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Nowadays, waste water treatment is composed of many step of operation, such as
precipitation, aerator and chemical usage. These steps of operation are able to disinfect
and remove only some type of microorganism and contaminated compounds. It leads to the
problem of contamination of when the water is released to river. Moreover, those step need
large space area, and long term cost is expensive. This article proposed the waste water
treatment in hospital using ozone, which aimed to replace the step of chemical usage and
focused on optimize 2 variables of operation. The 2 variable were different machine (ozone
generator with loading capacity 5 and 10 g/h) and source of ozone generator (air-fed
generator and oxygen-fed generator). The quality of waste water was monitored according
to waste water standard for hospital. The inspected parameters include BOD, pH, oil &
grease, sulfide, suspended solid (SS), settleable solid, total dissolved solid (TDS), total
kjeldahl nitrogen (TKN). Regarding to the results, ozonation from all treatment did not have
an effect on settleable solid, sulfide and oil and grease. Meanwhile, ozone treatment had
affected on decrease of BOD. Ozone generator with loading capacity of 5 g/h showed the
best result on decreasing of BOD with %BOD reduction of 17.86%. In contrary, ozone
generator with loading capacity of 10 g/h and oxygen-fed yielded high amount of ozone,
and resulted in an increase of BOD. Ozone treatment correlated to increase of pH,
suspended solid and total dissolved solid. Oxygen-fed generator had decreased total
kjeldahl nitrogen. According to the experimental results, ozone generator with loading
capacity of 5 g/h in coordinated with oxygen-fed system was recommended for waste water

treatment in hospital.

Keyword: Waste water treatment in hospital. Ozone. Air-fed generator. Oxygen-fed

generator.
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luana (0,) aaulupinalndides inadulalouluiana 3Tn1suandrzataandianluians
35838071 Corona discharge 38 Electric discharge wanainilalauniialusysum@dgaiia
ANIIRDAN T 1 LaLEAAINAIANNAETNAANNLIIAAY 185 W IWINAT ﬁﬂﬁaaﬂ%mﬂmaqa
uanea wdlalauniialapdshiaumduduiasfedszanos 0.01 - 0.10 % (F3Wa INUNA.
2543: 110)

falalowduioi liisiosfianminusivesesaanasndian 3 azaaul figas
lutanadia O, ﬁﬁmﬁfnimaqawﬁﬁu 48 falalowezifindwiasandlouusnaaniin 2
axman (20) warlinunbezasusandaninezaswnieriliiaduasndian 3 sxaendsfh
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Tolowiiuansiliiafosuazdalwlednsluaaus vouds voswar uazfe lolaw
ﬁ]za;jsl,uamuzmaommﬁqmugﬁﬁm’h 112 °C lapazuasfanwaiiusasnarmindwdu
(Shin et al. 2011) uaﬂmﬂfﬁaisﬁm:ﬁanmmﬂmaaLLﬁoﬁﬁaaﬁwﬁqmﬂgﬁﬁWﬂdw -193 °C
lavsaumiluanazasleloudsznavludioaandian 3 azaan ANE1IVBIRUTTIEWINS
0:AaNVBIDANTIAUYINNL 1.278 A ° TynvBIRUTUNNAL116.78° waefTaauuuy IUPAC
fa trioxygen (Zaikov; Rakovsky; & Anachkov. 2004: 1) Iaimuagjluamuzﬁwﬁlqmﬁgﬁuaz

anuaulnd lasfiaidaainny -119.9 °C Aenuduusssmeauazliiafios (Weber. 1972:
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574) lalauid1a3983a (half-life) LYinAL 16-20 Wi luaﬂﬂﬁﬂﬂqmﬂgwﬂﬂm LazlA1nINTIN
Ly 15-30 w1l (Zaikov; Rakovsky; & Anachkov. 2004: 1) lunngufjii@dsfiadn

Tolowduanifliiwdssuasadasudainesin lldnwrinmge liaunsa ﬁﬂ@lu"l’ff WWalfawle
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(0.01-0.05 ppm) Fsfainduszauanuitutuiisinnn lelauiszauanudutudiazigson
110 anafurdiInlwiAuia LL@iﬁ]:ﬁﬁﬁ’nﬁuL"ﬁmLazuaaLﬁuvl,@TﬁmmnTmTuga (WINNI
1,000 ppm) lalmwduiafliwdios azaapdansuidusandiaunsariny jAsenufssoud
atjanaaLIN wananilelowduiondnssuwlunsaendiatis (Oxidation Potential) 89
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a a J a a a aaa a et {
damnauiiuazaanvessandian Giddsaninwgilunafedjioneandiatu niaf
Fond Aoleloufiguant@idu Oxidizing Agent ladiuias Wananadluinlalausansn
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anusasalunisazasitveslalouwinegivanuauuazamnndluaniueing (uisn
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NuIpiialadrinvinnseunuisaudsinFongs i wn15iTe wananitnstiyain
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Tua39 1 lasugasdmindiaasan g 7auis AnanagaunNdinesaIna1ee

anuldunsadns (pH) Wuanfuaasanuidunsaiduds vasansiadl @1 pH 1du
a ea A & A v A ¢ A \
windweindlszlominnigauazldldiengalunsanaseuquainsinds a1 pH du
' i CZ 2 P b 1 A a
Afvsuanfsnnudutuaed H luiihnseansazansluniialuadedns asaunns

pH = -Iog[H+]

@1 pH ﬁmumwﬁ@;mmwﬁmﬁwaﬁsa‘wmmawi’lﬁ’u 5-9 Gaduanfanzaui L
AaliAnsuaaudaa T %%a@‘*ﬁﬁ%ﬁaﬂdayadgjl,maiaﬁmmu 131061 pH Mldnaneis
ﬁidwﬁq@ﬁamﬂﬁmzmwﬁmm"’aﬁﬁﬁmﬂﬁ'ﬂﬂﬂmum pH ¥l ladn pH lasdszunas win
fa9m3en pH fiaziBuauiniudasls pH meter G'féaﬁagj%msjgﬂLmumwmma:lﬁmmmm
pH fidasms dwsuaEnsilelunnsiadl pH lunsnanesiiae Standard method for the
examination of waste water 4500-H* B. Electrometric method ﬁl"ﬁ pH meter "7'1"3'@ activity of
the hydrogen ions Lﬂ%'mul,ﬁﬁmmﬁamﬁvlﬁmﬂSLSnIYImVLaImLﬁmmmgm WAz BLanlnTa
81984 (APHA, AVWA, WEF. 2005: unpaged)

a1 BoD (fled) nunsfs USunmeandiaunltlunstasaaiag1sdunidlae
ﬁg‘ﬁuﬂ%ﬂ’ LARINNINTMNIINNUATN LT IAAT BOD vinlwdasinudrdsinaainuaasal BOD 14
=S a a n:i 1 a s a A 2’
nunafIlSumaandlannltlunstassaruansduwnidlasuuanse lwinnaluszoziian 5
fuﬁqmwgﬁmﬁﬁ 20 °C ANRNNENWITASIVaIA1 BOD 1TwN1TUITDIUSINRITBUNTE L1k
Y o & ¥ da. & ¢ A da a A A€ = P
i eatiuihfiden  BOD g9 manefisifenduIinmadunidatuin nie ludnuiniledadl
a a6 v L% 1 g’ A d' o n:? a % a
R1IDUNIHANTHUIN 61 BOD 2L FuNAvwadnunduwnindiaasluniialsuim
msﬁm’%‘ﬁmaaﬁﬂmalmﬁ'mé’ﬂmiﬁdwgﬁuw%ﬁﬁaamsaan%wulumssiaﬂmﬂaﬁé‘uw?ﬁma
. age a ~ { v D&J 1 a
Finmuuuiieane (aerobic condition) uazdIumasndianiidasnsldiuaguyIuno

Aa

aauw%ﬁl,l,azmsﬁm%’ﬂﬁﬁag AIBWIIRINIID ITAINMNGDIN1TB aNTLAWL T WA TLA D TUERNS
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http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%94

Unanduniduazansdunidla n1siadn BOD 1hialunimasas 5 34 Ngmnndaafifio
4 v o ] Qo 4 ] =) a &, v

°C MINAIMRUALIALaIRANY 5 143NN a A8V RIRNTAUNISINATUTN 17

' a { 1% @ < A o A

dapaaoaIdunidnauyItidaslfinanuwduden (Tufu dunaad. 2542: 34) o980

w p.i a a 6 [ [l v v d' [l qu' A a 1

5 Juduanfiasdunidiulnggndesasslaudd wsndunaflisauniasuiuly dn

BOD flaannmialudaslianisiduaa 5 duaindudn BoD finapaaiisain

dasnseandaunlunistesaaisasdunidUszianasuen lay luurinsdenadiuindnig

A )
\Ti8% BODs %38 BODg 5 T9HANNBANELA8INL BOD

& S oA | o a
1374 1 LﬂmsﬂﬂfHﬂqwu']LﬁﬂlmﬂﬂISGWU']l]']ﬂl]izl’ﬂ‘ﬂ n (Tuq@lﬁiqﬂﬂqqﬁ?ﬂwnﬂu 30 L@]Uﬂ)

auls ANNIAT W 253988
aMuLdunIa-a19 (pH) dnﬁaaa§1u°ﬁaa 5-9 APHA AVWA WEF(2005), 4500-H* B.
{lad (BOD) lsisfin 20 Fadnsw/AAT  APHA AWWA WEF(2005), 5210 B.

