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Suppajee Pornpongmetta 2010: Effects of Music on Microbial Substrate Utilization:
Case Study of Aerobic Bacteria from Municipal Wastewater Treatment Plant. Master of
Engineering (Environmental Engineering), Major Field: Environmental Engineering,
Department of Environmental Engineering. Thesis Advisor: Assistant Profressor

Monthon Thanuttamavong, Ph.D. 138 pages.

This described the effects music on microbial substrate utilization that was case study of
Aerobic bacteria from municipal wastewater treatment plant in Kasetsart University. The music
was played Ruk music of his Majesty King Bhumipol Adulyadej, Farewell, Holy Wars the
Punishment Due, Oh La Nor my love and the Four Seasons in Batch reactor. The experiment
was divided into 2 groups, running for 24 hours/cycle in noise proof box. The control group was
not influence by music with 20 samples. The sample group which contains 100 samples was

tested by continuous playing of music at sound level volume of 70-75 dB(A)

The result that every music songs was able to increase the substrate utilization of Aerobic
bacteria compared to the first main group. The increase specific substrate utilization rate
referred to %COD removed as the Four Seasons, Ruk music of his Majestry King Bhumipol
Adulyadej, Oh La Nor my love, Farewell and Holy Wars the Punishment Due were 8.20, 4.89,
4.24, 1.20 and 1.12, respectively. The pattern of the music which increased highly substrate
utilization was various patterns and tempo of music, meaning lyrics, mood of music and

separated sound level volume in each frequency that was a specific of each music.

Student’s signature Thesis Advisor’s signature
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9 9
o v

WYL (A — weight in dB(A)) 2995029111 UAUUVT (B — weight in dB(B)) 2995979
9 Y

o @ =~ N . ! o £ = . .

I UNLUUY (C — weight in dB(C))  8#a2NITDINUIHUNLVUA (D — weight in dB(D)) Tag
a3 1 g} @ 9 1 o a Y] = oaj 9
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[
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eIty (1511w, 2551)



14

MW 2 uaasglnsal iaseAuided (Sound Level meter)
N131: Instrulabs (2010)

INAa3 (Music)

= = 42] dl-d [ =S o Y a 9 a a
NN KUY LTIV UNNUTESA VLT ‘V]ﬂ'mﬂﬂﬂ’J'Illl’lWlin’fiNﬂ’ﬂmwamWﬂu
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Trundils aamdmassadall maniuenlivedaundilalumsduiugia nmsilunag

a1 i sz lddlananmianiaranuly wu manasennlinnuidnese1s ad1 Wune

Yy 99
v A

Yy 9 [~ a 9 a Ay A 9y = 1o
viamasaulfidunds Fnnn vianasulfindueas viewd 1 Tan Melivuegiu
[ 4
fsyiusmasniiyaaminoisgaduanuidndedileedials Tasdriunaniu awnsaly
o 1 any g o angd = ¥ "2 1 = =
unumauas 1d Taomaniud lddennumneds masdes (Song) M1in uAsINDUNAIN

to Y Y ' 3 Y A A I o wa
lli\lﬂ'li@\iﬂ')ﬂ LU INANUITTLAN Lﬂuﬁu lﬁﬁl\?ﬂﬂﬂ?’llﬂu!Wﬂ\i ﬂzﬂigﬂﬂﬂﬂﬂﬂﬂmﬁuﬂﬂ 6 ﬂizmi

1aun
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1. 52ALEE4 (Pitch)

2 =S . A [ o' =S £ 2 = oa.l} dgl 1 A
JEAULFN (Pitch) AD FEAUANUFI-ANVDUFYI FITEAVFTYIUUISVUBYNUAIND

< ] o <3 o a 1
(Frequency) Y94M15dudziilon 15U n1sdudziiiousa sz lminaideage dauns

[ A

9 o 9y a = o = o A [ | a =
TUALLINDOUB ﬂgﬂTGlW!ﬂﬂLﬁﬂ\‘]ﬁ’] ﬂ')'lilﬂr’ll’f]\iﬂ’]iﬁuﬁglﬂ@uﬂgjﬂlﬂu3'ﬂu/’]u'n/]

1 U ~

(Cycles/second) 151 Fle Tu Hanudvesmsduaziowdoangaigamiiny 4,186 so1/ U1

-2 o A

Ad o A a ~ csy @ A a <] =)
uagmmammqﬂ MDY 27 59U/ IUIN UDNIINUIUIAVDIIAYNINANITHUTLINOUNISY

Q

[ v

1 v oA Aa < o Y a = J o A A
NOFDTEAULTEN Iﬂﬁl mq‘wmmmaﬂ%mﬂmﬂmamqamwmiﬁuﬁzmaummmawmmﬂ

Q

v
=

Tng) 15w msdaaelaTedunlar o sgwuiazlinnudganiedeageniinisaadigaua

1 A a A Y 1 o a I Y
wa 1wa 9 iwesinaeves hleauivinatazanuenisennaieaudawe Judu

2. A7WUAS-ADY (Dynamics)

o 4 ] 9

ANuae-asglunauaTasinNNFNRUT A UY19nI19U0InAULEEY (Amplitude)
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o'.; y o a I~ ] 4 o a [
lunsduazmounimliinadss indlusieneunussnauidss sz ldnadeads uay
Y g ' 9 9 o Yya o ' ' a ~ s a a 3 ™
duilurreniaties i linadeanos 1959 n1sAATIERAITHT 9 1H8aNBBNUINILAY

v Y =1 ~ 4 = ~ < a3 9 ] 1 dy ~ 1
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9 = Y Y £ Y Y o = =\ = [ Y] 9

ANuAen 14 Faldanurue 1ndfeeiu Av @eaV e tazasoda 1da1nau
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AUBIA AU FIUFUASINUANUAI-ADY
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3. daudes (Timbre %30 Tone color)

[
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ALY MUY LFSINUIINUURAINUUALTUIAN NU 1B !ﬁﬂﬂ!ﬂﬂiu LEHYINHT

] 9 ]
= A [ Y oclydddﬂl @

HAAUAealIUT198nYULA1ITU 19U AAULEES

u

a < 9 S o
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a = ' ' A o [ IS 9 1 A v A qg//
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a A = . A A A A A Ay A A A
INANNFDAUNT (Medium) NANNU  TOAUAT AD LATOIAUATHIDIAULITYIY ATDIAUATAN



16

o 9 v A 1

a o Aa A o ~ o A d‘l a1 a [ o Y
FUAN UL IMAATTUFIIANOU (NAUASINUNVITAI IAgIAToIAUAT AT UAN U 19

1 v =S

ANuianannumszddudesaanu

= =)
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4. ﬂmmwg’?f &3 (Tone quality)
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e
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Y I 9
N Hudu

5. ANELAYS (Duration)
= < dy A A 9 Y = 1 = A a 42} 9 =
ﬂ’ﬂiJEJ1’JLE‘TENL°]JHWH§1HV]LT‘IEJ’J€U’ENﬂTJL’JﬁW ST IININAUVUADINT YL LIAN
£ o Yya a oaj oA 5’ = v oA ~ ] A =5 a
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d
a9ALlszno UV AN
9
(% v Y Y = J =
MINATUTeazUTTIaIzdolodflszneuvounad Ao
1. 99122 (Rhythm)

