau @na1eildfe Lava rock i EBRT 120
U WU Inlet loadings acetic acid 7.8-15.2 gm h" u@ag Propionic acid 6.1-24.5 gm h"
annsamialdauysal 99%

aunng uazamz (2550) AnKITzUVRINTEIN TNl UM TITansa Ty
suivie lumanved nsnezdan nsanei lotin niale TedIN3n N3AUINTA AZATAINATH T

MaN52U1890NU1INNDVEVOIQATIHATINENLNE STR20 1Fa15dansesiiiminin

+ o o

A 9 [V o I Y =~ 2 a
L‘]Jﬁﬂﬂll%‘Wi”l’Juag’Jﬁﬂ‘ﬂEJ‘Villﬂﬁ”lﬁiﬂLﬂu@’sﬂiﬂﬂﬂﬁ%’sﬂ”lw‘luizﬂ‘ﬂ Naullﬂj“lumsmmmu

a’a

A9 Gas loading AAAIUMIHEAVVDIAINTOIFININ MTANENTOIMT IHAUAINTOIFINN LAY
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4.3.3 9NN ITVIIND (Mass loading rate)
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Department of Microbiology, Faculty of Science, Prince of Songkla University

Hat Yai, Songkhla 90112, THAILAND.| Tel. 074-288342 Fax. 074-288342, 446661

Microbiological examination of organisms

Report n0.3/20110
17 March, 2011

v
Product : Qznoutiuiy

Sampling : MAINIANTTUATN Wo. Malna) 9. asuan

Techniques : Microbial count was performed using Standard Plate Count method (FDA,2001)

‘Total bacterial

3.7x10°

Recived date 14-03-2554 Testing date 15-03-2554

Test conducted by: WG@W WMM

(Mrs. Lumdoun Chitmanee)

Test approved by: (E
(Assoc. Prm

uangporn Kantachote)

Report no.3/2011Pagel/1

. .
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Department of Microbiology, Faculty of Science, Prince of Songkla University

Hat Yai, Songkhla 90112, THAILAND. Tel. 074-288342 Fax. 074-288342, 446661

Microbiological examination of organisms

Report no.7/20110
12 October, 2011

Product : eANeY

g a g LA = i
Sampling : wwas 1l duilzIa nadairanssundl ve. mialug v. asvan

Techniques : Microbial count were performed using Standard Plate Count method (FDA,2001)

1. | 540310 Fetqwery No.1 1.2x10’
2. | 540320 Teqweu No.2 1.4 x10’
3. | 540330 Terqweru No.3 1.4x107
4. | 54-0340 Faqueandouniinnodutl | 3.1x10’

Recived date 07-10-2554

Test conducted by:

Test approved by:

Report no.7/2011Pagel/1

Testing date 10-10-2554

(Mrs. Lumdoun Chitmanee)

bado i

(Assoc. Prof. Dr. Duangporn Kantachote)
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nuudaessyaureslianis

Wuruguénaa d) = 0.05m
ANUGIUOIAINAN () = Im
USuasvesaIna1g = (§d/4)h
= 0.00166m’
§@i1ﬂ1izﬂiinﬂ (Mass loading) Y9358 U
1B ANUITUT UV Acetic acid R5ZUU = 911.09 ppm

ulasnvesnnududu ppm Ideglugil gm’ (air) Tagldaums

g/m’ = ppm X molecular weight (g/mol)
0.0821x303% 1000

12 TuanNave Aceticacid=  60.05 g/mol

Y
[

JUHU Mass concentration U9 Acetic acid = 2199 g/m3(air)
o v . A
MUIUNUIANNANNY (EBRT) AUVUIAUD Biofilter ‘V]Lﬁi’]ﬂiaj’f}
EBRT = Media volume / Q.