USunawvadndiwuinasy s 30 JaAns/AaT  APHA AWWA WEF(2005), 2540-D.
(Suspended solid)

ANNZNAWAN laivin 0.5 Jaddn3/@ns  APHA AWWA WEF(2005), 2540 F.
(Settleable solid)

Psinawasudefazars  litAin 500 Jadnsu/Aas  APHAAWWAWEF(2005), 2540 C.
Ieanua (Total

Dissolved Solids; TDS)

fna bne (Sulfide) laitfin 1.0 I88nsW/A0T  APHAAWWA,WEF(2005), 4500-S~
F.

lulasausiv (Total laiifin 35 FaRNSW/ART  APHA AWWA,WEF(2005), Macro

Kjeldahl Nitrogen; TKN) Kjeldahl Method

dauuaylady (Oiland  laiifin 20 Jadnsa/@as  APHA AWWA WEF(2005), 5520 B.

Grease)

fan: naEnTeinseaad melulafussfouiasay (2537). MNABANIATIH
ﬂ’JUQ&lﬂ’]‘iﬁ:ﬂ’]ﬂﬁﬁﬁdﬁ]’mﬂ’]ﬂ’]‘iﬂ’]dﬂ‘izmﬂLLﬂZU’N“D%’](ﬂ. aau"l,aﬁ; American Public Health
Association (APHA), American Water Works Association (AWWA), Water Environment
Federation (WEF) (2005). Standard methods for the examination of water and wastewater.

unpaged.
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¥ a X a a¢ a a ed O &V o a o
quaﬂua’]"ﬂLﬂua’]iau‘ﬂiﬂLLﬂzﬁqjauuﬂjﬂsﬁﬂaqﬁlﬂzaqﬂlu%’]ﬂiaqmﬂqg] (Lﬁimi?ﬂ 3@]q°].| LLae

lrugns ﬂﬁuqﬂuﬁ. 2518: 32)

USanmwasudensnua (total solid) vxmﬂﬁﬁoﬁmﬁaagnwyﬂﬁoﬂﬁiizLﬁﬂﬁ’]LLa:
auuﬁoﬁqmﬁgﬁ 103-105 °C sanawnuafiazansleminue lagUsunmasudamivun wang
089 vasudusiuany (Suspended solid) uas vasudsfiazansldrisnua (Total Dissolved
Solids; TDS) (APHA, AVWA, WEF. 2005: unpaged)

Po9udsunIuany (Suspended solid) Aavasudsfiliazaetinudfumaiinnaiaz
LLmuaaﬂagluﬁﬂﬁ Taswnlelaonsassasnsindanszamuensassiaitaufionin glass
fiber paper (Whatman GF/C) I@ﬂﬁal,ﬂumiﬁgﬂﬁﬂvﬁ@ﬁymz@mmawﬁﬂdn I@yagmﬂﬁ'ﬁ
pnaduwngudnarmalagni 0.2 lulanwasuniadluvaainas (APHA, AVWA, WEF.
2005: unpaged) ﬂ%mmmaaLm“al,l,muaaﬂﬁmmﬁm@aaiwﬁlalunﬁmquqmmwmaaLma'o
WTTsNTE Wlesnnansusuassiesnusanaadesasunluin gonalinisssassiueas

maaﬁ'ﬂuma@m WunsaadIunme anmwlumaammm

vasudsfiazansldnanua (Total Dissolved Solids; TDS) wanpfsuasudsdiud
axanpiinle ednunnlaurindoaiunss 1% NaCl, Na,CO, UASR15AWN3ILNI8ENS 1T%
iena Tapasudsniazans leiidusuiiinnnisnsasenonszaunses glass fiber paper oy
aﬁal,mﬂ‘ﬁ'ﬁmm@Lﬁumug{uﬁﬂmwm@Lﬁﬂﬂd’m%whﬁ'u 0.2 lulasiuas GﬁaLﬂumuﬁﬂg (pore

size) °11adﬂim’nﬂﬂiadmfﬂﬂaa‘]J(APHA, AVWA, WEF. 2005: unpaged)

aznauniin (Settle able Solids) nansfiy vadudsnaudIasgriumsuzfifinuali
Waasia Bluissuaslunanivue lasUndagldiian 1 $2lud) swnsamnludalsanes
WIDWINUNA LA (APHA, AVWA, WEF. 2005: unpaged) #1balasnisinaiatnsanlal
a dl a 1 a Oq: : v < qu/ 1 a
AMTUSRLABNLSENIN Imhoff cone VWA 1 8aT A9N9 LTUTzIN 1 T2l39 NNUULUINAT
29IALNAUINNFLNALY Imhoff  dfeuldazdanduiaddntdefiny Araznaunind
anudaadvdslunistiaaiuds luduniseanuuy Sedasdrwimindndnazdaalsns

A A A |
AN@aEN auﬂjal,ﬂiaﬂgu@']zﬂ au‘WS?JVLZJ

TaIWe (Sulfide) 1uanvtsznavainsiengaraimaiuzauiumadu laodalng

Aaa | a a a =] @ o a aa P Aa €
Lﬁuﬁqjﬂu‘wywq@]aLLUﬂWLiU%%@V\u\‘] ﬂ’ml@laﬂ’]’lzvl,iaaﬂémﬁlmmﬂﬂLiUU’Nﬂju@mmiﬂS@wﬁ
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T a LA I usa LN G L Gﬁ'aVLWGTﬁuﬂmwLﬁquaaagjﬁ'uam;amﬁmaﬂaimmwﬁ'ﬂﬂﬁ aele
ama:ﬁmm:am:wu%’a"[ﬂa“tugﬂ@m 9 320U pH azdudrmruwasiauazanutiutuas
Falne A pH drazwulalasaugalns (H,S) "fjaLﬁuﬁwsﬁﬁﬁﬂﬁumﬁu%%aﬁfﬁ]”ﬂﬁ'uﬁd’l
e laiviin %a"[a‘[mmwﬁ'avlw@Tftl,aaﬁl,ﬂuﬂmiagﬁuw%ﬂ@mﬁwmﬁ@ﬁmmmLmsmhuwﬁfa
iradvasafunIduasldviansiaduasgunidle #Wn7 pH unansazwuda iWdlugyla
sauta lWadsludndwndn lunsiadrgalndluiidoanisnisues APHA,  AWWA,
WEF(2005: unpaged), 4500-S° F filazonduwann1sii3onin lodometric method fandid
RANNIT INLNTA I@ml%nﬁl,ﬂﬁizmﬁmaa"LaIaﬁuﬁ’Lﬁﬂuﬁu@mL@]aiﬂum”’maﬂqmﬁmaa
U3 aniidaldiduddalndluglaes s* Fadudunuvassfunadalidninue (otal
sulfide) ‘ﬁlﬂmm’mﬁ\‘] H,S az HS (APHA, AVWA, WEF. 2005: unpaged)

dunuaz ludn (Fat, Oil and Grease) nanand Usunasirduuaz ludunduwdanly
ﬁnLﬁﬂﬁﬂﬁaaﬂe'fﬂ,aumﬂmmﬂvl,&ia’m’nnthzlmmgiﬁ’]vl,ﬁ MUAIBE NV APHA, AVWA,
WEF. (2005: unpaged) 11’1u"’mmzvl,mm"'mmyﬁammﬂmﬁ@ﬁa:mﬂ"l,@”l,mﬁﬁ’m:mﬂ waz b
g ldwszni19nNvinn1Inasay 20D981INENA bea8aviNazat8 a1t 19N In1LA Y

