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KEYWORDS 	 HOSPITAL EFFLUENT / DISINFECTION / 

CHLORINATED COMPOUND AND OZONE 

The objective of this research was to study factors affecting disinfection of hospital 

effluent using chlorinated compound and ozone. In addition, disinfection efficiency and unit cost 

were determined for both cases. Studied factors included dosage, contact time, and pH. Based on 

quantities of total coliform and fecal coliform bacteria before and after experiment, disinfection 

efficiency was calculated. The experimental results from the laboratory showed that optimum 

values of dosage, contact time, and pH for chlorinated compound were 1.50 milligram per liter, 

30 mins, and 7 while optimum values of dosage, contact time, and pH for ozone were 

48 milligram per liter, 40 mins, and 7, respectively. Consequently, disinfection efficiencies 

of greater than 90 percentage were obtained for both cases. In additons, both quantities of total 

coliform and fecal coliform bacteriamet the hospital-effluent standard. Unit costs for chlorinated 

compound and ozone were 0.13 and 0.02 baht per liter, respectively. However, a futher study 

needs to be investigated for using in the hospital-wastewater treatment plant. 
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• W G.I .c::I 

~'W11'1flfl'lft2flll 61Lfl6lfl'1f~flll \l~111flt2'U1l11'1fti1'U 

1.3.2 ffutI'j::fl6'Ufl1l61'U~,.u6~1'Ultl'IJU~Ufllll;tJlIl~1tlfl1l6 l nf ~;jfl11lJl.,r1l'\r'UI, · 1! ..l! ,,-" I d..., .... 
6~ 'U'lf1~'6tJll:: 70-75 C]1~ Ltl\llfl 'j~'WV1'U111ff1l1fl\l'W'j::~'W'j1'1flfl'1fQflll U11flmfl'1f~~lJ \l~111fl 

... 
~'U1l11'1fTi1'U 

1.3.3 lfl16~Ni'i~161C]1'U~1.u ;j'IJ'Ulflfhli~Ni'i~161C]1'U 800 iJlli'ifli'1I916ci1IlJ~ 
1.3.4 11\litJ~fffl1l1Nllm::'YI'U lAttn m1l1W L1111tTlJNfI' Ltm:fil'~16'1f (pH) 

1.3.5 'W 1 'j 1 ih916f~fffl1l1 11i'un lfl ih~ U f 11 U'U fI n 11 rnf~ 1111 fl <Total Coliform 

Bacteria: TCB ), VJfllllfli'i~6flJu'UflnAtJ (Fecal Coliform Bacteria: FeB), V116'1f (pH ), flllul'U 

~flfl'l~ (Chlorine residual) 

.. I 1 l.l I "" ..1 ~ ... ... tfl'U tI 'j::fl6'Ufl1l6'j'UUll::: U C]1'U fl'1111Hl1ll1l'lf6 flll116'j1l11'UfI'YI1'jtJ'YI.!Jl1lJfl 

LLll::: VJfllllfli'i~6flJu'UflnAtJlA IfltJ161C]1'U;jtl'j:::u'YIim'W~~fl'hfl'1'jtl'j::fl6'Ufl1l61'U 



1.5.1 1mlJ111;llJ1JfhL~~llJ~oml1lJ'5~111Hffn'l.h:m)11f1i;'101tHH":10191'UL'Unn 

'tJ 1140 J1Yi'l 'U 0'11 '5'1'rW11J111'A' 

1':i'I'VW111111 
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~ ~ ~ ~. 
f11'i'lil'UIjlIU11fftJnfiU l~fihn~t;'UlY'~nfiutidfitJhhnu'flllUmU cti'1Jlm~ lU i'l1iltJrumViul1fftJ 

, t:.J'41.d 
Uft~m1Jl'fl'i.J1UU1'V1~ 1jlI~'fll'iH'VI 2.1 

.. ,..iIV ... o ... 
,n11.11111.111U liU1U A11.11fl'lglU*fl'lfU tJWIITWUllilU .. 

5-9 

Ufl (1Jfl/ft.) 

6.3-8.8 7.34I. Vilfi'l1 

2.0-222 60.40 '"iLnU30 

. ft.) 10.4-328 282 I 'UlnU20 
.. d 

4. 'VI1AlfiU(1Jfl.lft.) 5.3-442 hiLnu 3518.30 

5. ffl'iWIJ'llHHltJ(1Jfl.lft.) 1.0-375 110.80 'UlnU 30 

8 " .4.6xI03-1.1xl0'6. lA~h.Jfi!1J1'l1J 1.5xl0 UfitJfl'll 5,000 

(MPN/IOO ml) MPN/IOO ml 

VJ'" 1 ""'rJ .. 9.3x10l-1.lx10' ,rfitJfl,;h 1,000 

(MPN/I00 mt) 

1.2xl0
8

7. Aft Aft fi11J 

MPN/IOO ml 

.. • 41." ~ rJ tI .- tI at ~ ..
• 'I1lJ1Vf:l.:j alf1'1J'Vl I f:l.:j 5 L 'UlJl9l'i!1'U'Ul'Vl.:j flllJ ,:::mftm:::fl'1{11flVlfflnfl'ma:::n.:j111f1 tllJ I'tl.:j 

nl'11'UfllJlf1'Jl'Ufl1'1JfJlJnlll:::mvJlifnl0tllfmmuh:::Ulfl ua:::'1JWll'Ulfi (10 lJonfllJ 2537) 

tlnnlft'l'Un'lfihHl111L'1JOlll LalJ III flfl'UViLftlI9 .:j a.:ji''U~ 4 QlJlm;'Ui' 2537 
... .d '" rJ 'l .r .... tl .d tlaUI'1Jfl 6 fI.:j 7 L 'UlJl,nJl'UfJtutnrl 'UU'I1l'1.:1'U1N1Pl'U ,:::W'Vl'Vl 2 flllJ ,:::mftfltu:::O"lJm, 

aUI1PliffllJU...h'lfl~ ~-U'1J~ 8 (rI.ft. 2537) flflOfll1lJ''U1'I'l:::'1'lf-Uf:UtWlri.:lLn;lJlLl'I:::i'01l1fltutnrl 

a if'" ... rol, .r .... tl 'l.:IUlfi fllJU'I1.:j'lf1f1 rI.fI'. 2535 L'tl.:jnl'l1'UfllJ1f1'!1'Ufltutnrl'Ul'Vl{l 'UU'I1M'U1N1f1'U ,:::nlfl' 'U'1'lf 
... • ~.,,d ..,; 
ml'lttL'1JOlll Ll'IlJ III fltl'U'Vl 16.:j 1'Ufl 24 QlJtnrl'Uli 2537 

... ..... f... 1 1':' lilA I .., ..i 4 
ftfl1:jtuzff1J1.J'fl"'fi~U1LfftJ"'fi~ HVitJl1J1ft IjlItJ'VI'l mUffljll.:.lIjll.:.l'fll'nnl 2.1 'lfnlfl'fl1'l1.:.1 

~ 2.1 Vi'lJ';hthln~tlfhfi'l1 fifi 7.34 filln~tJ'fl:::flfiU'HUfl fifi 60.40 i'jftftfli'1J~fift'fl'i filLU~(J iilfi~ 

fifi 110.80 i'jftftfli'1J~fift'fl'i filLU~tJlflft'rJfifi~l11J1jlI fifi1.5x10 MPN/IOO ml fi1LU~tI 

.. QJIQ'.dod d.-: ...... ." ... t ~ 

Afi 282 1Jftftfl'l1J'fl fift'fl'l fIlln fttJ'VIlfUfiU flfi 18.30 1JftftflUI'flfift'fl'J fll1U fttlffl'iU'lI'lUftfitl 

8 

II 

VJfl'ft lfl;'rJfif1J fifi 1.2x10
8 
MPN/IOO ml 11jl1V1UVilZ'Uf11'iffmnil n!'WlnVilZ'UfbU'lIfi.:.lf11'l 

I .l 1 .It... I 1 " . .1 .. t I ", ... I

<i.llL'l1fi 'ifl 'If.:.l1JfIl fl'infi'i1J'VI~'H1J1jlI fIl1Jl'fl'i21UUfitlfl'l1 5,000 MPN/IOO ml LlftZ1JfIl 

VJfl'a lA;'rJfif1J fil1l1'fl'l21Ulffitlfll1 1,000 MPN/I00 ml 
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::'1' ".'1" 1 .. ... '~I' .l. 11Hl'W1U1ClllJlJUlU'I'I'l1lJNlJ1fl ~1fl HllJ1lJ1"l1lJ~ '~11!lJlJLlllCl'l'l1lJ'\JtHl'lH) HI.. 
.c). • tI, 1 	 1" JI Q.c:l. t 1 91 QI ~ "41 	 q,.ILlCltm"fI~fl1'lLll1'll1lJl~H) tl ~ m'\J1~fl1'l"l''U1.fl1J1Cl'Yl~ fI'IlJlJ m~'Yl'l1'1Cl'11i1'lW"l''\J fI'~ 1'\1 

11 'ltUmhu~J1lfffl llJ1Hl1fl11J1Cll~lJlIl1'1mfl 'lJiI l'U1.2516 mt'Yl'l1'1Cl'11i1'lW"l''\Jfl1f1'":h 

't~~Cl'fH'ltUUU1,j~J1lffflmU~'flflClt 100 llJil2541l1tht.l'lllJ~ff1fltyllJfl1'l~lLiJlJfl1'l h\'11 

'l:UUU1,jflJllffflllJ h .:Jl1fl1U 1Cl '\J'fl'lm:'Yl'l1.:JCl'l1i 1'lW "l''\J 1~un fI'fl'l'fllJ 1ifla'1lnfl~6lJ 
~ 	 ~ 

mlJ6lJ1ifl1~fl~lLiJlJfl1'lu~'1i'l ff1'l1' 66f1UUU fl1Uf.)lJm'ln'flCl'fH ~uCltl'ltff'Yl~.flll1 'l1lJ";'1 

", 0 ~ '" '1 	 0 QI = .. 1lllfl1'lrulJtUfi '\JUfI 	 Hl1tJ1U1Cl ltluUU'U6'1'l:UUU1UfllJ1LCl'tJ Hl1tJ1U1Cl '\J'fl'lm:'Yl'l1'1 

, 1J1 1'" "" .,.t. "" 1 '" Cl'11i1'lW"l''\l Cl'llJ1'lClUU'I6f)fI 'I'l 6 UUU flUfi (Lmfl.:Jflflfl ~~lJCl'lJ 'l'illJ,2539) 

o " 
.. 
0 c:t '_I" c:l2.3.1 1t1JU1J11JAU1Li:rFJU1J1J1J8'U'nm;J'f,UJ'l (Stabilization Pond) 

'~lJ 'l:UUUl,jAJllfffl~fl1fffl1i 'l 'l lJ'II'1~1 lJfl1'l U1,j~Cl'1'l6lJ'Yll tillJ J llfftJ~ 'Illth 

9\lm;fI'hlWtmnh'lllJ'~ 3 atluuu flf) Uf)Uf)'UUf) 1'lUfi (Anaerobic Pond) Uf)UtJflflClL'Yl-ntJ 

, 1 Q 	 • , ,. Ai QI' " •(Facultative Pond) Uf)U6 'lUfi (Aerobic Pond) UCltll1f1lJU6l1Cl1tJU6vUH'Uf).:JfI'U Uf)"l'~'Yl1tJ'ilt'Yl1 

lI,y1~LrI'UU6UlJ (Maturation Pond) i.:J,r'U ll4f)tl;utll.:Jf.)W.flli'tJ1Yi'.:J nf)'U'ltU1tJ66f1~ 
a.:JU1A~f)lJ Uf)"l'A~ltJ'iI:'ti1l1U'1~l~lJU6UlJ (Maturation Pond) (m1Jfl1u.,lJlJClii'hl, 2555) ~'111 

Qt. QI A 
'lltJCl: 16tJfI '\l6.:J U9\Cl:U 6A'IlJ 

2.3.1.1 U6LL6lJU61'lUfi (Anaerobic Pond) U6m)'Uu61'lUflL~'U'ltuu~1oU 

fh~ACl'1'l6'U 'Yl1 tJ~11 fl11lJL'lflJ'If'U \l'11~fl'1l~6'1m 'l 'fl'flfl91l ''U U6d 'il ~\I fl6'flflU UU hfihj9\ 'l1;U 

Cl'1'l6'U'Yll tJ\l.:JlJ1f1 ''U Cl'll1i 1tJUCltfl1'l L;jlJ'fl'flfl91"lJ~ N1l1U'1'llCl'llJ1'l (J Nii9\UCltrl6'U 66f191"'U 1~ 
., 0 1 " .. ,'it "" : 1 I d ., r ......l"" ... "".- .1'2

'YllJ 'Yl1 II LfI~Cl'.flll1 d 'fl'flflCJfL'iI'UCltCl1fllJ l.fllfl 'UU'fl 'iI'I1lI1J1:flUlJ llCl'V'Yl1JCl'l'lf)lJ'Yl'ltJUCltlJ'l1J1W 

dAd I" 1'" r... ..l" 	 I I
'\Jf)'1U'\J.:J \l 'I llJ f)'! 'il1f1'\Jf)'1U'\J'I 't9\flCl'l\l fllJU'flUClt \If1tJ'fltJCl'Cl1tJUUUUf)'U Li6 'lUfi lJ IICl' tJCl'1lJ 'Yl N1'U 

fl1'lU1,jA~nflU6d't'ltU1tJ~'fl 'tlU'IU'flUtJflflClL'Yl-ntJ (Facultative Pond) 1l4f)U1,jA~'fl'tl 
2.3.1.2 U6LLtJflflCll'Yl-ntJ (Facultative Pond) U'flu-nflflm'YllitJ!~'Uu6~iJtJlJloU 

tilJ1J1f1~"l'A .flltJ1lJu'fl11afl'hlWtmnh.:J1'UuU.:JL~'U 2 th'U fl6 ff1'U1.J'U'\Jf)'1U'fll~lJUUUU'fl l'lUfi 

'~i'Uf)f)fl91L''U '1f1 fI 1'l 01tJL'Yl 'fl 1mfl~u1 nWfhJ1L!Cl t'il1f1 flun~lfl'lltl11L Cl' 'I '\J 6.:J Cl'1 '11 ; 1tJ 

UClt ff1'U aH'U 'fl.:JU'fl 6~1'U Cl'.flll1Uf)'UU'fl1'l Ufl U6LltJfl Cl''Yl-ntJd 1~tJtlflWiu~1'ti'uJ11fftJ'il1f1~~1'U 

fl1'lU1,jA~'U~lJ1J1n6'U mtU1'Ufl1'lU1,j~~,fi~~'U1lJU6LltJflfltU'YllitJ ~ tJwh fl1n'hfl11lJ 

.., 	 <Q A __,J 'Gt r t 1 Q A ~ ,d, " 
Cl't fl1~9\1''fl 'I (Self-Purification) Cl'1'l 'fl'U'Yl'l tJ'Yl6~ IlJ'U n:\If1tJ6tJCl'ClltJ ~tJ1CllJ 'Yl'l tJtllt1.fl'Yl'Yl 'II' 

"" A ='1 ~...".-" I ::'1 '" f)'flflCJfL'illJ (Aerobic Bacteria) '11 'flLlJ'U61l11l UClt rl1l1'lUml Cl''l H !CJfClClllllJUCltLlJ'UftCl H1'U 

1AtJ i oU'flf)fl91l 'illJ~'~'il1f1m'.ui.:Jlfl'lltl1UCl''1'\J6~Cl'1'11i 1tJ~6~ilJU6 th'UUlJ ff1l1 lUU'flff1'U aH 

http:il1f1m'.ui
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c:s 4 .d d' , "" 4 •• 0 "a1 ,
Condition) Ufl~1J~flU't1'HJtl~~U)'t1 1J 'lH)OflC}fL~U (Anaerobic Bactena) 't11'11U1't1tlOtlfl'fl1U 

... ... <I • I ='1 ~ '... ., , 1"" ~..l J
fI' n 0 '1..1 't1 ~ U U fl Z U u ~ fI' fl1'VH u '1..1 f11 C}ft '1$Ut fltJ1 m.I1J 0 U 0 '1..1 U 0 ~ 1.1 fl Ufl fl 1C}f't1 fl 0 U'\J '1..1 1J Vii Z\l fl 

OOfl~'flcHl fI UO Ofl ~t~U~Od,r1~1.IU'\Jo~um;1 , 'I11,j1flflfl gU1'I1~U.. 
2.3.1.3 UOUO hiifl (Aerobic Pond) UOUO hiifl1i1UUV~~U1.Iflfil1v 

UflZ fl'1'11'hvu'\J1U flOVO~ 1i1UUO~~fl111Jafl ,,j1J 1fl'll'fll'~0'fl'OfJf)~UIUfl~ ~~ 1tl,f1'J~U 0 

UflZ~fI'fl1'Vftiluuv1'iiiflflflVflfl111Jafl UOUO1'iiiflVlftVOVfl~l\lU 'ij1flf11~ d'~1m l:::MUfI'~'\JV~ 
, ... ..l...".., , A 1 ,'JI I .. 1'" 'JI

fl'l'11nV Ufl~ f111tfl1JVlf11f'1't1N1'11U1 Ufl:::tl~fI'l1J1~aCJJ11'l1V 'ifl tlfl'1U'I1U~ ~WVlf'ltlUfl'~Uflfltl1V 