[ [ (] 3 [ 1 [ 9 { [
L M99 AT IEIUANNTUENIVDUTBITEAUAN V0Id 1 1NN nYY

1 [ 1A I = ng @ '
UANANNU ’Jmamgﬂummausmmmmm&mlli

2. MudAUnas (Melody)

[ [

o = = A Y 9 IS o A o 1 A o
NMUBDIUNAY HUIYDN LZ‘TEN‘I/]W]THHH Uﬂqwjglﬂu53ﬂﬂqmﬂiﬂﬁ’]G]'E_]Lu'f]\iﬂuhlﬂ@’]ll

ﬂ’liﬁ’l!ﬁumﬂﬂigﬁﬂl;ﬁﬂﬂ
=
3. 1@e9132 a1 (Harmony)

= = =\ d' 9 @ S Y o [ = d'
dolszau vnnede idesnduszius Idnwuanedmivlszmudouiie

9 4 [ a o o Y =1 4 42/ 9 J [~ o w
a3 assanazauasuiged mlvmasdianuanysalunniyy Tagldnosauuniniaiiny

= [ Q’
Mslszanuded (audna, 2545)
ANNSIVIHIZINAS

3 o < 1 { o 3
AITULIIIINICLINAN (Tempo) ’Hiﬂﬂa\i AIMULTIVDIUNINAIN N 9 17]615151?]31%%}11,53

v
2 A o

1 o qgj dyd?} T Y v 9 o ' P Y 3 1 A o <
annueon Il Meliduegiudlsziusmasdimuadiz ldianudusumls 01aiiveniziso
Y I 19 Y] Y ] ] [ Aa

thunang nsedn 18 nadeumzdsig Iigewestamziiamnuane Tumelfuanu ms

o Y < 1 uazl [ Y =K A9y a s A A A 9 @ dg/

Amuannuduiavesaazauiivliwiny  aliddszavginiolionldnzdaniziuun
' 4 Yq Y 1 9y 1 1 @ 4

58071 <@ 103 Tuy” (Metronome) (o 13 1¥8a1anus s landsazimizednals (audud,

o 3 o ' A v ~
2551) TagmMsMHUA UANNNIAUATALEAS I UA15199 3
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3 o w < @ {0 1%
M99 3 naasiidnn s dnwaz anwianitwendanizinaa

mann A5 (ﬂ%v’a/mﬁ) ANHULIINIL ANNIANVBININIY
Largo 40— 60 F11131N AUNNINNN
Larghetto 61— 66 1170 AUFIN
Adagio 67-176 % Lﬁ‘lﬁ]

Adante 77108 $1111una1 AU

Moderato 109 — 120 thunandlish g Bew 4 aon
Allegro 121 168 157 FRTER

Presto 169 —208 5270 Qe

wlasluu

A d’ o (% 9 1 =1 =
w1a35 Tul (Metronome) A9 1AT09MHUATNIE Iagl¥n1suend1lu 1 WA 92
= 09.1} [ = A YY) 1 (; A I
AunATY Taedanizal uede N1smIznIetuIMIzedwalnauensng lumauiluy
[ ~ o a d‘ FY YY) 9 Y] Y 5 dgl [
Jarzsssuanauiuliises gadedusarizmsduueiale (Pulse) ANNFUTITUAIUNY

o 9 (4
MIMNUAvDIRTERUTINAY
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epd \
- 440H;

SEIKO UuARTZ METRONOME

OO

MU 3195944193 Tl (Metronome)
30 Secondhand Saxes (2010)
stluuwas
d' Y Aav dy 9 1
sunuumash g luanided laun
a2 A 4 ..
1. AAUNUD (Composition)
A A 4 = a = dy 9 ] 9 A
Antnus vineds masussaannyia lutiiiedes nualaiu 3 Uszian Ao

1.1 gu i (Symphony)

a ~ ! [ a3 o A . . a ~
Fu I3l vuede Feansudu 1D uAINuI1919 “Sinfonia” twasgu Iniiag

1 = [ 3 o 1 1 = S o dy
ﬂi%ﬂ’ﬂﬁgﬁﬂ 3-4noY IﬂEliJﬂ'Iii]ﬂgﬂmJiJ"lJE]\iﬂ’ﬂllLi’J WHITHUAASNDUUAIULTIAIU

' ~ . < o o A A A v
NOUN 1 (First Movement) lﬂﬂﬂﬂ”'lsllﬂ\'l!waﬂllﬂllﬂ')13Jfl'l')°l’]?!ﬂ HanHUsUal

= & v o 9 S v Yo
ANUANBITAUF VLU ﬂ’JﬁJLi’me’Jﬂ%aﬂymz Allegro
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' { ™ 2 o { 3 o
NoUN 2 (Second Movement) Iaenallaziluiiueand auis19anaz e

9nNYAUL Andante Adagio W30 Largo

' ~ . I A A 1 Y
NOUN 3 (Third Movement) WudarnTws1zHounaienssyl an¥UzY0d
Y & Y o a J o ' d' o <
1598519002 UIHIIA U 1N MTHINIUVDIIIUB IR QUINNTA ANBUSUVDIAIULIN

HuuaYNaUIU 13U Allegro Allegretto Lla¢ Vivace
1 ~ v A o Ad v
NOUN 4 (Forth Movement) Wninaiueais i lauuw Allegro
o
1.2 ADULYT 1A (Concerto)

7 = v o 1 A a A o s
ﬂ@ull‘lﬁi@] HUIYDI ﬂTiﬂigﬂfUﬂuigﬂ’J1\‘]Lﬂ§@\1ﬂu@]iLﬂﬂ?ﬂﬂ’]ﬂﬂﬂimiﬁ@i'l

o I A ]
Ao ULYT lalullsznnwasind 3 neu

v A ! < o 3 o 9 @ <
NOUN 1 (First Movement) 1JuUNvouwas a5 199nag g lusnvasisn

HYVAllegro

[ { o I o { @ [
NOUN 2 (Second Movement) I lliduiiuesng l¥dnyuzdanay

Andante Adagio W30 Largo

' ~ . o Yy o & o <
NOUN 3 (Third Movement) anvauzvedlnseaiuinziluanvazuean1us

puuaynauid 152 9eziiluAllegro Allegretto 130 Vivace

A A a o o ¢ A = J Y J
ATONAUATNUY mmﬂszwumwamiLaqmmﬂigmmﬂauu%ﬂm Ulﬂl,l,ﬂ

AloTu Tledu wala vige iWudu
1.3 e (Sonata)

T Huede MaanuI a1 1AsnT oA UAS ¥HAREINS 0 A DI LAY
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NMILAAIDBNVDAUATOIAUATINITHARY) TaslinTosauasonytiarianasIiiwasauy ol

d? =t ] [ 9 v Aa A A 4 A A A N 9

VU T3l 3 -4 Nou anvazaen Ty INHMTonsuLYs 1a nToIauaTIAe Ny 1
VoA A A ~ 2 ° a 9 A

@y Ao GleTu Wissnnale Tuausous s auIiiueaazuulszanndss1a lunsoq
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2. Yoyl (pop)

a2 I o = 12 v 9 ' a o J
aun3lelitludarizvesauasuud lnulianugusouuInnNaUaT I as 1UUN13
TIMIZazAUBIT Y (Latin American) HaZ39MIZUAT V&Y (Caribbean) W1 14 Iuunimas
' Y
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Av o o Aa I [V Y o ~ 9 v a 1 ~
¥1ueNT AU U IMIZV0IF U1V AaetT U Izidus I 1dsuanudeuunluagadl
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3. g unia (Heavy metal)
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9 ¥ 9 Y
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2. Investigation of the response of microorganisms to diverse musical stimuli
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3. Ultrasound increases the rate of bacterial cell growth
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4. Using acoustic cavitation to improve the bio-activity of activate studge
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4. QUnInnansga¥ ez MIINIENT AT

|
4.1 NUDYUYD

4.2 Spreader

Y =& v Aq Y A ~ ~Aq Y v A P
4.3 WN@H\?ﬂ'J'IiJﬂHVIiWQﬂ!WQM 121 D9FLE LK e 'I/]quriﬂ')'lllﬂu‘]/l 15 ﬂ@uﬂ@]@