' % 6 A A 6 di :/ %) s % a A {ni 1
N30 1T 813TaLWNas & %Iaaan 3RS LHhaIInTukla laniNIDwaITAUNI SNt auaans
a3t Nn19Frnn lasnn LLa:EJ'aLﬂuﬂﬁ]ﬁ]”ﬂﬁsun’mmsﬁ’m’mmaﬁ:uuﬂﬂﬂ'@ﬁnﬁﬂnﬂ"ﬁﬁ@
a A 6 dni a o dl U > :‘ > % qg: 4'| =1 ?,’ [ X

R13AWNITLA N NIRRT IUIUNINNAZ A0 LAG bib LN BURZI N A9TssbRa T wlwidawlis
Usnmanndennaldifiadymiudunssiguruninfagnidesasun A maseudIunm
sz luadiuluindanvosdjuaniadenlsfa method 5520 B @slowannis Partition-
Gravimetric method AIlg@vinazanuana kI nduFesALANSITUTINIBS (centrifuge)

A a Y o a
IWaRrIUIu mmumm:vlmwu

A7iLALaw (TKN) Total Kjeldahl Nitrogen ®anafistSunmsianinuavad ulasiau
A A€ A A A A v € A A a
aumml,a:LLaquLuﬂ-vluImwuwagluiﬂmumaowmmzammawm@mﬂm:mumwm
290796 1T LAAINNIIIUTNY VoA iwluwlag1ae AT naraulSu o lulaTanIIN

uuLianle 4500-N,, B. Macro-Kjeldahl Method @sldnsauazdrslunisdosuazdiuam

ﬂ?mmvluimmulugﬂmmvf VIUFUNNTUDILaN aLThe

3. NSUNUARIEY

o o & A = o @ A o a 1 ¥ a ) a
NIIUIUOWILRE ARUTUD ﬂ’]iﬂ’]ﬁ]@ﬁiﬂﬂ’]ﬂ’madﬂmﬁauluu%aﬂ%%&l@vlﬂ NI

waesdasngalildunasgiuidinuauazldrildifanafivdafsuiadon sufuarnunas
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= A

ANNWITH A MU LAl L AR A UNUWAIBUNTZLIBATINA1N90%a1837 laaszuutiiaiiiLae

o

M d 4 3T (@onduwianssumatouy amdnmavaies. 2556 oaulai)

3.1 NYUIBNIINLAL (chemical process)
a aa o o o A ' A A 4
nszuaumImaed iuitmstihdeiudelasnsuenanseng g wiedsduidonly
WiFeNige 1w lanznin - a1siy anwanudunsa drageg Ndwdenagdroniada
1 4 v v o aaa d 1a g v
gaadan 9 adliwelidn ldvd jasendeesldsslomtlunsuensns udisiideiFade
Watauasadaslwinifousn vldAanantsnudafiniaaauuazithazdanltino & 1wy
GARGHE LIS ERER AILUNIZTUIBNNIINMILATaz Aan T Adarlatin g lusuiTnnta laaas

NILUIUNININIUATNHRIATINN

marhlidliaaznaw (precipitation) andowanmstAugnatadas Uiy fasenvily

anguaznauanaian I@ﬂﬁ";vl,ﬂmil,l,muazﬁﬂsz@au @”@ﬁfumsmﬁﬁlﬁmﬂﬂﬁaLfluﬂizfg
A o 'y b | W o Sl o P& E P ) v & aad

yanNavin i dwna1d n1swane? mﬁuwmlmwgumﬂuﬂs:ammwgamuﬂu ANty
A o A ' = A ' A A
\Ranltdawia launn LunlalaunIzuIBAIINITININAIANLAN LagRIBINNRITLALTN
ldifaaznawazazaioi 3u infevasansdsznaudig 1w indeazgiiiivadaia wia
R1IFN (Al,(SOy)) tnaaLuan (FeCls, FeSO,) Wazindavadlaalday (Ca(OH),) §auwinfan
) 1 a kg AI J ¥ ! ) ™
iantislunisifaaznawlaaosiwiiidus1slsznauvad Ny Activated 289 Silica WAz

Polyelectrolytes @8Nz LM IMAITIRaI835

NILNA8ONTLATWNILAN (chemical oxidation) B1ABWRANNIILRYBLANATOUVD

azaay Muaasiadniduadlulwingelasasiadiazyinndnfiduslaandlad (oxidizing
' aal a v A A a ' A 2+ A Aana

agent) dwunnisiaziioulsilioulaanazvaslansmduis (tu muddou Feo TRy

3+ A A @ @ o ' ¥

I lihiugy Fe” Gednmiiay dr8aaaTw asuaaslwaun1taa i
2+ 3+ -
2Fe + Cl, > 2 Fe + 2ClI

a A v £™ = . . aaa dld > A &
NILNAIANTUNIILAN (chemical reduction) LHulJATuININ1IILELANGTOH
aa & a a AaA o ) A a
nsihidunndfsusnnvesssne ldiduasnisuanenesas araauniadaan vad
A v A & Ad a A a wn o dAa € i \
RSN BAILBIANATaRINETLANNLGNA S WSl e A dua387 (reducing agent) o1 A3
{ 6+ A a 3+ o o o § [
Wasw cr . dafinsannldidu o dre wasaraine (Feso,) luagnniidunse aduaadlu

UNIA0 1T
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6 FeSO, + 2 CrO; + 6 HySO, > 3 Fey(SO,)s + Cry(SO,)s + 6 H,0

MIazLin (neutralization) tJunsilasudianudunia-ad (pH) vasiie
Q€ U v o 1 g’ 4 QSI :/ v &/ v
fontidunand (pH = 7) dhdasnsdsudniudendagniidunia (pH < 7 lwiiFsligedudas
a Aa i~ ' ' a & a a & a9 @

W@ nlgniidues 1w uwaatdanasuaiuanialadonlaasenlod saunsdandadnis
a 2’ Ar 1 Vv, J 4.!: v a 1 s a a
YsuruRafigniiduens (pH > 7) 1l61 pH dadasdaadunsa Lou nsasaasn nIatuasn

A 123 6 [ (2
nsaLnfauasioasuanlasan bos 1w

3.2 NTEUIBMINNTIINGN (Biological Process)
N3zUIHN1INETIINEN (biological process) LunisardunannislEyaunideng
o \ A a a e o & & a
9 anvinstasaaaidasndunidasiiiduiaaisuenlasen losuazuanluie duns
o o ¢ A dad i Aa A a s @ X a
tiainfendngaludzasniaalInuasdunidluunasin wdnannisfiidenanig
[ @ % o a A 6 [ @ § o a Aa A 6 A
wadanliinunziunisdnnveniunid lasdukusnulTnmesnfunid uazamnlglu
' AAa A A ' a ae o A
mIdesaany  wuafiseniaanlslumsdesaanuansduwniduonaanlaidu 2 Uszian fe
wuafiiSufidasldoandian (aerobic bacteria) #aunaduf 2 iluwanlaldaanGiau (anaerobic

bacteria)

3.3 NITUIBNIINIINIYUNTIN (physical process)

NTTUIINITNISANIAN (physical process) LunNstNTIaTiNLEYBN 98B0z
wonvasudefliazaaiiaon A5nazusnaznowldilszanas 50-65% &IuL309NNSUENADTN
anuanlugduesssdunid (BODs) Uszunmk 20-30% Wi 55m3ens 9 Tunszuaunisid
WaNE3E 1w NIENAILAZLNTI (screening) LTWANSUNIABUEEENY 9 AututLEy 1w
el Qanana@in nazans azunTlinanszwa MIeNIEAZUN 959 TUMTUENDABWLIN
lumsthdaduie midades de nmsldiasesdarmoirsuszvinalnglivwadnas ns
A@ (skimming) Luwnsisatinawuazlusulasyinnsennianinaeanaininides nsvinle
aoy (floating) :lEiuAzneuffanutissmziasninin MIanaznasn (sedimentation)
Jumsugnaznausananindslagandenanmasasusiliuag Seazldiuaznaudidaam