2.3.1.4 UOU1J (Maturation Pond) UVU1J~fI'fl1'V'uiluuo hiiflflflOfl.J~UO 
~~~fl111Jaflhl1J 1flUfl:m fI' ~UflflffO~()~OUUO,,r~O~l1.1,11tffv~r-i1Uf11 ~ti1UflUtf1 Lvio-wOfl,11~~ 
, "... r ... .1::1 0 A,. .. "" ... <I..l.1 ~ ., r.r ,

lf1Jfl Wfll'VfU1f1'\J '1..1 VlntlUfI' ~ufIfi 't'llfl1VL'lI0 L~fl ..n 0 ~ flU't1 ~ tl't1u U1u OU1J 1fl'UU l't1~flOU~:::1JlV 

OVflU~~U1f1tf01J .. 
ft. • .., 0 ct 'Q ,.

2.3.2 1:;UUulU~UltinmUUU81P1l181ft1f1 (Aerated Lagoon 1118 AL) 

5.'1 0 QI r cS «=I 011 .GII.Q ..

1uU ~ :;1.11.11.1 11JflU 1 tfl'V't1 0 1f'1tlf11'i lfl1J V OflC}fl\l '1..1 \llmfl'iV~lfl1JVlf11f'1 (Aerator) 

~~fli~u1.I1.1~U flOVlf~ Otjfl~fln1.lUnu~'fl' t~Otvi1JOOfl~t\lU ''1..1,11''I1'~m1J 1Wt'"V~'VfV tht1l1.l 

... ... <I 0 111.1"1 " , ... ... ~ , .1' "I" Ir..., 'JI cj.l 

, fl U't1 ~ tlfl'l1J 1'i au1 L U L'11fJVVfI'fl1tlfl'U 0'1..1 't1 ~ tll '1..1'1..1 1tfl'V ~u~1'\JU fl11 f11~ U fl OV L If VOVfI'fl1Vfl11J 

11'i ~ 1J'lI1~ 'tll'fl''i:;'U 'UU1Ufl,111fflJU 'U1.IUV1~1J0 lf11f'1f1'l1J 1'iaulUfl,111fffJ'fl'mh~~tl 'i:; ff't1lIfll'Vf .. 
fl'11JUflflflm1J1Wfl111Jfffltl'ifl'\JV~'\.htffv'ultl'\J0~fhtjlo;l (Biochemical Oxygen Demand; 

, 'JI" 1::1 '" 0 ...... <1 "I" .d......BOD) tl~OfJfl:; 80-95 flVVlnVlft'lflf11~'t11~lU'\J0~~t'lU't1'ifJfl1lJ Lflfl'fll1:::'t11JVOflC}f1\lU (Aerobic) 

;e;::I""" • 1 r 0 Sl4"..:1 - 2: <V til1flV1Jtm V~tfl1JVlfl 1f'1C}f~UVfl \llfl\l:::'t11lfU1t'Vf1J00flC}ft\lU L'1..1'1..1 1"n1tJ~'t11 LIf If1flf11'ifl1UNfI'1J'\J0~ 

,11'uuol:1V 'tll',.rtnflf11'i dOfJfffl1tJfI'l'iVU't1l ttl:mh~,f1()~fllfJ'UUO ~:;'U'UU1oUfl,11tfffJLt1.l1.lUO 

t~1J0 1fl 1f'1 fI' 11J 1'i flU 1 oUfi ,1 1t fflJ 'fl'.J~,111ff V\llflUlf rl~ "1J'lIU~ ~fl111J fl'fltl'i flflOU "'1~1J1fl Ufl:::,11 

... 1 .1'" ,",....09.1 ., rcj
1fffJ\llflfJflfl'llfm ~ 1J fllJuflfl \l:;OOflU'U'U 11 'U01Jfl111Jflflu~:;1J1W 2·6 11Jm ~:;v:;nfl11fl'Uflfl'U 1 

(Detention Time) fl1tl''UUm~1JVlf11f'1tl'i:':1J1W 3-10 1'1..1 Ufl:::1fl~0~t~:IJ0lf11f'1\l:':~0~00flU'U'U'lf~ 
tl~:;ff't1ifll'Vf fl'11J1~ fI'tl1 ,..r1nflf11~ NfI'1Jnu'\JO~fl:':flOU1aU't1l V' OOfl9ft\lUfl:.: fl1lJ' '1..1,11 Ufl:.:J 11fflJ 

,1 "4 ..... ... 4Ir .. At.Q 

UOfl\llflU\l:;flO~:IJ'UOll:IJ (PolIshing Pond If'iO MaturatIon Pond) 'i1l'U11fftl\llfl1.lOtfl1JVlft1f'11'Vf0 

.1'" r .r , '4 'JI t,l" ., ,
flflfl:::flOUU fl:':u ~ 1.1 fffll'Vf '1..1 l't1~flOU~:;1Jlt.lOOfl\TfI'~U1f1n01J 't1~'U \l:::fl O~fl1'Ufl1JOfl~1f11'i If fl'\JO~ 

r "I I I cj ... "I " , • ... '.1 "', '''I "... .<IfU1fl1fJ LUlIO'U1JUfl:.:~:.:tl:;l1fl1'flllflfl L'I1ll11J1:::fI'1J 1JU1U1f1'U u t'VfO 1J L111flflut\!'I11f11~ 

t\l~t\!1~'Ulfl1vi1Jm1J1ru'\J0~ff111'hlJ (Algae) 'UUOU1J1J1mnu'tl ('Ul~ ~WNfl, 2539) 
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o Q.I : .c:I .ct _I Q J 
2.3.3 '::'lJ'lJ'U1'lJVlUmTr.JU'lJ'lJ'lJ~'U'::Vl1:I1 (Constructed Wetland) 

o Q,I r .cI 4 Q tid. '" ''j::UU1JlU~'U11fftlUUU1HtJ'j::~n:l! lJ 2 tJ'j::U1l1 ~!!fl UUU Free Water Surface 

.lid~ itld Q,l4 Q

Wetland (FWS) C)1~lJ~mHU:: fl~lfltl~flUU~1inlJ'lf11P1 U~::UUU Vegetated Submerged Bed System 

(VSB) ~~ 'O::ij,T'U ~'U tJ 'U 'm 1tiff UI i'UtJ ~flVl'lfJ111~::,T'U 11 'U 'j tH ~1v11 tH~ tH~'U i 1mV~ J 11fftl.. 
A r cI, " i 4 ... 1 tI." Ji Q,ICIt. CIt..cI tI, ," 4

llJV'U 11fftl 'I1~1"11Jl 'U U~'U'j ::~l1:I! ff1'U IPI'U ff1'j fl'U 'YI'j tlff1'U 'I1'U ~ '0:: I9lfllPl::flV'U 'OlJIPI1~~~'YIltlU~ 

U~::~fl~Vtlff~1t11~tI~ii'U'YI1 rJ ~h'U ff1'j v'U'YI1 rJ~~::~lt1J1'O::~flfh ~~1~tI~ii'U'YI1 rJ~lfll::~~V~tiu 
"" , "" Vl'lf111'11~ V'lf'Ul1'U u~::~ii'U'YI1 rJnu"1'U~vtlvdi'U111 'j::uuu '0:: '~i'U flVfl;l'O'U '01flfll'jU'YI'lflCHlJ 

"V~VlfllfHh'U~1J1'11~ v,T'U ,"'U~~lJ1 VVfl;l'O'UuH~h'U 'O::'~'01flfll';j ff~lm l::..1Uff~11~ijmlJ1W 
1,j1Jlm!fl ff1'11i'Uff1'j U"1'U~VtI'O::~flmv~u~::'OlJi1Vdi'U'lf1~~'U '1 "V~'j::uu fll'j~~mlJ1W 

1'U 11P1 'j 1'O'U '0::1~ 'U' tJ 1PI1lJ fl'j ::U1'U fl1'j, 'U IPIl~lfl i'U (Nitrification) U~::~' 'U IPIl~lfli'U 

(Denitrification) ~h'Ufln~~mlJ1W~vff~vi'ff~h'Ui'l1qj'O::1n\PI~,T'U~'Uff1'U~'U11v 11~::Vl'lfJ1'O:: 
" 'lf1t1~~iu~V ff~Vi'ff~l'U 'YIH'j 1fl11~::1111tJ,on'U fln ff~l~lC)1~ ~ 'U V tl'01flU 'j::uu;j~tJ'j::~1:Ii iJ~ 

ff1lJ1'j(lfh~~ 1~'I1::'I1l1'fl (Heavy Metal) '~'U1~~h'Ut)flIl1t1 (1fl1t1~fffl~ fJ~lJff'Uh'Ou, 2547) 

4.1 ... " ~I .J
2.3.3.1 'j::UUU~'U'j::~1:I!UUU Free Water Surface Wetland (FWS) 1'U'UllUU'YI 

UtllJ'on'Ufll'jtJi'utJl~fJwm~J1.yf~'I1 ii'~ '01fl~1'U fll'j 'l1l,j~ '01fl11 VtJi'U 1 fflltl'j (Stabilization Pond) 

~ ~ .: ~I , ... .Jd ~ ... '" ' ".1 A y ,U"cn ~fl1:lW::"V~'j ::UUUUU'U 'il::1'U'UUV~'U'YIlJfll'jU~V~~'U '11 U'U 'U'I1'j V ~~'U~1t1U~'U HOPE 

, ~" Q,I .a ,,,r d , Q,I .r tt::a I Q .0:::1 ".g I Q,I i".a
'H 1~'j::~U1~V 'I1'U11fftl 'I1~1PI1lJU'U1'UV'U"'U1'UflU~'U~'U UV~'U'il::l,lfl11lJ~flUlPlflIPl1~fl'U1'VW 'H 

1n~m::U1'Ufll'j~1,j~1PI1lJ1inlJ'lf1~V~HfflJ\I'jw1m~ff~1~"V~'j::UU!1'lj~1~'U 3 ff1'U (V1'il1~'U11V 
dOl • • ,1Q1 • 
1~tl1fl'U 'I1'j V'H ~lt1UV"'U flUfll'jVVfl11UU) flV 

l) ff1'UU'lfl 1~'Uff1'U~ijfll'jtJ~flVl'lf~ijii'tl1:lw::U~ 1~~..f'UJ111~::'j1fl 

1fll::~'UtJ~fl111'l1'U flflllHfl UtJe)lii 1~V'l11t1''UflnmV~11~::lPItllPl::flV'U''V~ff1'jU''1'U~VtI 
11~::ff1'j v'U'YI1 rJ~lPIfl\PI::flv'U'1I vh',rfh~~ff1'j U"1'U~Vtlll~:: ff1'j V'U 'Yl1 rflIlU1~ff1'U l~'Ufll'j ~~ 
ff1'j U"1'U~Vtlll~::fhii1v~ , IIff1'U'H~~ 

2) ff1'U~ffV~ 1~'Uff1'U~ijVl'lf'lfu~~VtlV~U'U~1J11'l1'U 'ilVflll'H'U oU1 

t .a d .cI 'i r,. d " A .cI. .c:l ':, 'd'j1lJ'YI~~'If"'U1~1~fl'YI1l"1'U~VtlV~ 'U'U11'1f'U ff1'H'j1t1 'ilVflll'H'U 1i1'U19l'U ~'U'YIff1'U'YIffV~'U'il:: lJlJ 

, " I""fll'jtJ~flVl'lfnijii'fl1:lw::U~ 1~~..f'U1111'HijV'U''U ff1'Umflll~::ff1'Unff1l,l 111i'U ff1'UU~~ijfll'j fflJ~ff 
o , "4 Q Q 1 ' .Ji ~I ~ Q r

Vlfllfl1m::uff ~11~~'YI1 'H lJfll'j1'ilHY1IP1U IPI"V~ff1'H 'j 1t1C)1~11J'U fll'j 1~ l,lVVflC)11'il'U~::~1t1'U1 (DO) 

vh',r~ii'U 'YIl rJ'lfU ~~,~VVfl;l'il'U~Vtlff~1t1ff1'jV'U 'YI1 rJ~~:: ~lt1Jl'III~ 'U fll'j ~~ fhii1V~, 'UJ11fftl 

11~::iJ~ln~ffm~''UIPI1%fli'U (Nitrification) 1I1t1 
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ffl':i WlJ1'U rlflV~J-3111 l;flfld Url::";li,rln~fff) l~;li 'U ~"H~hfl,t'U (Denitrification) ,df).,'j ~l1flflf)fl~l'il'U 
l(..Ii ·.1 i 1 i"rlZrllV'Ul (DO) rl~rl-3 Clf-3ffllJ1':itlrl~ffl':if)1111':i'ill~1flffl':ilJ':i::flf)1J 'U l'1':il'il'U ~ 

4.1 ... " 2.3.3.2 ':iz'U'U'U-3lJ':i::~'t:I1U'U'U Vegetated Submerged Bed System (VSB) 
4 .Q" ;: I d .d ~d"d .4

':i::'U'U'U.,'j,j':i::~'t:I1U'U'U'U 'il::1I'Ufl~fl11U'U'U Free Water Surface Wetland flfl liI'U':i::'U'U'VlUVfl'Ul 

... I/) " " ... """ ~I <II i 'i ,,'" """ , .,; · i ,,"" ,.Iffv &11 11\!m'Ufl1'U'illflUllMl1':iflff~1 Url::1Jfl.,'jfl'U 11 l1~rl'U'Vl'HJ~H ~ 'Vl'Vll 11Ifl~ l':ifl1l1 

• I.J: i 2 i .Ii" 4 • I """ -Ii • III :: ... ,IIIlJ'UI'Ufl'U fl1Jfl'U tl 'U 'UHlJ':i::l 'Vlfl' "n ::'U'U'U.,'jlJ ':i ::~'t:I! u 'U'U'U 'U m 'J 'U l'U~'U 11ffV'illfl'Umm fl:: 

(Septic Tank) Ullz,ji''U,jl.,'jfJwm~Jl~nlmz'U'U,jfl,ji''Ulffi1V':i (Stabilization Pond) 117fl,.fl'U 

.1"" .1 :: ..I ... d " <II " """ ...fll':i lJ':i'UlJl-3fJwm~'U 1'Vl.,'j ~nm::'U'UUflfl~n'~~'ilfflltHI (Activated Sludge) UrlZ':iZ'U'Ufll':i'UClf 

(RBC) 117fl '.f''Ufl1':i,ji''U,jl.,'jfJwm~Jl~ ':i::'U1Vflflfl'illflfllf11':iflflJl1ffV (CSO) I~'U~'U 
'" II 4" II

(,j'Uff'U iWGfJlll1f1''U, 2545) "hfity''Um':i'l.hu~\hlffV'Ufl.,'j':i::'U'U'U-3,jn;~'t:Iiu'U'Uil flf) 

rt"lf~,j~fl i'U ':it'U'U 'il::ijl1 Jl~ff,r'Uff~ 'U',r'n~m':iri lt11'VlfflClfflflfl~I'il'U 
.. cl .. i'" = d .., 0 "~QI , 9/fd oJ Q A , • 

'illflf)1mffl~fll~lI flflflClfnl'U 11 Ufl'U l1fflJ ua::V-3'Vl111 'U l'VlfflJ 'Uff~ 'U 11 fllClf'Vlm~'U'U 'U':i t'U'U l'lf'U 

fflClfijl'VllJ (Methane) 'illflfll':iVfllJffallJU'U'UUfl'UUflhVfl (Anaerobic) ffl111':itl':i::'UllJflflfl'illfl 

':i::'U'U i~fl;{':1lJ 'U flfl'illfldJ-3ffl111':itlfi1i~ ilJ 1~':i1'il'Uuat~flff~fli'ffill~lJm':i\ll i,j'.fi'Ufll'I 

l'il';tyl~'U l~'Ufl.,'jrt'lf 
QI .d "'~O4l. 
~1flal-3 (Media) 'il::lI11lJl'Vlfflfltyflfl 

:'1"; .... , " ... ";.1, 4
1) IlJ'U'Vltil11':i'U l1'I1fl'Ufl-3~'lf'VllJ~fl lJ'I~'U'UlJ~lm:: 


2) ,blJi ,rln~fl l'I m:: 'illlJ'Ufl-3J 1 Iff lJ~1,j'1 'J ~'U 'Uuaz ,s1lJ'I1'U'I111J1~.,'j 


:'1"; .... ' '' ...... "43) IlJ'U'Vltil11'I'U l1'rl'U'Vl'IlJlJ~lmZ 

4) dl11i''U'.fmfl-3ffl'IU'U1'UrlfllJ9iH'1 

ou: ... C$ u'll • 
2.3.4 1Z1J1J1Jl1J~'UllD'fJlI'U'U1I8n't1IlI\JI~«a~\J (Activated Sludge Process) 

1~lJn'l,jl,j~Jl1ffV;{1Unm'I'VlH;11'VllJl 1~u'.fU'Ufl-ni1U~1fl~ioNflflfl~1'il'U 
. .:'1 III <II i' "" "".,...; "" ... d <II" ~I(AerobIc Bactena) llJ'U~111an 'Ufll':iUflUfflllUffl':ifl'UVI':i U IlJ 1.I11fflJ ".i::'U'UUlflfl'Vlnl~~ffa~'illlJ'U 

" t ., " 'JI

'IZ'U'U'l,jl,j~\l11ffU-nillJlIi .fO'U f)fjHu~il1a lU ffl111'Itl'l,jl1j~ i ;{11~\l11ffU111'lflJUa::\l1'fflJ'illfl 
.,. I ... 1 ;:.c:t QI <jJ.A • d "d4 I 

l'I.,'j.,'j llJ~~ffl11 fln 11 U~m'I 1~ 'U ':i ::'U'UlJ':i Zm'VllJ 'ilZ lIfl1111~-3V1flClf'UClfOlJ I'U fl-3'illfl'ill1i1lJ 'il::~fl-3l1 

fl 1':i fl1'UfJ 11 ffm1:: II 1~~flllUaZ ~fl't:lWZ'VlHfl lvm~9i1.,'j'1 , 11'111111:: fflJUnm niHllJ ua::fl1'I 1~1I 
· ... ....... i" "".1...... i .... ~.Of "" d
III
'ill'U1lJ'Ufl.,'j,rl'U'Vl':i lJ ''nfl l1':i::'U'UlIlJ':i::ff'Vl1im~ lJ fl1'I'Ul'U~ \l.,'j'Q'~ ~ 'U lJ'il~'UlJ ':i::'U'UUflfl'Vlnl~~ 

(Completely Mix) 
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m~'IJ'l'UOlltli''lJtUflrJlHlJHU (Contact Stabilization Process) l~'!J'lJflafl-3'l'Ut1rJ'U (Oxidation 

"* OOolr.:t cI II E'." OQl~
Ditch) 'Hlfll~1J1J'lJ1'!Jfl'U11UrJl!'IJ'lJlflU'lJfl1l (Sequencing Batch Reactor) tlJ'Ufl'U l:'IJ'IJ'IJ1'IJfl'Ul 

tffrJU1.J1.Jl!flO~t'lt~flu'fifl~lflrJlf'l1tl ~~tll::Ofl1.J~'lrJ1;b'Uff1flqj 2 ff'l'U flfl t1-31~lJfl1Olff 

(Aeration Tank) L1a~t1-3flOfl~Ofl'U (Sedimentation Tank) 1flrJJ1tffrJ~::;t;}Off-31"'1t1-31~lJfl1Olff ~-3~ 
.., .. • oJ 11' , .., ... ... oJ.l II!!II 0 

UMHl fl~llJ 'U ~1'U 'l'U lJ 1 Ofl1lJ 'VI fl fl OU1.J1.J -J U m 'l::m rJ 'U t:HlfllJ fl10l ff~z lJUm'W'VI1fl flfl1'U 'lrJfl fl 

...... 1 ........ 14 doe' .1 .. C1~ ~c:tQ • o· 
mll~lqjlfl'IJ fl'Ufl-3,a'U'VIl rJU1.J1.JUfl l1.Jfl ,a'U'VIlrJ1'Ha1'U~~'VI1Oll rJUVUa1rJU1lfl'U'VIl fJ L'U'U1LUrJ 

, 'lffl~' 'Ultl'Ufl-3fl1{1.J fl'U 1 ~lflflO 1C}f~ua::J1''U~11" J11ffrJ~N1'UOlnhu"I1~'l~:: ''Ha~fl'tlJ-3t1-3 

flOfl~0 fl'U l~flUrJOu'fi" ~flflO~1oJl'U u'fi" ~~ llrJoi':IflY~~'U t1-3 flOfl:: 0 fl'U ff'l'U 'H d-3 ~::\lo \l1.J 0 'fi1.J 

1"'11tI, 'Ut1-31~lJ fl1 Olff'm,h~fli'O~ 1fl'lllJl,rlJ,r'U'Ufl-3U'fifl~' 'Ut1-31~ lJfl1Olf1''lfl~fl1lJ~fh'H'U" 

• l'J ~,z oJ I~ ~,1' 0 .., ~ ... ... d
U'l'U'IJ'U ~:a 'U'Ul'tH'VIU1lJnm Z'lJ1rJflflO\lU-311 'l"tlfllJ Y'I l::'IJ'IJ'IJ l1.JfI'U 11UrJU1.J1.JUflo'VI t'llfl" 

u'fi,,~ (Activated Sludge Process) u,j-3flflm~'U 4 U'IJ'IJ 1~Ufi 
... d ..,.. .. 

2.3.4.1 lZ'IJ 'IJ 11 flO'VIt'llflfl uafl ~u 'IJ'IJ 0'l'U UlJ\! 'HU (Completely Mixed 
.., ...,.., ... d .., .. ..l. tI ... .., "" 

Activated Sludge: CMAS) aO~W::"'lflqj'Ufl-3l:1.J'lJUflO'VInlf1f1UaVil'ilU'IJ'IJ'U flfl 'il::flfl-3lJCl-31fllJ 

.d .. i1 r QI tiel 'GJ" l'J A 4.... .:., ~ .. J 
fl1Olf1'V1UllJ1l Clfl'l'U L'M'U 1Ua:: uaA 'il'VI fl~ L'UCl-3I1-lUlJl 'U L'U fllflV'lfl'U ~ afl fI'VI 'l'VI-3Cl-3 l ::1.J1.J U'lJ1.J 'U 

.., ... ... ...,; ~.r. 1.P!" J ...d
trllJ1Hll'IJflll::'lJll'tlflU1lfl'U'VIlV'VI1'WlJ'U'UflrJl-3l'lAll'l (Shock Load) ¥'IA l'Ufl~'il10u11UV'il:: 

m:: 'il1V1tllf'la -3 "a::Ufll'W U'l" ~fllJ~H"l , 'U t1-3L~lJfl1f11f1~iiflTC1'J1LUlJfll11''If,il'U'VI1rJ'tfil" 
__ I 'd.... ..., ~r cal .., 

flH"l 'VIlJfl~lJafl~W::lflrJ'lfl'U91aflfl'VI-3Cl-3 (Uniform Population) 

2.3.4.2 l::1.J1.Jl!flfliinL~AfI''fifi ~U1.J1.Jtli'1.Jl fl'flrJl H1JHfI' (Contact Stabilization 

Activated Sludge; CSAS) 'fiO~W::"hflqJ'Ufl-3l::1.J1.JUflOiinl~flfI''fiVil~U1.J1.Jd flfl 'il::U,j-3t1-3L~lJ 
fl1mffflflm~'U 2 t1~flfl'l::'il1fln'U 1~l!ri t1-3HlJHfI' (Contact Tank) lm::t1~VflVfI'a1V (Stabilization 

Tank) 1flV91::0 fl'U ~ \l1.J lJ 1~ 10~'U t1-3flOfl:: flfl'U,T'U fl'fl ~ 'il:: \lOff-3lJ 11~1J fl1Olf11 'HU''U t1-3VflVfI'rnrJ 
~ ~ . 

'il10-J'U91~Ofl'U 'il::\lOff -3lJ1HlJHUn1.J1111fw' 'Ut1-3HlJHU (Contact Tank) 1 f1flvflvfI'a1VfI'l'fl'U'VI1 V'i 'U 

r ... 'II "':!I. .., ..l tI tI '" .. .F- ~ ... ..: 11 1 . f ... .,;
'U 11f1'V L'U Cl-3", lJ II-l fI''Ufl 'lllJ1'UlJ'U'U'U fl-3f1'aA 'il'il::afla-3911lJlJllJ1W'U 1Lfl'rJVJ II-lfl'lJl'U1lJ1 'H lJ 'U 11fl'rJ'VIClO.. 
,.iTUflU~'l~::1'H a 1 tlJ-3t1-3flflfl::Ofl'U'tT'U ~fI'fl-31~flUrJ091::Ofl'U nmb'U J1 1 U 1AvJ11fl'ff'l'U1.J'U 'il:: 

.J" Q.I..4 lt1 " QI - ,iV •\lm::1.J1Vflflfl'il1m::'IJ'IJ ua::91::flfl'U'VIo'Umfl''l'U'H'Un::\lO\l'IJfla1.J l'U1Cl-3VflVfI'a1V ua::flOfl''l'U 

.dt 0 ,tI,z ., tI I ... ... d I I ... ... '" .., .. ,:, 1t1
'H'U-3'il::'U1 'VI-3 'VI1 'H1.JfllfllJfl1Olf1lJ'U'U1Alaflfl'l1'IJfllfllJfl1Olf1'Ufl-3'::1.J'lJUflflflnL91flUafl'il'VI'l 

2.3.4.3 l::'IJ'lJflafl-3L1v'U'l'U (Oxidation Ditch; 00) 'fifl~w::thflqJ'Ufl-3'::'lJ1.J 
_ d QltI J. .,.t::l .dill d _. o,tlf 

Ufl O'VI1'lI91flUaA 'ill!'IJ'IJ 'U fl fl atlu'lJ1.J'U fl-3Cl-3LfllJfl1Olf1'il ::lJafl~W:: nJ'U 'lU'H' fl'l-3flalJ 'YI1 'H 'U 1 

, ... '" ... tI oJ, tI .. ...
'Ha'l'UnV'Ufl1lJU'U'lV1'l (Plug Flow) 'Ufl'lmlfllJfl1Olff "1'1::2 U1.J1.JOl':if1'l'U'VI 'tflfllfl-30alfllJ 

http:fiO~W::"hflqJ'Ufl-3l::1.J1.JUflOiinl~flfI''fiVil~U1.J1.Jd
http:U1.J1.Jtli'1.Jl
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U1.1ftl1i'itJ (Nitrosomonas Spp. Uf1: Nitrobactor Spp.) 'W11 1..r'.i:1.11.1ff111TH1'l.hu~ h.l1~'.i1;)'U'~ 
aQl~.cl At f!. 01 

2.3.4.4 '.i:l:1.11.11.J11.1PI'U11fftJU1.11.1U)ff'Ufl1'.i (Sequencmg Batch Reactor) f1fl\lW: 

• "" .. oj ...." .1... ~I .. oj " '" ,,_ 1 """ I
ff1ftqj'Ufl~'.i:1.11.1Uflfl~nl~~fff1P1;)U'U'U'U ftfl 11J'U'.i :'U'UUflfl'VInl~~;) ffCl 'fl;) lJ '.I:: lf1'V1'~1I1'U1-01tJflflfl 

., ., 
(Fill-and-Draw Activated Sludge) 1~tJij,j'U~ fl'U1'U fll'.i'lhU~\h1fftJU~ fl,h~;)1fl'.i :1.1'U~:flfl'Ud.:l 

A ... "" ... ~I '_1lI1.11.1fl'U '1 ftfl fll'.i1~1Ifl1fllfiY (Aeration) UCl:l:fll'.i~fl~:flfl'U (Sedimentation) ;)ZPl11'U'Ufll'.illJ'U lJ 

~111l:;'fl1.1fI1tJ''U t.i.:I1J~m tJ11fttl1n'U 1 PI tJfll'.i1fl'U'.i:: 1.1 'U '.I::1.11.1til'UPlJ11ft'till1.1 1.11fl ffihn{ I '.i fl 'U fll '.I ., 
o ... oQlQl.cl

'VIH1'U (Cycle) ;)::11 5 'I11~~111CllP1'U PI~'U 

• _~d ora" 
1) 'I11.:1'~1I'Ul1fftJ (Fill) 'Ul'Ul1fftJA'Ul'.i::'U'U 

2) ,r1.:1'W111J~mtJ1 (React) 1~'Ufll'.iClPlff1'.i~'W'Vild1'UJ11fftJ (BOD) 

3) 1.:1~fl~Zflfl'U (Settle) 'W111..r~:flfl'U,li'U'Yll V~flf1.:1O''Ut.i~1J~mtJ1 
t ~ ~ ~ c:i • 0 Q,I 

4) 'I11~'.i::1.J1tJ'Ul'V1.:1 (Draw) '.i::1.J1tJ'Ul'V1f11'Utll'.i1.1l1.1~ 

5) ,r1.:1~fl'.iZ'U'U (Idle) l'~fl9ifl1l11C)f1ll1lfl'.itlr1.1Jl1fftJhnj .. 
2.3.5 1::uuihut1,hlafJftQ8~'l'J.UlfJU (Oxidation Ditch) 

:'1 "" oj """ _ 1 ..!J..;, " ......llJ'U'.i::'U1.1Uflfl'VIn1~Plfff1P1;) (Activated Sludge) lJ'.i:lf1'V111'U.:I 'VI 'I1U'Uft'VI1'.iV 

"'1fl~'~flflfl;l;)'U (Aerobic Bacteria) 1~'U~111 afl1 'UfIl'.i VfltJffn lVff1'.i 6'U 'VI~V' 'UJ11ffV 

...... 1"" ,~ r.r 1 0 0
11Cl::1;) '.if.\j1~'U ~1"'1I;)1'U1'U flfl'U 'VI;)Z\jflUtJflfl flfl 'illfl'U 1'V1.:1 ~ tJ1'D fll Hlfl~:: fl fl'U flU 'VIH1'U 'U fl..:l 

... ...... .. oj "" "1 .:. '_1'" ..!!I...... " '.i::1.11.1ftf1tN1'\Jl1V'U ;)::11111fl'U fl1.1'.i ::'U1.1Uflfl'VI1'll~~ ffn~;) ~tJ'VI1 lJ t1 fl fl1"tJ~f1'U'VI'.i tJ1Ilfl1l1tJ 

.. 1 .... ... "..; 0 '" ,11 f .......: 1- 1 1 ~I jI..!J ..;, ~'" 
mntl'l1'UPI PltI,Cl'U'VI'.iV'VIfflt1f.\j i'lllfl U'Ufl'VI1'.itJ 1'11fl'.i1 11n:: lJ'.i ~C)f') llJ'Ui>l'\J CJ1..:1fffll1::'VI '11 t'\J 

.... .. 1 Q" fI !'I 1" 1 .. d rI f1" 4 d o'..J '1 r ...tll'.i l'il '.I qj'~'U ~'Ufl.:l ~ n'U 'VI '.I tJ;)::llJ'U ff fIl1::11f) '.I 'Ufl ~ tI, f1'U 'VI '.I tJ;):: ! 'l1ff1 '.I fl 'U'VI '.I V'VIfl~ 'U'U 11ffV 

l~'Ull11 rl.:lfl1111'.iUn::Via.:l.:l1'U 1vlflfll'.i 1;)1qj1~'U 1~un::1Yi1l~1'U1'U 'Uf).:I~ ~'U'VI~d1 '\J'.i ::'U1.1 ;)lmT'\J~~ 
llVfl,li'U 'VI~ Vf)f)fl;)lflJ11fftJ~H1'Util'U~U-K1 1Pltlntll'.i~fl~:flf)'U1'Uti.:j ~ flfl::flf)'\J (Sedimentation 

A 1t'\1111r, ..!J... r ... .Jff '" 

Tank) lVif) 11li'l'Ul ff (Supernatant) fl~ff1'\J1.1'\J'Uf).:IO..:lflflfl::flfl'U C)f.:l1lf:)tUfIlVi'U1P1'U'U un::ff1111'.i0 

'.i::'U 1tJf) flfl~R.:IU1fl rl'mJ'~ '.i::'U 'Ufln f).:I 1'\J11V'\J;)::;jafl\l W::UflflfiH \) 1fl'.i ::1.1'Ullflfl~1'll~ tlffatl ~ 
A ... ...... ... '" ~I ""... 0 1 " ... .. 1".: ..;ll'U'Ufl'U ftfl O..:lifUJf)ltllfiY;)::1If1fl\lW::llJ'U1.:1flf11111'.ifl1.:1'.i m 11'i::1J'Uftnfl.:l1'U1'lV'\J'il.:l 'I1Vi'U'VI 

, .. d .., fI ... 1 ... 1 ., Q .t!( 4. 1 " 
1I1flfl11'.i ::'U'Ullflflfl1'llfltl ffntl;) ll'U1.1 fl'\J tlVllJ U'U'U'U f).:I0..:I1fl1l fl1 tllfiYt11J1.11.:1flf11111 '.I fl1.:1'.i 'VIl 11 

Jl'11 f11'\J11t1'Utl111U'\J 1tJn (Plug Flow) 'Uf).:It.i.:l1~1Ifl1tllfiY Uf1::fll'.ifl')'U 'il::' ~lfl~fl..:lflf11~1Ifl1f1lfiY 
..!J ... r, .... ill 0'"C)f.:ltl'Ul '\JU'U1'Ufl'U (Horizontal Surface Aerator) 'il1flnfl\lW::fIl'.i b'I1ClU1.11.1fll11U'U1t1nm 11 

http:un::ff1111'.i0
http:1'11fl'.i1
http:I1U'Uft'VI1'.iV
http:oQlQl.cl
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41 ... .. , '1.1 .. d .. .... .. .. 
fffll1:; ~'IH1'11~lJOlfllflU~fl~1'1 11J 1Ilm:;'U'Ull0fl~n'~~Hlffa~ 1Ill'U'l.l fl1U fflJ'I,J'HU (Completely 

Mixed Activated Sludge) 1fltJfl lfl11lJl,j'lJ,j'U'U 0'1 OOflCi'1IUa:;altJJ1 1UO'll~lJOlfllfl,,::afla'l 
.,;. Q,I c:,df:'1 flid. d Q " .,Jr dt 

l'HW 4'j ~llJfl11lJtJl1'tlO'ltH 1IUm::1HlJfI1llJUijUtJ l'Wfl111'\1~UOUOflC)ffl (AnOXIC Zone) C)fn::lJ 
II I " , 

';i::tJ::nalhj,j1'1Uhhii'l.l 10 'Inri fln;;O'l'~lJtnfllfliifffll1::''If'Uihhl1flnfl1u~1vt'f'li'l.l 
"''1 .. ~ .:, .I 41 ...... .... • 41 " • ...(Nitrification) U1:l::fllumnUl'lf'l.l (Denitrification) '\I'I.l ~UtHlfltJ1flU 'YIl ~l1';i::'U'UffllJl';i(l'Ul'Ufl 

1u1~';il"U'~~U~1tJ 
" 2.3.6 1::'U'U'I,hUjl1hIUtlll'U'UlmU111U'H'lUt-'lIl1ff (Rotating Biological 

Contactor: RBC) 

, Q d 0 cv :' 4 4 A 1":' 4. 1 ' 
';i::'U'UUflU11 lU111JU'lf1fll'W,i1U ';i::'U'U'Ul'UflU 11fftJ'YI1'1 'lf11'Y1tll l1U l1fftJ 11 afllU 

i1flaHamnU:;'YI';i'lm::'UOfl~'11H~lJod1'1.l0'l'l.i1,jfl i1flaH'YI';i'lm:;'UOfl~"::111JUOVH-N1 4'j 

.. .I" r ........ ...... ..d .:I.... ,...... 1 " ....

1110111JU'\IU'WUUlUa:: fflJ flfftnfllfl 1au 'YI';i tJ'YI 01f1tJ~ flO~fl 'U~1fla1,a:; 'Iff) 6 flC)fl1IU1Ilfl61fllfl 