9 v
M52 B0 Tommy JU SX-500
Yy 13 Aq Y a =~
4.4 Quydu N1vigungil 4 esrsalsod

45 ginsafinTeady
5. gilnsaiingamgiivesszuunaaes
5.1 Thermometer
6. gﬂ%"aﬁﬂﬁmn@ﬂnﬁuum (Optical Density, OD)

6.1 Spectrophoto meter #¥0 Hitachi ti U U-2800

6.2 Glass cuvette
a [
7. gunsallumsInsizyim cop

7.1 viaea COD

o ¥ a = Ay .
7.2 m’l@'ﬂ“l/ﬂ’ﬂ@m’ﬂﬂﬂ 150 99A Uy aLRY e 8110 Binder

Q U
]

o
7.3 giln3siTown’

v
U

d d dJ
8. MIVATIZHATVOUDUNIUNIHNA (Total Organic Carbon, TOC)

8.1 1A5093A512H TOC-VCSH 8¥0 Shimadzu 3U H511045

8.2 YanNI®3 Millipore Filter

8.3 NI¥AMNTOIVUA Cellulose Acetate Filter VYUIAFNTDN 0.45 Tulnswas
yinaduRIUgUINa1 47 Taaas 8o Sartorius
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8.4 Vacuum Pump
d
9. MITAATIZHANIMUANAIIVDINANITNANDINGNNAADWAZNGHAILAN

a o aa
9.1 TsunsuIAIILHMeadA SPSS 11.5
v 1 ' a P A a [ 4 o w
NMINAFDUNEA1NTEHINA R ABYD sz mnTaeInquiiludaseiu Alofds
Independent-Sample T test 1azATIVTOUTOYAINNTLINUALUVUNA A2oR1e

Nonparametric Test, One-Sample Kolmogorov-Smirnov Test
=S
GREITEY
dy = a x| 9
1. 81115108392 ¥NFUALMAT (Nutrient broth) 8¥10 Hi-media
dy = a <3 . Sy . .
2. 911310899 NFUALUI (Nutrient agar) 8410 Criterion
A Aq Y a o
3. msadalglumsinsizn cob

3.1 K,Cr,0,

3.2 Ag,SO,

3.3 Conc. H,SO,

3.4 Fe(NH,),(SO,),.6H,0
3.5 FeSO,.7H,0

3.6 HgSO,

3.7 C,HN,.H,0
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IBMAI

1. IEMInNZrazNAaa Iy Standard Methods for the Examination of Water and

Wastewater 21" edition 9461519N 4

4 a a 4 1
Vni%iﬁ 4 uaﬂn%mi:}mﬂzmgazmaammmmgmma 9

Method Standard
Laboratory Apparatus 9030 B: Equipment Specifictions
Washing and Sterilization 9040
Preparation of Culture Media 9050 A: General Procedures

9050 B: Water

Samples 9060 B: Preservation and storage

Heterotrophic Plate Count 9215 A: Introduction

9215 C: Spread Plate method

TOC TOC — V 5000 A analyzer (NT04A20819/ 11

NI2A1YNIDN Cellulose acetate membrane)

COD Standard method 5220 C: closed

= U Av \ A A Y
2. fni!ﬂifJSJ“r‘i'J!‘lfi’]ﬂQN!!‘]JﬂTlﬁﬂGl‘liiz)]fnﬂ

o v o @ g} a [ 4 o

HINSNOUAAAD (Sludge) 910 IsaitinddeuIneaunyaATans (V) W

msuon i languuuaiise1¥01n1# (Aerobic bacteria 11U mix culture) Taaldmaiinnis
9 E [

spread plate UV Nutrient agar (NA) 91n%iu1im118891u Nutrient Broth (NB) 1nfigaingiios

I o o o N o ' A A 3 o Y
Lﬂunm 24 Glf’]IiN ﬂTﬂuuu’lUlﬂ'JLﬂi'lg'ﬂﬂ'lﬂ'lﬂ'li@ﬂﬂﬁuuﬁﬂﬂlﬂiﬂg'ﬁll llaglﬂlliﬂﬂ'l(lu@’

(4 4 I~ @ g A 1
uEu 4 esruaFed o 1t usesudulunisnaaosas 11
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3. mamnslinasgiv

9
nimasgv 4 nswl ldun nsvlinasgiuat ob Auimiinudsvesnadn a1l
WINTFIUATOD AU TOC  NTINIAIFINAT TOC A1 COD HaznsmuIaTg1uaA1 OD N1
1 COD
Y dy dy 4 14 o = @ dy
3.1 15 uumaRsuyouuuLUatG (Batch) Turiaoanaaound MINsToNH 1T

1 dy Y] dy A 9 [l o oA a9y I
Tagaeye 1N UB0ISUAY 891 Nutrient Broth 111 #imisuuReavinivies 1luman 24

E]
]

q'/ d‘ (=1 a = 3 o (% U d' A
#11u9 luannezaruquin lulimsdeadeaunas vnduirldiaar ob finnwenadu 470
nTuwes 1azimsRee ] laar op mdy 1
o o dy Ay Y 9y [ . A A J 1 @ dy
3.2 MINMIHauiusoN 1a91n9o 3.1 A1 Nutrient Broth 113091984 20 (M1 la1iie
39% 203131103 Tagsru uielavaoanaaouii

1
= I3 v

0 ] 1 < A VoA ]
33 m"lﬂuﬂummmmam NINUYUATDIUVYN ‘nmmummmﬂumimm 250

1 = o ] dy A a gy S o [l dy o o
FOUADUIN (rpm) MINIUVIFDNYUUYUNDI INVAIDEIUFDNN 9] 4 52 TN IUATD 36 T2 119

Q q
9

o w [} dy aAd Y] a g ~ d' a 4
3.4 NFuFMALTHUNAATIZITAT OD NANVE1IAAU 470 W TUINAT NATIEH
9
nnhinuie g1 CoD uag TOC

o 1 a J Ay v a 4 < I J
3.5 HINWITINRDTAN G]T]Ulﬂi]'lﬂﬂlﬂi'lgﬂ Wa@@]!ﬂuﬂi’lﬂﬂ’l@]iﬁ’lu@’m 9
4. FZUUNMINAAN

] I U J v v J

Tunmsnaaesldutismanaasailu 2 ngu ldun nquadugu 20 ngu LagNgUNARDY

' ' o dy = ' A A Y A
100 gy Tagnguarugu szihmsdesgadunguuuaiiGelseimaluaniig lullideaunas

) 9
uaznqunaassluannelidounaiodaoiloinaonszeznaIMsausz Iy TnoAanedl Tng

= 14 ' < = o Y o = = ]