N3NNI NINNINHN

3.4 NITUIUMINUNMLAIN-LA (physical-chemical process)
AZUIBAITNIIANEATN-LAN Lﬂuﬂs:mumiﬁﬁaoﬁqﬂﬂszﬁmUmﬂﬂ’h
- 4 ¥ & . . o ¥ [
AITUIRNNTNNEINN mmzmumsﬁaﬂ%’lmu@auq@mﬂ’lumimmmlﬁﬂ NEHAUNTZUIN

& A Y ' o &
I%Tu@la%aul.laa'l LD ﬂ?m.l'luﬂ']i@]\‘]@]avl,ﬂu
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o o , . ad A9 o \ A & )
® nIgaTueedIu (carbon adsorption) wmm%mmumamsuamﬂumgm
o A A ' s &
Gnumiwaﬂumzmﬂaglumm
° mmamﬂﬁwﬂs:ﬁ; ‘iﬁmiﬁmﬁwﬁﬂmmaﬂLﬂﬁﬂuﬂszﬁ;izmwmiﬂwﬂau

Y A o o A A A = o A &
qu’lLaEJﬂ‘l_I@]’Jﬂa’NWLISiﬁ‘]“NNﬂdﬂitﬁlﬂ?ﬂua:ﬂizﬁ}‘au I@U%Nﬂ’]immm%’m’mlu

Y- | o > g‘
4. A 5M15UUARILRSY
& o o o A < o o o & ' o < o X
Auaann1stintaiEy lagm ldmaitasinnntseanlaidn 4 Tuadd
o MIUATKIATINNNT (preliminary treatment) L uIUAaWNITULENFIFNUTNN
=} 1 1 :’ :/ v
Juwalng liszarasineanainin lasmsloazunss (Screens)
® n3UATdAw (primary treatment) WiFuNHwIRABUIINTEN 1 U2 92N
o % A ' " o % < X ' [
dananaznaulunianaznas 49 1SundN primary sludge nstyaluduilazandn BOD la
sz 25-40% LLﬁaLLcﬂ'qmé'ﬂmmzmaaﬁnﬁau,a:ﬂizﬁw%mwmaoﬁ'mnmnau
® myaTufiaad (secondary treatment) WFuaNTa 2 azpniiud g
a = ~a a o 0 A A v A A A A ' '
W@uanagazdninalainmeliinuuaniselaglmiaIasiGuania wuafisy Tatauaany
o @ a a6 A A . A & &
LALANIAENTAUNIEINIa BOD 611\1aglugﬂmaamia:mymaagmﬂﬂaaaam aanlanin
nanuLduaznan mﬂaa"l,ﬂﬁﬁuﬁ'amﬂ@]:ﬂauludauﬁa:gﬂﬁﬂvlﬂﬁﬁ'@@ia"lﬂ P UEIBU Y0909
£ v kg . ' Y A ¥ o
ANANAAL IR MIUADUHILTILRAFAT BOD 84101321 75-95% F967 BOD 2ad1ina21
#2d1N91 20 UAANTN/ANT mmmﬂa’ayﬁam;jLLajﬁﬁ"LﬁLL@iﬁwTaamimmazm@mm:u,n'
miﬁﬂﬂﬁumlﬂmjL?Tﬂgjmiﬂm”ml”uﬁ 3 i l1
O oI A o A =~ °
® n3NUaTuNIIN (Tertiary treatment) fadnIIANNLIFNTazAIAINNTONN
o Y al U o > gd =1 Qs Aa 6 a Z’
ﬂﬂUNWl“ﬁqﬂIﬂﬂLLa‘:Uﬂﬂﬂvkﬂ N52uIWNTARI T UNTZUIRATLATTINNURNRNT - Al 30
Mannstda  duaeuiaed zgniananaznaudsITnsaiiuenansUiznaunasmna
2 Gq: =S o o s a a Kni A v a 6 A v
2anMBYus1 MNIUINhITemIBUNIINIMABagd1nTUIUNING RENE -Ladda

ad . = v A A = % v A
15017 ion exchange sm'ﬂzvlﬂmﬂazm@Luamum‘immakml,maz"lﬂmwazm@

U
) W) ) = v I‘ 1‘
5. MsUuawdan1alalaie
o o & o Y o o \ a o
nathdaiidsraslsznalnoludagdudnaiogluuy igu madveimea nsls
a A o P o A \ AldA Y A o A \ o o o & A
8unId waznsldmaiadl iudu SaudazdBided-daiFouandraniuld nsthdaiidslas
ﬂﬁlﬁaimmﬂuﬁ%mﬂm}ﬁﬁw&l'}ﬂ‘szqﬂ@ﬂ"ﬁlmzuuﬂm‘”@ﬁﬂL?{U I@ULL@iLa&lIaI‘ﬁugﬂﬁ’]&nw
Tun1Inaasinaw u,az@iam?iaﬁnml‘*ﬁlumsﬂﬂﬂ'@ﬁﬂﬁwmisoqu@m%mmmLﬂunmmu
741 90 O (Loeb; et al. 2012: 64) MythuatiFualslalouwldsunisoausuinduszantaw

lumsdugalsadns 9 Seaunsamidaniansduniduasansafiunisd Tunsgslinaldifa
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saadandanaanils luvasiinisthsdadsased wu asasu (Cl) Wuasmdoudosuus
NLARIATURAN(KMNO,) uazlmdswlaluaaelsd (NacIO) sansasinielsauazvinans
asadldunssiairniu LLa:sTaﬁmmﬂ@TNLﬁa@TmﬂdaUﬁ%ﬁﬂmmﬁm@mu AT AN
Ia‘[sﬁuvlﬁgﬂﬁmﬂ%mﬁzaLLsﬂluﬂi:mﬂcﬁ'ﬁmmﬁaNﬁmﬁmﬂﬂmmuﬂaa%u WRINTNNT 1T
Iaisﬁuﬁ"l@ﬁl,wimmﬂ"lﬂﬁ"’m"iﬂmﬁﬂ goudd w2455 uazldvnunllunnstngasiinlu
l3sugamnnaaw 13w lssnunenday Tssmifionszans Tssounaaasad Tssnawinas
uazlyssunadn iudn (Riosg §uqaism AT §IWA YRadd. 2549: aaula) 11nn13
f,%’ﬁ’aﬂum@v{uﬁ EA3G (European, African, Asian, Australian group) @lgdLL@iﬁ W.¢. 2512-
2547 wuimsllalouRn i I(ﬂUﬁmﬂ%mnﬁqmﬁawﬁmﬁ’]ﬁm sosadan lawanslslalan
Lﬁiaﬂﬁﬂ'@ﬁﬂLﬁﬂﬁnﬂiiaa’mq@lmmﬁu uazlglulssaugaannasy (Loeb; et al. 2012: 67)
a%m%’ﬂuﬂs:mﬂ"lwmfu"l,&iﬁiagaa”’mSaﬁuuuamﬁmﬁ'uﬂ%mmmﬂﬂaisﬁu LAINNNNT
éﬁi’;ﬁ]"ﬁagamum%aﬂﬂUmiaumﬂwuﬁﬁmiﬁwﬂﬁ ez mIneLn3aInaala lawianaatii