I Q A~ It .. ..::.,., III A 4, d 0 = .. AA 

tJ6tJffa ltJ ffT'6U'YI';i tJ lUU 11fftJ'YI fflJ flff~ fl~1fla1'1'\IU lJl ua:;l1l6111J 'I.l 1IlJa'l fl 1I::U lU l1fftJ'tlUlJ1 

,jl,jfll111,jffft'UOU1'tfU~~a6fl1nal fla1flfl1n;H1U'\I6'1';i:;'U'Ulufl1 :i,jluflJllfttJ61rltJ1au'YIlv 
1 " · d..... · l' .. ....... r ...U'U 'U 'lf61fllfl" lU 1UlJ lfl'YItJflIlfll::~ flI 'UUUflU1I1Ul11JU U fln tJ6tJt'fa ltJffl';i 6U 'YI';i tJ LU U l1t'ftJ 

" r........ .I... ... ... d .. r ..
~1flItJfl l'n11JU UflU 11 lUfllUUllt'ftJ C)m1l6Ufl'l.l" 1'1.l l11JU'\IUlJlfflJ flfffl'l.l61fl1flfl"::'W 1161na1lU llt'fll 

~UU61fl1fl~1tJ tillM'1au'YI1 rfl~i''U66flCil''U "lfl61fl1fl l.v;6 1.f\'I.l fl1';iV6tJffaltJ11;61tl~tJUltl 
....... , ::; 41 "~I ItII .. 1 1" r ........... ,::;.

ffl';i6U'YI.,m11alUU ~111lJU fl1C)ff!1.,'U6U fl66fl C)ffll Ul ua::lcra1:l1a'U'YI';itJ 916"lflUUUflU"lU,,:; 

111JUa'l1tltllJ~t'fo'UJllfftJ1uoulBmtJ16flflf'I tillM'66flCiL"Uihu~ l11 fl6 fl t'flJo'UJ lLfftJ ~'1l~U 
fll., 19i1l66flCil"U 1 M'omI,LfttJomhul1 ~'1 ffft'UOU1'tfUn9la 6fl1tllt! 'I.l1{) i'm Ufilrt6ii'lU1U 

.,. ...... I .I .,"" ..... o'. ,
1au'YI.,tltJfllfl1::UflU1I1U111JU11U1111fl'\lU "::'YIl 11lJ9I::fl6U 1 au'YI" fl'U l'1ff1U 11llflla 6fl1l lflUflU 

.... I '''' 41"lUIU..I...6-3" lflU H l~ 6 U'\I 6'1 fl1., 111JU cr'l,,::.,fl1J lf111lJ ... 11U1'\16'1 mrw!'!t"n a 11 11f16U'U" Hfl'l'YI flItJ 

... 1 ~ t J d'" -d)) ., ... IQ~ J 1 JI ..Q 1.,

691 UlJ~ 'YI'IU~::fl6U1aU'YI.,tJU'\I1U a6tJ'YI111a66fl1l1fl(l'llJ{)mtllU";;:: 11 aL'\Il~(l'l9lfl9l::fl6UL'W6 

... ..... r.t. 1" r .t 4 .1.. "".I 
UtJfl9l:: fl6U1 au'YI" tJ ua:;u1'Y1'1 'YIl l1Ul'Y1'1'Y166fl"lm::'U'UU1IfJtufll'W<fl'\lU 

, ... ~I • ... f ......1 ... 
.,:; 'U'UUflU 11 TW 111JU'lf1fi l'WllJU" :;'U'U'U l'U flU 11ff fl 6fl2lJU'U'U 11 U'I '\I6'1":;'U'I.l 

,j1,jfl,fU ~ ff 6 'I (Secondary Treatment) ~ '16'1 fi\h:; fl6 'U 11 rl'fl '\16 n:; 'U 'U 1,1.,:; fl6 'U ~1 tJ 

., r, " • "dct d d Q,I t Q

1) (l'l~fl9l::fl6'1.l'UU9IU (Primary Sedimentation Tank) 'YIl11Ul'Y1 ~Ufl1:iUtJfl'\l6'11L'\I'I'YIlJlfl'UU11fftJ 

Q,I .. IQ~ 0 ".d.~ t Q d ~ r A ., t d
2) (l'llJ{)fl';itll 'YIl11Ul'Y1 ~Ufl1.,tJ6tJffalt1fflHIU'YI'W lUU11t'ftJ ua:: 3) (l'l9lMI:;fl6U'\IU'YIff6'1 

(Secondary Sedimentation Tank) til11,rl~1Ufl1"Utlfl9l::fl6U1aU'YIlrJua::Jl~'1~H1Ufl1nhuflI 
Un'1 1,wlu"hU'\I6'1o'ltJBmtlltl":;fl6'UiIl'1tJ UHU'lu'Walt'f~fl'lU1U1I1fl~ti1tllfl polyethylene 

tI 

(PE) 11;6 high density polyethylene (HOPE) 1H~tJ'I'\IU1U~6Unu 1fltJ9ifli'l~lflo'Ul'Wal 
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0' ,.l!.. a o'el, ~ .... ~ a <'l .. , 3 ~I 
1I'IJ 1'IJ 6 'IJ" H 1"1!f'IJ tJ mn.:lmru C]I.:I, 'fI 'IJfl'W fl "If!'IJ fll'HJ111 " 'IJ IIff tJ \J t mufll t " ~11 'IJ U~'IJ \J 1'IJ 'IJ hJ 'IJ 

UYi'IJ~ft'1l111.:1'l 'H'lJltJ'.itlllW 1-4 ij'flftlll"'.i 'H16~iltJmt1111doflmh.:l-:hLi~J'IJ'.it1111 fixed film 

.J.:I~'1J~ uYi'IJ \Jl'IJ lf~'IJ.J.:Ilfll~11.:1~~i.:l' 'IJ ()UI6'IJfl1"Lffllll'H g fl '.it A'lJ'U6.:1l.... 'fIT\lt 6~l'l1;j6ti1J1 

d" • , ".I .d Q , " ~.I" A.d , t
L'fIfl'IJ6tJ fll If'ft'IJfl~1'U6.:1U~'IJ 'ill'IJ'il1l6~ 'IJ'IJllJ'.it1J1W'.i6tJ'fIt 35 - 40 'U6.:1.... 'lJflU~'lJfl.:llfll~ 

U'fIt' 'IJ fll'.i lf~'IJ 'UMm4'IJ \l1'IJ lf~'IJ;1.fll"" 61fltJ'1J~1l61" 6{.,jmtl~ tl'IJ l ft 'fI1U 'fItd"Mfl~'.i 611 

'~O'H~'lJuYilJ'ill'IJ'lJtl"ntJ'.itlllW 1-3 '.i611fi6lJl;; 

,dO.:l'illfl h .:I .... tJ1111'f1l~'lJffm'IJ~;11~iJ1tJ~~tu40 'illfl~fiH'll~O;lIfll'.i;mn A.:IJ'IJ 

'I " a,. , .I .d 0'.!i. 0' 
fln L'ti'ffl'.iltlll lJfll'.ifllfl1111fft61~ 'lIll'ti'O htl"l11ff01'IJfl ltl'.iO~lJO ~tJfl'.iWflHfll'.iU""fltJ 

.!i cII!lI":'.~.!i~ "' ....'''t''.'1 .".1 .... ....,. A ... A,~ ael,~
U'fItO'IJ'l MllJ'lJff.:l'illllllJ l'VtOlJ6.:1fl'IJ1l 'Hfl.:lfjlJ1tJ If'.iOfjlJ{JlI''.:Il'IJlfl~fll'.i''~L'ti'O "ffl1ltlllfl 'J 

'AUfl Isopropyl alcohol, Sodium Hypochlorite (chlorine), Iodine, Phenolics, Quaternary 

ammonium compounds, Glutaraldehyde, Formaldehyde ufi''lJth'IJ'Utl~ff11ltlij~1''tTllf;11flllCJil 
.Ii f.ll .dQ 'I"'" • a al'l~' 31 .1 ..... a

l'ti'O lJ'lJlfl.:l H .... tJl111'f1fl'IJtJll L'ti'fllJlllfl tlO tl'flOllJ l'Vtl1tllt11 L'J'illtJU6tJ lJ'.itfffl1i.fl1'Vt~ tl111tlll 

lt111J~ltJ tl.:li10~''lJJl 'A'lJl'IJ U'fIt101C]1lJ ~.:I 'lJi1\J1U'IJ~ijfllnhnlC]1101C]1'IJ1J1tJ'.it~fl,)1'" 'IJ 

o tV t .d ~ t 1 1 5'1 1 1 cI_ ., • 'cStV 1 

flll11111~'IJ llfftJ"1tJl'ti''lJfllJ L'Vtnt 0 CHlJLlJ'lJffl1 'lIll"JSO ltlfl~ U'fI::::ll61lJ 1\Jl'IJ UHfl11tl'fltJ'.ilJ 

ij,htfffli.fll'Vt'Vil'f11tJflglJ if '.iff 11'f1t' 1;ff~O~'lJJl (ijdllJ n'Vil'flltJ' 1;ff'~fl11tl'fl01lJ) 
~.:I~'fI'UO.:ltJ~rntJl'lJ~fllCH101CH'IJ'Vil'f11tJff116lJfl16\Jt'liLTillff flg'IJ U'fl::lff''lJJ1161CH'IJ~l'l1f10 
'illfltJ ~rntJl'ilt'ilH'HltJodl.:1n~l~1 ll'fl:: 1 lJi1'il'UlJtl'fl61'IJ~V.:l'~lJ~UtJll1~nlJ"l111 H'VttJllIl'f1 

It'ltJtf1'tJ l'l1~l'Vtntl1tllt;lfl lfl~ltJ fll'.i '''.:Il'IJ 'li~.:ItJlfl ~.:IntJ'fI::lOtJ~lYi1Jl~1l'UO.:ltl'fl61'IJ 'iltmil1 

''IJ'';1,r6(1~ 'tJ 

a ~I ael .... 'I"'" I , .!i a 
tl'flOl'IJ (Chlorine) llJlJffl'.iltlllfl'IJtJll L'ti'fllJOtJ1.:1U'Vtl'H 'fIltJ llJOnlfltl'flOllJffl11l1tl 

o .I 1'~ ·11 tal , -l , .., 3 afll'f11tJl'ti'0 ltl "1l1flfl1110tJ'fIt 99 '.i11Jfl.:l O. tl 'fI (E.coli) U'fItl"lfO 11ff 'lJOfl\JlfllJtl'fltJ'.ilJ 

ffl11l1tl~hL4011tli'IJJl1Ai'IJ,t11ttJtl1'f11'H~.:I~'Vilfllll~lltl'fl01lJ'fI,'j ltJu~1 J.:I 'lf~'fI ilJlttJttJl1 

OflA1tJ 1~tJtl'fl01lJ~l~llM1 tJ'ilt'flt'flltJJ16~'lJltJ'U6.:1tl'fl01lJ6fflt (Residual Chlorine) 

'Villf.Jl~~hL4011tl~61'iltJ'lJl~0'IJ1l1ilJ.fl1tJlfft.:l 
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...... 	 ..a 
2.5.1 f.)'i.lUT1JUA'UO.:JtlOtl1U 

tla tl1'U ffllll'itWhH tl~1 'U fftll't'f'lltl~llta1L1a:UOff 11'1tJil'11~:: ...;'11~mtJlltl~ 
.., 1 ... J&... A , " !'II .. , , I ........a , • .1" 
flU al1::UnU't'Jfl'l1'U"Illtllltl1l11'l1'Utl~"1V fUW'i'UIlJ'Uffl'in llfltlfll'J 'J ::11J"ua:"" Tl"1tJ"'Ultl~ 

tlatl1'U ~f20mIlijua:: tl1llJi'U11 fl ~ ~ ::ijfftll't'flrJ'U u Offffl~ tJ1" tl~fl fl 'U flg 'U ~ 'U a 111::11 'U tl ~1 'U 
• 	 III • 

Olfllfl'~:: IrJ 'U 6'U"'J ltJ~tlff~~;}1"nfl'l1il" olCJftlatl1'U ~::11'Uflfl1 Hllfllfl' 2.5 rrh ~::U'U llitl In"fll'i• 
.. ... , ... A ...... 4 A ~ ..... ~ ~..a ~,,, 
11tlatl'i'U ~::m4tl~ llU111W't'f'U H1"'U111 tlU'U't'f'U 'Ul ua ::U111Wn"l'1 fllCJftla tl1'U ~::a:: altJ'U 1 " 

lfttJ~l~mrtltJ tlatl1'Ull1a1~ffOl'ti''U l1Uflfl11'Jl11'i::lJ1W 1.5 nil ~fl1llJi'U11fl~ ~::ij'''l~tl'' 
34 tl~fl'lICJfalCjftJff LdtlflaltJffm't'flrJ'Uunff~::'IItJltJi10~11'::lJ1W 460 nil i~J'Ualln"fll1t1f11' 
u~, 'II 1lil"Inflfll,t11'U fftll't'flrJ'U 'IItl~ll1a1tlatl1 'U llta1u,,::olCJftl1'1tl1 'U~"tf~~:: 'linflfl~tl'U 
1al1::1i11lJflll,s'U llt~fl ntl~u,,~ llt~flUffiln ,,::rr1 u9i1al1::t;l~flrl"':l'il::\lflnflflitl'Umh~l'UuH 
aUYlJNffn1Jflatl1'U~ijtl1llJ4'U t;l~J'U f211mw~1-N~1'U'~tJ1nUtl1'1 ti~ 'Ullta1 tl1111" 1 tfffun 

,rltlliifl 1 -N~luu~1 ,vttltJtl~nUtl1l114'Ul,rl'11';1'"lnfl6U"11V1~ 
... .. " !'II'" "..a A" • 1I

tlatl1Untl~ Utll'l1U::Ul1'llJUtlatl1UUl1~ (lJtl1UJ'I1UUtltJfl1l 150 ff1U 'U 

~l'Ufhu) V::ijn'tll't'flrJU'IItl~ll1a1tl~tlltJ1~tl1llJt;lU~~ fl1llJt;ludl11~tJuu11M"llJf2Wl1llij 
",.r .... '''d 	 "'''!'II ~1"Vtl1llJ"'U ~::\T ~'II'U" llJ fJW111111 I 't'f1l:: ff1'Unlil'U'II tl ~111a1V::'IItJltJ"1111 "tJ'Uff tll't'fllJ 'U Ufl ff 

Pl.u,sU~fJW11IJij 35 tl~ffllCJfal;tJff tl1llJt;lU'IItl~OlCJftlatl;'U1'Utll'l1'U ::ll1~flV::l'rhnu 1 0 n;''IItl~ 
tl1llJPl'UOlfllfl' alfJfl.Il1llij~'UO~ 65 tl~ffl1CJfm;tJff tl1llJt;l'UUOfftlltJ1'Uv::l'rhnu 20 l-nl'lltl~tl11lJ 

'" .It !'II "" 	 '" ,.. d ... 1 .. ,
flflflU'IItl~Olfllfl' CJf~V::llJ'UtlUmltJfltltll'l1U::Ul1' fl~UU V~tl11lflUfll'l1U::U11'tlatl'U 'Un'ill 

ua::~tllfllff(htJln1~ff::"1fl (mlJ1'1 ~~1'UfJ"ffll1m1lJ, 2549) 
.... ... 

5.5.2 	 "UA"O~'U.01U 

.... .. .... 1"'" 1 • A 1 1 t d.1 ........f1atl1U tltl ff11n'UtJll 'I1fl'UlJlfl Ufll1nlaltlL'I1tl 'JfI 'UUl CJf~lJ1::ffn1im't'f 

, • A 1 , " , '~ '" ..a!'ll'" , • !'II .. '" ... JJ'''' 4'Ufll1nlaltlL'I1tl 1tl flt!~ua::11tll ll\l~::U't'f~'Ufl ffllJ'Uff'll11 lJllJUYlHlfltJV tJfll.UU"V::llfla'U 



d 4 A 4 d A JJ " .. I 1 ~ Q.I d d 

'nLlH16~Olll\l6'lll\l~~'YIHlfill flO NaOCl f1'llllt\lll\l'lWl:1J1W 16% f1tJ'Ul'H'Un llfl'llllt'nfltJl 

UOtJn11UfI t'lttitJll 'u1 t.lfI t'l0 h,f t11 hflaO ll'nfl1'r4 '~Othn 'l~H~ J 1~f1'll '~1l'n'U~!ifl 
Ut'l:'JW'HlJiihi\l~n'.h 30 O~"Wlft'lltitJ'n l140":t'lOO~nmllaOllfJtlUn'r4Ut'l:01~1 'Uml t~llhi 

... "'.. '" 1 ... -. 1-1 -... A '1 ~ ~If1'llLn'U 60-90 'l'U 'nl11~ll'nllt'ltt'lltJ 'IUfltJll lU lJflt'lO ll~ lllOO~ 'U'nfln: pH ~1 ~:l:tl16llJ'U 

'HllOnfit'lol'U'nlllllm:::tUfi,~ 

3) ~'Ufit'lO'~A {Chlorinated Lime or Chloride of Lime or Bleaching 

""...... .. "" 2.5.3.1 f1'l11Jl\l1J'U'U\l0~f1t'10l'U0'nl:: (Free chlorIne residual) f1'l11U\lll\l'U 

Ut'ltmlllW\l0~f1t'101 'U~l~1J""~1'UJl',jl,s~~~t;'flty~'tJ'f11'Um~~1&~011 fI 'HlnUpjl~'UmlllW 
Q C\ ... 4 '1 r ~ ~ l' Q,f' QI Q.I ,. t aQ,f Q,f Q JJ 

f1"Ol'UO'nl:::'YImt'lOO~ 'U'Ul 9fnfll"l1t'1nln'lf'l~l::6::nt'll'nlJN'n0'U11'U~u~mll~lJflt'lOl'U'U06 

"" -. _I -.' .. 1-~'" .......r ...K 1 1 1;' -. jI1/I , t ''''' Ln'U LlJ ~::: LlJ'YIl l1tnflflt'lOl'U0'nlt\l'UUt'ltOln::'YIlt'116l'lf0 ~f1 'U'Ull~l LlJ'YI~l1lJfI U~mll~lJ 

f1t'1 01'U 1 'Um 1J1w~lJlmii'U' t.I ~:ti1,,rJlfjn~'U~'U\l0~f1t'101'Uut'l~l;'1,r''n''1~\1 o~J1!iytJ't.I .. . ~ 

~'l6 'ti~J~'~'Unna'Utt.lilo~f1aol'U 1f1tJ1,sm~ 'UOn~lnij f1t'101'UJ~ljq'YI1ififlnio'U O1uh1,r 

A AI _I" , ... -.2 .... t 1 .... ... ... " ... 'I.F- .d 
lmO~llOllt'lt'JlJmW~HIl'J 1'ntJ1116 L" f1~'U'U 'Umll~llflaO''U~~~tNl~lJ L'UlJ'lJ1W'YIViOmlJlt 

... ,.1. 1 -L~ t, 1". .. Q .e: o.d!' .. A Q,f

flO 'nllJllflClJll'lfO lfl L"'HlJfI ''llJ'YI~nO 'HlnflflaO~'UO'nl::'YIU'U:::'Ul f10~:::'H'lH 0.2-0.5 llaamll 

Administrator
Rectangle

Administrator
Oval
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tQ .ddd .d '. caI.JO Q,

~O!;lm (0.2-0.5 't'fruou tu !1!;llt'1'UNt'I' 30 tHYI) fl!;l11fl0fl1[ll1f1"1'U1fl'YI'Vl1nll'1;tUt'I'll'!;l::!;ll[l 

flfl01'UhJuif130 'U1;; ifl~t'I'lU1l'01Amu1tuflfl01'Uflt'l'l'::1~l':m1H 0.2-0.5 iiflafli'u~Oa;tl' 

2.5.3.4 fl11U~'U'UO~J1 (Turbidity) O~fI1flfl11U~'U1'UJ101tOd~I'Ulfln::fhu~ 
, " A i 0 , " ... l' " ~.I"'''' ,A i 1P "':: P JJ , JJ ......lU'II'O l'fl 'YIl l1flflOl''U Ut'I'lUll'fll'Ull1Jt'I'UNt'I'UfI::,m'll'O l'fl ~ ~"I'U'U t.n~O~fln l1flflOl''UU 

.1 ......, ,A i 1P"'''' JJ 0' JJ ~ ... , <!I JJ'" 'JJ ,
1Jl'~t'I''YI1ifl1'''' 'UflUt.l11'll'O l'fl tlfHI~;tO~'YI1 11'U1Ufl11U t'I'\l~ flO ~O~Ufl11U~'U'UO[lfl11 

10 NTU (Nephelometric Turbidity Units) i~[lnll'l;iUt'I'll'~U l~O'MO~fI1fl'UO~fl11U~'Ui'Ui1 
... , ... 

l'1Ufl'U;tfl~~flO'UUfl~N1'UO~fll'O~ 

It'.... • Ai'"2.5.3.5 t'l'fI1fifl11UlrI'Um~-~WUO~'Ul (pH) UNfI;tElnll't.ll''II'O l'fl'UO~flflOl''U 

A...... !'II 1 i ... &"'0 1 ,A il'UOnlflflflOl''UtO::U;tfl;t111J'U 8 1JflflOn-1' (Hypochlorus : HOCI ) Cb'~U01'UltO 'Unlnm'll'O l'fl 

~",,"A 1'... rI d JJ 'O,JJ.....r d . J ... 
lA~LUO'U1Ut'I'nlfil 'Um~lflfl'UOtJ 111fl pH \l~fl11 7.5 to::'YIl l1lfl~ OCI U1fl'U'U Cb'~ OCI 'UU 

.1 ......, ,A i:JI' 0 , "" .r .1. ....r ,
1Jl'~t'I''YI1ifl1fi 'Unll't.lll'11'O l'fl~Otlfl11 HOCI to::'YIl 11~O~t'I''U'1JflO~flflOl''UU1fl'U'U llfl::111flfl1 
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d 'J/ 'J/ .,. '" • A l' 0 '"VlTH-1112.2 A11tJl'UtJ'U'U'IlmACltl'i'Ufl1Jfll'i~11'lftl 'ifl~H '1 (ff1'Uf1.:J1'Uffl1i1'itlU1'1l 2549) 

. 

,;1tl1,A iI1'U1::tm.lAOtl1unAl11J11J1J1JU 

oQ lOt lU t 4Q 

(1JtlOn11JVltltlft1) 

Il01 
.,. 

(1.1111) 
.,..,. 

U1JA'VU'iU 100 10 

,4~rltllhfl 125 3-10 

14tl'i1 100 60 

14tl'1lffimimff1JU 500 10 

,4tl HIV 50 10 

11 " .,..,.ff tl'i'Utl--1U1JAVlI'i(J f11C11U',j,Pl' 

'J/ .,.'Utl~'Utl--1fl1'i1"'"'IfflCltl'i'U 

2.5.4.1 	 lfl'UfI'1'iIAn~111'~~lU 
2.5.4.2 	 'iltl1,,jUVU 

2.5.4.3 	 CI:anuJ1'AA~~Wl1fJihJflfi 
2.5.4.4 	 ,,jf111,rJ1IffV'iff'lf1fi 

, t ~I '" t '" ".¥ ,
2.5.4.5 tJI1J'Utl'U~'ilV~tltl'UU"::fI'~1'''V--1tlV1--1C'UUH 

2.5.4.6 	 ,hl~tlhfll'Un"1,,j'U1'Uln'U '11u"znqVlilihI4ahfl,'UJ1~tl '111AOfl 

2.5.4.7 	 fl'ltJ1'ia~n~fftlm.h::nVlifl1'n1~ 

,rtl~tlV'Utl--1fll'i1.rACltll'U f1111iimUlf)'1Jfl~tJ'Il tl--1fl'i~ fl'UVl1d (Organic acid) 

fltl m~81ijfl (Humic acid) ,nf!1m811C1n1'Yl'U (Trihalomethanes : THMs) ~--11fl'UfI'l'intltJzl~--1 

If1--1J'U 1'U Ll~'U tl--1N"m ::'Vl1J~tla --1111~~tltJu ftZ ~'Il fl1't't "hUfl--11'U itt)'m.ra~ 111fl~tltJ fl'11 lJ tlltJl f1l 

;j.U;''t1'Uflfl11tJl,rtJ,r'U\l~~~'Utl~1m811C1nl'Vl'U (THMs) B'~ 0.08 ij"nfli'tJ~tln~'i (ppm.) ,'UJ1 

A 	 ..l" .... 1 .,," ,
f!tJ 'UtllZ'Vltl~Af1l'itl'U1tJ(J ftfl (World Health Organizasion : WHO) f1l11'Uf!tl11tJI'UtJ'U'U'Utl--1 ~'i 

811"nn'l'U (THMs) ~1,j'n'U 0.1 ijftnflltJ~tln~'i U~~lflfll'ifff1lnn.nV1J1l1v1J'Utl~tl--1ti'fll'itl'U1,jV 

1ftfl (WHO) LflV1fl1Jfl11tJlfI'V~~lfltl'Um1(J'Iltl~f1l'i 'Ifflfttl'itJ 'Ufll'j~11'lftl 'ifl UtJ1 fll'i..l '" ..l '" '" .,. 1 · All r 

ntl1,rlnflff1'i '~'i 811ftnl'VlU (THMs) IIft::V'U~'i1V~ln~~lflhfl'iZ1J1J'Vl1-:11~'Um111'i~nJ11~tJ atl 

..l.,. I I '" 1 " .,. ,.r 1 1 r .., 1'"
'VltJNft~tl~'Ilfll't't 't't1J11 tlU~'i1V~1flf1l' 'IfAfttl'i'Ul$l11'lftl 'A 'U'U1U"Zfll'j Lflflff1'i ~'81 fttJl'VlU 

~ r d" ....,. '" .... 1 ......l.,. r ~I A 
11JtJfI'1tJlftfl'UtlV ItJm'VlV1Jfl1Jf1l'iLfl~ 'iA'Utl~'Z1J1J'VlHI~'Um111'VltJ'U111J\.n"tl 
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Cl d .a,A ,rr, " tt:S ,.e.
fIl'H~lJflClmlH'VHI<iJWH)Llfl 'U'U1'U'U ~~~V~'i~ClfU'i;11Hl111lJVL~lJ'i;11'iCl~Cl1fJ 

... i.I" ..." I ~ 1 , ~ i" ... ",,,... ...... I
flClV'i'U lJllCl1 flClV'i'U~~~V~'i;11lJ1nl<iJ11'tm 'ifl 'U'U1 "'HlJ" 'IlW~1"fJ1fl'U~V~lJflClV'i'UV'i;1'i~V~ 

, r" & .... F- d "d' I Q QJ 'Q " d~dQ 	 Q

'U'U1"1fJ C]f~lJ'ilJlW'IlV~flClV'i'UV'i;1'i~ ~~~V~lJV~'i~'H11~ 0.2-0.5lJClClmlJllVCl~'i 11¢1 'UmW'YIlJ 

fIl'i'i~1.J1"'IlV~ LlfI'I~tJtJ'YIH1~'UV1'H1'i~iiJ11~'U~V 1'11'U Llfl~~~1'id1~m;'~1'UllH Llflij" '1Cl'1 

" ~.~ ...... ~I ... ... .... I... .oI}II '" .1 A: ..I ~v~ l'VllJ lJ'ilJ1WflClV'i'U V'i;1'i~llJ'U11'i~lJ1W 1.0 lJClClmlJ~VCl~'i 1'Vl VIJV~ fl'U fIl'ilJ'U1'I.JV'U'YIV1~ ~~ 
... .N i~ ........ ::, ... ....01 I ~ 1 , ~" ... ...

1fl"'Il'U ~ l'UmfJ'HCl~ "~'U'U 'UfIl'i1~lJflClV'i'U1'VlVfIl'i<iJ11'tfV 'ifl 'U'U1~t1~1~lJ'i;11'iCl~Cl1fJflClm'U 

, l1'iim lJ1W fI Cl Vl 'U \T ~ fl'h ~1'U1'U~ ~~,l1'ln~l~ 'U fI ClVl 'U V'i;1'i~ 1'i;1lJ V ri 1'H rtJ fIl 'i 1~l fJlJ 'i;11'i Cl~ Cl1 fJ 

... .oj I ~ 1 , .......... ,,,... "" 'I"" 0
flClV'i'U1'VlV<iJ11'1fV 	 'ifl 'Ufl'I11'iV'U lJfl 'lfflClV'i'U~N fl11lJ1'1llJ'Il'U 60% fIl'J 1'If~1'U~V~'U1lJ1Cl~Cl1fJ 

~ "0 I ";~I ~ 'I ~ ... I ... "''I t" I '" I ~ 1 ,'U111Cl1'U1'i;11'U'YI1IJ'U'U11'i;1f-1'i;1lJ'U1~llJV~'i1'i;11'UllCl~11lQ11'i~'i;1~fll'UfIl'i 'l1 1'1f'U 'If<iJ11'1fV 'ifl 'U 

~.01 ~''''''''....,'' .1 '" ..;, .........'U1~lJ-'U1 'tf 'lfClHf-Ifl'i;1~ f-ICl lJ V1'H1'i'YI~m m'lf'U~~lJmw llCl~V1f11'i{1'm'U'YI1l1~"l L1Cl~Vfl1ti 

..I! ..I ~I ..I ..., ~ 1 ~ .! 1 d.. ... 1 1 1 1I
'H'U~'YI1IJ'U'YI'UfJlJ 'Ufll'i<iJ11'1fV 'ifl~lfl'U1'Y1~ H'VlfJ1tJ1ClflflV flU1~lJ V C]f'U 1'Vl'i1~ V C]f'U 

1r1'Ui1VVfl;11~'UCJ1 (oxidant) ~~lJ1flL1~fli1~lfJllCl~1~1 ;~fi1'l1"~'VltJ1 t11C]f'U''U11'Hrl~i'tJJ1vr~ 
... :y..t "'1 '" (1mfJ~nfl~ ~"lJ'i;1'U 'i~'U, 2548) 

LV lC]f'U 1~'Uti1C]ftinlJ'lf19i~11'i1ff~lflffLLCl~ ii'Vl1i~~l'U l'U fIl'i'Vil11en'l fJlVVn;l~,t'U\T~ 
1" ... ~ 1 ... 11 ....... ..to ~ ......

1 ~fJ lJ1'HClV'i;1U'Vl'l!lllnrlH ~"l'UVfl~lflVVnC]f1~'U V C]f'UfJ~lJCJ'YIti'YI1Cl1V1'1fVlltJfI'YI1'ifJ 'i1 

'llCl~'1i''i;1 '~~q'~ L1Cl~'i1~1~1~q'~ 1~fJ1~1n"h flClVl'UU~q'~ n~ 5,000 l'V], 

2.6.1 	 fJwQ'~llii"e~lelCifu 
.. a ... ~ .....; d i" I... ..I! a....:... 1"";

1V1C]f'U(03) flV fl1C]f'i;1'U11~'U'YIlJV~1'H'U "VfJH'If~l~'U C]f~fIlC]f'lf'U"'UlJll'U1 'UlJ'YI 

.... ~I a ... , '" .01 1 1 'JIi ... 1 1"0 I~~'i;1Cl1fJ~11V~flCl1V1IJ'UfIlC]fVVflC]f1~'U (02) ~~lfJ1lJV ~'Ufl11lJ'iV'U 'YIl 'Vi lJ'i;11lJ1nlf-lCl~ tI C]f'U 

1"... I d , 1"'1 ~ ....:: d... 0 ~I"; "0 ... 1 1 
'HlJfl11lJ'H'U111'U'U\1~"ll1Cl~lfltJ OJ 1~1'U1'U"l ~~'U'U ~~lJfl11lJ~111J'U'YI~~~V~'YI1fll'if-lCl;1 tI C]f'U 

I"; 1 " t a Q ~ d a ~, I , 4 Q

W l1'HCl~'YI~~ 'If~1'U'U'U1ClfJ fIlC]f'lf'U~'U1il'UfIlC]f'YI lJflVfJ1'i;1fW'i (unstable gas) W ~W'H1JlJllCl~fl11lJ 

i'U~1~1'UfIlnh,j~J11fffJ flV 1~'Ui1VVfl;'~1C]fV!~l1HlJ1fl inT'U lt11C]f'U~~19ilJVVfl;'~CJ1 
",l m9ilJ V Vfl;l~'U 1 l1'otJ 'i;11'i 11'i ::flV tJ'YIH 1f1 ii'lf-u ~~H "l ~v~' 'U J 11 fffJ ~~11emV1flUfll 'i 

....:.. ....N 1 " ..I ~I 	 ....... ... .: dOL "... 0' 1"
VVflC]f1~'If'U ~~lfl"'Il'UmfJ ~'i;1m1~'YI1IJ'U'IlV~1'HCl1 fJW'i;1lJtJ~'Vl1ff1:l'U1V~ ~~'YI1 'H'UfJlJ'U1 11 'If 

th,j~J11fffJ 1~fJ'i;11'i11'i~flVtJ'YI H1f1ii~,~y;~~V~fIl'i ~~~fU9ilJVVfl;l~'U ! m:: 'i;11lJ1'i Of;'\l~VVfl , 11 

'1I~'U1nvtJ'HlJ~ 
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OZONE inter The Expert Ozone) 

2.6.2 	 linl1,n~fh.101.'U 

nm"ntl01CJfltllCJf\J ~1ifl",ntl'lI 3 n ti~ntJlI:a6tJ~~tl'tJ~ 
2.6.2.1 , \J l' nnn9lti'1C)11 tl 1 C)1\Jlntl \llflfl': U fI' i 't4 ~ 111' ~ \T -3' \J tllfllf1' 

~1tl-Nl~1 vhmm HlItUfl' -3\llfltl'l-3tl1Vi9ld ~iH'-3ihra9lnbm9l,tJ~tJ\J lf1HfI'~l-3'Utl-3tltlfl~nl\J\llfl 

O2 ,,r'~\J 0 3 mt1J'l\Jm"ntlltl lCJf\Jti-3l1t1tl-3flTV~~ 2.1 

2.6.2.2 m,'~i'-3a~a9l~lhlma9l ~ltl1iatltl UV 1'i~\ltfr~HfI'l11mj'lJ,r\J 
1# 1 1 ,. '" I, I J! 1 t( '" I A 1'Utl-3 m'lt tl C)1\J 	 lJ\T-3\Jfl \l::tlg \J'If'l-31tltJat 0.01 - 0.10 tltJ\J"H\Jfl ('lf1-3f1a\J 185 \Jl \JllJ9l') 

2.6.2.3 fl"'~fI'\JllJU~L'I1gfl''t4-Nlf1'lllJ~\T-3 (High Frequency Corona 

Discharge) \ltfl'llJ1Hll11f1'lllJL,rlJ,r\J'UM01CJ11 tl lC)1\J ';f\T-30-3~tltJlI:: 6 ltlUJ1'1111fl' \J ~htJ 

Ua::tlllJlm fl'llJ"t:l~n9l h~'O-3 3,000 ,jtl\J~fitl1\J (tJ'::lJ1W 56 nhni'lJfitl,j''lllJ-3) (1J11:i'l1 

ltJ'l,"frqf\Ju\JlIltl'\J~ fl\JL9ltl{L\J,j'\JU\JlI ~lti~ ; OZONE inter The Expert Ozone) 

2.6.3 	 m11ht'ln~~;'J1tl,..,n1101.'U 
0' ".1 1 "," , 0 t( A , ".11 tl 1C)1\JQfl\JllJl 'lflJ,t U'If\JtltlHfl'lH'U'lH \JfllHl1\J1~lJ 1ilJnfl'\llfl 

...... " .111 QI "1-'1.11 "2 I0 	 ... 
~ a \J 'VI' tJ (Disinfection) \J tl fl \l1 fl \J tl CJ1 \J tI-3 fI' llJ l' t:l \J llJ 1 &'IJ lJ 'j :: tI 'If \J ,11 \J 9l H '1 fI tl 