[0.00166 m’ / 0.0001333 (m’/s)]

12s

ﬁ1u3mﬁ15@51ﬂ153ﬂ55nﬂﬂ]i’]\iizﬂﬂ‘ﬂ”lﬂﬁllﬂ”li

Mass loading (volumetric) = Mass concentration (g/m)) x_ 3,600

(sec/hr)
EBRT (sec)
Acetic acid mass loading Y9358 UY = 52.35 g./m3—hr
MIMUINYTLANTNINNITAIA (Removal Efficiency; RE)

RE =  [(C,C,)/C,]x100

out
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WY ANUTUYUVDI Acetic acid NOBNIINTZVY = 148.6 ppm

RE [(911.09-148.6)/911.09] x 100

83.69 %

MImuIAmaNNa s lunsmIaag1suany ( Elimination Capacity ;EC)

EC = Mass Loading x RE

52.35 % 0.8369

43.81 g.(Acetic acid)/m’-hr



117

MANHIN A

a a d v
‘i]ﬂ’G]S!aﬂﬂ3§ﬂ1iﬂ]i?!ﬂi1$ﬂﬂiﬂ"lellﬁ»lui$!ﬁﬂ\‘hﬂ

1. MM Calibration curve mmniﬂ"lmﬁmzmm'm
15822100103 31UN5A luiiuszmedie 152nouAIe Acetic acid, Propionic
acid, Isobutyric acid, Butyric acid,Isovaleric acid, Valeric acid 0.1 weight percent of each VFA in
water
ad ) . . ya . . £ o =
25N13N1 Calibration curve 121975 Internal standardization 5ANINITTEIUT T
1a3g1u nsalusiuszivedio Ty Ethyl acetate 118¢ Ethanol Naudiudua19 Taoil 0.05%
I
Acetone in water (1] Internal standard
= o v ~ 9y 9 1 [ Y
1) L@]iflllfﬁia3@18?\5@1%%1&5&‘”8\118 NANUVUVUANINU Iﬂfﬂ‘ﬁ
. Yy ¥ Ay v o & R
ﬂi@ﬂﬂ@ﬂ%?ﬂﬂ?”ﬂlﬁlﬂﬂlu‘ﬂG]'E)Qﬂ"liblslf 11!ﬂTiﬂﬂa@ﬂﬂiﬂuﬂgl%‘]ﬂ\iﬂ’ﬂN
Yy 9 A
FNUYUN 10-100 ppm
o G . £ 3 A o Y
2) MMSATIY 0.05% Acetone in water B934 Internal standard tWo 113114 1
Y] Y] 1 td' Y A Y Y dy
ﬂ1§Nﬁ1Jﬂ’UﬂiﬂleU§Jui$LWEN'IEJ ﬂhlﬂmﬁﬁllluh NOUNUIU
Y
3) MA150LANATTIURTUNS 6 A 1UnInT1NIAT§IY (Standard
solution curve) ﬁ\‘]LLﬁﬂ\‘lﬁluﬂTWﬂigﬂ@Uﬂ'lﬂWH'Jﬂ -1 5\‘] ﬂTW‘IJi%ﬂ@’U
A J A = Y 9 C% ' !
NANUIN -4 LWE]GlflflﬂiEJ‘UL“VlEJ‘UTﬂﬂ'J'llllﬂluﬂluﬂlﬂﬂﬂﬁﬂllmlluﬁmﬁﬂ\ﬂﬂ LLR1

azwiialudedsnilansed

anmeantiunmsves GC laun
Inlet Temperate 2260 °C
Oven Temperature  : 80 °C (1 min), 120 °C (10 °C /min), 240 °C(15 °C /min),
240 °C (2 min)

Detector Temperature : 260 “C

Column : HP-FFAP,25 m,0.32 mm, 0.5 um
Carrier Gas Flow : Helium @ 10.8 psi (42 cm/s), Constant Flow
Split Ratio :20/1

Inject Sample :1pl
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2K 15.17 mg/l
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Hanmsnaaesnnons I asnuznig : Janen : aznewiinde iy 75:20: 5

Y
MSMANUIN -1 HANTNABBIIINOATIAIU lAsnuzni 1 : fJoneon : aznewinde iy

A v g a ~
75 :20: 5 N3gaeInInniny 30 IUMN

T Mms | Anw
U lew Qmwgﬁmﬂiwf}’uﬁanmq melusy niada | du
Vol B AN pH 5 :
U - A (°C) AINAN TGN an
(ui)