= v A o o ¥ oA A & ) A
(ﬂ&lLL&ZI’HL‘WEHJ’]‘]J@]‘W]Lﬁﬂﬁnﬂiﬁx‘]\‘l']ul,wNN’Wﬂ‘IJuEL%?i’N 2-3 DA wan

a%m%’umsﬁﬂmumaoIaImuLﬁaﬁwﬁ'@f:ﬂLﬁﬂfuLﬁ@mnmiﬁIaIGﬁuﬁﬂmauﬂ'&,ﬂums
aan%‘la%uamuﬁﬁﬁqwﬁim (strong oxidizing agent) LﬁawﬁmaQiuﬁwmmsnﬁ’]ﬂﬁﬁ%mw
dolddninaaaiuiasas 52 uazi5an31 3,000 i (@3Wa INUNW. 2543 78) LLaxﬁ'\‘iﬁmqégu
ninasasuunn vliliifassandraluin msﬂm‘“@ﬁwﬁaﬂIaIGﬁuu”ﬂﬁf@qﬂszaa@TLﬁa
il lunn3is0d ndw aifie wasidalsadnsg lunaeing lnnsvnauuaslelam
Jwlle 2 sUuoude 1) alelowszaslusih lalowesyin gAsendusmsaunidiaglu
1a8@39 (electrophile attack) 1138 2) ﬂﬁLﬁ@ﬂﬁﬁ?ﬂwﬁ‘umsﬁumoé’amhumnﬁa"l,amans'ﬁa
13018 (hydroxyl radical; radical attack) 3 nQmanL@aINEIIN TN lalawly
Uazgndldi snumahaidssuuanlunanguasn laun 1915 lsaludua augarne
ﬁauﬂéaﬂﬁnﬁﬂﬁaﬁmwaﬂ %R a1 susnwaznautauwldasig l%ﬂmqml,a:ﬂm”@nﬁu

uaz Iiwanseandlad (peroxidation) siFanaunazintaa 8958 (Loeb; et al. 2012: 72)

@139 2 uRAINIILUSHuAs Uz AnTnInmsiTaaaIuuazlalawlunistniatii e
a a a a ' aaa Ada s o ' = = o o
lasSouiisudsentnwluivasd fAsomaaiinddeanwmeds g deaziinlaiinisls
A o o & a & aeu a , o a = a
Talauinan13inUadLFue J10681NNI1N13bTAaa3% @139 3 LRAINITUSULAY
UszANTA W93 aaash aaasuidasaanlos waznsldlalaw aztRw a1 N5 krla law
& e Ay A ' o o o o Aaa A & v = A A A o
Atsivaduinnitniningainaiu3sn1Ian mLLmﬂaImm:uﬂi:aﬂﬁmwgamamml‘*ﬁ’lu
nsiaiin LL@iIaImuﬁfuﬁhQﬂﬁﬁLLuﬂlﬁLﬂuﬁHsﬁﬁHﬁawﬁalﬁﬁ@mqm:mmﬁaa;mmﬁﬁ
ldsulavavsuasludSanafigs anma 4 usasnavaInsznuvaslalauinisldnunszauaiy

o o o ' ° v A o o P '
Wutud1s 9 lalouwdusuanelasasidataauazan wﬂmﬂmﬁwmamau gmglu
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UIIEIMevadlalanaiafinanuans be ugwﬁmmm%’ué’um”a‘[a‘[muﬂﬁ%m”ummLﬁuﬁu

c.: :ﬁ = n' =3 ) Yy o = 1 6 R

dunn 9 Salalauaziinfunduriliiandonan sysdaansanulalawldts 0.1 ppm lag
1 s [ U £ = 6 v A = o [

latduanase wddAnuNTUgIns 1-4 ppm wwmmuvl,mwm 8 uaz 1 WNANEIaU

Tag'ladain1ilalnd uaowiwninhanaiaainsialnd 1w la aauws wialagiuan dag

= :/ % d' £ 6 £ £Z
a1 Sanlna drews uszuauideayn daysdaslalowdududszinm 1% lasassan

wsasndalalaw axfunanuanslealy 1 wfl (@@uiu dusaned. 2539: 82)

@179 2 mMafpufisulaseszeinslalaunvasssulunisihdasi

Ugnsen ARDIW Tolzn
o Tsiaen Yaid
) Taiaan Yaid
a A a A€
& YRR lau3gnd
IR TR aid R
NIAAWULLATILSE WAINRAIL 9119
NANNINNIYNAY 3Tg) &

A A L A
nMILARauNY aonLaqa 1aid 84

dl v v 1 o Qs =Y = = £ dl a
finn: dodusamdriadlundulads. @dn). masandlinuaiemwda
6
Tolaw: aaulatl

I lavinlalaowun llwnistindaingy thaganlalawaurinsinitalsa e
v o L 6 ,&’ o v 1 A‘}’ &, [ a A [
Mena lnmIinauniasuadTalsa vnlvauisnsngalia Wa 13w wazuuenisyle
=} a a 1 dy v 1 =3 1 = 1 =} = £
Talouddszansninlunisainnga leaninnaziSininnaasn wazbdiwaassiaiands Lalan
NI NTalIa landluinnazannia  &IN1IRVIANARLARA WV LE LA laan1saany
lawaivaslaszmonnasduniduazefiunidarulngfldiduluananlidnfuuas lddne
Fagnibanlfuidgymuaisuazndwnduluame nsldleloudiaanintisviaaznikus:
R o A o o & aa A Y o A
azlasin  laganduainuaiu1inaadlalouninanuntiisaauaInuanis G dwawniLie
pavlulafldy wazundiasauasnsh JaanTauilymiasnsilu Cooling Tower 'laainail
Uszansnw lalauwsiuninviassne & uazlansle launalnnisaanslasiginsvadsnsiad

BNRLNRY & WATENTAEA1Y 9 wanainilalouditisandl BOD waz @1 COD  (chemical
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a = o E Z‘ L% 3’ a v ] = a a v v 1
oxygen demand; @lad) luszuuthdavilfuazindyldadiddszdiniam (eiudiu

nadlungiulods. w.Un.: sawlat)

AT 3 ﬂ'm,ﬂ%’smLﬁﬂuqmauu”ﬁmaaialmu AR LazAaaIwlaaanloa lwni1viiniain

- . ARDIRIA
AOAaIL] ARD I . Talzu
aanlua
UszAnTnwlumssinge lsaisunuaaasn 1 ¥ 5 -7 191 3,125 1i1
, & Aa &1 v A a a
anumanInlunaingaliandsdaiiedu laid a fa1n
aan = o v A QI =3 = A =1
nanUfsenduarliiianaumdn i aid 39
waandfAsenduanaliiiassnauzis " A »
i aid Yaid
(trihalomethanes, THMSs)
a =1 U :/ ni U v o
Wassiadanensluifnlouas lviane 9 i o
3 \ia \ia ldiifia
FNNLIAED
flgingluszyzan 84 84 éin
mmﬂaaan"’mia@’lﬁd’m @ UIunad g9
779 pH lunssizalsa WAL 779 A9
USumaInadinae lsinfmanzauluniyans , 4 0.3-0.4
_ h Tl 0.6 ppm
87193 KN WA ba) ppm

=4 v v 1 o @ A e = v dl a
1w Feiusandinaalwatuleds. @dn).  mazandldnuaiamia

Talaw: aawlai

mindalalourinlanansds walasvalunsuialalauidondiad laud nsuda
lalauainlutanavasaandian d1835neluun (electrical  method)  n3lduss UV
(photochemical method) NMIH&AALalouamianszua A 1w1TaNEa Lo louwle buludSunm
annnslduas UV wazsennniudididsz@ninmwainnnidiei ludszandlgluninda
YSunmann nannmsmaafinlgdluniseialalaualslnna (electric discharge) #3aa13158n
va 1 A 1 . = . . a & et o Aaaa '
l@8natnanitein corona discharge %38 silent discharge LﬂmLuadﬂ‘i_lm‘i“mﬂgﬂimiwma
=Y § QQ// _5 =) Qs =) 4 =)
araanvadsandandidongauuin (100 3wl nuluianazeteandiauinonialolau
[ 21/ v a = d'l [23 Al a [l v 1 1
wanmadasdusainiaifialalow fa afanldlunianfalalowdiudgresitenolu
didnlnianflanudednddszana 10 kv dranwuddndaananldifieninldesiszy
Wwh dldfauanaadulasauusziindingnisainiasasussddasluainia  aannn
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Tuianawasaandian 3 szaanuandrezsudiuliiiadulalon Riswg Augasso uas
FINA YYadd. 2549: aanla) fanialtlunsndalelounldiuatouninanoiund 2
giia ledun omauazeandian  nsltermeduunsindalelowduisaltundewnisls
2aNTLA I@slﬁ“ﬂ”aﬁmaﬁmﬁunuﬁﬁm'jﬁmﬂﬁaaﬂs'fmm Lﬁaamﬂmmmﬁui’mqﬁuﬁunuﬁ
118 ns390m@ uanmsldanmenaalalowiwldnanindinit asanluanmefoandian
Aldusalalowdios  20.9 % Wi drunisldaendiomduunainaalalowinlwdsunm
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ﬂ’JUQNﬂ’]‘JitU’]ﬂﬁﬂ‘ﬁ{i’%’]ﬂ@’]ﬂ’ﬁﬂ’]dﬂimﬂﬂLLaz‘.U’N“UW‘I@’I. aauvl,aﬁ; American Public Health
Association (APHA), American Water Works Association (AWWA), Water Environment
Federation (WEF) (2005). Standard methods for the examination of water and wastewater.
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1319 9 f1 BOD fvSanmaandiauiiazaiuiin (dissolved oxygen; DO) uazniuzasiiiorusuiltaimeaniasandianduundinialalon