@oa A lundounides Mvuaszauanuaundsveudoanaslusae 70 - 75 dB(A) Tugil

Ty AU VAINDEA Sample rate 44.1 kHz Bit depth 16 bit 3$UVIAEN Stereo
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9 dy dy Y o = o Ay Y]
4.1 193201 51R89% 011UV Batch 1Uraoanaaodind K115 ouNU¥0 falu
9 o ] 1 < = ~ A TR A < ]
90 3.1 uaz 3.2 111 iy lupasadudess 1NsuwaToae FalanuslunsnIsven 250
] =
FOUNDUIN (rpm)
o . A o A o A >
4.2 MIMTUVFDIUATY 24 ¥ 1149 911U NIRRT OD 71 470 W1 TR 1INTU
o o 1 a d
W lddamamnsidmesan quinnivlinasgiu
o a 4 4 @ o 4
43 M1z vinazulananisnaase INBANYIMIANUFURUTHAZ NS
= A A 421 1 = [ 1 =\ =1 1 9
nlasuulasiinaduveinguarugunsunungunaaed sumsuanuuanai Tagls

Tasunsun1eand SPSS 11.5

U c’d’ a 4 9 1
mi}aumﬁmw1%1ummmmzmtamﬂaNamimam hlﬂllﬂ

4.3.1 UY52anFNINMITHAANIAFINN (Growth Yield)

X254 Xp

Growth Yield (mg cells/mg TOC removed) =
So(ToC)—S24(TOC)

XZé_xﬂl

Growth Yield (mg cells/mg COD removed) =
So(cop)—S24(coD)

a g} Y] Y = a ] g M
X, = ﬂimmmwummwmﬁgaﬂfw NNAMTULFD 0 52 134 (mg/L)
Y [ Y v
a o Y] Y = ~ 1 A [
X,,= USuanimiinuiaveaqa®m NIa1n1suudeo 24 43 159 (mg/L)
a o -
So = Faase1ris MaIMsLNde 0 ¥ 119 (mg/L)

a & & 4
S,, = Faa5e111s NIaINTUNT0 24 52 114 (mg/L)



43.2 993113 1A UNE (Specific growth rate)

X214 —Xp
sa31ms Ias g (') = ————
Y v Y '
a o Y] Y = = ] A [
X, = ﬂimmmwummwmqa%w NNAMTULFD 0 52 134 (mg/L)
9 1 Y '
a o Y] Y = ~ 1 A [
X,, = UTuanimilnuiaveagadm Na1n1suude 24 43 159 (mg/L)

Y [
X =USinahminuiande (mg/L) iy

2

Y 1
t = J2eznNMNIUFD 24 3219

433 da51m3 1Fesemssumig (Specific substrate utilization)

So(TOC)—524(TOC)

5@]51ﬂ151%61561%1551!W1$(mg TOC removed/mg cells-hr) = :::
Sp(CcoD)~S24(COD)
5@]51ﬂ151%61561%1551!W1$(mg COD removed/mg cells-hr) = ;:

a & -
So = Faase1ris IaIMsLNde 0 ¥ 119 (mg/L)

a & & 4
S,, = Taa15e1113 NIaINTUNT 24 52 114 (mg/L)

Y [
X =Usmaniminuiaunae (mg/L) whiy
2
A& &
t = 52e2IMTUNTY0 24 %3119
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o 1 1 1 Jd J v
4.3.4 D19ATHIUAIANUUANANUDIANIAUMTATAN €] TSHINNJUAIVAY

HAZNQUNAADY

AdUNATEY — AFUATUAY

MANULANAN (%) = , X 100
HGEL e

a d td' o Y
5. ﬂ1§ﬂ]!ﬂ§1$‘ﬁ!ﬁﬂﬁ!7‘lﬂﬁﬂ1«!nJﬂ‘lfﬂﬂﬁ@Q

a Jdo 9 v W
5.1 MIunsznIanIzinas laeldginsaliiuianig (Metronome)
a J [} = 9 d‘ (% [ =S
5.2 MINATIEHIZAUANUFSINAY TaelmaToeiaseauides Sound Level Meter
HUVLENAIND (1/3 Octave band)

a o 4 1
5.3 maanszdglnuuvesnaudeslunaazmas TagldTa)sunsu Adobe Auditon3

=X v \ a d 1 \ td' Y = J
6. ANHIANUANAILVBIMNISITNBIA QuasngunILANT WIS udsanaazngy

a0 vor o
NAadIN lasuaeANag

) ! a 4 1 J J
H'IF\Iaﬂ'liTlﬂa@Qﬁul@glji]'lﬂﬂslj@ 3. uae 4. I,L‘lJiWaLLa%’)lﬂ§1$Wﬂ31ﬂllﬁﬂﬁ1\15$W’JNﬂQN

v a 4 ana
naapaznquAILAN TagTdsunsuanszineana SPSS 11.5
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1 a =
nslinesgu Cludladoanas) Sz e una
OD - Dry weight M anHUSAAULITN
AQUAIVAN AYUNARDA
H OD-TOC 20 NG 100 NG
: : — 99122
1 a = a =
Tunladeunas Wadaunag
H TOC - COD o o a
L | szauanuaades
A
| HUDLEANND
OD - COD :
SAq Y
AUAAAST N 1%
- Growth Yield
- 9351713 1A AN

- 5@]31ﬂ151%ﬁ15@1ﬁ15§1lw1$

MNA 12 1aAIsMInaand lagsiu
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LLEJﬂﬂZleI,L‘]JﬂVIlﬁﬂclﬁlf@']ﬂ'lﬂ%']ﬂﬁgﬂﬂu
o v o o
Tt udesiu

a Y] 4 A,
UHINGDUNBATAIEAT 1A8IT Spread plate

¥ '
w3 eu s uau 1y NB 14Uty 20%

Y
A 191511035 3% Va1/51193 TaesIu

naIgIY

AQUAIVAN

& 2 a
‘Ulllﬁb’f]sluﬂﬁ@\uﬂﬂlﬁﬂq

UU shaker 250 rpm

@ 1

o
INUAIDYINNN 4 hr.

ay <
a gavNveuilua 36 hr.

AaIgIN

o
l’llJlJLﬂEJ\iLWﬁ\i

& ]
v lunass
I =
NUEES U
shaker 250 rpm
W QUUNNRa

iflunan 24 br.

ld' ad ) v dy ' dy
HMNN 13 LFANITNITATINNAUBDUASNITUNLYD

wilawauaz eyl
v o J

ANNFURU VD

AQuUAILANIAZ

NYUNARDA

NYUNARDA

A
UG ENNIGH
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1. Nam‘sgﬂmumsjumwwmmaima 9 W IAINTTLAENN 24 ‘UJINQ YAINQUNAAANYUND

NNAILAN

d' d' U a 4 Y L 2‘ o Y 1 1
wesnmsiasunlasvesmmisimes h],ﬂllﬂ ANIUINUNUN A1 TOC Laga1 COD

]
=

' = o 1 3 = ' 9 9 2 Y
Ypangunaasuisununguatuguiuiinslasumlasneudieiosnin Fvglanaalu