("1llJl 'If'lltl'lf, 2541) 

... , ~ .ell .. 	 QI. !1ot 
2.6.3.1 m'tltlflC)1 tlCJ1fr1'tl\J'VI'tJ (Oxidation of Organic) tl-3flll1'llJ1Un'l 

ltllCJ1\JI~\Jfrl'~'~IfI'ntl' fl'llJ1't:lU9lfli'l'~ '~mfl91fTlIfiH'l ;-31ifl'lUJ1tl-3''l'\J m'l11tJijmtil 

'" ...... '" ... ," '" ... "1 1 1 " ... , ," I",fl1JfI'ntl\J'VIHJ9lH'l m'tltlflCJ1 ~CJ1frntl\J'l1'tI ~tJ tl C)1\Jtl1\lfrll'lJ'W1i,tl lJ 'U\Jtlgfl1J 

1f1HfI'~HfI'l, Iflij'Utl-3f1'l' fl\J 'VIl dJ\J'l i'ltltil-31,r\J 1 tl lC)1\J frllJ1' t:lm)fl~'~~YJ\Jtla (Phenol) 

, 1' " 1 ~I .. , "" , III" t(.Ii ...... " ...... I
~ltltlHfI'lI'lJ'W ~tlfI'Ul't\Jtlll\l::QfltltlflC)1 ~'ltfl1'1Jtl\J ~tltlfl LC)1tlmU:\J 1 tl\J-3frUtl\J 'l1' tI'VIlJ 

llJ III f]1I htf.\i UlIt1i 1 f1HfI'~1-3f1'a1Jqf1J~tl\J '1ifl'llJ1't:lQfltltlfl~'tlCJ11~mjHfI'lJ'lJ'W ltlfJ 1 tl 1 'It\J 

,,r\J fl'l,,\J'Vi'Yl1n\J (Naphthalene) \l::Qfltltlfl~'~~ltltlltl lCJ1\J'~ Cyclic peroxide, Oxalic acid, 
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Oxomalonic acid, Formic acid, Orthoiphadiadahyde acid, Phthalaldehydic acid, Hydrogen 

peroxide, Phathatic acid UlI:; 1,4-Naphaquinone ~:JrJlIliuflllVVfl;'fI~ffllihnilV'';H'1~ 
lhdh,imV'lflllfhifi 50 uJvft~U~ lf1(J'l.fIvl'1fU flllV1U ulI:;nJvfUlHflltUfI Ufffl:J';:JflllH .... 
'" 2.3 

Al1H~ 2.3 	 nlll'luflllvvfl~'fI~ffll6U"'1V'';H'1~lh::ff'''imV'lflllnl~fI 50 nJvft~ufI 
lf1(Ji.fIvl'1fU flllvlU ulI::n.lvfmJ:JflltUfI (Lin UlI:; Yeh,1993) 

Compound 

Acetophenone 

Chorine 

26d 

Permanganate 

43 d 

Ozone 

25 min 

I 

Benzaldehyde >3.2d 36 min 28 min 

1 ,2Bis(2chloroethoxy)ethane 8.2d >5.8 d 22 min 

Bis(2--chloroethyl)ether >20d 67 d 50 min 

Borneol >20d 15 d 21 min 

Camphor 

p-Dichlorobenzene 

p-Nitrophenol 

1.4 d 

>3.2d 

2.1 h 

7d 

>5.8d 

1.ld 

53 min 

>12 min 

2.0 min 

I 

i 

Methyl-m-toluate >20d 22d 5.5 min 

p-Tolunitrile >20d 28d 6.4 min I 
Diacetone-L-sorbose 100d >14 d 2.8 min 

Diaetone-L-xy1ose >15 d >14 d 2.3 min 

Toluene N/A N/A 2.8 min 

Ethylbenzene N/A N/A 2.8 min 
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\11fUIUH 2.3 UtY~~tI'j::iTVlimVffll'H)f)n'i,~c;tYUflUVl~vhw If) lc!ru 

nn VtHnVUflU 1'1 flf)~UufI::atlfl~UlHmLU~ I ~VUtY~~LtlUL1f11~'.nU m 'j flfln'i i ~tJ1tY1'j flUVl~V 
d tI" '" .. ..It "'. d,21 ... , .. A ''''1' "i t . A '" ..Vl 50 l mL'1fU~ '1f~\1:mU11L1f11Vl 'If LUfIlH)fln'1f ~'1flllfl 'If LO l'1fUtYUn11l11fl 'lfflflf)'jU 

Ufl:Ltlfl~ummlU~t:ltj,~llln 

2.6.3.2 fIl'jflfln'ii~tJ1tY1'j f)ijUVl~V (Oxidation of Inorganics)Ifll'1futY1111'j\l 

• tI .... ~ .... '" .. , ~ 'I' tid "" ~I ....U11J1 l::tJnVl L'lf tUmlm\1~LYlflnUfl:Ull~mUtY UU1 tVitIL fltJU11LflU'1f\11ntYfl~L1JUtY111tY1l11U• 

O°2 H2


Fe l
+ 
 (1) 

0 3 0] 

M 2+ Mn4+ 


Fe 

.. (2)-----------... Mn02 

I fll '1fU tY11111\l f)On'i' ~'1f1 '1fm1U~LtlU1'1ftllLUVI \11n,ru1'1ftlllUVI \1: ~ntlfln'iifl'1f1;tu IVl1L\1U 

Ufl:fl1~UflU iflf)f)n i'1f~A "~tYllml (3) UfI: (4) 

CNo"+02 (3) 

2C02 + N2+ 02 (4) 

2.6.3.3 fIl'jfl1UfJlltl1l1'S,tJ (Agle Control) 1Jty'tt1tYl'.d1tJ~nVfulum'jl.rJ1 

UUU 'ttlJU LitJ U1U ~VI fl'1 'tt m 111 l';U J 1'tt ci fllgU fill 1clflflfllU "rft:l'l11f11VtY1Whv'ttl ovu5~ 
JI JI • 

nl'jl\1;tyl;jU lVlfl'l'tt'S,tJ vm11 lclhi1AHfI ,;~ilLilfl~\11nfl'l'tt'hviimlt1fmi1flu~UlflVflUflflfl~U 

nl'j1ellfll'1fU\1: ''''HfI~n':h J~dl~O~\11nlfll'1fULtlutY1lf)f)n;LflU~~luuHn11flflo~U 
• Q! .c:l Q a cld , '" "" .. , " 2.6.3.4 mlm\1f1tY (Colour Removal) tYl';iflUVllVYlnfl l1Ln~tY tY11J1'j\l 'If 

...,......... ,..r..lt • , ".. ~.. ~ 1 'I' 1 1 ·1 1 fl '1fuoon'1f fI'1ffl'l10UVllt1L'ttfllU '1fn:Vll 'tttY'\IO~U1LtYVflfI~lfl~ flV LllLflnfl 0 '1fU\1:Vll• 
tI~o; VllflVVlHflUtYUflUVl~ v~no"fLoflff tI':ffVlifll't'ffll' fh~~ 01\1,Till\T~~U lflvfIl'j 

tI'j:~nVl1~i111flU18Ifl1L\1u,tlo~flfln i'1f~ 

Langlais et ai., (t 991) 1 An ci 11 i1 'I n 11 ffn 11 1'\1 O,:j Figstad 

UfI: Odegaard lui! 1985 't'fU11f11111tY11J1'j\l lumnhuflfflfltJml!~ll1fll'1fU ,t1u'tlmiHii 

tI'j:ffVlimVf u~,rtf)l:v::nfl1mnh,jflm1u1u~u mltl1,jflff~l'ttihHt1u i tliAtnn ,,~utY~H'U . 
"" tll't'fVl2.2 
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(Air or Oxigen) 

(Ozone Generator) 

(Ozone) 

~ 
:: ~ to..,r ... ti'~tJ~mtn ---+. 'Ulti;YtlHl'Uf11'.i1Jl1Jflt.l1lfftl 

(Reactor) (Oxidized Waste Stream) 

" 
2.6.4 UaMtlltT"j:nntl.",,,~1"1Clfy1'&111 

161CJf'Ulr1'UfilCJf~11hffiltl'.i 161'lf'U~:mntl&r1'U66f1Citll'U lfltlu91m;1''If''.iAfla 

9il~'l 1~llri Hydroxyl radical (OH), HOJ• H04 ua: Super oxide (02) U'.iflAfla9iH '1 ~!n"~'U\l:ij 
fl111d6.:1111J1fl''Uf11ni1'l.J5m61ti1Jffl'.i9il~ '1 (Strong Oxidant) (~llJTi ~1I"'lf. 2541) 

2.6.5 nl11flu1s1ClfY (Ozonation) 

'.i::m..l~'fHa911f)1'lf'U ijfl 11lJtYUlty fi6 'f~lflf)lf11fl"t';f)'f~lnf)f)f1Ci!\l'U 

1Jl~'t1~1"tI'fa~fflJ Nff~ij2t1't1'.i .:I~fl f)'U .,rl.:J'Q'.:Jua:u"ij,,;rfl 'U f)fl~lfldfl1'~ ijf111 ~ltl..r1~ ~.:Ifl1'.i 
• 1 1 2'" 'II -~ .r... r a""1 2 ..l.... '1 J! 1 1 'II r..; ...'rt'U 6 'If'U\llflfl'Utl.:l ll1af)tI'II'UH1'Ul l'rtf) Ll1 tlf11'.if11'U't1flua:f11'.i tf.lflult1 f) CJf'U L'U'Ul't1lJ 

...... 2 .... .!I'" d 1 " 1 "1 1 'II r 1" -t I! alltIl:ff't1Tifl1'rt tl1f)f)flU1J1J111lJflf1\l: flfll'.i tlmm.l f) 'If'U~H L'U'Ul fllJlf1I:1.:1':if)tla: 90 !lJf) 6 'If'U 

Qfltlri6t16f)fl\llmr~fflJNff\l:~6nhufllatlri6'U 1'rt'.i1:161'If'Ull:ijHtt 'hh:fl1tl&fi6um:,r1'U v.'l:J 

(lf116.:1flf1~ ~fllJa'U h~u, 2547) ltl'.i1tJa:1Vtlfl'Uf).:Jf11n:1Jmh-ufll{,f.lfl'.i:1J,'Ufl111AlJ 161'lf'U 

Uff".:I1n'UfI1'rt~ 2.2 

http:1'rt'.i1
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d, I. SI. 4..., v ~ .

h.:lfUJlUltUiJ1JUl1fl.:l'i1lJ"tHL'JftlhfHllflFJll':w fllJl'iUfll'nflllll'W1Ulfl1J1U"tI~lfl 
... • '11 d4 tlA: 11 .1.1 0"' ... .., 0'"
fl~fl'i'ilJ~H'1 L1J Hl'W1Ulfl ~.:IlJfll'i 1JLUf)1J9>l1Vl'll'f) Hl 111fl'i:UUU1U~U'ifllnfllllU1U~ 

, '4 d 41 ... , .1. 1 •..!. JI 1 1: 4
lJ~ fl~:lJ f)flU1 &fl~fll'iUlnfl'i::~lltl"tHL'II'f) 'iflf)f)fl\1tHU1~rlf)lJfl1V'Uf)fl HfW1U1fl1J1UW 

A~ ... ~ d" 4 4 ....dO'l" .. 1 ~ 4.de. 
~lfl1HfttllUlfllJfl.:llJ'imWfl11lJl"lJ"1J Ufl:~fl1Jfl'itlflfll Ll1!fl~ 'ifl 1Jltt1tlfl&fl~~lflmfll'i• 
i 'J/ - QI 'J/_'I i 1 'J/' •'''' i 'J/ 1: ..1 1QIl1U'ifll'i'ifllllFJlJ1t1't]fll1fl.:lfl1t1 1J HfW1U1fl ~f).:IHl1Jm::U11Jfl1'ilJ1U~Ufl:: 'JI'1Jltll\llt'Jl'f) 'ifl 

nf)1J f)f)fl~~/,vi f)'i: UltlJlt111i l'iw:1Jf)fl1HfttllU1fl ~.:IJ1J ~llJtI'i::fllfl'fll::fl'i 1.:11fl[l1fflt1~ f 
..!. 'J/ .. • 1: .I tIUfl:: t1.:1 U1~fl f) 1J '1 f).:I flll11J ~lJ l~'i! 11J fl1UfJlJ fll'Il::U ltl1J lfl-Hllfl f) lfl1'i UH 'i:: 'flfl 

Ufl::UH"1Jl~ (10 lJfl'ilfllJ 2537) tI'i::fllffi1Jl1'J1'Onl'ltLUfllll '~1J 111 ~f)1J-ntffll 9 .:I fl.:l1'1J~ 
4 QlJflTn1Ji' 2537 Ufl::~llJtI'i::fllffflW::fl'i'ilJflll~.:IU1~~f)lJUti.:l'Jl'1~ \lUU~ 8 (ft.ff. 2537) 

f)f)Ofl11lJi1Jft'i::11'11'Uty~tf.:ltt1;lJUfl:;OlllfJWfl1ft~.:IU1~af)1Juti.:l'll'1~ ft.ff. 2535 ,1f).:Ifill11J~ 

lJl~'i!11JfJWfl1ftJl.yf.:l'1Jll11~.:IJ1Ph~1J tI'i:fllff'1J'il'll'O~~l'lt'UflllllftlJ 111 ~f)1J~ 16.:1 1'1J~ 
Qlo' d'J/4 1:.1, ,

24 QlJfl1ft1J1i 2537 ~.:I~f).:I1J1Jlm!11Jfl1UfJ1Jflln:Ultl1J lfl.:l ~lflf)lfl1'i~l.:l'1 UU.:I~llJ"1Jl~ 

";0 r.t 1
Ufl:: tI l:lfIfl"f).:I1'i .:Il''W1Ulflflflll1lJ ~lJl~l!11JOn:UltllJ lfl.:l~lflf)lfl1'i"f).:I HVW1U1flfl H 

... QI ... 0'. ,tI.1 .... ..!. 'J/
'il'Jl'fll'i l1'if)t1f111JfttllUlfl~l1J0tll1mlJ ~Hftll1lJ'~f)l~f) 1J (fl'i1Jt1.:11t1'ilJfJWfl1ftt1.:1U1~flf)1J, 

2547) 

"" !:II 4"; d " 'J/ , 1 +QI

2.7.2 "1f)" (pH) '1J1J~'II'1JflUt1~HHfl11lJ'''1J''1J''f).:If)'It\lfl .. ~'it\l1J [H] 

.II .'l' .. !:II' r 1 .:, ,_1..1. ......... i 1:. , • 4"', 'J/I 

t]f.:lt1::l'lf)lJfI.:It1mftfl111Jt1J1Jfl'i~-~H"f).:I1J1 ~tlfl1 1Jt1.:11J'JI'1~ 1J1Jlff1lJ l1ty~::~lH'JI'1~ ~ 

f)dH'~1Jtlfl~Lrlf)flTrhf)'II'iifh i W111.:1 6-8 

1: ,~' d r ~ dctfll'i'i:l11lJlJlf)f)O 9>lUfl "f).:IU".:Ifl::flllJ1Jlfl.:ll1lJ~ (Total Dissolved Solids: TDS) ~:lJ"1Jl~Lflfl 

~hlJ"lJl~mf).:IlJl~'i! llJ fl1lJ 1W 'l(~lflflln::t11tlJl~fllf).:INllJfl'i:~ nJfl'if)~f)f)fl' tI "f).:IU~.:I 
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w ~ •
• .., Ill'" .,. AI":! .... , .....

2.7.4 'U1'lJ'UU1:I:: 1'U'lJ'U (fat oil and grease, FOG) 11111tJCl'l 1Jl111W141111,JUi'I:: 'Ull14'VI 

"., t ... ,J/.. '" ,t,J/..... " 1.114L1J014 14141LfftJ 'VI1 1100flCJ1HItJ'1l1flOlO1ff llff11111f1f1lm'VI11'l\!141 t'I 11l1flO1nLfl11::11 

t1"i 11 1 W FOG , U J 1 fl 0 fl11 ff ti t'I J ujU U11 :: , 'UliU A 1 tl i "l'Vi111 :: i'I 1 tl V 14 'VI ~ V , IJ1 14 

Trichlorotrifluoroethane l'h'A1~W011fftit'llt'1tJ1i Partition gravimetric method ~~'Vi1011fftit'l 
19i1tl011Lcfm1mwfl Ul1::1iffti9ilA1mfl10~fftit'lCJ1omfmfl (Soxlet extraction apparatus) J1li14 

Ul1:: ''Uliu ~::11:: i'l1tlO~'U i1'Vi111::111tJ 111't1,::l11tJi1'Vi1i'1:: i'l1tluA'1tl'lJ' lfmr~ i'~Jl11ll'mh14 ~ 
l11aOll1hM1141Wmll1W FOG ii11\bmrJu iji'lafl;ll~Oafil ~0't1 

«I:' • d,t . 
2.7.5 'UfHU'U~'f1~l'I'lJR (total solid: TS) flO mlJlw'U0~u'tl~ 14U1 ff11111f1fllU1W~lfl 

O1ll::l11tJJ100fl h~uti 'U0~U~~i'I::111tJJ1.J~1111t'l (Total Dissolved Solids: TDS) ~::ii'U141t'1Lgfl 
Yi1U'U1419i1mO~1J1f11!lU fhu1W'A~lflO111::nwJ1~mo~Yi114m::9il1'I:ImO~00fl't1 

II & d..d 1 

2.7.6 'UMU'U~U'Ul'U1:If)tJ (Suspended Solids: SS) 11111t1tl~ 'U0~U'U~'VI0~tJum::9il1'1:I 

... 2 • .. t d • 
m 0~1l1f11J1U1111H1fl011 m O~ Ur:t1U1111 OtJL'Vi 01::l11 tJ14 10 Ofl 'tI O~U'U~l::L11tJ~lt1 (Volatile 

.. f d .J d 64 , = ..,.n .Q fI 
Solids: VS) 11111t1f1.:s ff1U'U0~U'U~'VILtJUff110U'VI1t1Ufll1::111tJU1 ff11J11f1fllU1W tI LfltlO11U1 

w 

2.7.7 tA'lJ1w'UM''Ulft1te'Un~l'ItJR (Total KjeJdabl Nitrogen: TKN) 11111tJa~ 

mll1wnll.J~1111t'l'U0~ 'U 1f11L~UVU'VI~VUl1:mOll l11LUtl-'U 19l'H~u~0~'u ltl1~14'U0~Vl'1f 
Ul1::fffl{111 0~Liit'l~lflm::tJ114 011 'UO~~~ii;1f1 LIJ1U lii9il~lflfl11 'litJci1tJ'UtHLffti llJ1U Lu11ffff11:: 

.. !'I AI":! , 1 t ..: " t.. 1.1 d .. d ... ,t,CJ1~L1J141J1111tu'U0~ U fl1L~U'VI~1111t'l'VI0~ UU1lfftJ 'VI~ Ul 'U0~U'U~Uo::ff1111::1l1t1 ctf~ LtJUfl1tJ~ 
t .. .. .. J/ t.. , t":;il'" ol. , "IV 

tJOflfffl1'Vi'U0~U1LfftlOflfl111U~ fIlU111fl1 TKN 11lfl un::llfffl1'ViI1JUt'l1~ Ui'l::llfli'l14fl014'U1~ 

d d _ r!... 1 .... ,J! ... ~.. , , 
l1111U (L1111Ul1J1tJ1l11110U9illlUtlll lliUtJ) CJ1~1 ::tJtJ 1 0101ff111 01::tJtJ01ctf'l11fl1'Vi llff11111f1~:: 

o ... ,2" ol. , J/.. J/ J/ , J/ '" , J/'" ~ '" tO1~9iI TKN tI (tJH'VI L'Vill 110fl9il1tJ) 011f;,oOt'l TKN 910~ 'l10lO1ft'111tl 'l1'Vi'l1U1 L'Vin::'Vi'J141 

,."Ulflll~U'U01ll~lf1JL~tJ1f1 

2.7.8 .1:I'yJ~ (Sulfide) ii'l ""M'uJ1LffmhulJlfl~::lJ 1~lfltl6mtlilifli'U'Utl~ 
ii'ln4f11t'1tJ~i'I;'Vi'14J1lfftJ '14 fffl1'Vi~J1lfftJiifhvho'1flrJ14mt'l n1CJ1' e119il1l~uii'l 'l4~ (Hydrogen 

.. r Q .,,, iQ ..! d • fIf ~, t .. 4 td ~ I rtI 
Sulfide) ~::11U OtlfllJl~1 flU 1 LfftJ'VI 1 11 lflt'l fli'lU l111114 1tJfl114 L't1110U01CJ1 L'ULU 1~ ~11 fJflO1ctfU1101ctf 

, ~L\h mll1W111 Ofl1111,,j'1JI1"U~ltt9ilLUJ1~flUL11ff11111\l~::'Afl~14ti1CJ1'819il1L~Uii'l 'l4~'::l11t1 
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f)f)01J1 f)Y';i::'1,dH 0.025-0.25 ilJ1mOllJ,)f)n;!';i l'W~mlJ1Wfl11lH,rlJ,r'U1Jf).:jnlC)fi81~';il~'U 

i'Cl ivM ''U1J';i';im01ff~~llJl0~.:j 0.3 "h'Ui'U~l"h'U nffl1J1';inl1Jfi~"h~'Uo~'U1Jf).:jnlC)fn i'Ul1H 

011 nf)ff~1.:j i 81~11~'Ui'Cl i oW,;'61u::nf) '1flOfl'i1W'Hl i~lrt f).:j ~10' ~lwH~'Ui'Cl 'oW,;'61u::nov ~ 

f)f)0; '~C)f"'~ 'Ul1H;1111fll'th~'Umfli'Clvhl 0 ,~crIf)VOlV'Aff 0l1::~1'H1J1::fflJvh'1flOflO1';i 
~ 

ti~O~f)'U,)f)flf)'Uol;!~f)~i'UJl,~ 

2.7.9 lfla~t)iIJU1Jfli1i1f1-k~'IUJ~ (Total coliform bacteria) flf) mlJ1WU1JflnL;V 

mllJ 1flnoWf)!lJJ.:j'H lJfl 01';i ;!';i1~U1JflnA v'lfiifln, 'UU'H rl.:jJ 1 ~::Uff~.:j~ ~fl11lJl~V.:j,)f)01';itl'Uln flU• 

.l1 ";0,"""1'" ,t: i'"
01Jf).:jl'Iff) ';i fll1111 'H LOfl ';i fl 'Ul::1J1J111.:jlfl'U6111 1';i ;!llJlJl;!lJl'UfJWOl'VtU11'Cl.:j'U 1 0111'U~ 11 1111 'Cl.:j 

Jl~L'HlJl::1'U01';i Na;!tl,::tll U'Cl::01';iLrl'UnKl111.:jJ 1 itifl11ihl1JflnL; tJo~lJ1 flnoWf)! lJJ.:j11 lJ~LO'U 
0115,000 'Hthv (LglJY4,g'U')f) 100 ij'Clnnm) i'U1JW::~U11ri.:jJl~m1J1::un011LOlI;!1'tifl11ij 

m1J1WU1JflnL;rJO~lJlflnoWf)!lJJ.:j'HlJ~10'U011 20,000 .."hrJ 

2.7.10 fM'alfla~t)iIJU'lJfli11;fI (fecal coliform bacteria) flf) mlJ1WU1JflnllrJ 

O~lJ~flf)'CllflnoWf)!lJ 011;!11~""1JU1JflnL;rJ'lfiifln1'Ulmrl.:jJl ~::1~tJ01';iV'Uti'U1YilJ~'U~nOfholl 
II II III A:.l'

;!11~1~illlJ1Wl11JflViL;rJo~lJ1 flnoWf)!lJ";.:j'HlJfl -him rl.:j \htf'U ij1 f)01 ""tl'U Ltlf)'U1Jf).:jl'Iff) 1';ifl Vi 'ril 

,..rl0fl 11fl 1'Ul::1J1J111.:jl;''U61'Hl1 ;!llJlJl;!';iJl'Ulmrl.:jJl nl'H'Ufl '..rtmri.:jJl~mlJ1:: i'U011Nn;! 

1.h ::tl1LL'Cl:: 0 l':i u; 'Un K111 HJl' ti fl11 ijtlllJ 1 WU1Jfl Vi 11 rJ 0 ~ lJ VJ flf) 'Cll fl n oW f)! lJ LO'U 0 11 

1,000 .."hv (lglJY4Lg'U')f) 100 ij'Clnn~l) 1JW::~lmrl.:jJ1~1'HlJ1::01';ilm:j~l'tifl11ijm1J1W 

U1JflViL;rJo~lJ~flf)'CllflnoWf)!lJ 10'U011 4,000 11thtl 

.. , .. J ~.. ,A,~.t 1 d 
C)f~ 'U011ff01l1'U L 'U011ff01l101nm'lff) 'U'U1Wl'llf).:j H .... rJ11J1'ClfflJ'fl~ .... ,:: 

~.... ,1 'Hfl'lfq~lJ tl1Lflf)I~ 'lfq~lJ ~~111~q1J'Cll1'1f1i1i1 i,nr'U ~::L1rtJ l'holl11fl';i l::,.rl~rJ1U .... 1:: 

.. ",11' 1 4 CI.. .:I 1'"fII r, QI ..'n1nlJl;!f)1 t>lUO fl'CloWf)';ilJU'lJfll1L1t1l1.:j'HlJ~ (Total Colifonn Bacteria: TCB ) nfl'Cl fl'CloWf)llJ 

U1JflnL;tI (Fecal Colifonn Bacteria: FCB) Y41f)'If (pH ) i;h'U'n1niju'IfJ!~'U'l ~::1,;',rf)\!'Cll'J~rJtJij 

'Uf)~h~.... tl11J1'ClfflJl~~""'::~""11'1fl~'lfQ~lJ thlflf)l~'lff!~lJ ~.:j111~Q1J'Cl11'1fTi1i1 tl'::0f)1J01'ff01l1 

.. .. 
011;! 11~ fff)1JfJW fl1 .... 1l1111.:jU 1Jfl Vi ,1 tI 1 'U.:j 1'U iY.:j 11 1 fl f{ f)lJVilfO~ 'U lfl rJti'Ufl f) 

011;!11~fff)1JfJWfl1 .... J1111~1l1JflViL;rJ1'U""111ijl;!f)11flnoWf)!lJU1JflYi~rJJ~11lJ~ (Total Colifonn 

Bacteria: TCB ) ll'Cl::~ti'CllflnoWf)!lJll1Jfli1L;rJ (Fecal Colifonn Bacteria: FCB) ~.:j lflnoWf)!lJ 

http:0.025-0.25
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QQ' J. r: i"01 tl J: c\ tl <!I A 1
U1.1fI'YU'HJff1lJ1'HllH'lf11'U1 Wl1.1m~ Ul1.1tJ'\.H)1nff~ffn ~n l11tJl'lftJ ~~fI\llntJ\l\l"::;'lJtJ~flU 

01 t '" ill' ~I'" 1 .... A.I <I ... ... !il' ..lr 1'" J" t... Q
~HUU\l::mU 9'111 ytflft flftyttJ~lJU1.1fI'YllHJllJUff1U11U~'lJtJ~ flft'Y tJ~lJU1.1fI'YllHJ'Yl~11lJ~ 

In;njn~1.1';hiu'YlnU11n~J1~~~1\l1~\ldhl11f1~-wtJllJU1.1fI-ri(~1I..f~111J~lJ1nn11111tJl'Yhoml1• 
fJftft 1f1~-wtJllJU1.1fI-ri~mfflJtJ 1~1I..f~ lf1~-wtJllJU1.1fI-ril; lI..f~11lJ~ Uft::;vJftft lf1~-wtJllJU1.1fI-ril;lI 
ijtJlJm1\l1~1:111n Multiple tube fennentation 111tJ MPN Technique ihn.hllium~~~1\l1~1~U 

.- Q,Q r." 
MPNIlOO lJftftft~~'lJtJ~Ul9l1tJ1I1~ (MPN: Most Probable Number) 

nn11 il:':hfi1~~1.1 1f1~-wtJllJU1.1flVl~1I..f~11lJ~ Uft::VJftft lf1~-wtJllJU1.1fI-ri~ litU1l11n~J1 

Ufffl~111l11n~J1Juu14tJhfitlUl~tJUtJ~'uJ1Ju lf1111f1~-wtJllJU1.1fll1~1I..f~11lJflff1lJ1~(l,j~; 
ill' A 1 .dtl J: c\ 11 ~ itl • .... ~I " t.d. 'I" ....9'1111'lftJ '.ifl'Yl UltltJUlJ1\llnff~U1~t1tJlJ'Yl1'1 1"U fJ\l\ll'.i:: llft::1.1U~U llJU9lU 'Yl~'YlntJ L11m~ 

hfillft::'~ritJ,,rln~hfl 'Utu::~VJt1ftlfin-WtJllJU1.1fI-ri~lIff1lJ1'.im.h;'~':h&4tJhfl~UU1~tJUJU 
t "'!il A 1 .d., ".... 1 ,1111 r: ........ • r:.... ,<!I 

lJ1\llnfJ""1~::'lJtHflU 'Yl~1I~llJU1'1f6 ~fI'YlntJ 11m~ '.ifl 9'l9'1111111nU1~1~U11'.i6U11ft~U11J~L1tu ~ 

9ln"~1.1VJfta1 fI~-w tJllJU1.1fI-ril; tJff1lJ l'.i(l1.1tJn 'l:i1Um'.i'.i::1.11tJJ1L th.l'lJ'lfu~" 11ri~J1Ju 
ttl" fI 

ua:: '~l11lJ1::-ri\l::'\.ht11'lnU11n~\l1uu'tl'~tf111i'1.1fJtl1fifl1.1; 1fifl t.lod'u 'l.fhm'.iui'1.1tl1 ~ 
., ., 

fJwm....'\.huuu~1 
,

""""AI ,. -A.I i ......
2.S.l flWD1JUAnl lJ'U6.:tlfli.1n61)1UUflnl10 

url'mH.u::ltl'h~l~u";tJul~n '1 (rod shape) '~UfftltJl (non-spore fonning) 

rl'nllW::ltliH'UtH1f1n-w6llJU1.1fI-ri~tJ ua::rl'ollw::ltl'h~'UfHVJt1ft 1f1nl~tJllJU1.1fI-ri~tJ Ufffl~ft~ . .... ... 
m .... 'Yl 2.3 llft::m~'Yl 2.4 

"... ... 'I'''' !'IIff1lJ1'.i(ltJ6lJffUmlJ ffUmlJ LlJ~~ llJu ....1nUmlJft1.1 (gram negative) 


ff1lJ l'j(ldtJtJ~1ml~n1'Ylff (lactose) ,,rln~m~uft::fil9f lrltJl61'tl61.1~6tu. 11 fiij
... 

35 6.:JflWlfftlCHtJff L1ft1 24 i111J-~ 111648 i11lJ.:J 

ff1lJ1'.im"ltyl~1.119l'.nuffm....~U61fi1fl (aerobic) Uf1::; i~ij61fi1fl (anaerobic) 
d., •• ~d QI"
"-3U1.1L11.1fI'Yll~ tJ~1nuLiluu-wflflft1~~vJ (facultative anaerobes) 

0'1" ... (/11 ...... ". <I"'1'1
ff llJ 1~ (l 'Yl1l11 Lfifl m~" 1 n 61111'.i 111 ft 11.1 '.i ftlft tJU n '.i U Uft n 'Yl ff L1J ft 1.1 '.i 6 'Ii 

(Briliant Green Lactose Bile broth) ~fJW11tlij 35 tJ~flWlmlCHtJff mtJhH1ft1 48 i11lJ~ 111tJl~1 ., 
n,:huu 

.... ... 1 , '" ... '" ...ff1lJ1'.i(l1"'.ityL~1.1 ~ UtJ111"U'U~ 616lJ1.1 (EMB, Eosine Methylene Blue Agar) 

~ 35 tJ~fl11~ftl.lIff '.tJff 'una124 i11lJ~ 
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J 

.fl1ftn 2.3 ~n\:jw:: Colifonn Bacteria (US water systems, 2555) 

.nlft~ 2.4 ~n\:jw:: Fecal Coliform Bacteria (Water technol~gy, 2555) 

..., ... 
2.8.2 11anmlllft11::11 

~ 

l1nnnl'11lfln::Hlf1n~01lJUllflnl1 tJJ';l1lJfI Uft:: l1tlft lf1nW01lJUllflnl1 tJ 

ft'llJ1'iflft'1t1ntJft::l6tJfI,f'UflO'Ud1tlf1l~h';1 Uft'fI~~~fllft~ 2.5 ~.;,f'UfltJ'Ufll'i1lfln::H l1lJi~u~ 
t .,. ':.l .,. =...s '" ... "r .....1" .,. .,. 

'U'UflO'Ufll'ilfl'i tJlJ0111 n lfttJ~l~O fll'ilfl'i tJlJ'U 1n111'i1Jl \lO\lH fll'i'YIfH1011 'f1 ftn tJ'ilJllllfl'YIl'i tJ 
t At GI ,. A tI ct.cs ~ a t 

'YI';l1lJfI Uft::Ylflft 'flft~O'ilJUllfl'YIl'itJ cHlJfll'i'YIflft'OWIJ'UU'in (Presumptive test) Uft::nl'l'YIflft'Oll 
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• .., I r ~ z ~ti" • II[ lJ11111tl01.11lJ'III.II".II 1"i!W\UJlJ1IItl.ll J 
+ 


L'IId1,i'l!l(h~ltiL(JuLdilLiit:l'lnu t!'s:amu 20 fIIf~I J 
+ 


f"L;f1~a1111,JfI'U(S LB L(Ju 3 LI.CI'l , ~:: 5 lit'S" 
L;fIU,il'li'lS'.h~ U.t'I::U;lJ1Cl1i·lInhJ1{1~l1t'1a"""t'I&ol 

.. 

L1a't1~i'lBEh~1L(JU 3 a"n,unmian~ 


+ 

'tIItUf)~,JlHl(a LB u.at:atJL1'I1t:L(a~~ClI\4lJi1 
3S:t:0.S C 24 1IlJ. 

~ 


i 
+ +

I fI~e~wia (+) : J a1l11'\~tl~L(e EC medium-I 
j+ 

(.. .I e1"""ILtfl.al.(e BGLB' l 
8tJL"1::~ DVlflClll1lJil 44.5 :t 0.2 C 

+ 
1 

"'1'" 24 1111. ,.... . 

• 
.L. 

+ 
tltJll'l1::l OtlqlllMlJU 35 t 0.5 C 
U1U 24-48 '1111. 

I 'Witwa~wil(-) J l ihla~wil'l(+) I+ •~ 
J1~ I + t + l 