Test value
1 =) Qs ] Do QI
WARINAA Lo lo PRIRK! BOD o % Reduction of BOD nNaw
— (Naan3a/
(NAANIN/AAT) -
ans)
G0ENITNLEY 0 W17 29.00 0.00 0.0 Abnormal
L o da9tLEe 40 WN 20.00 9.82 -31.0 Normal
IdoanGianduunsindalalow o e
ADLNUILREY 100 BN 21.00 22.40 -27.6 Normal
enaeIILEY 160 W 19.00 24.42 -34.5 Normal
GENIILEY 0 W17l 41.00 0.00 0.0 Abnormal
3 o dnadLEs 40 Wn 29.50 1.80 -28.0 Normal
Idomeduundindalolaw o .
ADLNUILREY 100 N 27.00 3.02 -34 .1 Normal
gat9LEY 160 W11 24.00 2.80 -415 Normal

Ly
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1319 11 ANazNawRtNLazTa M auadtiRulsanguantwnsindaealalan

5G-Air’ 10G-Air’ 5G-0,’ 10G-0,"

aauds . 60 . - 5 - - 4.

0 ¥ N - 0 ¥ N 60 N 0 BN 60 N 0 BN 60 1IN

wINn

ANAZNAWALN
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8619)

1 4 o =) o 1 q; 4 v 1 =)
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2 § S A B N g l6) o ' A
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. A & ' )
@aNIILWUVUVDIAT BOD ulad (Absi; et al. 1993: 6)
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a4 12 QEAnIWILEDY aslsangnuanasnnwmstintalagltlalauainiasasingia lalaw

5 N3NG AT LN L TAINIALAZA A NTLAW T WLREIN A La Lars

5 a21né DaNTIIN

O 30w 60w 0w N 301N 60 wIn
BOD (Jafn3u/aes) 37.88 36.88 35.30 37.88 33.81 31.11
AN wNIA-AN9 7.56 7.82 7.92 7.56 7.72 7.76
ANRITUVINRDE
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(UaANIN/ANT)
aInazans ldvanua
.. 418.00  434.00 428.00 418.00  442.00  480.00
(VaRANIN/ANT)
Tulastanyiy
. 15.68 15.68 15.96 15.68 15.12 14.00
(UaANIV/ANT)
snawuas i
. 7.65 7.79 6.14 7.65 7.83 7.45
(UaANIV/ANT)

@139 13 anﬂwﬁmﬁwaﬂsaw gunanaInwasinta lagldlalaouaineIasninialalaw

10 N3uFaTI N LTaN N Auaz o NG wiaINaa Lo Lok

5 Mm@ 2aNTLIN

0 ¥ an 301N 60 N 0 ¥ N 30 I 60 N
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ANULDUNIA-A4 7.67 7.88 8.00 7.67 7.76 7.82
ANRITUVINRDE
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(UaRNIN/ANT)
aafiazane lanivue
. n e A 499.00 534.00 540.00 450.00 548.00 508.00
(UaANIV/ANT)
Tulasaniiu
. e - 12.88 14.24 13.54 15.22 14.10 12.60
(UaRNIN/ANT)
awnas L

4.36 492 4.68 3.62 3.94 1.50

o

(Ua8NIN/AGT)
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Time (min)

0.00 . .

30 60
-1.00

\-.,_. -+ 5 g/h with air source
-2.00 . ... =gy 10 g/h with air source
\ .’..

-3.00
-4.00 \
-5.00 \
-6.00 \ e
-7.00 \ R 4
-8.00 \

-9.00

% reduction of BOD

25.00

20.00 ;.'_-----—-——.

15.00

P ==l - 5 g/h with oxygen source

10.00

2 - @= 10 g/h with oxygen source

5.00 z
4 Time (min)

0.00 MR . )
~ 30 60

-5.00 S

% reduction of BOD

-10.00 >~

-15.00 —

-20.00

MwWsznay 13 $aUarn1Iaavaddl BOD aadttdaannlssnsnunatlaniwnstintalagld
lalouilaltonna (L) wazaandian (819) Wuunadnaalalan

a%m%’umm’]sJLﬁum@-d’mfuwudmnmm:m@aamé’amumiﬂﬁﬂ@ﬁ’s o lalon
dranadunsa-arsdauidudroiadnededr 9 waddtesnin 9 %aagjlummsﬁ
NIAIZIN msfilalourinlingedenududsdisdnezsrofinyszdnsawnisrinuues
Tolaw laslolaudumilufiazuanandululueanledisdifa (O monoxide radicle) fiazvi
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Ufnsenuiiadulaasandaistiiiia (HO, hydroxyl radicle) Nanwnsatiayjisenaand
wtuldie uazliduwzivasnaziul jisen Ssvldnmnhdaianluangaveslaaten

s‘fmsﬁnﬁaﬁﬂszﬁw%mwgq (Wojtowicz. 2004: 768; Yan; et al. 2012: 138)

8.1

«+ -+ 5 g/h with air source
7.5 1— W e F y 1 8 £ .
=l - 5 g/h with oxygen source
74 | & 48 ¥ ! | ==fe==10 g/h with air source
=@— 10 g/h with oxygen source
73 — s e o T 1 = I 3 o e o |
0 30 60
Time (min)

amwisznay 14 dranadunsa-ang (pH) 2asitFoannlyaneiuiadasunstalasls

TalawiialtannauazaanGranidulnaInae Lalanw

dll a o a 3’ A v 1 Y
Wanasananansd 12 uaz 13 msthdaduiesslalouwsinalidrans
a o & A, a X A a Al a o v a
wrnaasusra Iz ldnnuaddniniu Sefianunguianmianlelownieinldife
. A2 ¥ A a ¥, @
floatation process TINTELIMMIHISNINAMIANAzNaulassITNGUasvaIudslui vinla
a . . . . = o v A A o v k2 (3
LN® residual ferrous ion lugﬂ ferric hyoxide Gﬁdﬁlz‘ﬂ’mm‘nLﬂ%ﬁ’]i‘ﬂ‘ﬂﬂ%@lﬂ@zﬂaua\‘igﬂum
(Wojtowicz. 2004: 777) uazthasanninianaasauiivanannaiuaisvasns 3adulyle

1 U Rt a v qul 1 AI l&/
’nmﬂ‘*ﬁ’laisnmamumwnmnaul@ Uﬁii&l"ﬁ?@lﬁx‘mal%ﬂﬁﬂdﬁﬂdﬂ’]LW&]“U%



31.00

29.00 oo’

—— ...
27.00 . . A

"eee. T et
..‘....... ‘...O. [ . .
..u....-' / -
25.00 // -
23.00
@
2100 / __—_———_——
-

-

19.00 -

/’ - oo @+ 5 g/h with air source

==l - 5 g/h with oxygen source

=g 10 g/h with air source
- @= 10 g/h with oxygen source

mg/L

17.00

15.00 A [~

0 30 60

Time (min)

amwisznay 15 @asuUInast (Suspended Solid) vadsiLFganlsswenualariunig

iialagldlalaudaltainiauazaandiamdwursings Lo Lo

600 - e W 1 & e le o A
550 S
—
= -
-—
500 —.
|
E’ P d . a— .
£ P -~ . , o -
450 c——
. —.:.o. ®0cccccccccccccsccscee
.e.m-n.1..?“....:..’........... , Y
400 «« <@+ 5 g/h with air source
=l - 5 g/h with oxygen source
g 10 g/h with air source
350 T
0 30 60
Time (min)

mMwisznay 16 ansiazans leridnue (Total Dissolved Solids; TDS) wad¥L&aaN

Tvansnunatlariwnstindalagltlalaudaltornauazaandiawidwunainge Lo lamw
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gnsuardsumlulasiaunuiuwnuiinisiivalagldenaiduunssnda
Tolowinlifnadetsunaslulasian ualunsasstudranuin nmsldaandamduunainta
Tolowiwrnlvusinalulasanaaasmasnisinga 1 52lus lagassidonadenisanasaas
UsinaslulasianiiAsatasiudssansnmwmsvineuaaslaloulugniizaimeauds msls
omenduunsindalalouiwinldivsinmanuswdluluszuudas Taslalauasvinlifa
mseand laduadsansdsenay lulasiaulddluannzainiauis (Loeb; et al. 2012: 70)