(%) fIna1 | (mm

L?lll start up 29/07/54 In | SO3 | S06 | In S03 | S06 | Out | SO3 | S06 (cm) H,0)
01/08/54 3 30 7 7 7.1 129.7({30.1] 31 |31.2| 60 | 58 0 0
04/08/54 6 30 69| 7 7.5 (272 (275(275(29.1| 60 | 56 0 0
07/08/54 9 30 7 7.1 7.6 |30.2]303]305]|31.1| 60 | 57 0 0
10/08/54 12 30 7 7 7.4 | 31.1 | 31.4 312|313 | 60 | 57 0 0
13/08/54 15 30 7.1 7.1 7.3 | 31.1 | 31.3|31.5(319| 60 | 58 0 0
16/08/54 18 30 69| 72 |74 |30.2]30.5|304305| 60 | 59 0 0
19/08/54 21 30 7 173 |76 |303]309|31.130.1| 60 | 56 0 0
22/08/54 24 30 7 7 7.5 129212941298 |305]| 62 | 56 0.1 0
25/08/54 27 30 69|69 |72 (296297 |29.8]|30.8| 62 | 59 0.1 2
28/08/54 30 30 69| 7 7.2 129.8 30.1 306]|31.1| 62 | 60 0.2 2
31/08/54 33 30 69| 7 7.1 | 284 | 28.5(28.7(29.5| 61 | 59 0.3 2
03/09/54 36 30 69| 7.1 |75 |274]27.8|28.1]29.8| 60 | 57 0.3 2
06/09/54 39 30 69| 72 | 74 |284|28.5|28.6]29.7| 61 58 0.4 2
09/09/54 42 30 69| 7 7.6 129212951297 (1299| 60 | 59 0.4 2
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Y
MIMANUIN 92 HANTNABBIIINOATIAIU lApnuzni 1 : fJonen : aznewinde iy

A v g a ~
75 :20: 5 NgyLInINNINY 60 IUIN

Ay M3
U :m: Qmwgﬁmﬂiwf}’uﬁanmq melusy niada | anusu
Vol B AUAN pH 5 :
I n A (°C) fAINAN VDY an
(ui)
(%) AInaN | (mmH,0)

L?liJ start up 29/07/54 In | SO3 | S06 | In S03 | S06 | Out | SO3 | S06 | (cm)
01/08/54 3 60 7 7 7 12971297 30 |303]| 60 | 60 0 0
04/08/54 6 60 7 7 7 | 272|285 (287 30 | 60 | 59 0 0
07/08/54 9 60 7 7 7 1302 |31.8|31.8(31.9] 60 | 59 0 0
10/08/54 12 60 7 7 7.1 | 31.1 | 31.4 | 31.5|31.7| 60 | 59 0 0
13/08/54 15 60 7 7.1 |73 |31.1]31.5]31.7(319] 60 | 60 0 0
16/08/54 18 60 7 7 7.2 1302 |31.131.5(31.7| 60 | 59 0 0
19/08/54 21 60 69|69 | 7.1 |303]|31.1|31.3]31.9| 60 | 59 0 0
22/08/54 24 60 69| 6.9 7 1292|304 |30.7|31.1| 62 | 59 0 0
25/08/54 27 60 69| 6.9 7 129.6 303 |30.731.1] 62 | 59 0.1 0
28/08/54 30 60 69|69 |71 (29.8]|303]|306]|309| 62 | 60 0.1 0
31/08/54 33 60 69| 7 7.2 128412971299 |31.2| 61 | 59 0.2 1
03/09/54 36 60 69|69 |71 274281283289 | 60 | 59 0.3 1
06/09/54 39 60 69| 7 7.3 | 284|287 (289|293 | 61 59 0.4 1
09/09/54 42 60 7 7 7.2 129.2129.6 298 |30.1| 60 | 59 0.5 1
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Y
MIMANUIN 93 HANTNABBIIINOATIAIU lApnuzni 1 : fJonen : aznewinde iy

A v g a ~
75 :20: 5 NgyLInINNINY 90 IUMN

Ay M3
U lew Qmwgﬁmﬂiwf}’uﬁanmq melusy niada | aueu
Vol B AN pH 5 :
MU n A (°C) fINAN TGN an
(ui)
(%) AInaN | (mmH,0)