I 'W,.tmR61f'16wa;1l 1111'i-mA'alflawa;uI~"fNIL,;a(+)I'Wilth:HILn2l(-) .... ILtJfliMfIII.tJflJ1L'1JJ. l 
I 'Wl'ItJlfliiwa;uu.tJfliMfI I 11'I1';1(fla,.a;ulL\JfliiL;f1 I

4.'1II'IiIIoII~ MPN Index 

l l 
I 'Wi'j,'i&olwin : ~Yl~lolfl'l'I II 

+ 

atJL1'I1::L(8~flCll\4lJii 35:t0.5 ·C 
lisen 24 1'11. 

blilWfHu.lia (-) 

'W,.tJlflawe;u 
U.tJfI;;L~8 

http:1"i!W\UJlJ1IItl.ll
http:lJ11111tl01.11lJ'III.II".II


...• 
1J'n'n 3 

_I':!'" ..l ~ .t 1 	 '.1 ...
nl'H111 vm 'VI VtJnll 'illl 'In)", O~t1l'VI ~ 1 ~'YWltJ 1 Cll:: 'I11Hffll1l1:: flOtJfI ClOl 1.1 

UCl:101clfu '~~fl~lLijtlflll1flV'VI~lClO~ 't1,",O~,jijllilflllLflij f1W::1fllflll1Jfllffflf 1J'I1l1'V1VltrV 

do.... .... ... ...... ... 
1J0~1H'YWltJ1Clff1J'fl~'Ytl::~'Ynl'll'Lfl'll'f2fl1J OlU'lOLfl'll'f2fl1J ~~l11flf2tJClll'll'1iltl 'It~ ~::1JllVCl::lOVfl 

't1tJ'VI~O',j 

.. 
«I t0'"

3.2.1 	'~"01J"lA18tJH 

~fll~tJJlil0(h~ '~~lflJl~~1JO~11 ~'YtVltJ1Clff:ut~ ~'Yn:~'Ytn'll'Lfl'll'f2fl1J 
fhLflOLfl'll'f2fl1J i~111flf2tJCl'.il'll'1ilil1flm~tJJli10dl~ ~lfl~tl,jriOVJ1~~111J 't1,b~l1Cllll'lfflll 
t I AI.... d!.... rI ~ AI 0 t .t ." t 
~HUfllflOtl1itl1lfl1J 2555 (H Q1Jfll'Wtl1i 2556 l1Jtll1Cll 3 LflOtl ~lU1t1'V1~fftlOV1~t10V 2 f1H 

.. F-: .. I <Q I t A Q ....c:tQ ~ SI • 1 Q ...J'" ,..At t
1I11Jlfll1l1 :1J1W 100 Clfl1flOflH 'It~'Yt1111J'flOl'VI11fl11:l1 ,flUfl fI Clll 011JutJf1'V1 11 V'VI~l'I1Jfl 

(Total Colifonn Bacteria: TCB ) ~flCl1f1a,"of1JutJflii;;v (Fecal Colifonn Bacteria: FCB) 

\110'11' (pH ) f1ClO;t1flfl~H (Chlorine residual) ~flL~tJJli10dl~ Uff~H~~fll'Yt~ 3.1 
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dQ ~"I 1 CIt" .. - t ~I Q,I 1 "&.1 <I\'I11fl'.i1:::'H l~Ufl fl{1-W6~1J111.1fl\'ll'HJ\'I~'H1J~ (Total Colifonn Bacteria: TCB ) 11fl{1 fl{1116~1J 

UUflfiilfJ (Fecal Colifonn Bacteria: FCB) 1416" (pH) fl{16;1J"fltfH (Chlorine residual) l~fJ~t'rl 

n"l1J Standard Methods for the Examination of Water and Wastewater (APHP lmtflt'Ut, 1995) 

.. <I • ... <I." t .. . ~,.1~fJ'tJflll] 'nU11Jl"6~ \'I1fl1~11fl~lt'H6fJH1J6fJ 2 flH 1'n6'H1fl1U!{1fJ 1JU"{1tfl1~VI~{16~ 

• A 1 .... ... ..., '" " .... ,& IflI11"6 ~fl fl~1J~lfJ{1t166fl 1J'H1'1l6(lfl 11 

, A, ".t 1 . AI ...
fl" VI fl {1 6~flI11'lf6 1J 1J 1 VI~'Il6~ H'n 611.1 1{1~ t 11 ') H fl'n 11 ~ tfl6U fl{16 ~ 1J 

"{1:::161CJr'U l1fJ{1:::16fJ~Hmt.j1J"61Jfl1~';1146,'U.J1yf~~·:lfJfI'Utl·:H::fl61Jfl{161'UU{1:::161CJr1J 

fl'11J1~(lUfl'fl~fI'ltJ '~i~m'n~ 3.21flfJ~16{1t16fJfl;J.. ffJ~f;'ihg~ ~tl~iiN{1mt\'lU'~uti m1J1W 

'" '" .... 1" · A., ..,,, ... 'AI11{11f1'1JNfI' U{1tm'n16" flfJ 'UU"{1:::fI'llflll1"6"tfl{111 1J111'1l6(lfl 11 
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loOi 

fl.fl11'H1flTV410'" 

/ 
OrQl 14 ., " 'U 1'U 1~10tJ1~1Lfl11::'H 

.. " ... !II
yt1111Jl~Ol~Um1'UO 

3.2.23.2.2 3.2.2 

,'-----~------~ 
~ 

oOi ".. "1Jfllfl01 1 n~l 6 L1J 
oOi "... ,
1Jfl1fl01 1 n~l 6 1J oOi ".. ,1Jfl1fl01 1 n~l 4 1J 

1~1J1:I'1nh::flO1J 1~1J1:I'1,11'::flO'l..I 11i'1JfhV4l0'lf 6,7,8'~1J 
oOi 

fln01'U 0.5,1,1.5,2,3 
... tI 

1:I'11111::flO1Jfln01'U,i~ 
"" 10,15,20,30,40 'U1'Y1 i'f~'1'10.15.20.30.40 'U1l1 

... " ...!II 
yt1111Jl~Ol~11J'H1'UO 

3.2.2 

of.., f" I "" 
'U1'U1~10tJ1~ L'Ull~n::::1Jfl 

... " ....!II 
yt1n1J'~V1~11J111'Uti 

3.2.2 

tI 

'tll'lhi10th~''Uu91n::;jfl 

.., !II 
~11J'H1'UV 3.2.2 
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3.3.1 11'11'lh::tl81JA1'If'1U 

3.3.1.1 flT'i111m1JlW 

i~1jmflV{ A11lJ~ 1 i;~1 6 t1U \hi1Vlh~Jlyf~1t11jmflV{'l (1:: 1 ~~1
QQ. 'I «it " cL4 Q.I 7J " 
L~lJ'f'111,.h::m)1.Jfl(1Vn! t].flTVfYl 3.3 (1~ LU'lJmnVnl~ 6 'flU fl11lJL~lJ~'Wl1lJ~U 0, 0.5, 1, 1.5, 2, 

um~ 3 iJ(1i;ni'lJ~'fIi;~1 ~llJ1:h~'lJ J'~yf~lr~n(1115 Uln U~1'111lJl1Lfl'jl::»'111fhrnniJL~'fI{ ~~rl 
lfl~~'fI{lJU'lJflnlltJ'tf~l1lJ¥'l (Total Colifonn Bacteria: TCB ) l1fl(\ 1fl~~v{lJU'l.Jfln1l6 (Fecal 

Colifonn Bacteria: FCB) vtL'fI'I1 (pH ) fl(1v1uflnflH (Chlorine residual) lin'l!lw::rUU'lJ'lJflU 

'YI¥'l(1'f1~ fll1111,j'ilJ1W ut'l'¥'l~i~.fl1"'~ 3.4 Lm::i1'f1fh~~UHUuiim·mfll1'Y1¥'l(1'f1~Ut'I'¥'l~.'" ...
¥'l~.fl1"''YI 3.5 

~ I 
~~-1-1 ~-I~ ~~." .,j l'~

'11'1'1 1 '11'1'l 1 '1"l'1'l 1 
~-I

.l'~ 
'll''I'l 1 

;r!1 
- - - - -1 2 3 4 5 

0.5 mglL 1 mglL 1.5 mglL 2 mglL 3mg1L 

~I ~I )II 
~~ ~ ,f"" 

.r.J ~ .r.J"I1'1'l2 "I''I'l2 

~I 
~- .l'~ 

'111'1'l2 ~I 
..... 6 - 7 - 8 - 9 - 10 

0.5 mglL 1mg1L 1.5.mglL 2mglL 3mg1L 

. 
IlTYfn 3.4 lin'l!lw::l,jIl'lJ'lJm1'Y1¥'l(1'f1~m1'l1mlJ1W 
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3.3.1.2 01l111nmffllNff 

'~ijmo{J! fl111l~ 1 ilf17 6 6U \hi1mh:nhvr~ 'rlijmo{J!'l1:1:i 1 ilf17 

... "" J/ J/ lOIJ/ 1 d ~t , "i ...tf1llff1nh:im)1Jfl1:1{J7Ufl111lt~1l~U L~HI10m7'Y1~1:1{J~ 3.3.1.1 iN u'UmO{J1'Y1~ 6 1J L~tJllm7 
... ..., ~ • A ... ..... J/.

!lh'WumJ1:1~7:;tJ:;n1:11'Y1 'If &UOll!iJ1t'lf{J 0, 10, 15, 20, 30, U":; 40 U1'Y1 f111l"1~1J 111:11U11l1 

llfln:af111flWnnii'f1{J! ~~d lf1ill1{J{1l!I1JflfitltJi~l1ll~ (Total Cotifonn Bacteria: TCB) 

~ti1:11flill1{J{lltnJflfitltJ (Fecal Colifonn Bacteria: FCB) vtl{J'If (pH ) f11:1{J;Uf10~H (Chlorine 

residual) ftO'l:lWt7tJl!1J1Jm1'Y1~1:1fH m7111n1:11ffllNff Uff~~~~fl1VC~ 3.6.. 

i u i i~ " . " . " . < .. .. .... . .. . ... 
'1\'11 '1\'11 '1\'11 '111'Vl1 

- ..... .... 

.... 
20 U1~ 30 UI~ 40 U1~ 

'd
3.3.1.3 m1111fll'VH{J'If 

1J/..." ...........:: .l 1.... ~ ... 

'immom fl111l~ 1 "f11 4 {JU U1f11{JVHunH ff1JmO{J1'l1:1:i 1 1:1f17 

".1 ... J/ J/ 12 .1.... • "" ... • ~.l
lf1llffnu7:;Ofl1Jf11:1{J1Ufl111l1'U1l~U i'H110m'.i'YIf11:1{J~ 3.3.1.1 u'.i1Jf1l'VH{J'lff11{JUHU1'Y1~ 6, 7, 

U1:1t 8 f111l1:h~1J i~vf~'1'~n1:11ffllNff 111\l10m'.i'YI~1:1{J~ 3.3.1.2 U~1\h1l111fl'.i1tl1111 
I .. tI Q,I ~ 1" tI 44 t .cl Q,I .. III

fllVC1nlltf1{J'.i ~~U fl1:111{J'.i1l111Jfl'YI1'.ifJ'YI~111l~ (Total Colifonn Bacteria: TCB) TJfl1:11fl1:1l1fl'.i1l 

H1JflntltJ (Fecal Colifonn Bacteria: FCB) vtl{J'If (pH) fl1:1{J;Uf10i'fH (Chlorine residual) ftO'l:lWt 

ltJLl1J1Jm'.i'YI~1:1fl~ m1111fl1vtl{J'If Uff~~~~m'Yi~ 3.7 
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30 U1V1 30 U1V1 

3.3.2 0111Vlel.u 
3.3.2.1 	 m'l'111m1J1W 

i jlQ '" 1·....·!: .I 1·Q '".... 	 ...."1.1mntl'l' fl11lJ~ 1 H~'l' 6 1.1 \Jl~1tlVl-3'Ul1H H'1.1mnfl'l'Ht 1 Hm 

L;lJ10111]1\J 1~Wlfl1tl-3nl1Ufllo111]1\J tlfl1l1~ 3.8 ~l~;VlJ'1' nh10111]1'U 1\Jt1~'n 0, 1, 3, 12, 48, 

.......... 11... • ..... ",r, 1 .1'111'" ... ~.
UH:: 100 lJHHn'l'lJ 0 lI]1'U/H~'l' flllJHlf11.1 1.1mnOnl-3 6 1.1 Vl-3 nVll1Hl IS 'U1Vl U'C11'UllJl 

... "'. .... '" OJ,xl "'0.1 '" ...... r,
11fl'l'1::111flflll11nlJLflO'l' fI-3'U flH110'l'lJU1.1flVll'l'VVl-31flJfI (Total Coliform Bacteria: TCB) 

~I OJ 1 "'0.1 '" ...... Q'" ~ 
l1flH flHl1fl'l'lJU1.1flVll'l'V (Fecal Coliform Bacteria: FeB) 'rUO" (pH ) flHO'l''Uflntl1-3 (Chlorine 

... OJ tI 	 .. d d , tI.i " rJQ,I 	 JJresidual) II]1-3HnllW::a U1.11Jm'l'VlflHO-3 L1flJo'Un1.1flWfYl 3.4 LfW-3Ufll HV'Ufl111Jl'UlJ'U'Ul 'UO, 1, 

3, 12, 48, UH:: 100 ijH~ni'lJ10111]1'U/~~'l' ~llJdlFi1.1 lfl10-3 fhlUIfi10 111]1'U~i.n'Um'l'Vlfl'i;'l0-3 

fh~-3N~~ 800 ij'i;'l~ni'lJ~tJ ,111lJ-3 ij,"fI'i;'llJ'l't1.11Vfl11lJ~0'UmrJ''U~11fl1tl~ 0~~1'U'H~~lfl10~ 
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, "'..... ..,..... If.l 1 '... .. ...'ti'UfUfltll' fl1111, 1 ~~l' 6 'U Ul~1tltJHU1't'l~ ff'UfUfltll'~~:: 1 ~~l' 

19i11 ltllCJfU 1"mfl1tl~fhlU"ltllCJfU~l~1tJ11B'lthltllCJfu1u6~n ~ '~~lflfl1l''t'l''~tl~ 3.3.2.1 

, ... .. t 1 1'" -,-., ";1 "'" ,.r 1M U'UfUfltll''t'l~ 6 'U ~tJ11fl11'11J~tJUU1J~~l'::tJ::l1~l't'l 'ti LUfllHnl'titl l'fl 10, 15, 20, 30, 
.. 41 OJ 2 0 Q ., .. t/ OJ A 1 - ....I" .. .. t 

Ll~:: 40 Ul't'l ~l11~U'I'U Un1Ul1111lfll'lZ'H'Hlfiln11L9Wl' ~HU fl~l1tll'1JU'Ufl't'lLl'tJ't'l~'H11" 

(Total Coliform Bacteria: TCB) ~fl~lflft~tlf11Ll'Ufli1;;tJ (Fecal Coliform Bacteria: FCB) 
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"" eI" 	 .Ii '" I .....,.,;A

't'Htl'lf (pH ) ~'CttllU~flm.:j (Chlorine residual) '1I.:j'Ctfl1:lW::l1JU1J1Jfl1lYl~'Cttl.:j L'HlJtlUfl1JflTYfYI 3.5 

lfttml~LU~tlUn'Ctlffll~ff L~U 10, 15,20,30, u'Ct:: 40 Ult1 ~l11,i1ri1J 
'el 

3.3.2.3 fl1l'Hl~TWLtl'lf 

'.fumfltl1 ~1111' I ~~l 4 flU thi1tlUl.:jJ1f1.:j'riumfltll'l 'Ct: I ~~l" " ',2 ".r ,'lI .Ui'1J~lftLtl'lfi1tlUH,htl.:j 6,7,8 ~lmi1ri1J n'Ct1fflJ~ffii 'iHnflfl1n1~l,'ltl.:j 3.3.2.1 i~fH It1n'Ct1 

., ., ~" .1' 0 Q ~ I Q f/., A 1 -.J'- ct d 
ffllHff !~1l1flfl1l'YI~'Cttl.:j 3.3.2.2 Ut11U111nLfln::'H'Hlm'WlnlJL~tll ~.:jU fI'CtTttlllJU1J~'YIlltl 

J~'Hll~ (Total Colifono Bacteria: TCB) ~fl'Ct1f1a-Wtl111U1Jfliii1t1 (Fecal Colifono Bacteria: FCB) 

eI eI 2 Jr .., AI .......,;
'VUtl'lf (pH ) fI"tllU~fltn~ (Chlorine residual) '1I.:j"fl1:lW::l1JIL1J1Jfl1nl~'Cttll'HlJtlUfl1J fIl'W'YI 3.6 

Ifttl.:j U~lU~tlUI1"lffll ~ff~1~1l1fl fl1n'~'Cttl~ Uflfl~l.:jtiu 

.. .." 
3.4 	 fll1lU1t1U1ntlU1h:ini I11'VUU.'I: fh1v1i ltJ fll1ttU;01l0.:a,h ih11.:a't'ttilUla~lt1fl11IASJ 

Q'11U1:flOUfta01""ua:fl111ASJ10l."" 

0" ... 0 	 ,".1 ..." .... tI',"".ua:Ul1Jtl\l" 11lfl'H 111 tl 3.4 llTYllfl1l1tm1:'H m ctfll1t1fltl'H U1t111 tl.:j fl1l ctfff1l1Jl:fltl1JfI'Cttl1U 

.. 0" , ,Y.' .1 .,;.., .... .....,,l r.t 
ua:1 1 tl '1IU l'WtlU 111 tl \Iam ':lJlllti .:j1J1Jl:lJ1W Lfltl1flU fll'HfllJfI a tl1 U1 'W tl 'IJ l'ctftlUll1.:j 1Itl.:j 

ll.:j'WtI11Jl" 'uu~a:tiitlu,f~~lffllUl:fltlUfI"tl;UflUr.:jfl'CttllU l~tlfi lU 1W 11lfl..rtl\l"fl1l 'of,htl 

1Itl~~lUli'ff?J II ~'Wtl11JlafflH~ 1l'Wl:Q'nlctft~')j'fJ~lJu'Ct:filU1W~U 'lU'U fl119i~i~'fl1 tl~,9ill 
1tl1'1IUfll '-wfh'u u~,,:,~tlU U~11l1111'Hl..rtlfflUfl1111L'HlJl:ffllU'Ct~lU1'JUfll'of~lt1L~tl1l11u 

AI (!it ".., 0 IV r.r 1 ' ~.I 
1Jl::Qfl~ IctfflUl::U1J1Jl1J~Ul'Y1.:j H'WtJ1Ula~tll1J 



, 
<:t 

'lJ't1't1 4 

-Xd ,A tI£l 'd

f1n 'YI~HH).:j'\.HthJf11'J 1117 V'Ul'Y1V'Uf1l'J!iJll'lffl'l.lfl.:jUl'YI.:j 'J .:j'VW1'UlCl'J:::111Wf'I'lnh:::f1fl'U 

flClfllu UCl::: 1 fl 1 C)fU 1 ~V'YI~ Cl fl.:j 1U ~flnJ ~,j~f1l':i lflii mu::: 1ff1f1 'j 'J 1JffH"~! 1J11l1'Y1 Vl ~V 

fJ'UCl'Jl'lf1ilil l~v ..hm'J'YI~Clfl.:jti'U'\.illffV 1~mn'UJli1fltlH ~ lf1~~tJ ciflVJlvi.:j'J 11J 1U,f1.:jl1Cll 

'Jl'lff1l'J i.:jU~l~flU iU1lfl1J 2555 ~.:j fl1Jfll~U,r 2556 l~unCll 3 l~rJU ~lU1Ui.:j~UfltlHUflV 
2 flf.:j m1J191'JtJ'J:::1J1W 100 ~~'J~flflf.:j m.hf11'J'YI~Clfl.:jflflmrJu 31~f1l'J'YI~Clfl.:j 1~f1l'J'YI~Clfl.:j 
~ 111lm1J1W~1111Jl:::ff1J'I.Ifl.:jflClflluUCl:::1fl1C)fU 1~f1l'J'YI~Clfl.:j~ 2 f1l'j11l11Cllff1J~ff UCl:::1~f1l'J 

, JI 

'YI~Clfl.:jn 3 f1l'J11lfhflm'lf 1~vii'J1VCl:::1VV~UCl:::f-!Clf1l'J'YI~Clfl.:ji.:jil 

4.1.1 oVtl\jQ,rl'tJ'Utl.:Jh.:J'rttn'UlQ 

1H'VW1'U1Clff1Jl~nn:::~'Vl'Jl'lfl~'lf~~1J lrJU 1 H'VlVl'U1Cli1' tJ'I.IU1~ 250 l~V.:j 
JI , , 

i.:jfl~lCl'l.ln 29911~n 191il'UClliifl.:jl~'lf tillflm~'lffJ~1J ~.:j111~fJ'UCl'Jl'lflilillil~"r'Ulf1l'J~ihv1u 

~lU1U 230 l~V.:j iiffmUflUl,j'mfllfl'tilv 25 Ul1.:j UCl:::fJudtl''I.Ifll'Vl11J'JfU (peu) 1Ul'1.1911'U~~'lffl'U 

3 m;.:j iJ.,~,ju lrJU 1 H'VlVl'U1Cli1' tJmj,hm'l.l91~\JlIu lffl1i l'JW tl''I.I~.:j111~fJ'UCl'J 1'lf1ilU1C)fU 4 

(,.h:::f1fl'U~lmillflfl J1VU 1.JWCVl7f1 Ul~:::11Cl1V ~.:jfflfJ~1J Jl~U UCl:::l~'lffJ~1J) ii'U'YI'Ul'YI11Ul~ 
i.:jU fll'Jfi~11~f1 1li''U7f1l'J lf1'l:ll'VlVl'U1Cl ff.:jlffl1Jff'l.lfll'Vl tlij.:jtiu hflUCl:::~uvlfffll'Vl. .. 
~ii fff1Vfll'Vlf1l'J1~'Ulf1l'Jlf1'1:1l'VltJl'UlCl'J:::im1~mJij 'J:::i'U\T.:j flflii'U7 f1l'Jm'Vll:::'YI1.:j 4 ffl'l.ll11~f1 

UCl::: 11'Vl'YId'YIH1~flf1 '~Uri\T~Ul11'lff1':i'J1J ffClVf1':i'J1Ji1'tJ ffClVf1':i'J1Jf1':i:::t1f1 fll~'Jf1':i'J1J 
.. .., 'I"" , ... '1' ~Ifl1Jnl1'lff)'J'J1J tlCl::: 'U'Jf11'JU'Vl'YIVUf-!U 'YIV t11'U'Jf1l'Jff.:jlff'J1Jtl''I.Ifll'Yl 't'Jf1f1~1Jfll~ ~VU'U.:jllJU 

f1~1JtJf1~ f1~1Jl~V.:j UCl::: f1~1Jihv 1~'U7f1l'Jtlfl.:jtiU hfl~~~fl UCl:::'1i~~~fl 1~'U7f1l'J~U~fffll'Vl 
'Auri.:jlUf1lVfll'Vl'.h,j~ f1l'Jt1uCl~ihv~fll~fl.:j~,j'lU (Home health care) 1Uf1~1J~ihv ~Vif1n 

JI , JI 

'J 11J'ti.:j'h1Jiimi'U11J'lfUUCl::: 111.hv.:jlU flU 1Uf1l'J~~U l'U7 f1l'J tl''I.Ifll'Vl'Vl~fl1J'ti.:j lVi~'Vl'J :::lnv'J ~ 

UCl::: ffU fl.:j'Vl 'J::: 'J 11'If'U1Vff1Jl~ ~'Vl'J:::'U'J1J 1fl'J ffli'Jl'lf'1 ffVl1J1Jfltl'J l'lffl1J 1'J fll'Jfi~ 'J fl.:j 'Auri .:jlU 

'U7f1l'J1'lflf1l'J uCl:::f1l'J1~til1Jlf1'1:1l1~v lrJUU11ci.:j'tlmlU'I.Ifl.:j Uf1ffmn 11CllVffl'l.l11'lfl;'Vl'~Uri 

U'Vl'YId 'VltJl'U1Cl Uf1f1lVfll'Vl'.h,j~ 1~1'VlUmlUffl1il'JWtl''1.111J'lfU l~l'VlUmlUlflff'lff1':i'J1J '1Cl'1 

http:i.:jfl~lCl'l.ln
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'.i11JJ~ m'.ifi~ fftrlJ fflfU ~l'lHl'lJlJl'l11Hl'\J...t111J tr~~,j'\Jh ~'YW11J1C1ff1Jt~~'Yn:::~'Ynl'lHfl'l1 
tJ • 

f.Jfl1Jlh:::m)lJ~1VtJlm'.i~1~"l';~'I11Jfl 45 'I1ti~ Hfn..jr-r~ h~'YWllJ1C1 Hfffl'lJl1'Wii 4.1 
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tJ~'llfh-$-:I'I.J mnO'l'\Hl -:11 H'Vw11J1'HnJ1~ ~'Vn:: ~"''ll'lfLfI'lf~~UJ u,j-:ll~'U 
" " t.l '" 'I d'lJ1'l1'lf01'l 157 fI'U -aO~l-:1408 fI'U 'l1lJ'l.Jflfl1fl'lYt-:lff'U 565 fI'U fI-:lLLfffl-:l ~'Um'lHYt 4.1 

.. AI( -lh'nlft1'l v 
&f14Un"l"Yt 9n;n~ 11U 

(flU) (flU) (flU) 

" JI"mUlti f;tEn'U1t101'l 1 0 1 

"u'WYtVLQ'Yn::lll~ 11 0 11 

" u......... ..U'WYttll1'lf {)1J"l1fl::fl'U~ 6 0 6 

'" "Yt'U91u'WYtti 4 0 4 

~~l'WUfl.,'ll'Un'U91fflti l'lW11'IJ 7 3 10 
.., 

rnff'lffl'l 11 3 14 

... ... 
'Wtll1Jlfl1'lfl'lf'W 84 61 145 

'" ... "'UfllVlfl'UflO1'U'WVltI 1 7 8 

~ '" - " "~ 1'W'Ufl.,'ll'U1V1Vlftlff91'l01'U'WYtti 4 1 5 
.......... "'UOHffm'U'WllV 1 0 1 

~ "..;"''''' " L 111'U1V1'~ff01'U'WYtV 3 0 3 

L~l'Wuml'UrnlY'lffl'l'lJ 10 4 14 

.... . .... 
'UflO1VIll'W1J11Jft 0 5 5 

L~l'WUfl,:n'U1 ff91nff'Uffflln 1 0 1 

L~l'WUO~l'Ul1'lfff(j~ 0 2 2 

U01'lf101'lff1til'lW11'IJ 2 16 18 

l~1'Wum1'Uff1til'lW'Q''U'1J'lf'U 6 15 21 

~ "..;..L 111'U1V1fl'U ~ 5 291 296 

1'lU 157 408 565 

- ,r1'l1'lf01'l 157 0 157 

- ~O~l-:1,.h::~l 0 37 37 

- ~O~1~,t1f1'ln(L~'U'hl~) 0 371 371 
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\llflfl11ff111\l,rmJt'l'Vfl.r;h li'1'W1'W~thtJ~1l1i'tltl;fl1J 1'W 11~'YW1tl1t'lff'it1.... 
" . ~ 

,h::li'iil 2550 -2553 nffo~h1~~thtJ'W6mmt~tl1tJ''WA~UffPl~''WPl111~~ 4.2 

J 4' JIG! Q d d " 
f111Hn 4.2 'l1l'b''W'I1Hlfl''l1lf;J1tltl1fl11VUU'WLih'l11l1tJ (Targeted Customers) 

. ..,
D1V1'U nq1J,tJnnno 

2550 

;11U1U (flU) 

2551 2552 2553 

I 

i 

1 f;J"tl1tJ'W6fl 191,363 204,586 228,441 236,305 

2 

3 

~tl1tJ''W.. 
0 ... 

\l1'W1'W1'W'W6'W 

19,447 

56,173 

20,196 

61,886 

22,654 

75,586 

25,226 

93,394 

4 
,., ... 
6~nfl11f116.:j'~tJ~ 97.47 105.54 132.27 111.25 ! 

5 
0 '" \l1'W1'W1'W'W6'W 2.89 3.06 3.34 3.70 

d 
mt'ltJ (LOS) 

6 ~1l1f1a6Pl 2,617 2,783 2,851 2,782 

7 

8 

~tl1tJ~hi~ '11t\i 

~tl1tJhflfl111lA'W 

2,102 

16,694 

2,078 

19,980 

2,320 

21,995 

2,923 

21,214 

i 

1ai1~U'~ 

9 ~tl1tJ11f1Ltl11111'W 17,652 20,242 23,854 21,477 

d "11 ~'VW1tl1affll'Pl\l"'" t~""'1')ftPl'b'~~1l,"'"'I1ll1\llfl11 'W ltJNa~\h"6~,ht11.. " ::1.J 1 

1h'WtJDmfl 'fh'W '11t\i'.n'Wfi\lm111~t11flfl'U;lflfl~1~~' 'W 1 H .... tJ1'U1a 'i11m1V~1'Wfl11~n\lff6tl 
C • , r ... ~I I .... ~ , " C d I " •01 A

tJWm....'Wl1ttltllJ1tl~'W1'fftJ lJ 2554 .... tl1111lJ1111Wfl11 'I1'W1Lgt'ltJ1J1t1l1W 160 ~fltl1ffm1l~1~6 

1'W (l1tJn'Wfl11~11\lff6'UtJwm....J11ttltl'U1,jPlJ1,ntJ h~""V1tl1t'lffm~\l""'t~""'1'b"~'I1~~1l, 
2554) fiPlI~'Wt1~nfl11'<lJ1 300 I~tJ~ "hntl 533 n~1~61~tJ~~61'W .. 

4.1.2 m1Jlw,h,a-o 

,rt:J1Jt'l'~6'W .... flff~fl1tJ'W 2554 - L1I1:I1tJ'W 2555 .... 1J';hnm1l1wJ1Inmg~tJ 
~1,r11ttltl111UPlJ11nmvhntl 30 ~fltl1ffn'I1I~1 ~t:J1'W fiPlI~'Wm 1l1QnI,Lnv~6li'1'W 1'WI~tJ~f1'W1,r 

U\l1U'W 100 n~1~t:JI~tJ~~t:J1'W ;~lrlt:JllitJtlntlt1;1I1Wfll11<1Jl'ut:J~ lH.... tJltllall;,ntl 

" I '" ••~ '" I .. ~I 11 A~'" C ~ A160 ~fltl1ffm1l~1~t:J1'W .... tl1l1J11l1WffPlff1'WflPll1J'Wlt:JtJa:: 30 'Ilt:J~1J11llWfl11 'I1'Wl ntll'Wt:J~\llfl 
, II • II 

lim1I1Wf111' <Ill 1'llt:J~1 H .... t.Iltllt'lljjt:Jlf1Vtlntlm1l1WllllntJ n ff~ ff1'W u~fl~Hn'W1I lfl fflL'l1'J 

Q "" QI t'.l, " l' .. , "QI fill ~....1" 01.... ,1:: 6lfll'.itl1fl11,61fl11tll'W .... mla::Uflt'l".... fl61fftJ 'Wl'tN 11 ~U'l1t:JlJ~m'lllfltl'.i::tltl'Ultl~'Wl 
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''- " 41 "I"t9J Q,I CV 0t1nnnlnJ: fllfllHl'Uff1\H1'Ul11 tllfl11\1'''1'Ufi tllfl1nJ1U'Vm tflUfl1J1'U'Vfm::flU 3- 4 ~1'U1'U 

" 8 'Ha.:J U'lU'rl'fl l::tilU 5-6 ~1'U1'U 2 'Ha.:J uTJafl'rl'mnfftl 20 ~Ufl 3 'If'U ,j1U1'U 4 'Ha.:J .. 
o .., 0 41 

4.1.3 ':UUU1UAt.lllD'fJ 

OfV::Q,. d =" 041 

1:UUU1UflU 1lfftl'UV~ L1~'VftllU1a ff1llfl ~'Vf1:~'Vfl 1'lHfl ')j'~fl1llu'U l:UUU1Ufl 

.e.d 41'; .. oQ,lrCII Q,I.J 
UVflYll1lflflffafl~ (Activated Sludge Process) V1fl11tl1Ufl'U1lfftl Ufffl.:Jfl~fl1'VfYl4.2 

1:UtI'l..i1UflJlLntlUUUUVfl~l1l~flffafl '1fltltl'tI ~:; '1h:fl VU~1mh'U"hflf.y 
• "" ... co ... 1 t Q2 ff1'U flV (Nlfl1ltllfl1ff (Aeration Tank) ua:(Hflflfl:flV'U (Sedimentation Tank) fltl'U1lfftl~:Qfl 

'fjlQlQ Q,I ~ "'.Q " ,.,. Of'; '~l.
ff.:Jl'UUHlfl1lVlmff Ufffl~fl~fl1'VfYl 4.2 l'VfVlfl1lV1mffl'Ul1:UU t}f.:J1Iffafl\) V~lUU \)1'U1'U1I1fl 

Ua::fl1\lfl1flvJJa1'Ufl1flfl:flV'U Ufffl.:Jtil~fl1'Vf~ 4.3 
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" • A " : .r. .1' •• ~ "" .:Uft:: fl'PI'YIlflfllHJWtI'O llflttJO~U 1'YI~f10U uftOfl00f1~ff~U1P1n 011 CJf~~OUU 

lH'ntJl1Jlftfflll~1I,.n::Q""1'l1LPI'I1fJPlll L cfflft01uu1J1JFH LUll.luflftlCUVll 'ell.lflft0 h~ l~O~Ulf1 
• ... "'" 111 jI '" ~ ... "'" ... ...11f1l\lf111HltlLLft::fflllTH:'IL'I10flO l~Ulf1f1lnPl Residual Chlorine 1 U~lf.1Uf.lU UffPl~PI~ . 

fIl'nli 4.5 

. 
.... ., Q .. 

111ft" 4.5 fI~l~llflf10"U 

.... 
~ln~'YI4.3 

http:U~lf.1Uf.lU


... 1.1 ... o''f.!l d t iJ ..
fll1H't1 4.3 fl'1 FU'fl1'1lfll1::'t1'\.nYl~ H'YW1'U1afl'lJli'HI'Yt1:;~l'fn'J'9iI'JfJ9illJ ~~u~ 2553 il~ 2555 


u,nnl1:,.uv 

'I'Il1lJilflo4mm11;tl 
. fll 

"\.1111 U2553 U2554,.m't'\.I 
f'li-l~ I 

. . 
f'I~-I~3 t .; . . 

f'li....~ I 
. . . . 

f'l1-1i1 2 
u .. u .. 

A1....il3f'lHYl4 f'I, ...." 5 f'I,,,YI 2 

1. pH(fhfl1mlihl1l,MlH) . S-9 6.67 7.21 7.S2 7.63 7.69 7.39 7.24 6.82 

2. Settle.ere Solids (ftm:rlOU 

11,m) mill 'lilfiu O.S <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

'lhfiu 

J. TobIl Dissolwd Solids (TDS) mg/t SOO 21.67 221.33 230.67 297 261 242 288 330 