17

16— PP TR 3
roo.ooooooo:onnoon:o...o..ooo.oc.o.c..’o.oo."""
— R
15 1T == o _— e __ﬂ' e
- 3
pr— -

14

mg/L

13

2 - — — e+ @« 5 g/h with air source
=l - 5 g/h with oxygen source
11 — . T, - | | — | =10 g/h with air source

=@= 10 g/h with oxygen source

10 — - . L e F £ o WY i S
0 30 60
Time (min)

amwisznay 17 a1 lulasiansiu (Total Kjeldahl Nitrogen: TKN) w893t &831n159Wa1L18

Warwnsthoalasldlalowidaldameauazeandanduunanialalan

FnTuaUSu i wLaz [ wS A B0 ILFS TIN I LN AL SN AU e o

' A a o A e A v & 0 Vo @ '
11 20 Ga@n3/AnT agudn mﬁammummﬁqmmw LAz NN WANTUNUANWLINAIAINAN
A A ' ' & ' A ~ = v o o
wﬂsmma@aaagluma 2-50 % FIINNANIINAFDINLINUSUI NN b TANNINNUTNU
Usunlalawnld w3ani1vldarniansaandlantduilrnaInge GItTad1%19:ANaN19INaAN
AMULANAIITERTNNAMNR WL U U BIILAZINBUINNT Lo lan Lo an[1w bl whae
L a o Y A a & R v o ' Y A« &< =
SRR AR VST T NI IR TEE el b LRZAIN bNa I La2I6 8819 ALNIATITWLAL
MNIwaVaInItTawananinTitla lowlwnisintaiFauadlsaweunasIinadda

g/ a A v
VaIWIURUDNAILY
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\ .
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4 IR S
=l - 5 g/h with oxygen source ' \‘
1 < =10 g/h with air source — .
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Tssue Date : March 16, 2012
Report No : TR(88) 55/05131
Page: 1 ofi
TEST REPORT
Customer Name and . | G-Evolution Co.,Ltd.
Address 102 First Floor, Soi Aree, Sukhumvit 26, Klongten, Klongteoy, Bangkok 10110
Thailand. '
Sample Description T5 01 @ 0 min
Sample Code S8 55/01687-001
Sample Characteristic Packaging : plastic bottle plastic lid

and Condition Quantity - 1 bottle, Weight/Volume : 1.5 L

Temperature : chilled, in good condition when received

Received Date March 09, 2012
Tested Date March 09, 2012 - March 15, 2012
Analysis Results
Test items Test Results Units LOD Reference Methods
BOD 4100 mg/L - |APHA, AWWA, WEF (2005), 25108
Do 0.00 mg/L - | APHA, AWWA, WEF (2005) 4500-0 C.
Odor Abnormal - - |By Smel

Director,
Samutsakhon Office

CERTIFIED

This report is certified only on the sample tested.

This report shall not be reproduced, except in full, without prior approval of the company.
FM-QP-24-01-002-R04(19/04/53)P1/1-88
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Issue Date : March 16, 2012
Report No : TR(SS) 55/05132
Page: 1of 1
TEST REPORT
Customer Name and G-Evolution Co.,Ltd.
Address 102 First Floor, Soi Aree, Sukhumvit 26, Klongton, Klongteoy, Bangkok 10110
Thailand.
Sample Description T5 02 (@ 40min
Sample Code SS 55/01687-002
Sample Characteristic Packaging : plastic bottle plastic lid
and Condition Quantity : I bottle, Weight’Volume : 1.5 1.
Temperature : chilled, in good condition when received
Received Date March 09, 2012
Tested Date March 09, 2012 - March 15, 2012
Analysis Results
Test items Test Results Units LOD Reference Methods
BOD 20,50 mgil = |APHA, AWWA, WEF (2005), 25108
DO 180 mgil - |APHA, AWWA, WEF (2005) 4500-0 C.
Cdor Normal k! H By Smell

( Mr.Punyarit Suddee )
“% Director,

Samutsakhon Office
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This report is certified only on the sample tested.
This report shall not be reproduced, except in full, without prior approval of the company.
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Issue Date : March 16, 2012
Report No : TR(SS) 55/05133
Page: 1of1
TEST REPORT
Customer Name and .| G-Evolution Co.,Ltd.
Address 102 First Floor, Soi Aree, Sukhumvit 26, Klengton, Klongteoy, Bangkok 10110
Thailand.
Sample Description T5 03 @ 100 min
Sample Code SS 55/01687-003
Sample Characteristic Packaging : plastic bottle plastic lid
and Condition Quantity : 1 bottle, Weight/Volume : 1.5 1.
Temperature : chilled, in good condition when received
Received Date 7 Maich 09, 2012
Tested Date March 09, 2012 - March 15, 2012
Analysis Results
Test items Test Results Units LOD Reference Methods
BOD 27.00 mg/L - APHA, AWWA, WEF (2005), 2510B
DO 302 mgfL - APHA, AWWA, WEF (2005) 4500-0 C.
Odor Normal - - By Smell
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FM-QP-24-01-002-R04(19/04/53)P1/1-§8
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Issue Date : March 16, 2012
Report No : TR(SS) 55/05134
Page:1o0of1
TEST REPORT
Customer Name and - | G-Evolution Co.,Ltd.
Address 102 First Floor, Soi Aree, Sukhunvit 26, Klongton, Klongteoy, Bangkok 10110
Thailand.
Sample Description T5 04 @ 160 min
Sample Code 88 55/01687-004

Sample Characteristic Packaging : plastic bottle plastic lid

and Condition Quantily : 1 botlle, Weight/Volume : 1.5 1.

Temperature : chilled, in good condition when received

Received Date March 09, 2012
Tested Date March 09, 2012 - March 15, 2012
Analysis Results
Test items Test Results Units LOD Reference Methods
BOD 24.00 mg/L - APHA, AWWA, WEF (2005), 25108
Do 2,80 mg/L - | APHA, AWWA, WEF (2005) 4500-0 C.
Qdor Normal - - By Smell

-
( Mr.Punyarit Suddee )
Dircctor,
Samutsakhon Office

CERTIFIED

This report is certified only on the sample tested.
This report shall not be reproduced, except in full, without prier approval of the company.
FM-QP-24-01-002-R04(19/04/53)P1/1-55
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Issue Date : August 22, 2012
Report No : TR(SS) 55/19007
Page : 1 of 1
TEST REPORT
Customer Name and G-Evolution Co.,Ltd.
Address 102 First Floor, Soi Aree, Sukhumvit 26, Klongton, Klongicoy, Bangkok 10110
Thailand,
Sample Description Wastewater TS1_Control_0 min
Sample Code S5 55/05933-001
Sample Characteristic and | Packaging : plastic bottle plastic lid
Condition s ; .
Quantity : 4 botiles, Weight/Volume : 1.50 L./bottle.
Temperature : chilled, in good condition when received
Received Date August 09, 2012
Tested Date August 09, 2012 - August 21,2012
Analysis Results
Test items Test Results Units LOD Reference Methods
pH 7565 - - [APHA, AWWA, WEF (2005), 4500-H B
Sulfide 0.34 mgS&/L - APHA, AWWA, WEF (2005) 4500-52 F.
BOD 21.75 mgfl - APHA, AWWA, WEF (2005), 25108
Oil & Greasa 3.90 mgflL - AFHA, AWWA, WEF (2005) 5520 B,
Settleable Solids 0.00 mg/L - APHA AWWA WEF (2005) Part 2540 F,
Suspended solids (SS) 2206 malL - | APHA, AWWA, WEF (2005 },2540- D.
Total Dissclved solids (TDS) 418.00 mg/L - APHA, AWWA, WEF (2005), 2540 C
Total Kjeldah! Nitrogen 18.53 mg/L - APHAAWWA WEF (2005) Part 4500-N org
Nitrogen gOrgamc) B

Approve = ,)5 ; ?