L?liJ start up 29/07/54 In | SO3 | S06 | In S03 | S06 | Out | SO3 | S06 | (cm)
01/08/54 3 90 7 7 7 129.729.830.1 304 60 | 60 0 0
04/08/54 6 90 7 7 7 2721276279 | 28 60 | 60 0 0
07/08/54 9 90 7 7 7 1302|304 |30.7 (309 60 | 60 0 0
10/08/54 12 90 7 7 7 | 31.1 315 |31.8(31.9] 60 | 60 0 0
13/08/54 15 90 69| 7 7 |31.1|31.5]|31.6|31.8| 60 | 60 0 0
16/08/54 18 90 69| 7 7 130.2303]|30.8]|309]| 60 | 59 0 0
19/08/54 21 90 69| 7 7 1303305]30.7]309| 60 | 59 0 0
22/08/54 24 90 69| 7 7.1 1292 12951297299 | 62 | 59 0.1 0
25/08/54 27 90 69| 7 7.1 129.6 1299 ]302|305]| 62 | 59 0.1 0
28/08/54 30 90 69|71 |72 (298| 30 |303]305| 62 | 60 0.2 0
31/08/54 33 90 69| 7.1 |73 |284]285|287|289| 61 | 59 0.3 0
03/09/54 36 90 69| 72 | 731274278279 |282| 60 | 59 0.4 0
06/09/54 39 90 6.8 | 7.1 | 7.3 |284]28.6|28.7]289| 61 58 0.6 1
09/09/54 42 90 68| 72 | 731292]295(29.7]1299| 60 | 59 0.7 1
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MIMANUIN 9-4 UszanEnmiiiaves Acetic acid Ndas1dudonuzni : fonon :

Y
AENOUU U 1AL 75 :20: 5

. . R Anuansalums
ANYULUDIDINA ANHUTVBIDINA szan MILUIIND .
4w 4 - A 111a
NN N90N AN (gem™h’) o
(gem™h)
vanl 7 7 ms
A AW A AU .
9 o o v v o o v1ua No.l | No2 | No3 | No.l | No2 | No3
WUUY | TUNND U TUNND
(%) (30s) | (60s) | (90s) | (30s) | (60s) | (90s)
(ppm) (% RH) (ppm) (% RH)
01/08/54 | 80.9437 98 11.61325 99 85.6527 | 362 | 18.1 | 12.0 | 33.5 | 17.1 | 11.0
04/08/54 | 98.3576 99 8.996665 99 90.85311 | 28.4 | 142 | 9.49 | 264 | 13.8 | 931
07/08/54 | 86.3369 99 2.043576 99 97.63302 | 43.0 | 21.5 | 143 | 41.6 | 209 | 14.1
10/08/54 | 83.9171 98 1.9543 99 97.67116 | 243 | 12.1 | 810 | 234 | 119 | 805
13/08/54 | 86.3369 97 1.90037 99 97.79889 | 43.0 | 21.5 | 143 | 42.8 | 21.3 | 143
16/08/54 | 94.1795 99 9.548655 100 89.86123 | 27.2 | 13.6 | 9.09 | 27.1 | 13.5 | 9.09
19/08/54 | 50.168 100 1.011 100 97.98481 | 32.9 | 164 | 109 | 32.7 | 164 | 109
22/08/54 | 49.7262 99 0.9488 100 98.09196 | 34.4 | 172 | 114 | 342 | 172 | 114
25/08/54 | 82.6549 99 0.84439 99 98.97842 | 23.9 | 119 | 7.98 | 23.7 | 119 | 7.98
28/08/54 | 65.3881 98 0.09488 99 99.8549 | 123. | 61.8 | 41.2 | 123. | 61.8 | 412
31/08/54 | 90.5296 97 3.089681 99 96.5871 | 262 | 13.1 | 874 | 26.0 | 13.1 | 8.74
03/09/54 | 38.6420 100 0 99 100 1.1 | 559 | 3.73 | 11.0 | 559 | 3.73
06/09/54 | 88.6977 99 0 100 100 285 | 142 | 953 | 284 | 142 | 9.53
09/09/54 | 64.513 99 0 100 100 12.8 | 644 | 429 | 128 | 6.44 | 429
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M3519MARUIN -5 152 AN 1wN1515197AU09 Propionic acid Noas1dIU lasnuznii : {Jo