9
v 9 ~

) ao = A 1 YA o I
Witedall mseenuuumsnaasslunuited Junungqumsnaaesliisavmiu
o a J aa 4 [} 1
$1u2u 100 M3naaes taz l¥Msinsizdneada edudunansnaassilinaugndelu

v A d' 9 d' o ¥ 091 o Y 1 1 1
szaufasade e Taaerhdeyavenimiinuis A1 TOC 1ag A1 COD ¥o4nguNAADI
= =1 (% 1 d' 1 1 9
3eUNsUAUNGUAILAN NBNAADUANVLANANYBINGUUDY AL t-test 1aa T15LnTY

spss litwadauaaaluaisrai 6

d' = ~ 1 a Jd .dy ~ ) v
AN 6 Ll’ﬁﬂﬁﬂaﬂﬁL“]Jifl“]J!‘V]EJ‘Uﬂ1W1513Jm®§G]N ] M IAINITLAYIN 24 ‘]f’ﬂiN YoINQN

NAABUNIUAUNGUAIVAY

LAV (%)

INag P-Value
Dry Weight TOC CODb
Farewell 85 85 85 0.102
Holy Wars The Punishment Due 85 85 85 0.131
UNINAINTLIIFUNUTINEISH 99.5 99.5 99.5 0.000
T8azvue My love 99.5 99.5 99.5 0.000

The four seasons 99.5 99.5 99.5 0.000
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~ Y I 1 a g Aa L 9 1 2’ o 9 1
MINA1510N 6 uaasliiruImamsIngziamwsnesa1e 9 laun ihminuda 6
' dy A o v ~ M Yo A = ~
TOC 1Az A1 COD & AIMFAeed 24 31 1u3 veenguarugui i ldsudsawauiSouiioy
o v AN Yo A v Y a SA 1 o Qaj Qy ~ [ v o o
nungunaaesh I8 uideunasas o Tamnsiimes naenuindu Tasliszauisdnngves
1 d' 1 [ d‘d o Y a 4 1 =1 1
anuuanaianiu 1l Taemasnisaim ldamsdnesvengunaaedinuuana1ein
1 A = A A a 14 [ Y a
NENAILANVINNGA AD MINAARINTANAINTLIFUNUTINAITN 1naa o azriuoNIBan
1B YAINAY The four seasons F31WA15zAUAINUANARENTITBd A NTZADANMTOIU
1 { o U a 4 1 1 1 {
99.5% drumasiiraildaimailimesvesnqunaasuazngualuguiinuLANA1IN
wﬁﬂuﬁaﬁﬁmﬁmmmﬁa N9 Farewell Uae IWAY Holy Wars The Punishment Due 1%

<A

ANnuuanaNNIzaUTed Yy 85% TagiioNa15w1A1 significant W31 1WA Farewell Jifi
&2 Ay ' . A 3 9 Y <
0.102 ¥UATUBYNIT LWAN Holy Wars The Punishment Due NUA1 0.131 LanU DY uaag vy
v o 1 a 4 1 o v
AUWAY Holy Wars The Punishment Due i1l#a1misiiiinesvesngunaasuiiouniungu

= ' 9 A 3 Hq ¥
AUANTANUUANARENGA TUTINUA 5 1naan1Fn1INAaDs

2. WamsmIMlszANEMUMIHAANIATINN (Growth Yield) VoINgNNAAR ANV

NANAILAN

=\ ] dy A Y o [ dy Yo Iy a 1 a
MITeuiuFesududvsunanaasail lanmvualiulsuaaisemsaodsuia
ﬂqa%wﬁm?fu (Initial S/X ratio) Use11® 1.5 mg TOC/mg cells w3e Uszum 5 mg COD/mg
£ I o 1 ~ (] 9 a = ~ =
cells Fadusasrarunmuizaurlelaaivisannsanlssuieunisasunlasves

U a Jd J J J
AMMNTADTAN Y5EHINNgUNAaedaznguAIuny 1A

4 ) 1 a Jd ) . [ !
lﬁ@u'lﬂaﬂ'l‘W'li'liJm@i@]N QUM UIN Growth Yield Iﬂﬁl!iﬁﬂ\iﬂﬁﬂ\i@]'li'l\iﬁ 7
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MI1N 7 uaaass@NTNINNMINAANIATININ (Growth Yield) YDINGUAILAVLALNGUNAGDY

1919995UA1 TOC 1ag COD

Growth yield
Fornaa nau TOC COD
mg cells mg cells
mg TOC removed  mg COD removed

Farewell AIUAY 3.00 1.00
GGRN 3.00 1.00

AMANVLANAI (%) 0 0
Holy Wars The Punishment Due ~ A7UAU 3.00 1.00
GGRN 3.00 1.00

AANVLANAI (%) 0 0
WsLTFHNUTINALTN AUAN 3.00 1.00
GGRN 3.00 1.00

AANVLANAIN (%) 0 0
T8agnueio@n AIUAY 3.00 1.00
GGERN 3.00 1.00

AANVLANAI (%) 0 0
The Four seasons AIUAY 3.00 1.00
GGRN 3.00 1.00

AANVLANAI (%) 0 0
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BHADINT aansznoul UM (g/L)

Nutrient Agar Agar 15
Casein Peptone 5
Yeast Extract 25
Glucose 1.0

Nutrient Broth Peptic digest of animal tissue 5.00
Sodium chloride 5.00
Beef extract 1.50
Yeast extract 1.50
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IWaq Holy Wars The Punishment Due

Y
Lﬁfz)%l ©4: Dave Mustaine

Brother will kill brother
Spilling blood across the land
Killing for religion

Something I don't understand

Fools like me, who cross the sea
And come to foreign lands
Ask the sheep, for their beliefs

Do you kill on God's command?

A country that's divided
Surely will not stand
My past erased, no more disgrace

No foolish naive stand

The end is near, it's crystal clear
Part of the master plan
Don't look now to Israel

It might be your homelands

Holy wars

Upon my podium, as the

Know it all scholar

Down in my seat of judgement
Gavel's bang, uphold the law
Up on my soapbox, a leader
Out to change the world

Down in my pulpit as the holier
Than-thou-could-be-messenger

of God

...The Punishment Due

Wage the war on organized
crime

Sneak attacks, repel down the
rocks

Behind the lines

Some people risk to employ me
Some people live to destroy me

Either way they die

93

They killed my wife, and my
baby

With hopes to enslave me
First mistake... last mistake!
Paid by the alliance, to slay all
the giants

Next mistake... no more

mistakes!