Mr, Punyant Suddee )

\ Director,
‘..\'Samutsakhon Office
“"'vm o

4':9!

TERTIFIED

This report is certified only on the sample tested.

This report shall not be reproduced, except in full, without prior approval of the company.
FM-QP-24-01-002-R04-{19/04/53)P1/1-88
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Issue Date : August 22, 2012
Report No : TR(SS) 55/19008
: Page: 1 of 1
TEST REPORT
Customer Name and G-Evolution Co.,Ltd.
Address 102 First Floor, Soi Aree, Sukhumvit 26, Klongton, Klongteoy, Bangkok 10110
Thailand.
Sample Description Wastewater_TS1.1 30 min
Sample Code S8 55/05933-002
Sample Characteristic and | Packaging : plastic boitle plastic lid
Condition -+ 4 o
Quantity : 4 bottles, Weight/Volume : 1.50 L./botile.
Temperature : chilled, in good condition when received
Received Date August 09, 2012
Tested Date August 09, 2012 - August 21, 2012
Analysis Results
Test items Test Results Units |LOD Reference Methods
pH 7.79 E - APHA, AWWA, WEF (2005), 4500-H* B
Sulfide 037 mgS?/L - APHA, AWWA, WEF (2005) 4500-S* F,
BOD 2000 malL - [APHA, AVWA, WEF (2005), 25108
Oil & Grease 3.50 mg/L | - APHA, AWWA, WEF (2005) 5520 B.
Settleable Solids 0.00 mg/L - APHAAWWA WEF (2005) Part 2540 F.
Suspended solids (SS) 1159 mglL - |APHA, AWWA, WEF (2005 ),2540- D.
Total Dissolved solids (TDS) 434,00 mg/L - APHA, AWWA, WEF (2005), 2540 C
Total Kjeldahl Nitrogen 1641 mg/L - APHAAWWA WEF (2005) Part 4500-N org
Nitrogen (Organic) B

Approy, & \

i &8 (Mr.Punyarit Suddee )
Y % Director,

3
~—ee® > Samutsakhon Office
O (Maiigedt &

CERTIFIED

This report is certificd only on the sample tested.

This report shall not be reproduced, except in full, witheut prior approval of the company.
FM-QP-24-01-002-R04-(19/04/53)P1/1-58
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Issue Date : August 22, 2012
Report No : TR(SS) 55/19009
Page: 1 of 1
TEST REPORT
Customer Name and G-Evolution Co.,Ltd,
Address ; . .
102 First Floor, Soi Aree, Sukhumvit 26, Klongton, Klongteoy, Bangkek 10110
Thailand. .
Sample Description Wastewater_TS1.2_60 min
Sample Code S8 55/05933-003
Sample Characteristic and Packaging : plastic hottle plastic lid
Condition Quantity : 4 bottles, Weight/Volume : 1.50 L./bottle,
Temperature : chilled, in good condition when received
Received Date August 09, 2012
Tested Date August 09,2012 - August 21,2012
Analysis Results
Test items Test Results Units LOD Reference Methods
pH 801 - - |APHA, AWWA, WEF (2005), 4500-H* B
Sulfide 043 mgS#/L - APHA, AWWA, WEF (2005) 4500-S* F,
BOD 20,00 mg/L - |APHA, AWWA, WEF (2005), 25108
Oil & Graase 320 mg/L - APHA, AWWA, WEF (2005) 5520 B.
Settleable Solids 0.10 ma/L - APHAAWWA WEF {2005) Part 2540 F.
Suspended sclids (S8) 19.72 mgiL - | APHA, AWWA, WEF (2005 ),2540- D.
Total Dissolved sofids (TOS) 428.00 mgiL - [APHA, AWWA, WEF (2005), 2540 C
Total Kjeldahl Nitrogen 725 mg/L - |APHAAWWA WEF (2005) Part 4500-N org
Nitrogen (Organic) B

~

Approve »

( Mr_.‘PL;nyaritLguddee)
% Director,
#% Samutsakhon Office
CERTIFIED

L

This report is certified only on the sample tested.

This report shall not be reproduced, except in full, without prior approval of the company.
FM-QP-24-01-002-R04-(19/04/53)P1/1-58
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Issue Date : August 22, 2012
Report No : TR(SS) 55/19010
Page : 1 of 1
TEST REPORT

Customer Name and
Address

G-Evolution Co..Ltd,
102 First Floor, Soi Aree, Sukhumvit 26, Klongton, Klongicoy, Bangkok 10110
Thailand,

Sample Description

Wastewater_TS2.1_30 min

Sample Code SS 55/05933-004

Sample Characteristic and | Packaging : plastic bottle plastic lid

Condition Quantity : 4 bottles, Weight/Volume : 1,50 L./bottle,
Temperature : chilled, in good condition when received

Received Date August 09, 2012

Tested Date August 09, 2012 - August 21, 2012

Analysis Results

Test items Test Results Units |[LOD Reference Methods
pH 783 - - APHA, AWWA, WEF (2005), 4500-H* B
Sulfide 023 mgS#IL - APHA, AWWA, WEF (2005) 4500-S* F.
BOD 15.50 mglL - APHA, AWWA, WEF (2005), 2510B
Oil & Grease 250 mg/L - APHA, AWWA, WEF (2005) 5520 B.
Setileable Solids 020 mg/L - APHAAWWAWEF (2005) Farl 2540 F,
Suspended solids (SS) 12.86 ma/L - APHA, AWWA, WEF (2005 ),2540- D.
Total Dissolved solis (TDS) 422.00 mg/L - APHA, AWWA, WEF (2005), 2540 C
Total Kjeldahl Nitrogen 18.38 mg/L - APHA AWWA WEF (2005) Part 4500-N org

Nitragen {Organic) B

5 ( N\[‘r'.f;unyaré/sluddee )
4 = Director,

Y
~—ee® o> Samutsakhon Office
f‘l'ha'.ud\an
CERTIFIED

This report is certified only on the sample tested.

" This report shall not be reproduced, except in full, without prior approval of the company.
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Issue Date : August 22, 2012
Report No : TR(SS) 55/19011
Page : 1 of | '

TEST REPORT

qen 1esusD,

Customer Name and
Address

G-Evolution Co.,Ltd.
102 First Floor, Soi Aree, Sukhumvit 26, Klongton, Kiongteoy, Bangkok 10110
Thailand.

Sample Description

Wastewater TS2.2_60 min

Sample Code

S8 55105933-005

Sample Characteristic and
Condition

Packaging : plastic bottle plastic lid
Quantity : 4 bottles, Weight/Volume : 1,50 L.bottle,

Temperature : chilled, in good condition when received

Reccived Date

August 09, 2012

Tested Date

August 09, 2012 ~ August 21, 2012

Analysis Results

Test items Test Results Units LOD Reference Methods
pH 784 - - APHA, AWWA, WEF (2005), 4500-H* B
Sulfide 037 mgSH/L - |APHA, AWWA, WEF (2005) 4500-S* F,
BOD 17.00 mafl - |apHa, awwa, wer (2005), 25108
Oil & Grease 240 mgfL - APHA, AWWA, WEF (2005) 5520 B.
Setileable Solids 040 mg/L - APHAAWWA WEF {2005) Part 2540 F.
Suspended solids (§3) 24,66 [ls/( R - APHA, AWWA, WEF {2005 ),2540- D.
Total Dissolved sclids (TDS) 476,00 mg/L - |APHA, AWWA, WEF (2008), 2540 C
Total Kjeldahi Nitrogen 17.68 mg/L - |APHAAWWA WEF (2005) Part 4500-N org

| Nitrogen (Organic) B

ApprfRss, ‘ﬁg
.:_-3 ( Mr,#unyﬂré—rﬂ(uddec )
% _‘% Director,

W@f Samutsakhon Office

CERTIFIED

‘Fhis report shall not
EM-QP-24-01-002-R04-(19/04/53)P 11188

This report is certified only on the sample tested.
be reproduced, except in full, without prior approval of the company.
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