(ftl~1Trin:alD'A~~) 

4. TobIl Suspended Solids (88) mgll 'lilftU 40 35 41.33 66.67 29.S 8.S 9.S 24 12.5 

(rllm"lII'l1UftOui....'I1J1f1) 

5. TKN(lum"l11lulultl tim 

Ilu) mg/l 'lilf1U 3S 13.72 37.24 33.6 6.16 12.32 12.32 15.4 25.2 

6. GreJl5e & 011 (,hiIulIlI: 

''IiIu mg/l 'lilflU 20 13.72 26.80 6.8 23.6 29.2 52.67 64.93 9.2 

7. SUlllde(ftl'il'l'rili1) mg Sulfide /I 1li,iiu 1.0 NO NO NO NO NO NO NO NO 

8. BOD(rlm'HlIcmtl"lfl1u,jl) mg/l 'lilf1U 30 25 52.33 41.92 18.51 13.~ 18.21 13.02 3.01 

MPN Index I S 2: 2: 
5.000 

S20 800 110 
,. TobIl Coliform Bacter" 100mi 16,000 16,000 20 <20 <1.8 

MPN Index I < 2: 2: 
1,000 

S20 90 40 
10. Fecal Coliform Bllder" l00ml 16,000 16,000 20 <20 <1.8 

- ~ 

Ai"~4 f'li,,~ I 

7.26 7.13 

<0.1 <0.1 

4S2.00 361 

22.00 49.S 

12.88 282.83 

40.40 19.602 

NO ND 

8.68 0.94 

<18 <18 

<18 <18 

U2555 

Ai"~2 

7.31 

<0.1 

271 

29.S 

141.41 

2.8 

0.05 

2.95 

<18 

<18 

Ai....~3. 

7.73 

<0.1 

267.5 

42.5 

376.94 

198.4 

0.01 

6.07 

<18 

<18 

.j';>. 
u. 
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d _I .... "r £ 1 d
ill0Fl" H 'Vl 4.3 UllJFHtf11'i1tfl'i1::11 'U 1'Vl.:J HTHll'Ul" Ulltfl iI.., 'i::qvfi 1'If 

t.... .oil .Ii ... 'I" ... 'I • A r£ . 
tfl'IHJfllJ FI.:JUFlU 2553 fH 2555 C)f.:JlJf11'i L'lffl"6'i'U l'Uf11nm'l16'Ul'Vl.:J'\I6.:J lH..,Ul'Ul" "''U11• 
~I d r ~ 0 t f.cS .". f 1 Q ..J t/ .c:I 41J "'.fl. 2553 lJf11'iFl'i1i1'Ul'Vl.:J ill'U1'U 4 flH fll..,m'l1 6g L'U'I11.:J 6.67 -7.63 fll fI"n6'ilJU'UfI'YUHI 

.J'.:Jl1lJfI u,,:: fh~tl" lf1~rl6flJu'Ufinilu ~l'UfllmFl'ijl'U 3 flf.:J flf,:j~ 3 tJ'ilo{lfll1f1~rl61lJ 
t .... "4. .Ii "" i" ..f1.:Jl1lJfI to'UtOWevllJ1F1'ijl'U fl6 16,000 MPN/lOOml C)f.:J61i1i1::tflflill0f11'i 'lfUl'ifl"6'i'U 

'.d d ~ ~ 0 f, 1.d , 1d, , 
lJf11'iFl'i1i1'Ulf1.:J\l1'U1'U 4 flTfH6'1f6g'i::111H_ 6.82-7.39tfI lJt11lJl::UlJ Fl6lJ1U "'.fl._ 2554 flH _ 

fll1f1~rl6flJu1Jflnl;tI';.:Jl1lJflU":;fll~tl,, lf1~rl6flJu1Jflnt;tI ~1'UlJ1F1'iJl'U 3 fll.:J fll.:Jn 1 

tJ'i10{)fll1f1~rl61lJ'tf.:Jl1lJfltn'UlOfl.!qi'mFl'ijl'U fl6 16,000 MPN/IOO m1 6ntnflill0f11'ii.f 

.. d, r d d ,JI.Ii t d r r ...." ...... t ,
mmWfI"6'i'UfI lJtl11l1::ffllmt!'U "C)f.:JflHfI 2 -4 "''U11f111f1"rl6nm'UfI'Vlt'i tlfI.:Jl1llflU"::fll 

~I'" 1 ...._.1" ......." -='1" r £ •

nfl" fI"n6'illU'Uflflt'iU N1'UtOWevl1l1F1'ijl'UFI"6f1 ""::1J "'.fl. 2555 lJf11'iFl'i1\l'U1f1.:J ill'U1'U 

3 flf.:J fll~t6'1f6Qi'U,b.:J 7.13 - 7.73 fll1f1;rl611lU1Jflnatl'i1lJU"::fl1~ft" lf1;rl61lJu'Ufinatlfh'U 

" t d ~ '_1,2' JI "d d ""!II......toWevl1l1F1'ijl'UFI"6fl'lOflHflFI'i1\l llJ'U lJ tl11l'U111'U1f1 fI ~""'i:;'U'U1lf11'i lfil'i ::1~U":;lFlllffl 'i 

' ... • A 1 i r.l. ~ ... 
fI" 6'i'Ut.l1l'lf6 'ifl 'U'U 1'Vl~6UHff1l1tfflJ6U"::Fl6''U 6~ 

4.2.1 OUH,m,nw 

f11 'i111mlJ lW~ t l1lJ 1:; fflJ'U 6~ ff l'i tJ 'i:: 0 6'U fI" 61 'U 1AN" fll'i 'VIfl" 6 ~ ffl\J i ~ 
d 

"ln~'Vl 4.4 

http:6.82-7.39
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, , 
Ad dF-'" d I ...Vll'H.:JfI 4.4 lJ 'jU1W fll'HU1:: ffU'IlO~ffl'jlJ'j ::ml'Ufi C1 fl'j 'U 

" '1'V81;1III\.I 

(MPN/IOOml) 

fl 1 1111"'''.... 

flIIII;\.I 

(mgil) 

nil1 

(\.11th 

.. 
'"111'1 

.. 
flall1\.1 

flnKH 

(mgil) 

TCB 

(MPNI 

IOOml) 

tl1::imill 

1'" (%) 

FCB 

(MPN/IOOml) 

\11::imi 

Ill'" (%) 

0.5 mg/l 15 7.22:1: 0.0 
0.0:1:0.0 

92,000 

:1:0.0 
42.5 

92,000 

:1:0.0 
42.5 

60,000:1:0.0 

1.0 mg/l 15 7.23:1:0.0 
0.0:1:0.0 

9,600 

:I: 10,465.2 
94.0 

9,600 

:I: 10,465.2 
94.0 

160,000:1:0.0 
1.5 mg Il 15 7.24:1:0.0 

0.3:1:0.0 

730 

:1:268.7 
99.5 730:tl68.7 99.5 

2.0 mg/l IS 7.22:1:0.0 0.6:1:0.0 49:1:0.0 99.9 33:1:0.0 99.9 

107,000:l:0.0 
3.0 mglL IS 7.23:1:0.0 1.3:1:0.0 15:tl.8 99.9 11±3.5 99.9 

~ln~l'jH~ 4.4 ",'U1nfiulW~,,"Ul::ffU'Ilfl~ffU1.l'j ::nfl'Uflnf)~'U n;,n'U 

1.5 finani'U9Iflam ihn1J1WflC10~'Ufln~H 0.3±0.0 finani'u~oa~'j ~lnfll'jlHhnl~V 
• X ,~ 

'lJfl~m'j<ill''lffl TCB un:: FCB fl~fI 730±268.7 MPN/IOO mt un:: 730±268.7 MPN/IOO mt 

f11U'filA'U c;~fll~'~liLii'UfllUlf1':iJl'U (TCB hitii'U 5,000 MPNIIOO ml UC1:: fllUlfl':iJl'U FCB 

, • ... .i... sfl.1 ..... ..r d • '" 'I!
UlO'U 1,000 MPN/IOO ml ) CJ1~tlfl'lJ'UlJ':i::fffl1im..,m':i<ill1'lfm\H'mfl1n'Ulflvn:: 99.5 un:: 99.9 

• " • • A ~ " , '. d _ .., QI

fllUnlf1'U ~ lnm':itl'l'Uf,}UNnm'jflfl C1f)~ "''U'l1f11''lffll':iU~'U UU m 111.1 'tw'Uutl C1~u'U'Uu'Uvdlf1\lJ 

''U,r'l~mU1Wffl':itl'I::nfl'Utlnfl~'U 0.5 n~ 1.5 finani'U9Iflafl'I 
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........ 

4.2.2 011'HlrU'I11'J'lIN1'J 

fI1'1111L1a1fflJNff'~fH'fI1'1f1flaO~ffllJfl~~1'1H~ 4.5 

" .I'W1I11JJ"'l.I 

(MPN/IOOml) 

flllJJI.fiJJ.fil.l .. 
flQ81l.1 

(mgll) 

mn 

(l.Il;h ;;111' 

flall;1Mn~H 

(mgll) 

TCD 

(MPNI 

100ml) 

tl1::im 

illl" 
("!o) 

FCB 

(MPNI 

100ml) 

th::im 

il1m 

("!o) 

1.5 mglL 10 7.24±O.0 0.3±O.0 920±O.0 99.4 54O±O.0 99.6 

160,000:0.0 

;;\34.4 99.71.5 mglL IS 7.27±O.O 0.3±O.0 730±268.7 

160,000:1:0.0 
1.5 mglL 20 7.26±O.0 0.3±O.0 380±266.3 99.7 24O±O.0 99.8 

l07,000:0.0 
1.5mgIL 30 7.26±O.0 O.3±O.O 0;;0.0 100 0;;0.0 100 

I.SmglL 40 7.26±O.0 O.l±O.O 0;;0.0 100 0;;0.0 100 

'il1f1~nl~~ 4.5 "'nJ11L'lalfflJNff~ll1lJl::fflJ flO 30 \J1V1 ih.AlJ1WflaOl\J 

flfI~H O±O.O iiaafl;lJ~Oa~'1 ftlm~tJ'\J0~fI1'1~lL40 TCB nat FCB iJftlnholJ O±O.O iiaafl;lJ 

t Q Q Q ., I Q • Go' dr Q !'I .. I Q Q tAl, .: 
floa~'1 ua::O±o.o lJaam lJ~oa~'I flllJalfllJ C)f~f1PlL1J\J1J'I::fffl1i 111 'Ytfl1Hm'lfOfl ~ffo~matJ 

• ... 11 'JI • ... , • A J. ~ , ' ... 
L'n1f1lJ 10tJa::'IotJ ~llJalPllJ 'illflfl1Hl1lJfJlJHafl1'IflPlaO~ 'YtlJ11f11L'lfOL'IlJfI\J lJlJfI1'I 

,t1~tJ\JutlMUlJlJihrtJty,tity '\J';1~L1a1fflJNff I 0 il~ 20 \Jlfl 

I ... 

4.2.3 fl11'Hlftl'Wl8'11 

fI1'I 111ft Trhf)'If~Ll1lJ 1::fflJ'\Jf)~ff1'ItI'I::flf)lJflaOllJ1~Hafl1'Iflfl af)~ffltl fl~ 
.,; 

fl1'Il~'n 4.6 
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~ , 
IV!l11"~U 

(MPN/IOOml) 

flll"I~"~U 

flae;u 

(mgil) 

Ilal 

(Ulih ;;Iev flae;UfloliH 

(mgil) 

TCB 

(MPNI 

IOOml) 

th::m. 

tim~ 

(%) 

FCB 

(MPNI 

IOOml) 

th::m. 

inm 

(%) 

160,OOO±O.0 
1.5 mg/L 30 6 O.I±O.O O±O.O 100 O±O.O 100 

160,OOO±O.0 
I.S mglL 30 7 O.I±O.O O±O.O 100 O±O.O 100 

107,OOO±O.0 I.S mglL 30 8 O.I±O.O O±O.O 100 O±O.O 100 

~Il mil'i H~ 4.6 'Vi l.rh fihvil fl 'lf~ 1l11J 1:: ff 1J" fl ·:un nh:: m)1J fHH'ilt" fl ~h" 'Ih ~ 
6-8 ih.fi1J1Wfl~fll'U~nfl'H O.l±O.O ii~~ni'1J~fl~~'i '~ih~~~flfhmnhl;fl TCB U~:: FCB 

4.3.1 nl1111tM1I1W 

mnllm1J1W~1l11Jl::ff1J1fl1CJ1Wihl;fl' 'U\hvr~" fl~ h ~'Vitll1Jl~ '~~~m'i 
'rl~~fl.:jfflt.1i~~l'il.:j~ 4.7 

.I ..: " 1'V61111f1l1 

(MPN/IOOml) 

"lUII;'II;'lI 

llll'llll 

(mgll) 

11Ql 

(lIlth 
... 
'WIllOW 

TCB 

(MPN/IOOml) 

,h::Gti 

illl'w 

(%) 

FCB 

(MPN/IOOml) 

,.11::"'11 
illl'w 

(%) 

I mg /I 15 7.l9±O.0 24,OOO±O.0 55.5 16,OOO±O.0 70.3 

54,OOO±O.0 

12 mg /I 15 7.33±O.0 16,OOO±O.0 70.3 12,600±4,408.3 76.6 

54,OOO±O.0 36 mg /I 15 7.70±0.0 7 ,300±2,687.0 86.4 4,450± 1,343.5 91.7 

48 mg /I 15 7.85±O.0 920±0.0 98.3 24O±O.0 99.5 

54,OOO±O.0 

100 mg/l 15 7.93±O.0 49±O.0 99.9 17±O.0 99.9 
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TCB II":: FCB Ivilti'U 920±0.0 MPN/I00ml 

II":: 240±0.0 MPN/I00ml 9l111~hi'U ~-!lI~'Ufh~ '~ln'Ufl1111mj1'U (fl1111mj1'U'UV-!l TBC 

",.. """?I
1I1n'U 5,000 MPN/I00ml II":: fl1111mj1'U FBC 1I1fl'U 1,000 MPN/I00ml) C)f-!lfl~llJ'U 

AI Q f,l,J AI tI d tI 0 Q,IQ I QI

"lJ':i:: ff'YIlim .... fll':i CJJ 11 'l1fJ!~ "fJI'YI1fl'U 98.3 11"::99.5 IlJV':i IC)f'U91 9l111"Hl'U ~1flfll':ifl1'UfJ1I ~"fll ':i 

'YI ~" V-!l .... 'U -;il fl1 1:5 VIi 11 ~ 'U , ~ ij fl1':i I tJ ~ tJ 'U II tJ" -!l II 'U 'U ij UtJ ~h flqj , 'U 'l11-!l tJ~ 11 1fl.! 1V1C)f 'U 

1 ~-!l 36 ij"iifl~1ILV lC)f'U;ivii91':i 

4.3.2 fl11'tnrHIlU)JNU 

...... ..; 11 ,A, II.! 
~1fl~" fll ':i 'YI ~"VHI1!1"1 ff1l ~ ff'YI m 11 1:: ff1l 'U V-!l 0 C)f'U CJJ 1 I 'IfV 'U 'U 1'Y1-!l 'UV-!l 

lH.... tJ1'U1" '~~"fll':i'YI~"V-!lffltJi-!l911':i1-!l~ 4.8 

1~III;SJt\'U 

(MPNIlOOml) 

II llSJloGSJoGU 

TIIT.u 

(mgll) 

11Dl 

(Ulih 
.. 
'rIIII' 

TCB 

(MPNIlOOml) tl'l::m.z 

Ill'rl ("/.) 

FCB 

(MPNIlOOml) tl'l::m.zlll'n 

(%) 

48mgll 10 7.0±0.0 3,500±0.0 99.6 2,S00±424.3 99.7 

920,OOO±O.0 

48mgll 15 6.98%0.0 2,950%777.8 99.6 1,700±0.0 99.8 

920,OOO±O.0 48mgll 20 6.93%0.0 2,200±0.0 99.7 1,500±282.4 99.8 

48 mgll 30 6.99±O.0 1,950%353.6 99.7 1,100±O.O 99.8 

920,000%0.0 

48mgll 40 6.96±O.0 1,700±O.0 99.8 79O±O.0 99.9 

I,J I ,l , Go' 

fllm"tJ'UV-!lfll':iCJJ11'1fV TCB II":: FCB l'YI1fl1J 1,700±0.0 MPN/I00ml I!":: 790±0.0 MPN/IOOml 

9l111lhi'U ;-!lI~'Ufl1~'~ln'Ufl1111mj1'U (fl111191':ij1'U'UV-!l TBC ililn'U 5,000 MPN/I00ml 

, , , .. "".. ~I.I .... ,A..;, ...&I,,:: fl111191':i j 1'U FBC 1Ilfl'U 1,000 MPN/I OOml) C)f-!lfl~llJ'UlJ':i::ff'YIli m.... fl1':iCJJ11'1fVm "fJI'YI1fl1J 

" 0 Go' I I A ~ '" '''' ':iVtJ,,:: 99.8 II":: 99.9 9l111"1~'U ~lflfll':ifl1'UfJ1I~"fll':i'YI~"V-!l 'V'l'U11flll'l1fJ!':i1l91'U 1I1Ifll':i 

ltJ~tJ'U&ltJ"-!lIl1J'Uij,rtJ'thflty ''U'l11-!l11''lff1l~ff 10 ~-!l 20 'Ul'n 
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.... 
4.3.3 011'Hlfllftltl'ti 

.",..l. 1'1 .A'" f..l
{J 1nFH'IfllHl'HH1.:j 'H 1f1lVHtI'lf'Yl I'H 11 1~ ffll'll O.:j O! 9:f'lHn L'lfOl 'U 'U 1'Yl.:j 'II tI.:j 

1 HVW1tJ1f1 '~Nflf11'i'YlflflO.:jffltli.:jPl1n.:j~ 4.9 

.; , 
1'V81;1I41U 

(MPNIlOOml) 

fllllll';lI';U 

lole.". 

(mgll) 

llitl 

(Ul-n) 
.. 
VHO" 

TCB 

(MPN/IOOml) 

'1j,za" 
: 

.. 
lim..... 

(%) 

FCB 

(MPN/IOOml) 

thza" 
... 
lim..... 

(010) 

920,000±0.0 48 mg /1 40 6 1,800:1:0.0 99.8 1,100:1:0.0 99.8 

920,000±0.0 48 mg/1 40 7_ 1,600±O.0 99.8 940±O.0 99.9 

920,000:1:0.0 48 mg/1 40 8 920:1:0.0 99.9 700:1:0.0 99.9 

{J1nPl1'iH~ 4.9 ~tJ'hfhViLO'lf~m1Jl~ffll'llo.:j10It)$'U~fl1l ...hntJ 7 fl1m~U'II0.:j 
, A 	 .., t.,. QQf 	 , 

f11H.11l'lf0 TCB UfI: FCB t'YllntJ 1,600±0.0 MPN PlO 100 llflfl~WI'j UfI:: 940±0.0 MPN PlO 

100 ijfliiiiPl'i Pl111,h~tJ ~.:jt~'Ufl1~',jLii'Ufl1111Pl'iJ1'U (fl1111Pl'iJ1'U'II0~ TBC ,,jlii'U 5,000 MPN 

~O 100 ijfliiiiPl'l UfI:: fl11JlPl'lJ1'U FBC ,,jLii'U 1,000 MPN ~O 100 ijfliiiiPl'i) ~.:jfifll~'U 

tl'i::n'Ylifl1~fl1'i!ih140m~m'l'hntJ~ovfI~ 99.8 UfI:: 99.9 Pll1l1h~tJ {J1nf11'ifl1tJf)llNflf11'i 

• • A' .:. ",.... .1..l..1 ....... .... 'I • '''' ...
0'YIPlflO.:j ~tJ11fl11'lf0l'illPl'U llllf11'i11JflV'UL!1JfI.:jUtJtJll'UUff1flty L'U'lf1.:jfl1~LO'lf 6 (l.:j 8 

.. 	 .. .. 
4.4 	 ,1.11 tl1HntltJlh:: ani.n1ft liD:: fil'~~ UJ Pi O'H,htl fl11 thl; o,l1n.:a"fl.:a1Hfttl11J 111 

lI'ltl 1.'1111.11::flO1JflDfl1uUD::lolauu 

d" '1 d" 2-='<Q, <Q, 41 1 	 0 Q ,., 

nn lPlllnPl 0 .:jIPlll L'U OPl'i lff1'U 'Yll'H1Jl:: ffllPl111f11'H'U fl'llO~'tf'Ufl'IJ O.:j ffl'i fl flO'i 'U!L~ fI:: rm 0i'11U 

1f 1'H-u'1~ ~tl ijmi~l'U ~ii1 Of11ffffllNffntJ ff1'i fl flOl 'U~1Vf11'i l~1l~~0~ t~ll''U ill lllW~m1Jl~ ffll 

http:1.'1111.11
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Ai f t d.c:! cI l' dd I d .cd , d ~ 
11IOtJamJflflnl!fH'IflUn1il'H.utn'ilt1Jt'I'lHHHI'l'U~mlH flflfl'llU'llIU'Ut'I'l'lflflfl1JtlH C)f~'ilt 

ff-3Nan1tflU~fl,"'tf ff~1 ~~U'l~-n'fl1J mtflU~fl1tUuijnff'IJfl~~~iJ;1~~HII'j 1'Uff'l'U'lJfl-3 

fhlcU~1t.J~m1'l.ht.J ffl'H1Ut'I'l'ltJ'ltnflUflafll'Ut,htiu 0.13 Ulfl~fl~~'l uat'~'\.JfhlcU~lt.J~anl'U 
~fl,dfl~tJ'l~~nlnil i'lflVHm1fil'U'lW~1'UfIlflN'U'lfl fl 

..li _I':! ... .., 1"1 1 '... "" 1 1 '" •l1Jfllll'lt.JUlflt.Junum1 'tf fl C)f'U 't1U'll 1Jfl'll1Jt'IJ1J'IJ'U'lJV~ fl C)f'Ufll'H1Jltt'l'1Jflfl 

48 ija~n11J~t)~~'l jjtJ1::fffl~fIl't1n:&~t.J ~flt.Ja:: 98.9 nm~l'H1Jl::t'I'1J 40 'lnti jjtJ'l::fffl~fIlvtl~~t.J 

~t)t.Ja:: 99.9 ua::fh~m'tf~''H1J1::t'I'1J flfl ~m'tf 7 jjtJ1::fffl~fIlvtL~gt.J~t)va:: 99.8 u~m'l1~fl1C)f'U 
• A ~.l 1 ,.. !iil..li '" "'" 11 11'Um1CUll'tffl'Ulfl~'lJfl~ Hvtt.J1Ula 'ilt 1Jq~t.Jln lvt'l1::'1I'Ulfl'lfl~flNa;lt'l'11 fl C)f'U ~m~'t11:: 

m1~~;~ m11-N~1'Uua::m1'flUatill~1mn41t.J t'I'::~'ln~fll~l'H,rl~~tJ~ml~l'U 'lJjjm1tJ'Ulnfl'U 

... t 1 1 ,. ~ 1 ~.l r.l "'_I f', .... _I.AI
'lJfl~1t)1C)f'U t)nfl~ fl 4)$'U 1J~nl'lH 'U'Ulfl~ 'Ulfl~flll"t)t.J\iflafl~t'I'l1inw:: 1J1Jfll'lll'Ul1Jfl'U'lJfl~ 

t'l'l'Yt1:l'illn 1fl1'lf'U '~ff~PH'n1::flU~t)'"'tf ff~1 '~n'i::flU~t)'i::uuijnff'IJfl~~~jj;1~~HII'j 

U"::~fflfi'Y'~l~'UYt1:l~~l1'lAtffl1J l'Ul'h'UfhlcU~ht.J~mnj'lt.J dl'H1u1fll'lf'U 'l'IltlU 0.02 Ulfl~fl 
"'" !iiI t .... , A ""'11 1''''' •a9l'i ",,:: 111'Um'l"nl'UflHl~t.J'l flt)flllfl'ifl~Na~ t) 4)$'U ua:: fl tC)f'U ~'lflt.JHm'ifll'U'lW 

'fl''UfIlflN'U'ln fl 
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tJ't1't1"" 5 

illt1Nt'lm~'t1~t'ltl~lIt'1~elJtl~ilUtlIlU~ 

Ar:!"; AI 4 "" 4\llf)f)n ''ltH'! fH'Hl11llJ lW 'YIL'HlJ l::'lJO~ffn III ::f)Otlfl~OlU fI 'lllJ L'lJlJ'lJUflaOlU 

~l'H1J1=:ffll 1'Y11O'tl 1.5 ija~f)i'lJ~O~91l f11 1f1~~0!llUtlflVi(;tJ,f~t!1J91 ua:f11vh1'a 1f1~~0!ll 
utlflVi(;tJ nhO'tl 730±0.0 MPN ~O 100 ija~~91l ihh:ff'YIifll'n 99.5 lUO!l~U~ 1~nal~ 
l'H1Jl:fflJ flO 30 ulVi 1~'ntJth 1fl~~0!lJLLtlflVi(;tJ,f~'HlJ91 ua:f11~Ra 1fl~~0!llutlflVi(;tJ ij 
.1 ..::..." 0 .. 141'" I ,. ... 1 t 1 · lll:ff'Yl'DfIl'nlotJa: 100 'YI1f11l11ltlfll'nlO'lf 3 fll flO 6, 7 ua:: 8 F-Iail1l'YI91aO~llllf)t1'll ll'ntl 

, Q" t , .. QI 44 _ ~" .Q" I4_ .." d.

fll1fla~OllJUtlfl'YIlltJ'YI~'Hll91 ua::fll~fla1fla~ollJutlfl'YIlltJ llUl::ff'YIlifll'nlOtJa:: 100 fHUll11 

• 4 • ... d 1..... ,.l 1 ...A.I" ... ... t .l ~I'" 1 .....1 " fll'nLO'If \l::U91f)911~f)U f) lJlJF-Ia910f11l«IJll'lf0 f1a110lllUtlfl'YIlltJ'YI~'H1J91 ua::l'lfOl1f1a fla110llJ 

utlflVi{;tJ u9ioth~191 u9i,f~dlaOf)fhi4LO'lfL..;'titl 7 lrJUth~L'HlJl::fflJlrl 0~\l1f)ijtll1mfO'tlfhi4LO'If 
Jl11lJiu ua::tll1f1~~0!lJUtlflii(;tJ.J~'HlJ91~ 1~ ~1f)11lJl91l JluJl~~~til'HU91 1fl~lnu 
5,000 MPN 9i0 100 ija~~91l ua::tll~Ra1fl~~0!lJLltIflii(;tJ~1~ ~1f)11lJl91l!lUJlfi~~til'HU91 
1n~Lnu 1,000 MPN 9i0 100 ija~~91'I 

5.1.2 161.\& 

\l1f)m'I'YI9laO~'H1UllllW~l'HlJl::'lJ0~101CJ1u f111lu'lflJ'lfU 101CJ1uL'H1Jl::fflJ 

ll'hO'tl 48 ija~f)i'lJ9io~91'I tll1f1~~0!lJutlflii':;tJi~'HlJ91 ua::tll~Ra 1f1~~0!lJUtlflii':;tJ L'yhO'tl 

920±0.0 MPN 9i0 100 ija~~91'I ua:: 240±O.0 MPN ~O 100 ija~~91'J~llJl'hfltl iju'I:ff'YIim'n 

..l ..; ....." 1!J1 ..; .. I 1" "0'"f11'I«IJ1L'lfOmaVL'YI1f)tI'IOtJa:: 98.3 ua::99.5 911llal91t1 'fIl1al'Y1l'HlJl~ fflJ 40 Ul'Y1 fll f1a~O'IlJ 

L1t1f1ii':;tJ.J~'Hll9l ua::tll~Ra 1f1~~0{lJLltlflVi~tJ n11O'tl 1,700±O.0 MPN ~O 100 ija~~m 
ua: 790±0.0 MPN ~O 100 ija~~91'I 911lJd'fltl ijU'I:ff'YIim'nf11'IcU't~OL~~VLl'hO'tl~otJa: 99.8 

ua: 99.9 911lld'fltl ua:tl',"lO'lf~l'HlJ'::fflJ flO ,"W'If 7 ijtll1flri~0!lJLLtlflVi':;tJ,f~'HlJ9l 
ua:: th~Ra 1f1ri~0!llutlflVi(~tJ 1'Y11O'tl 1,600±0.OMPN ~O 100 ijariri91'I ua=: 940±0.0 

MPN ~O 100 ijann91'I ijU'I::ff'YIifll'nmnhL40m~tJLl'hO'tl~otJa: 99.8 uat 99.9 9l1lJd,fltl 

, 1 Q" .. ,c:l t ..J. 1J' ~ t r '" .d 1!J11 ' ...0ua=: f1, f1a~O'IlJUtlfl'YI1'ItJ'YI~'HlJ91'YI fl 9l1f)1'lJ'91'IJ'UU1'YI~'YIf)1'HU91 'J lJlf)U 
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t t II II , 

5,000 MPN ~O 100 ijnnn~l un:: fh~tlnlfln,"of1Ju1Jfli1ilvi1'~ ~i1n111Jl~lJl\nhi1~i1 

nllf'U~'fhhihJ 1,000 MPN ~o I 00 ijnnn~l 
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o QI 

"lMI. 

QI "" 1.1 1.1'" A",,,, .!. .J!lflll1J "tJ'YI1Un1. 2539. mnffl1 1:;n6V011 1:'1Jff1J1JtJ1116~ O11V'J1111"filO11tHU1fi1C161J. 

~ 01..:& " 
n1~l'YI1't1J11ltJfl1 : tTtJtl6tJl1Jtiff ~U1fi1~61Jl'llfil m:'YI11~ffl1i1'Jtu t1'll . 

... .!. ".. u",r"''11n6~6tJl1Jtlff~U1fi1~61J. fj1J6011~ml1:V1J lVel.JJ1ffti LtA H1'ttll'tJ1~. n1~L'YI1't1J11ltJfl1 : 

m1J6tJl1JtI m:'YI11~ffl1i11tuQ''ll. 

m 1Jfl1V fJ1J1J~\1l1. ,,~i'j61'lflO111:VVUl'UfilJlLfftlUVV 1J,jl~6101ff". n In:v]J'U1'1.ifilJlLffV 

UVV1J,jlim01'f. hnp:llinfofile.pcd.go.th/ptech/anair _ manuall.pdf? CFID=11440964& 

CFTOKEN=11700726. itJ11f11J,2555. 
tI • 

fl11J6tJl1JtI. 2539. O11ifiltil1:;VVul'1.ifil\l11fftlff(l1tJ1'ttl1lJl~. tJtJ'YI'l.{l : ~'hv1ff1m11Jff~U1fi1~61J 

t A • ., ~ .:II AQ,I .., " 

O11Lfl11:U11 '1'lflfi1. 2537. O11V1VfiltJ l1ffV,1J'lftJ. fl1 ~l'Y11't1J'H1tJfl1 : flU~1"tlU~:1'tfa1tJlt1tJV 

1'l11011~6~61ffti. 
111'lf 'l11\\!ff~1L1'lf. 2543. O11i~011'Y11~1ff1m11J. nl~L'YI1't1J11ltJfl1 : 

~U116fUCJf~f161JVl1mlyJVlfl. 

U1~ ~WN~. 2539. f11l1Ji..t11tJL~tl1tiv01lul,jfilJ1Lati. tJtJ'YI'lJ; : fh{J1ff1ml1J~~U1fi1a'61J 
Q,.I d" Q,I 

n6~6tJl1Jtlff~U1fi1~61J m1J6tJl1JtI. m:;'YI11~ffl1i11Wt1'll. 

... ." 1 Q,l4.J1 Q Q;I1.11:1ff1! m:"H1~1I. 2546. tA tlVW0116tJl1JtltHLl1ei:161J. tJtJ'YI'lJ1 : m1J6tJl1JtI 

m:'YI11~ffl1i11Wt1'\J. 

~ C/o Q,I "dI Q,I f/ Q,I " AlA r r 4 C/o t/ r. ~ 
1JtJfftJ 9lWctJ~l1fftJ U~:;1JtJ1flll 9lWctJ~L1fftJ. 2545. lf11J1'Y1t11'll6~tJ1U1:i:::tJl1ffti. 1't1J1'tflH'YI 1. 

Q t/, "A.,

n1 ~l'YI1't1J111tJfll: 1H1't1J1'tU11 ~~W1~~mW1J11l1'Y1t11~tI. 
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.. 
1.1 m1"'n;)fJWIl1'n'llO~1h 

_~ ... '" 4 
1.1.1 lJ11J1W,"OUn1f.1 

~ihnil ~~t1::t1'Utl~' 'ULL'M rl-3J 1 ,h'U''M qjtl'Uln tl'U ~ lfl~~,jtJ ri lV'IJ tl-3 fl'UUa~tY~rl 
MULmrl~Jl fll'lfl'n~1Lfln::t11~'UfllHI'l1~'Ml~a'U'VIl~titlhfl 

u tJ fl;t IIv1 fl a '" tl f 11 'M 11 1 V 0-3 mi 11 'IJ tl ~ 11 tJ fl;t IIv, 'W 1-3 ff Enterobacteriaceae 

~1iltl'hnitl'Ui'U ~flffLLmllatJ 1,jt'l'~Ht'I't1tlf lrJ'U~1fl~1,j;f0~fl1'JOlflli'f 'MlO Facultative 

anaerobe t'l'11l1Hl'Mii'flJlfllauafllflt'l'hffl'lfl Ua~11~t'I' 1~fllV i 'U 48 ,t1111-3~~W 'MfJiJ 

g:J Q,I I ad GI r~,,,. .It 1 .. I 4QI I,
35 tl-3i'fWltalCHVt'I' fl10V1~UtJfl'VI1'lV L'Ufl~lI'U flUfl Escherichia coli CJf~ flVlJflflllfl~tJO~ 'U 

.Q, act d QIfl.. t,
'YI1~lfl'U01'M1'ltYfl11aOfl~'U ua::'lJtl~fl'U \l::'U'U~~1Jlfl 'U~n1'l~ ua~ HUfl'VI1'lV~'Ut'I' Enterobacter 

'" t ... '" '"" • tid ... 1'" '" .1 J: o.lt ... '" t/
fl~'U'Ufll'lm1~~tJ~a'U 'VI'lV I'Ufl~lI'U ~~no fl1111fll'llJ'Ul'l.10'U 1I1'IJ0-3fJ" ~1'l~ on'U lCH~,a'U'VI'J V 

~ti 0 i ..flnfl h fl 1~ u~lfltJtlfl~fl 'U t'l'111nn¥i'1'U'VI1'U~a'U'VIl~fl~lId1~ L'5''Unfll'lflH:~'Ufll1L40 
tlfl~''U'VIHlfl'U01'Mni..ft'l'l1l1'lntiohfl'~ 1,$'U ~1fl11i't'I' i-3J'U fll'JNaflOl'M1'l 'M10 J1~1I 
~~~~¥i'0~1ifll'lfl11~t'I'otJ~a'U'VI1~ ';h1i0~i'Um1l1Wl'Yhifl 1iiuflntJ'M101,j 