Fill the cracks in, with judicial
granite

Because I don't say it, don't
mean [ ain't

Thinkin' it

Next thing you know, they'll
take my thoughts away

I know what I said, now I must
scream of the

overdose

And the lack of mercy killings
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M51UINT Al uaasAnimingie A1 TOC ag COD YpINgUAILANLAZNGUNARDT

99

Substrate 1 0 ¥4

Substrate 11 24

%0 Dry weight Dry weight
mas  ngu cells fo¥Tua  cells 1124 (mg/L) #lus (mg/L)
(mg/L) Hluamgl)  TOC COD TOC  COD
Farew fAIUAY 426.00 839.50 684.67 2171.00  546.83 1756.00
ell 1RGN 426.00 847.00 684.67 2171.00 54433 1750.00
Holy flufu 429.00 877.30 683.67 2168.00  534.23 1720.00
Wars  Naaso3 429.00 884.96 683.67 2168.00  531.68 1712.00
NI AIUAU 427.00 850.40 684.33 2170.00  543.20 1747.00
31%. 1RGN 427.00 882.04 684.33 2170.00  532.65 1715.00
T8ay AIUAU 432.00 865.05 682.67 2165.00  538.32 1732.00
U 1RGN 432.00 893.63 682.67 2165.00 528.79 1703.00
four AIUAU 442.00 889.55 679.33 2155.00  530.15 1707.00
seasons
1RGN 442.00 947.32 679.33 2155.00  510.89 1650.00




MINNUINT A2 1AA)IZANTAINNITHAANIATININ (Growth Yield) YBINGUAIUAULIDY

100

NAUNADDA
Growth Yield (TOC) Growth Yield (COD)
#amm (mg cells/mg TOC removed) (mg cells/mg COD removed)
PQNAIUAN  NGUNABRY  NENAILAN  NNNAADY

Farewell 2.99993 2.99993 1.00000 1.00000
Holy Wars The Punishment 2.99993 2.99993 1.00000 1.00000
Due
WIETFHNUTINALS 3.00007 3.00007 1.00000 1.00000
T8azvuomna@mn 2.99993 2.99994 1.00000 1.00000
The four seasons 3.00006 3.00006 1.00000 1.00000

MIWHINT A3 UAAITATING IATUNIZYRINGUAIVANLAL NGUNAAD

FoInag dnsIMsIadumiz (ar’)
NQNAIUAN NQUNAADY
Farewell 2.72303x10” 2.75570x10°

Holy Wars The Punishment Due

2.85999x10"

2.89202x10"

a 4 o
WITITFUNUDINAITN

2.76186x10"

2.89678x10"

Tdazviuomeaan

2.78170x10”

2.90126x10"

The four seasons

2.80125x10"

3.03170x10"
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MIWUINT A4 LAAITATINS 1FETOIMTTUNIZYDINGUAIUANUAL NGNUNAADI

Fornas M3 1M IFaIsOIrISTNINE M3 IMIFaIO ST IINE
(TOC) (COD)
(mgTOC removed/mg cells-hr) (mgCOD removed/mg cells-hr)
NNAILAN PQUNAARY  NANAILAN NANNAADY
Farewell 9.07151x10° 9.19089x10°  2.72303x10”  2.75570x10°
Holy Wars The 9.53839x10° 9.63500x10°  2.85999x10° 2.89202x10”

Punishment Due

a 4 o
WITITFUNUDINAITN

9.20620x10" 9.65593x10"

2.76186x10" 2.89678x10"

Tdazviuomueaan

9.26718x10" 9.67087x10"

2.78324x10" 2.90126x10"

The four seasons

9.34250x10" 10.10566x10”

2.80125x10°" 3.03098x10"
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= A oA o
Miamas Farewell & 1@1013UNN 24 ¥ 109

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
WEIGHT 1.00 20 839.5000 14.67006 3.28032
2.00 100 847.0000 31.02296 3.10230
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T df Sig. Mean Std. Error 85% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
WEIGHT Equal 2.062 0.154 -1.055 118 0.294 -7.5000 7.10821 -17.79953 2.79953
variances
assumed
Equal -1.661 59.111 0.102 -7.5000 4.51495 -14.08499 -0.91501

variances not

assumed

01



MINAUING A6 UAAINANITNATOUAIINUANANYBILTINUETOINT (TOC) TLHINNGUAIUANUAZNGUNAADI

= A oA Y
Miamas Farewell & 813NN 24 F3 109

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
TOC 1.00 20 546.8333 4.89002 1.09344
2.00 100 544.3333 10.34099 1.03410
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T df Sig.(2- Mean Std. Error 85% Confidence Interval
tailed) Difference Difference of the Difference
Lower Upper
TOC Equal variances 2.062 0.154 1.055 118 0.294 2.5000 2.36940 -0.93318 5.93318
assumed
Equal variances 1.661 59.111 0.102 2.5000 1.50498 0.30500 4.69500

not assumed

€01



MINAUING A7 UAAINANIINATOUANINUANANUBILTWIUEITOINT (COD) T¥HINNGUAIVANUAZNGUNAAD

= A oA o
Miamad Farewell & 1381013 UNTN 24 F2 109

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
COD 1.00 20 1757.5000 14.67006 3.28032
2.00 100 1750.000 31.02296 3.10230

Independent Samples Test

Levene’s Test for T — test for Equality of Means
Equality of Variances
F Sig. T df Sig. Mean Std. Error 85% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
COD Equal variances 2.062 0.154 1.055 118 0.294 7.5000 7.10821 -2.79953 17.79953

assumed
Equal variances 1.661 59.111 0.102 7.5000 4.51495 0.91501 14.08499
not assumed

Y01
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MINHUINN A8 !Lﬁﬂ\maﬂﬁﬂﬂﬁ’t’]‘Uﬂ’NllLLﬁﬂﬁWQ%ﬂQﬂ?ﬁﬁﬂLLﬁﬂﬁ81’1’JNﬂQiJﬂ’J“]JﬂilLLﬁ%ﬂQiW]@laﬂﬂ

Nianag Holy Wars The Punishment Due 4 1221015UNN 24 ¥2 134

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
WEIGHT 1.00 20 877.3000 13.73854 3.07203
2.00 100 884.9600 39.85249 3.98525

Independent Samples Test

Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T df Sig. 2- Mean Std. Error 85% Confidence Interval
tailed) Difference Difference of the Difference
Lower Upper
WEIGHT Equal variances 8.542 0.004 -0.847 118 0.399 -7.6600 9.04284 -20.76274 5.44274

assumed
Equal variances -1.522 88.602 0.131 -7.6600 5.03186 -14.96686 -0.35314
not assumed

S0l



MINAUIND A9 LAAINANIINATOUANNUANANVBILTUIUEITOINT (TOC) TLHINNGUAIUANUALNGUNAADY

Mianag Holy Wars The Punishment Due @ 1281015 UNN 24 2 14

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
TOC 1.00 20 534.2333 4.57951 1.02401
2.00 100 531.6800 13.28416 1.32842

Independent Samples Test

Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T df Sig.  (2- Mean Std. Error 85% Confidence Interval
tailed) Difference Difference of the Difference
Lower Upper
TOC Equal variances 8.542 0.004 0.847 118 0.399 2.5533 3.01428 -1.81425 6.92091
assumed
Equal variances 1.522 88.602 0.131 2.5533 1.67729 0.11771 4.98895
not assumed
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MINAUINT AL0 LAAINANIINATOUANVUANAIIVBILTUIAUTIT01115 (COD) 3¢HINNGUAIVANUAZNGUNAADI

Nidanag Holy Wars The Punishment Due 8 1221015 UNH 24 2 134

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
COD 1.00 20 1719.7000 13.73854 3.07203
2.00 100 1712.0400 39.85249 3.98525
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T df Sig.(2- Mean Std. Error 85% Confidence Interval
tailed) Difference Difference of the Difference
Lower Upper
COD Equal variances 8.542 0.004 0.847 118 0.399 7.6600 9.04284 -5.44274 20.76274
assumed
Equal variances 1.522 88.602 0.131 7.6600 5.03186 0.35314 14.96686

not assumed

LO1
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MINHUINN ALl !Lﬁﬂ\iwaﬂﬁ“Vlﬂﬁ’f)‘llﬂ’ﬂll!!ﬁﬂﬁNﬂJ@Qﬁ?ﬁﬁﬂll%ﬂi%ﬁ’ﬂﬂﬂ%jiJﬂ’NJﬂilLLﬁ%ﬁﬂQiJﬂ@ﬁ@\‘]