Y
A9N : AZNOUIUTY 1NN 75:20: 5

. 3 . anuensolums
ANHUSVDIDINA ANYUSUDIDINA 152@n5 MIZUIIND o
. r o i
M foon 2 (gem’h™) L
(gem™h)
vanl 7 7 ms
AU ANUBU I ANUBU 0 o
9 v o v v v . o v v1ua No.1 No.2 | No3 | No.l | No2 | No3
INIRVRTRR! qAUNND [SIENRTAR) qAUNND
(%) (30s) (60s) | (90s) | (30s) | (60s) | (905s)
(ppm) | (% RH) (ppm) (% RH)
01/08/54 | 63.029 98 9.335837 99 85.1880 34.6 17.3 11.5 31.3 15.6 10.4
04/08/54 | 82.263 99 10.04138 99 87.7936 39.35 19.6 13.1 35.7 17.8 11.9
07/08/54 | 67.163 99 3.945701 99 94.1251 41.02 20.5 13.6 39.6 20.0 13.4
10/08/54 | 74.777 98 3.079439 99 95.8818 30.2 15.1 10.0 29.1 14.5 9.96
13/08/54 | 64.233 97 0.592105 100 99.0782 41.02 20.5 13.6 40.8 20.4 13.6
16/08/54 | 78.812 99 0.592105 100 99.2487 37.70 18.8 12.5 37.4 18.7 12.4
19/08/54 | 57.822 100 0.592105 100 98.9759 30.16 15.0 10.0 | 299 149 | 9.98
22/08/54 | 49.518 99 0.592105 100 98.8042 33.26 16.6 11.0 | 33.0 16.5 11.0
25/08/54 | 60.644 99 0.192105 99 99.6832 10.95 5.47 3.65 10.8 536 | 3.62
28/08/54 | 50.567 98 0.592105 100 98.8290 133.3 66.6 44.4 13.3 66.5 443
31/08/54 | 71.382 97 0.192105 100 99.7308 11.21 5.60 3.73 11.1 5.50 3.70
03/09/54 | 45.227 100 0.192105 100 99.5752 13.66 6.83 4.55 13.5 6.72 4.51
06/09/54 | 83.171 99 0.592105 100 99.2880 29.72 14.8 9.90 29.5 14.7 9.83
09/09/54 | 63.871 99 0.192105 99 99.6992 15.67 7.83 5.22 15.6 | 7.73 5.19
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s wldenugni1 : fJeaen

. . ANuaga luns
ANYUSVDIDINA ANHUSVDIDINIA - A NMIZUIINND .
- p 52ans 1i11in
= 3, -1
A Noon (gem™h’) .
N (gem™h)
e/l ¥, Fy .
AN AITNYU AN ANNYU NITUIUA
g v o o & Y o o & No.1 No.2 | No.3 | No.l No.2 | No3
ISTPVRTAR] TAUNND [SIPVRTAE] TAUNND (%)
(30s) | (60s) | (90s) | (30s) | (60s) | (90s)
(ppm) | (% RH) (ppm) (% RH)
01/08/54 76.909 98 20.05293 99 73.92657 32.6 16.3 10.8 31.6 15.3 10.6
04/08/54 91.162 99 8.79666 99 90.35056 36.6 18.3 12.2 36.5 18.2 12.1
07/08/54 92.514 99 5.048568 100 94.54293 39.3 19.6 13.1 38.7 19.5 13.0
10/08/54 76.286 98 1.966918 99 97.42167 32.4 16.2 10.8 32.2 16.1 10.5
13/08/54 92.514 97 0.907143 99 99.01946 39.3 19.6 13.1 39.2 19.4 13.0
16/08/54 92.559 99 0.907143 100 99.01994 35.0 17.5 11.6 35.0 17.3 11.5
19/08/54 53.874 100 0.907143 100 98.31619 18.6 9.32 6.21 18.5 9.13 6.17
22/08/54 79.332 99 0.907143 100 98.85654 20.9 10.4 6.98 20.8 10.2 6.9
25/08/54 85.869 99 0.907143 99 98.94358 9.29 4.64 3.09 9.24 4.45 3.08
28/08/54 64.393 98 0.907143 99 98.59125 35.8 17.9 11.9 35.8 17.7 11.9
31/08/54 89.639 97 0.907143 99 98.98801 9.19 4.59 3.06 9.16 4.40 3.03
03/09/54 63.272 97 0.907143 99 98.56629 18.3 9.19 6.13 18.3 9.00 6.10
06/09/54 97.985 99 0.907143 99 99.0742 41.6 20.8 13.8 41.2 20.6 13.7
09/09/54 59.624 99 0.907143 99 98.47858 21.0 10.5 7.03 21.0 10.3 7.015
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M3MANUIN 97 Usza@nsnmnisiiiiaves Butyric acid #oas1dan iwldenuzni : o