"" t/lI.I.Ll fll'l11f111~'M fltJ111 Most probable number of coliform organisms 

(MPN)'MlO Multiple tubes fermentation technique 

~I ... t/. F- ,I 1 ""_.I t/ '" '" 1 '" ,llJ'Ufll'l1LfI11::'MlJ1111W'Il0-31'110 fl 'fin 0111UtJ fl'VI 11 tJ \flV01i'ftJfl1111t'1'lll11n 'U 

fll1~OtJt'I'110l'Mlll..f1nflnlCJfi'U'MaOfl'VIflaO~ tl1mh'U1'U'lJ0~'MaOfl~'l..fNa Positive 'Ilo~u~a~ 
... "':J! 0 1_ I • • i '" '" .It.fll11~0~H 3 1~fltJ Un1'U1 lJOl'U'Mlfl1 'Ufl11Hfl'l1'U MPN (MPN index) CHn~tJOfl~1'U1'U'lJ0~ 

.It ~~ 0 IV r.c: t ..41 f ~.. • 

Number per 100 ml ofsample) CH-3111Um1l1~t'I'l'M'.itJfl10tJ1~U1'V1i1'U 'M'ltl'U11t'1'tJ"HIl'} 

... t/
1.1.1.2 'l~tJtJfll'l1Lfln~'M 

4 tI ,I .;.... <1'1 "" _.I t/ 
fl11l'fl0 m~tJtJ'M aOfl1 a tJ~1'11tll'Vf011fln::'11 flan0111fllll 111 MPN 

~ ,.1"" i" ... .It i " 0t !it1fltJ'VI1 lJutJlI 'I10~ 2 'l::tJtJ flO 1::tJtJ "3" ua::'l::tJtJ "5" 'MaOflCJf-3l1J'Wfll'ltJOfl 'M'VIntJ~1'U1'U 

...l i" '" t .It "'... "" r'M a Ofl 'VI ~~ 'I1'M lIflfl 0 'M 'U ~'l ~fl tJfll'll~0 ~ 1~'IJ 0~fl10tJ1~ 'W 1 

1~tJtJ 3 'MaOfl i.uOl'Ml'lma11l'ov t1'l~mjflL1'f1110fllt'l'Hfl~'fI1fl1l1fl 

'l::tJtJ 5 'MaOfl l.uom11ma1111fl1t1no~na110fllt'l'Hfl~alfl1l'OtJfl11 
" " fll11io~Hi10~1~111t'1'l1l1'lmil1¥i'i~ij 
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. 