4 ) a 4 I [ H u'/
NAANAINTETFUNUTINAISTA B AMTUUN 24 ¥ T4

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
WEIGHT 1.00 20 850.4000 15.01368 3.35716
2.00 100 882.0400 34.40781 3.44078
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T Df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
WEIGHT Equal variances 3.593 0.060 -4.026 118 0.000 -31.6400 7.85964 -54.12466 -9.15534
assumed
Equal variances -6.582 65.922 0.000 -31.6100 4.80723 -45.60303 -17.67697

not assumed

801



MINAUING A12 UAAINANIINATOUANINUANAINVBILTIAUEIT0111T (TOC) 3$HINNGUAIVANUAZNGUNAADI

4 a a 4 I [ H u'/
NAANAINTETFUNUTINAISTA B AMTUNN 24 ¥ T4

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
TOC 1.00 20 543.2000 5.00456 1.11905
2.00 100 532.6533 11.46927 1.14693
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of Variances
F Sig. T df Sig. 2- Mean Std. Error 99.5% Confidence Interval
tailed) Difference Difference of the Difference
Lower Upper
TOC Equal variances 3.593 0.060 4.026 118 0.000 10.5467 2.61988 3.05178 18.04155
assumed
Equal variances 6.582 65.922 0.000 10.5467 1.60241 5.89232 15.20101
not assumed

601



MINAUINT A3 LAAINANIINATOUANVUANAIVBILTUIAUTI1T01115 (COD) 3¢HINNGUAIVANUAZNGUNAADI

4 ) a 4 I [ H u'/
NAANAINTETFUNUTINAISTA B AMTUUN 24 ¥ T4

Group Statistics

Std. Error Mean

STATUS N Mean Std. Deviation
COD 1.00 20 1746.6000 15.01368 3.35716
2.00 100 1714.9600 34.40781 3.44078

Independent Samples Test

Levene’s Test for

T — test for Equality of Means

Equality of Variances
F Sig. T Df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
COD Equal variances 3.593 0.060 4.026 118 0.000 31.6400 7.85964 9.15534 54.12466
assumed
Equal variances 6.582 65.922 0.000 31.6400 4.80723 17.67697 45.60303

not assumed

0Tl
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MINHNUING A14 !Lﬁﬂ\iNaﬂﬁﬂﬂﬁﬂﬁﬂﬁWmmTWHQ%@Qﬁ?ﬁﬁﬂ!i%ﬁﬁ%ﬁ’)ﬂﬂ@ﬂﬂ?ﬂﬂullagﬂ%jilﬂﬂﬁﬂﬂ

nlamasldazrueio@y a amILNn 24 ¥ 19

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
WEIGHT 1.00 20 865.0500 10.34904 2.31412
2.00 100 893.6300 40.73657 4.07366
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
WEIGHT Equal variances  13.613 0.000 -3.108 118 0.002 -28.5800 9.19623 -54.88835 -2.27165
assumed
Equal variances -6.100 112.280 0.000 -28.5800 4.68506 -41.99598 -15.16402

not assumed

I11



MINAUING A5 HAAINANIINATOUANINUANAIIYOILTUAEIT01115 (TOC) 3$HINNGUAIVANUAZNGUNAADI

nlamasldazrueinean a naMsUNN 24 ¥ 119

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
TOC 1.00 20 538.3167 3.44968 0.77137
2.00 100 528.7900 13.57886 1.35789

Independent Samples Test

Levene’s Test for T — test for Equality of Means
Equality of Variances
F Sig. T Df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper

TOC Equal variances  13.613 0.000 3.108 118 0.002 9.5267 3.06541 0.75722 18.29612
assumed

Equal variances 6.100 112.28 0.000 9.5267 1.56169 5.05467 13.99866

not assumed

CIl



MINAUINT A6 LAAINANIINATOUANUUANAIVBILTUIAUTI1T01115 (COD) 3¢HINNGUAIVANUAZNGUNAADI

nlamasldazrueio@y a amILNn 24 ¥ 19

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
COD 1.00 20 1731.9500 10.34904 2.31412
2.00 100 1703.3700 40.73657 4.07366
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of Variances
F Sig. T df Sig.(2- Mean Std. Error 99.5% Confidence Interval
tailed) Difference Difference of the Difference
Lower Upper
COD Equal variances 13.613 0.000 3.108 118 0.002 28.5800 9.19623 2.27165 54.88835
assumed
Equal variances 6.100 112.280 0.000 28.5800 4.68506 15.16402 41.99598

not assumed

el
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NAlawagA The four seasons B 1IAINTUNN 24 F2 T1g

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
WEIGHT 1.00 20 889.5500 16.89433 3.77769
2.00 100 947.3200 29.03007 2.90301
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of
Variances
F Sig. T Df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
WEIGHT Equal variances  0.554 0.458 -8.595 118 0.000 -57.7700 6.72163 76.99909 -38.5491
assumed
Equal variances -12.126 45.051 0.000 -57.7700 4.76428 -71.83372 -43.70628

not assumed

VIl



MINAUING A8 LAAINANIINATOUANINUANAIIYOILTINEIT0111T (TOC) 3$HINNGUAIVANUAZNGUNAADI

NAlawaga The four seasons B 1IAINTUNN 24 ¥ T1g

Group Statistics

STATUS N Mean Std. Deviation Std. Error Mean
TOC 1.00 20 53.1500 5.63144 1.25923
2.00 100 510.8933 9.67669 0.96767

Independent Samples Test

Levene’s Test for

T — test for Equality of Means

Equality of Variances
F Sig. T df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
TOC Equal variances 0.554 0.458 8.595 118 0.000 19.2567 2.24054 12.84697 25.66636
assumed
Equal variances 12.126 45.051 0.000 19.2567 1.58809 14.56876 23.94457

not assumed

Sl



MINAUING AL LAAINANIINATOUANUUANAIIVBILTUIAUTIT01115 (COD) 3¢HINNGUAIVANUAZNGUNAADI

NAlawagA The four seasons B 1IAINTUNN 24 F2 T1g

Group Statistics

Std. Error Mean

STATUS N Mean Std. Deviation
COD 1.00 20 1707.4500 16.89433 3.77769
2.00 100 1649.6800 29.03007 2.90301
Independent Samples Test
Levene’s Test for T — test for Equality of Means
Equality of Variances
F Sig. T df Sig. Mean Std. Error 99.5% Confidence Interval
(2-tailed) Difference Difference of the Difference
Lower Upper
COD Equal variances 0.554 0.458 8.595 118 0.000 57.7700 6.72163 38.54091 76.99909
assumed
12.126  45.051 0.000 57.7700 4.76428 43.70628 71.83372

Equal variances

not assumed

911
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MINHUINN A20 HAAITSAUANUAATIANAY TTAVAIINAIIA LAZIZAVAINAIA A

Aq Y
vounasnlslunmsnaany

Nag seduANUFABUR A
dB(A) dB(C)
Farewell 74.7 77.3
Holy Wars The Punishment Due 74.8 76.4
WILTFHNUFINGITD 73.1 76.5
Tdaznuemaan 74.2 76.8

The four seasons 74.3 75.5
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MSINUINT A21 LAAIANUAITZAVITIUVUINANUAVDIUNAY Farewell