Y
A9N : AZNOUIUTY 1NN 75:20: 5

. . ANuaga luns
ANYUSVDIDINA ANYUSVDIDINA o A NITUIINN .
- p 1szans 1i1in
a 3.1
A Noon (gem™h’) .
NN (gem™h)
e/l ¥, Fy o o
AN AITNYU AN ANNYU NITUIUA
Y o o @ Y o o @ No.1 No.2 | No.3 | No.l No.2 | No.3
[SIPVRTAE] TAUNND [SIPVRTAE] AUNND (%)
(30s) | (60s) | (90s) | (30s) | (60s) | (905s)
(ppm) | (% RH) (ppm) (% RH)
01/08/54 54.512 98 9.589519 99 82.408567 3.56 1.78 1.18 3.24 1.59 1.08
04/08/54 68.504 99 6.935815 99 89.875440 3.33 1.66 1.11 3.27 1.46 1.09
07/08/54 58.099 99 4.588012 99 92.103122 4.22 2.11 1.40 3.97 2.07 1.38
10/08/54 58.686 98 3.056533 99 94.791761 3.34 1.67 1.11 3.32 1.66 1.08
13/08/54 58.099 97 2.034091 99 96.498926 4.22 2.11 1.40 4.21 2.10 1.40
16/08/54 75.201 99 3.034091 99 95.965405 3.19 1.59 1.06 3.18 1.59 1.06
19/08/54 37.956 100 0.034091 99 99.910185 1.70 0.85 0.56 1.68 0.84 0.56
22/08/54 39.573 99 0.034091 99 99.913855 1.95 0.97 0.65 1.94 0.97 0.64
25/08/54 41.099 99 0.034091 99 99.917052 0.89 0.48 0.29 0.88 0.44 0.29
28/08/54 49.166 98 0.034091 99 99.930662 7.47 3.73 2.49 7.45 3.72 2.48
31/08/54 62.877 97 1.034091 99 98.355384 0.97 0.48 0.32 0.95 0.47 0.32
03/09/54 30.297 100 0.034091 99 99.887481 1.71 0.85 0.57 1.69 0.84 0.56
06/09/54 67.967 99 1.034091 99 98.47855 3.85 1.92 1.28 3.83 191 1.27
09/09/54 46.289 99 0.034091 100 99.926352 1.96 0.98 0.65 1.95 0.97 0.65
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asrdau nlaenuzni : io

. . anuaninlums
ANYULVDIINA ANYULVDIDINA . AMILUIINA L.
. p szand o GRERTRMIE)
A noon (gem’h) o
NN (gem™h)
el 7 Fy o o
Y | ANUYY 21 ANUFY | M31ia
Yy o v o @ Yy o v o @ No.1 No.2 | No.3 | No.l No.2 | No.3
WUy | duims U FUIND (%)
(30s) | (60s) | (90s) | (30s) | (60s) | (905s)
(ppm) | (% RH) (ppm) (% RH)
01/08/54 | 39.419 98 16.23946 99 58.80375 | 29.6 | 14.8 | 9.89 | 21.6 | 108 | 7.22
04/08/54 | 51.317 99 9.287763 99 81.90124 | 257 | 128 | 859 | 21.1 | 105 | 7.06
07/08/54 | 44.646 99 2.487071 100 944294 | 373 | 186 | 124 | 315 | 157 | 105
10/08/54 | 43.194 98 9.694668 99 7755563 | 31.1 | 155 | 103 | 263 | 13.1 | 878
13/08/54 | 38.500 97 1.122581 99 97.08423 | 23.6 | 11.8 | 7.89 | 23.1 | 115 | 7.71
16/08/54 | 48.153 99 1.122581 99 97.66876 | 247 | 12.3 | 823 | 24.1 | 12.0 | 8.05
19/08/54 | 27.199 100 1.122581 99 9587284 | 183 | 9.19 | 6.12 | 17.9 | 891 | 5.94
22/08/54 | 22.282 99 1.122581 100 9496201 | 253 | 12.6 | 8.44 | 249 | 123 | 825
25/08/54 | 31.803 99 1.122581 99 96.47021 | 15.6 | 7.83 | 522 | 154 | 7.55 | 5.07
28/08/54 | 23.906 98 1.122581 99 9530434 | 522 | 26.1 | 17.4 | 516 | 258 | 172
31/08/54 | 52.624 97 1.122581 99 97.8668 | 209 | 104 | 6.99 | 208 | 104 | 6.97
03/09/54 | 21.658 100 1.122581 100 9481693 | 25.4 | 12.7 | 848 | 253 | 127 | 846
06/09/54 | 49.481 99 1.122581 99 9773129 | 123. | 61.7 | 41.1 | 122. | 614 | 409
09/09/54 | 31.638 99 1.122581 100 96.45187 | 59.7 | 29.8 | 19.9 | 59.1 | 29.5 | 19.7
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MIMANUIN 99 UszanFnrmmistihniaves Valeric acid Noa1du nlasnuzwi : o