Frequency(Hz) dB(A) dB(C) Frequency(Hz) dB(A) dB(C)
12.5 35 34.1 315 56 58.6
16 33 32.6 400 61.1 61.7
20 34.2 33.6 500 73 74
25 35 32.5 630 70.8 73.7
31.5 359 34.1 800 58.7 58.5
40 38 39.1 1k 49.1 42.4
50 46.9 52 1.25k 40.3 34.9
63 39.2 43.4 1.6k 41.1 36
80 39.9 42.2 2k 42.4 324
100 46.5 45.9 2.5k 43.4 28.9
125 354 39.3 3.15k 41.6 249
160 42.4 39.6 4k 46.7 25.2
200 49.3 50 Sk 45.7 24

250 55.1 55.8 6.3k 41.7 20.7
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MTNENUINN A22 UAAIANUAITEALTSUUULONAIINDVDAUNAL Holy Wars The

Punishment Due

Frequency(Hz) dB(A) dB(C) Frequency(Hz) dB(A) dB(C)
12.5 -4.8 37.5 315 55.4 61.9
16 -4.7 34.7 400 60.6 65.4
20 -4.3 36.7 500 68.6 72.2
25 -1.4 38 630 72.7 73.7
315 4.6 37.6 800 61.5 60.8
40 11.7 38.9 1k 47.1 46.4
50 19.1 45.9 1.25k 39.9 39.9
63 15.8 39.4 1.6k 42.2 41.1
80 21 41 2k 46.8 43.9
100 21.6 40.9 2.5k 49.1 47.2
125 21.9 37.5 3.15k 48.8 47.9
160 37.5 49 4k 55.1 52.6
200 49 59.2 5k 52.5 50.7

250 50.5 60.6 6.3k 45 43.7
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MINHUINT A23  LAAIAIUAITEA LTSI LULENANNDUDUNAINTLTIFHNU TIN5 D

Frequency(Hz) dB(A) dB(C) Frequency(Hz) dB(A) dB(C)
12.5 -4.9 42.4 315 52.2 59.2
16 -4.8 48.8 400 59.6 64.6
20 -4.1 52 500 69.3 73
25 -1.5 53.7 630 69.2 71.8
315 1 47.9 800 57.1 58.8
40 12.2 48.7 1k 41.4 41.2
50 26.4 56.9 1.25k 37.2 37.4
63 14.8 59.1 1.6k 36.8 36.3
80 21.5 57.1 2k 41.1 40.2
100 29.5 58.5 2.5k 41.6 41.3
125 24.4 55.8 3.15k 37.4 39
160 32.7 49.1 4k 44.9 45.8
200 44.9 57.5 5k 41.1 38.2

250 50.1 59.9 6.3k 34.6 31.7
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MINNUINT A24 LAAIANNAITZAUIR BV VLENANUDYUNad TdaznupIeEa

Frequency(Hz) dB(A) dB(C) Frequency(Hz) dB(A) dB(C)
12.5 -4.9 354 315 54.6 59.9
16 -4.9 34.2 400 62.5 66.4
20 -4.6 36.7 500 68.8 71.3
25 -3.6 37.3 630 71.5 73.2
315 -0.6 36.4 800 61.1 62.6
40 12.7 42.5 1k 50.8 51.8
50 27.1 56.1 1.25k 434 43.5
63 15.6 41.3 1.6k 44.2 43.6
80 20.2 41.3 2k 46.1 44.4
100 27.4 45.6 2.5k 48.6 454
125 22.3 37.8 3.15k 47.7 42.9
160 353 46.7 4k 52 48.1
200 46.6 55.9 5k 53 51.3

250 50.2 58 6.3k 50.4 48.9
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Frequency(Hz) dB(A) dB(C) Frequency(Hz) dB(A) dB(C)
12.5 -4.9 35 315 50.7 56
16 -4.8 33 400 58.2 61.1
20 -4.6 34.2 500 71.7 73
25 -3.2 35 630 70 70.8
315 -0.2 35.9 800 58.3 58.7
40 5.9 38 1k 49.5 49.1
50 14.9 46.9 1.25k 39.6 40.3
63 17.9 39.2 1.6k 39.7 41.1
80 18.6 39.9 2k 42.4 42.4
100 26.1 46.5 2.5k 45.5 434
125 21.1 354 3.15k 432 41.6
160 30.9 42.4 4k 47.8 46.7
200 39.5 49.3 5k 49.5 45.7
250 47.6 55.1 6.3k 43 41.7
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NANAILAN
X24=%p

Growth Yield (mg cells/mg TOC removed) =
So(Toc)~S24(TOGC)

889.55—442.00
. 679.33—530.15

= 3.00

5{24‘_xﬂ

Growth Yield (mg cells/mg COD removed) =
So(cop)—324(coD)

889.55-442.00

2155.00—1707.00

1.00

X24—Xg
t

R31N15 1A WML (hr') = -

889.55—442.00
24

665.78

= 2.80125x 10"



sas1msl¥ensermsdume (mg TOC removed/mg cells-hr)

sas1msl¥ensermsdume (mg COD removed/mg cells-hr)

NQUNAADY

Growth Yield (mg cells/mg TOC removed) =

So(TOC)—S24(TOC)
t

X

679.33—-530.15
24

665.78

=9.34250x 10°

So(COD)—S24(COD)

t

X

215500—-1707.00
24

665.78

=2.80125x 10"

Xzé_xﬂ

So(Toc)—S24(TOC)

947.32—442.00
 679.33-510.89

= 3.00
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5{24‘_xﬂ

So¢cop)—324(coD)

Growth Yield (mg cells/mg COD removed) =

947.32 - 442.00
 2155.00—-1650.00

= 1.00

X24 —Xg

A31N15 IA3WME (hr')

947.32—442.00
24

694.66

= 3.03170x 10~

So(TOG)~S24(TOGC)
t
X

5@]51ﬂ151%61561%15%1!W1$(mg TOC removed/mg cells-hr)=

679.33—510.89
24

594.66

10.10566 x 10
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So(coD)—S24(COD)

sas1msl¥ensermsdume (mg COD removed/mg cells-hr)= :::

2155.00-1&50.00
24

694.66

=3.09098 x 10"

d
AININUANAIIVDIAIVAAAATA 3ZHIINHNAADUAZNGHAIVAN

ﬁ"l(gll%l UIAIUNAL The four seasons

, , AFWMARDY — AFuUATURN
AMANUUANAN (%) = X 100

AFEATLAN

, , 3.00 - 3.00
AINNUUANAIE Growth Yield (%TOC ) = % % 100

, , 1.00 — 1.00
AINNUUANAIE Growth Yield (%COD ) = > A X 100

(3.03170x 10" %) - (2.80125x 102

AANVUANAIDATING IAS UL (%) = >
(2.80125x 10~2)

) %100

=8.23



128

(10.10566 x 10~ 3) - (9.34250x10™3)
ﬂ'mTnmmﬂ@iNévﬁﬁmﬂ‘i’fmimmi5111/\113 (%TOC) = 2 }{: 1{]{]
(2.80125x1072)

=8.17

(3.03098 x 10~ 2) - (2.80125x 10~ %)
ﬂ"]‘ﬂT]lllLﬁﬂ6135ﬁ§1ﬂ151%ﬁ15‘01w15ﬁ‘hw‘ng (%COD) = 2 }{ 1 {] U
(2.80125x 10~2)

=8.20
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