Y
A9N : AZNOUIUTY 1NN 75:20: 5

. . - ANuaga luns
ANHUTVBIDINA anyuzYedeIMe | Uszdnd MILUITNN L.
4w 4 i 1114
NN nesn N (gem™h’) A
(gem™h)
vanl 7 7 s
AU ANUBY ANY | ANUFY L.
v R v v v . o | VWA NO.I | NO2 | NO3 | NO.I | NO2 | NO.3
NI qUNND WUUU | dUNND
(%) (30s) (60s) | (90s) | (30s) | (60s) | (90s)
(ppm) | (% RH) (ppm) | (% RH)
01/08/54 | 64.038 98 16.57632 100 7411517 | 3031 | 15.1 | 10.1 | 27.6 | 14.6 | 9.51
04/08/54 | 72.085 99 8.253749 99 88.55006 | 24.18 | 12.0 | 8.06 | 22.5 | 11.8 | 7.97
07/08/54 | 65.534 99 1.892973 99 97.11148 | 35.88 | 17.9 | 11.9 | 347 | 175 | 119
10/08/54 | 61.109 98 0.482759 99 99.21002 | 30.10 | 15.0 | 10.0 | 29.7 | 15.0 | 10.0
13/08/54 | 62.657 97 0.482759 98 99.22953 | 35.88 | 17.9 | 11.9 | 354 | 17.8 | 118
16/08/54 | 78.031 99 0.482759 99 99.38133 | 23.17 | 11.5 | 7.72 | 23.1 | 114 | 7.64
19/08/54 | 42.435 100 0.482759 100 98.86237 | 13.68 | 6.84 | 4.56 | 13.5 | 6.72 | 4.48
22/08/54 | 45.575 99 0.482759 99 98.94074 | 12.06 | 6.03 | 4.02 | 11.9 | 6.02 | 3.98
25/08/54 | 59.838 99 0.482759 99 99.19324 | 12.72 | 6.36 | 4.24 | 12.6 | 624 | 4.16
28/08/54 | 57.687 98 0.482759 99 99.16314 | 44.93 | 224 | 149 | 446 | 223 | 148
31/08/54 | 75.062 97 0.482759 98 99.35686 | 1234 | 6.17 | 411 | 122 | 6.11 | 4.08
03/09/54 | 28.626 100 0.482759 100 98.31361 | 19.02 | 9.51 | 6.34 | 19.0 | 9.49 | 6.32
06/09/54 | 71.773 99 0.482759 98 99.32739 | 38.80 | 194 | 12.9 | 385 | 192 | 129
09/09/54 | 57.604 99 0.482759 100 99.16194 | 2837 | 14.1 | 945 | 28.1 | 140 | 9.43
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a a o w @ ' { v 1 {
AN NNNIANHIN 3-10 TJ53ﬁ‘V]‘ﬁﬂTWﬂ1§1JT]_Iﬂﬂiﬂ"lsllllujgﬁLWENWEJﬁi%EJ%L’Jﬂ1ﬂﬂLﬂ'LIG]NV] ﬁ

@ 1 A Y + 3’ = 1w
9a5197U 1aonugns ; ﬂﬂﬂ@ﬂ CAZNDUUNTY ININD 75:20: 5

Acetic acid

Propionic acid

No.1 No.2 No.3 No.1 No.2 No.3

(30 2U19) (60 U17) (90 2U17) (30 2119) (60 U17) (90 2U19)

92.5438 94.30068 91.52358 90.37129 90.37129 90.37129
92.84104 97.05497 98.092 90.88222 90.88222 90.88222
96.73659 97.63302 98.55638 96.56298 97.8696 98.13092
96.33038 98.16415 99.35581 96.36764 96.36764 98.72675
99.60124 99.37386 100 99.48423 99.48423 99.48423

99.3713 99.53218 100 99.43877 99.43877 99.43877
99.47884 100 100 99.29867 99.29867 99.29867
99.50188 100 100 99.36394 99.36394 99.36394
99.28364 100 100 99.37312 98.06782 99.30785
99.86143 100 100 99.84133 99.84133 99.84133
99.34595 100 100 99.38787 98.11328 99.00549
98.46772 100 100 99.49747 98.45112 99.20973
99.40008 100 100 99.28809 99.28809 99.28809
99.56843 100 100 99.56212 98.65036 99.33418
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a a o w @ ' { v 1 {
AN NNNIANHIN 3-10 TJ53ﬁ‘V]‘ﬁﬂTWﬂ1§1JT]_Iﬂﬂiﬂ"lsllllujgﬁLWENWEJﬁi%EJ%L’Jﬂ1ﬂﬂLﬂ'LIG]NV] ﬁ

[ 1 A Y + 3’ = ' v 1
a1 1WaonuE N : I,!EJ?‘I’EJﬂ CAZNDUUUTY ININY 75 : 20 : 5 (919)

Isobutyric acid Butyric acid
No.1 No.2 No.3 No.1 No.2 No.3

(30 3UM) (60 I1N) CORITRID) (30 3UN) (60 A1) (90 A1)
96.92657 93.92657 97.92657 91.06586 89.154 91.06586

99.7906 99.7906 99.7906 98.07953 88.07953 98.07953
98.54293 99.54293 99.54293 94.08615 98.08615 98.08615
99.42167 99.42167 97.42167 99.28154 99.28154 97.50233
99.70599 99.01946 99.84188 99.65714 99.65714 99.55656
99.90123 98.90123 98.90123 99.54667 99.54667 99.50678
99.52787 97.93241 99.29995 99.1479 99.1479 99.1479
99.58011 98.16118 99.37741 99.25957 99.25957 99.25957
99.51009 95.85209 99.51009 98.38429 98.38429 99.33217
99.87304 98.9251 99.87304 99.80608 99.80608 99.80608
99.66992 95.80797 99.04277 98.50984 98.50984 99.38407
99.83493 97.90364 99.5213 99.15403 99.15403 99.15403

99.0742 99.0742 99.0742 99.62397 99.62397 99.62397
99.78409 98.172 99.78836 99.26353 99.26353 99.26353
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a a o w @ ' { v 1 {
AN NNNIANHIN 3-10 TJ53ﬁ‘V]‘ﬁﬂTWﬂ1§1JT]_Iﬂﬂiﬂ"lsllllujgﬁLWENWEJﬁi%EJ%L’Jﬂ1ﬂﬂLﬂ'LIG]NV] ﬁ

[ 1 A Y + 3’ = ' v 1
a1 1WaonuE N : I,!EJ?‘I’EJﬂ CAZNDUUUFY ININY 75 : 20 : 5 (919)

Isovaleric acid

Valeric acid

No.1 No.2 No.3 No.1 No.2 No.3
(30 2U19) (60 U17) (90 2U17) (30 2119) (60 U17) (90 2U19)
73.038 73.038 73.038 91.1871 96.96151 94.1871
82.24718 82.24718 82.24718 93.18496 97.98496 98.98496
84.53189 84.53189 84.53189 96.88946 97.8457 99.8457
84.65893 84.65893 84.65893 98.89182 99.95454 99.99182
97.66573 97.66573 97.66573 98.86379 99.33721 98.92533
97.76172 97.76172 97.76172 99.97355 98.97355 98.97355
97.79617 96.99242 97.02189 99.34192 98.26167 98.26167
98.39972 97.81609 97.81609 99.2538 99.92891 99.02891
98.61456 96.47021 97.16197 99.2927 98.13166 98.13166
98.88449 98.94215 98.94215 99.47072 99.47072 99.41072
99.47024 99.36634 99.71242 99.2708 99.07381 99.2708
99.76271 99.82692 99.76271 99.96797 99.7502 99.6697
99.5519 99.5519 99.5519 99.38716 99.38716 99.98716
99.07415 99.07415 99.07415 99.16194 99.16194 99.76194
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