.. 4~ d t " 0

9 lHUH'I~'.i l1Hl\.lnl'.i sterile LLfl1'ill\.l1\.1 3 lHH)~ 

'GI '~~d. t
2) 1'IJtJl~1UtJH\.Il111fl1J1J1UtJHUH 25 flH 

3) 'of sterile pipette t1~Jli10UH I ijflfifim 'fffl~'\.I11f10~1li\'1~ij 
~ ~ .cl QI 4 
\.Ilflfl\.ll1f10~111 (O~'.ilnl'.il'ilU'ilH 1:10) 

., . ., 
4) 1'IJUli10Ul~\h'\.IlIflO~LLi\'1Vi 1 OUHLLH 25 fli'~ 

5) 'of sterile pipette t1~Jli1orh~1l1fl'YHIO~1li\'1~ 1 m1J1m 

1 ijflfifi~'.i 'fffl~'\.IlIflO~LLi\'1~ijJlmt\.lllflO~~ 2 (6~'.ilnl'.il\i6'ill~ 1:100) 

6) ''lJfhi10dHJ1'\.IlIflOtmi\'1~ 2 OUHLLH 25 flf~ 
7) ,.f sterile pipette t1~Jli10UH'il1tl11f16~"i\'1~ 2 m1Jl~'J 

1 ijflfifi~'J 'fffl~'\.IlIa6~LL~1~ijJlfli\.lllaO~~ 3 (6~'Jlnl'Jl\i6'ill~ 1:1000) 

11 ...., , r!'1 
'il:; "'Y~o~m1J'lJU~nl'Jl'il6'ilH~1UtJH\.IlllJ'U 0.1, 0.01, LLa:; 0.001 

'oW1Jli16Ul~'\.Ill~a:;'.iZ;11Jnl'Jl\imn~1J111fl'.il:;"'1I1m1J1Wlflfil'lo{lJ~ tJ,t1 
... ..-~ .r 1 ""..1" ....1.1.1.3 nl'.i11fln:;lIlJ'.i1J1Wl'lfO fla110'i1JU1Jfl111'JtJ (Total Colifonn Bacteria) 

A... t1"1) lfl'jO~lJOlla:;'2 mw 

(1) lIaOftU~1'n!U1J~hN~ (test tube) 'IJ\.Il~ 15 ijafififl'J 

... " (2) lIaflftftfl61nlfflftfl'Jl1'J1J (durham tube) 

(3) thtl~'IJ\.Ilft 10 Ha:; 1 ijafifi~'J 

(4) \1fltJH'.f01JUltlfldllli'1Jt]ftJl;116UN .. 
(5) fI:;lfltJ~Uflflfl08fla 

(6) €1'nl:;,4o (incubator) 

(7) a1ft~ijtlalfJ1h~fla1J (wire loop) 
.r ,l

2) 61111'ilatJ~1'l1U 

r tL 0 GI .. ." 

(1) \.Ilfla\.lffll1'J1Jnl'Jl'ilO'ilHfl10tJl~ 

(2) Lactose broth (LB) 

(3) Brilliant Green Lactose Bile Broth (BGB) 
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II 

(1) m'i~'i1~fftJ'U;r'UUlfl (Presumptive test) 
o JI .Q QQ Ji 11::1 QI 

'U11HltJ~Ufl1 (test tube) 'U'U1~ 15 :U'HH'~'i C)1.:J1Jl1l1tJ~Wlfl 

tJlmfl!~tJlU'i 1J1Hfl"htJ~mtJ l'U 11 1'U 'i'i 'tJl111'i!11l11UlIfll~ff 1Iffl1ml lItJrllAtJlU'ill tl'i ::lllfU 

......... p. '1.1 ~ • ,x 1 ".!r., 'I .J... 0 .. 

10 lll:lllll~'i Un1'U1 L1J'U.:J'il1l'l1tJ 'Ul111tJ'U.:JtJA LtJ (autoclave) 'YIflfUl1fJll 121 C 'U1'U 15 'U1'Y1 

.... . ~ .r t 
!'UtJl~1tJf.l1.:J'U1UH~ 'U'Ul:I.:J 25 flH 

l.flhtl~ 'U'U1A 1 ijllnn~'i tlAi1tJU1,nl1l-dll.:Jl'U11l1tJAU01 

II 

(2) m'i91'i1~fftJ'U;r'Uti'UV'U (Confinned test) 

." ......... ~.. .,

'U111f1tJAUfl1 (test tube) 'U'U1A 15 :Ufll:ll:l91'i C)1~lll1f1tJrlAfl 

~ ~'l 1" , ~ p. 'Iol~
tJlnlffLAtJ'iUl1l11.:Jfl11tJ~m(J 'U 1J1'U'i'i,tJl111'ill1f11 BGB 11'Y111111f1tJA1PltJ':imll Un1'U1 L1J'U~ 

,,x, "~"''I .J ... 0 .. 
'il11'l1tJ 'Ul111tJ'U,!JtJA LtJ (autoclave) 'YIflfUl1lJ1J 121 C 'U1'U 15 'U1'Y1 

ti111 fltJA~1If~m'Yll ,!J'U1fl1'U nl'i ~'i 1 'il fftJ'U,T'U U'i flll 11'U011'Ul~ 
UfI:: Yi1nl'i olm4tJ191V1-tt'fI 1rl~ijtl fl1V111,!Jflflll ;llfl,!J'tll 'U 11 fI tJA ~1If~H'I'YI1 ~'U1mlti'1til'tl ~ll fI,!J 

" dod • ~t ~1'U11f1tJrlUfl1'Y111tJl111'i BGB 'YIltJtJl,!J'U 2-3 flH 

L'lJdntl:ltJAU011'Ul~ L~tJllftJ1111'i BGB Nffllfi'U14tJ~cl1V1J1 
'i::1,!JtJlil 1 lfij~tJ~tJlmff1 'U 11f1tJA1AtJlmll 

• " C'I.J ... .r , " 
'U111f1tJrlUfl1111~'1'ltlfl1C)1'Y11flA'IJ'U 'Ul1f1tJrllPltJ'U,ll 

p 1'" , 1 " .. ... ... ,x 1 "'0.1 ~ 1 " .JC'It.lll1l1tJrl rllflrlnlC)1Uffrl~11 l1Nl:I'YI1,!J'U1fl (positive) Uffrl~tJ'U(J'U111Jl'l1tJ flflntJ':ill 'U11f1tJrlUfl1'Y1 

LnrlfilC)11'Um'~'1'lfftJ'U,T'Umfl 
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t <f 
(3) mHl'nUffOtJ'\JUffll1J'HU (Completed test) 

o A cl q , ~o4 Q.I

U1L'lfOU1mH10~'tlLfl~~O~01mfl U'\JUtJU tJU1I1 streak i:HtJU 01'M11 

d ~ ,.1 ~" AdO .:, 10
U'\J~ EMB (Eosin Methylene Blue Plate) Ut11U1 lJL'U1~Ll'I1~L'lfO'tl 35± 0.5 C U1U 24± 2 'If1 m 

.!r A ....., • 1 "' • .1 <f • t d '" '" 1 1l' d ~I 1 1 ....!r 1 1'" ... ..,
CJf~L'lfOUtJfl'tll1tJ Ufli:JlI fli:ll'1011lL't11UU 'tlLU1qJl~tJ ~ i>U'MULlJU fl (,'1U CJf~ fl llUU::lI11fllJW: 

mh~1I~Hflll1~ LLll::ijffh'M:~~ (metallic sheen) 

t ,,,,,,,,J 	.~ d 1 1 ... d".£ 	 d 
U1flUU 'M 'If 	 lIUlIl'1U'tl sterile U1l1 'ilm01 fl llU'tllWfl1~tJ1" 

litU'Ii~'UU~ll:: plate tJ1:1I1W 2-3 1fl111il 'ffll~'U'MllO~~jj01'M1'j 
~ • , ... 1 "" ,: .d 0

Lactose Broth 11t11U1 lJl'\J1~ll'11:1'1ftJ'tl 35± 0.5 C U1U 

<f.:, 1 l' ='1 	 A 1 "'..1 ,.:tIC)! ... ~ 1 '" " 24-48 'If1 1I~ tI1LlJU1'1fO fllll'1011lU: l1mCJf1fl¥1'\JU U'MllO~¥1flO1mflL~1:l'jUlli 

l' 0 ,_1 " ,1 AdONutrient Agar Slant Ut1U1 lJL'\J1~Ll'I1::::1'1fO'tl 35± 0.5 C U1U 

'" 1 <1/ 0 A '_1 0 ..!r ='1 • 2' ....24-48 	 'If1 1I~ U~U1L'lfO lJ'tl1 gram-stamed CJf~U::LlJU gram negattve LL(11f1'O~'(lllfllJW::'\JO~ 

...... " 2 .... " UtJ fl 'tlLl tJ~1tJfl (1 O~~ II 'tlflU 

'" 	 ". F- A ~I 1 "'..1" ......1.1.1.4 	 ml1Lfln:'MlJl1l1Wl'1f0l'1flOll fllll'10lllUtJfl'VlLl tJ (Fecal Coliform) 

A 4 .1"
1) lfllO~1I0Ull::f,/lJmW 

(1) 'MllO~U0'1l'1'Oll,hN¥1 (test tube) '\JUlY'1 15 ml 
.., <f 

(2) 'MllO~¥1flO1mfll~Olmli (durham tube) 

(3) ihtJ~'\JU1~ 10 Ull::: 1 ml 

(4) \lfltJ1~1,*titJilltJ~tf1'Mi'tJ'(l,nI1~10th~ 
... 

(5) ~:::1fltJ~LLOi:lflO@JOll 

(6) ~Ll'I1:14o (incubator) 

(7) 	 111¥1~jjtJll1tJ,.h~flllll (wire loop) 

.: X 
1) 01'M1lLllV~L'lfO 

(1) J1fl~utf1'Mi'tJflTH;OU1~~1mh~ 

(2) Lactose broth (LB) 

(3) EC-medium 

.. 
(l) ml~l1uffOtJ'liuLLm (Presumptive test) 

o JI 	 4 QA .. d. QI 

U1'MllO~Ufl1 (test tube) '\JU1~ 15 lJi:lllllm CJf~lI'MllO~~n 

" ~ 1 1 1" I "_IO1mflL¥10lUl1l11~fl110~fl1V U 1I1tJll~01'M1lm1l1LLi:lfl ~fI' 'M'tl111'MllO~U~OlmlllJ'j::1I1W 

.......... l' 	0'. I ... 

I 

, X 1 "....., 1 d.... 0 
 ...10 lI111111~l LLt11U1 lJU~<iJ11'lfO U'MlIOU~O¥1 0 (autoclave) 'VIf,/W'MfJlI 121 C U1U15 U1'V1 
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I Q,I • ~ ~ t 
L'lJmmtl{JH'U1UH'l 'IJ'U1:l~ 25 flH 

'ttlL1J~ 'IJ'Ul~ 1 iJ1:laa~1 ~~';1utlHJ1'U1:l~''U'H1:ltl~LL~1 
.J ,... ...........,..It 
'YItJn~m'HllL'H1:l1U1:lfl L~ff 3 'H1tl 5 'H1:ltl~'l 1:l:: 1 lJ1:l1:l1:l~1 ~tl 1 1::;fltJ'lJtl~011L~tl~H c1Wlfi 

tl~mlJ'lJtl~011L~tl~H''U0111Lfln::t1~::'.f011L~tl~1~ 3 1::itJfitl 1 ';1U~H 

L'lJth'H1:ltl~LL~1LtJl'l L~U'1ftll'H11Nff:untJ';1mjHJ11::1~tldl 

t .. .. 
(2) f111~11~fftltJ'IJ'U{J'U{J'U (Confinned test) 

0" ......... .It... ..,

'Ul'H1:ltl~U01 (test tube) 'IJ'Ulfi 15 lJ1:l1:l1:lm C)f~lJ'H1:ltl~~O 

0' ~., , " , '" 2 0 ,.I.It
tllfllf'flAtl1UnJ1Hfl1ltl~fIl{J 'U lJltJ111m'HllL'H1:l1 BGB 'H'YI1lJ'H1:ltlA1Atl1U1lJ U,,1'Ul 1J'U~ 

, A, ".It.." ..l... 0 ... 

IlIWlftl 'U'HlJtl'U~tl~ tl (autoclave) 'YIfJW'HtJlJ 121 C 'Ul'U 15 'Ul'YI 

'Ill'H 1:l tlA~'1fN1:l'YI HtJ10, 'U 011 ~1 1 'ilfffltJ,T'UU1 fllJlL'IJ VlltJl '1 

U1:l::l'ilO11rllm~tllA{J'.j'1:l1A~1jtJ1:ll{J,.j 1~01:llJ ~lJ1:l~ ,tJ,'U'H 1:lflA~'1fN1:l'YIHtJ10Ua1'1ll'tJ~111:l~ 
, " ..l... I J :.

'U'H1:ltlflU01'Y111tll'H11 BGB 'YIltl{JH'U 2-3 flH

0 

I Y ,.f .., A ..l ,
.. 
1'IJ{J1'H1:ltlAUfl1LtJl'l L'rttl l1tll'Hl1 BGB Hff11f11JL'll'tl'YI(llrJlJl 

1::1~fldl'1fihifl~m01f'f' 'U'H1:ltlALAtlfU111 

o " c:II ..l....r, '" 'U 1'H 1:ltlA U f11lJ l~ 11 'iI ~f11Clf'YI LO!fl 'IJ 'U 'U 'H 1:l fl~ L~ fl1 U 111 

11 ,"'c:II "" • .." ... .1,. .....1"', "..lfJl'H1:ltlfl flLnflfllClfLLff~~1l 'HH1:l'YIHtJ10 (positive) Uff~~{J'U{J'U1llJl'll''V Lfl1:l11tl111 'U'H1:ltl~U01'Y1 

lnAnlC)f''Ufll1~11'i1fftltJ,T'UU1f1 
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" .
" • ~al "" "'.oS 0Lactose Broth urrn.J1 LlJL-U"JLVn::a'lHl'YI 35± 0.5 C Ul'IJ 

.:. 't l' ~I A 't ......1" i ,,<:'1 ...J i ... " 
24-48 'll'1 Lm tllLlJ'lJL'll'fl Lfl'nl'1fll"lI~~ 'HnlC)fLflfl-U'IJ U'H'nflflflflfllnlflL'fltll"LIl"lI 

1" ~al " " .K.,;Nutrient Agar Slant Utl'IJl LlJL-U1~L'Vil~L'lffl'YI 35± 0.5°C 'lJ1'IJ 

.:, 't o!I. A ~a 1 • .Ii ~I . 1" ... 
24-48 'll'1 LlI~ ~~'lJ1L'll'fl LlJ'YIl gram-stained C)f~~~LlJ'IJ gram negative Utl1fffl~~'nfl1:lW:::-Ufl~ 

.os.os l' l' ..... 
111Jfl'YIll"Vi>11Vfl tlfl~ ~ 'n 'YI fl'IJ 

1.1.2 fll1flnnW 

nl'.ifl1'IJ1W'H1fh~"JfU MPN \h~1'IJ1'IJ-Ufl~'H'nfl~~1""H'n positive -Ufl~Ufl'n::: 
... • 0 ... , ~.011 ... 1 "r= A 't "'• .1 .. 

'.i:::~1Jnl'.i L~fl~H~l'IJ1'IJ 3 '.i:::~1J 'lJnlHl'.i1'1l fffl1J-U'IJV'lJV'IJ 11m1flllJ'.i1l1W-Ufl~l'1ffl Lfl'nl'1fl'.i 11 

U1JflYii16'H1fl~flfla lflft~flfllU1JflYiilv i'IJi1fldHJll'nV1Jf11J~I1'n~~"JfU MPN 1,f'IJ t5'l'U 
• QI' r ,

fl".m1lnll"1'1lmnUI1fltl1~'lJ1 10, 1,0.1 'V'l1J11 

.oS .,;, " ....oII"
10 ml 1I'H'nfl~'YI 'HH'n1J1fl 4 'H'nflfl~lfl 5 'H'n6~ ('.i:;::~1Jnll"1~fl~1~U'.iflfl1'H-U1 

'fl115) 
.oS .,;, " 

1 mI1l'H'n6~'YI 'HH'n1J1fl 3 'H'nfl'fl~lfl 5 'Hafl'fl 

.oS .,;" " ....011 " 0.1 ml 1I'Hlfl~'YI L'HH'n1J1fl 1 'Hafl~~lfl 5 'H'nfl~ (l":;::'fl1Jnl·H~fl~1~17~'YIlVfl1'.i 

1,r11fll1 0 lUfl1l"lnU 2) 

... t 1il"'Ial ~ ... .oS .,;,,, • 

~~U'IJ 'H llJLlJ'fl~fl1l"H~'If'IJ MPN ~lm'n-U'.i111-Ufl~'H'nfl~'YI 'HH'n1J1fl flfl 4-3-1 

~n:::l1ffl1~'ll'U MPN -ufl~i1fldHl~'IJ 33 MPNIIOO ml -ufl~i1flfh~ufll{lfl"'fl'.illnl'.iL;mn~ 
... • r.,;, ~1'!;fJ • .,;, ~1'...... II l' '1' 

fl16VHU l'Y1fllUH'n Li>U1J'IJ 1,0.1,0.01 mt fl1'Y161'IJ Lt1'\llfl~'ll''IJ MPN 'iJ:::fl6~tlWt11V 10 Ufltllfl". 

fl'.illnl'.iL~fl'\lHi1fldHJ1~v1uHalIlL~'IJ 0.1, 0.01, 0.001 ml fl1~Vl'IJllI'\llfl~'ll'U MPN 'Il:::~6~ 
II • 

tlwII1v 100 1JHfli'~H'nYilllfll'\l'll:::V1UlUllI~lflfl1'.iH~'lfU MPN hl\i1nl'!ifl1'IJ1W'H1fl1 MPN 

flfl 100 ml 

No of posstttve tube XIOO 
MPN/I00ml=I7~==~~====~==~~~~==~==~====~J(mf sample in negative tubes)X(ml sample in all sample) 

http:1,0.1,0.01
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1.1.3 1UH1YNLl 

'.i1 tFll'l.nIhntu 'U n.:j 11'lJ fl'n i~ tJ n~ lJ1fl ~-wn~mf.:j 'YIlJ fit m::: 11'lJ fl nil tJ n~ lJiIflCl 

lfl~-wn~lJ 'YI\'btJt~'U MPN/IOO m 

.. 
f1111~'f1 n.l 	MPN Index and 95% Confidence Limits For Various Combinations of Positive 

Results When Various Numbers ofTubes Are Used Per Dilution (10 ml, 1.0 ml, 

0.1 mI) 

Tubes per Dilution 

Combination 3 5 

orPositives MPNIndex 95% Confidence Limits MPNIndex 95% Confidence Limits 

1100 ml Lower Upper 1100 ml Lower Upper 

0-0-0 <3 <0.5 9 <2 <0.5 7 

0-0-1 3 <0.5 13 2 <0.5 7 

0-1-0 3 <0.5 20 2 <0.5 11 

0-2-0 - 1 21 4 <0.5 7 

1-0-0 4 1 23 2 <0.5 11 

1-0-1 7 3 36 4 <0.5 11 

1-1-0 7 3 36 4 <0.5 15 

1-1-1 11 1 36 6 <0.5 15 

1-2-0 11 3 37 6 <0.5 13 

2-0-0 9 3 44 5 1 7 

2-0-1 14 7 89 7 1 17 

2-1-0 15 4 47 7 21 

2-1-1 20 IO 150 9 2 21 

2-2-0 21 4 120 9 2 28 

2-2-1 28 7 130 - 3 19 



Tubes per Dilution 

Combination 3 5 

or Positives MPNlndex 95% Confidence Limits MPN Index 95% Confidence Limits 

1100 ml Lower Upper 1100 ml Lower Upper 

2-3-0 - 15 380 12 1 25 

3-0-0 23 7 210 8 2 25 

3-0-1 39 14 230 11 2 34 

3-0-2 64 30 380 - 4 34 

3-1-0 43 15 380 11 4 46 

3-1-] 75 30 440 14 5 

3-1-2 120 35 470 -
3-2-0 93 36 1,300 14 

3-2-] 150 7] 2,400 17 31 

3-2-2 210 150 4,800 - 3 46 

3-3-0 240 - 5 46 

3-3-1 460 - 5 63 

3-3-2 1,000 - 7 

3-3-3 32,400 -
4-0-0 - 13 

4-0-1 - 17 

4-1-0 - 17 

4-1-1 - 21 9 78 

4-1-2 - 26 7 67 

4-2-0 - 22 9 78 

4-2-1 - 26 
I 

9 80 

68 

f111H~ 0.1 	MPN Index and 95% Confidence Limits For Various Combinations of Positive 

Results When Various Numbers of Tubes Are Used Per Dilution (10 mI, 1.0 ml, 

0.1 ml) (~t1) 

I 
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. 
fll1Hll 

4 
fl.t 	MPN Index and 95% Confidence Limits For Various Combinations of Positive 

Results When Various Numbers of Tubes AIe Used Per Dilution (10 ml, 1.0 ml, 

0.1 mI) (~6) 

Tubes per Dilution 

Combination 3 5 

Of Positives MPN Index 95% Confidence Limits MPN Index • 95% Confidence Limits 

1100 ml Lower Upper 1100 mi Lower Upper 

4-3-0 - 27 11 93 

4-3-1 - 33 12 93 

4-4-0 - 34 7 70 

5-0-0 - 23 11 89 

5-0-1 - 31 15 110 

5-0-2 - 43 II 93 

5-1-0 - 33 16 120 

5-1-1 - 46 21 150 

5-1-2 - 63 17 130 

5-2-0 - 49 23 170 

5-2-1 - 70 28 220 

5-2-2 - 94 25 190 

5-3-0 - 79 31 250 

5-3-1 - llO 37 340 

5-3-2 - 140 44 500 

5-3-3 - 180 

5-4-0 - 130 35 300 

5-4-1 - 170 43 490 

5-4-2 -
i 

220 57 700 
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d 
VIl11Ul fl.l 	 MPN Index and 95% Confidence Limits For Various Combinations of Positive 

Results When Various Numbers of Tubes Are Used Per Dilution (10 mI, 1.0 mI, 

0.1 mI) (~t)) 

I 

I 

I 

Tubes per Dilution 

Combination 3 5 

orPositives MPN Index 950/0 Confidence Limits MPN Index I 95% Confidence Limits 

1100 ml Lower Upper 1100 ml Lower Upper 

5-4-3 

5-4-4 

5-5-0 

5-5-1 

5-5-2 

5-5-3 

5-5-4 

5-5-5 

-

-
-

-

-
-
-
-

280 

350 

240 

350 

540 

920 

1,600 

32,400 

90 

120 

68 

120 

180 

300 

640 

850 

1,000 

750 

1,000 

1,400 

3,200 

5,800 

1.1.4 fl11tllUfJlIfJf.UIll'rt . 
t a QI iQ,I I • 

'VIlm~'VIAfI't)U method blank ''I1lHAtJlnllm'.i'VIAtYt)l1\?llt)Vl~ 'Tft)'VI~tYOllm'.i 

.1 A: 	 , ... <I 
1Jlm.lt),... (contaminate) ~:::1111~m'.i'VI~tYt)11 (O'.i1Wm1, 2549) 
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fllflNUln " .. .. 
, 0 ... 

fllt11f1111UtlWfll,.,UnH91n81fll1 
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I 

I 

.. 
f,}Qlfll'rt\h 

, 
t1\fUJ tllfll1'lh:::lflrl fl 

(cranmtll'U1a'll'U1A .. 
30 liiu~:;\.I''lh 

tllfll11.h:lIlrl n 

(cral\.1'rtUlt.l1n\.llA .. 
10-30 liiu~:;\.I''lh 

thfll11Jl~Um~th~ (pH) Mgli 5-9 5-9 

iHflA (BOD) mgIL Mgli hhnu 20 '"hnu 20 

tl'llU"'IUflflt! (Suspended Solids) 

mgIL 

MgIl hhnu 30 hhnu 40 

cifl'M~(Sulfide) mgIL Mgli '"hnu 1.0 '"hnu 1.0 
. "v

Ulllifl::fllt!'~li~l1lJ~ 

(Total Dissolved Solids) (mgIL) 

MgIl hhnu 500 '"l1nu 500 

~::flflUl1,rfl (Settleable Solids) mIlL MgIl '"hnu 0.5 '"hnu 0.5 

,!'"j'UUfl::,,,,Jj'U 

(Fat Oil and Grease) mgIL 

Mgll ,,jlnU 20 '"hnu 20 

:nflfl (COD) MgIl '"hn1J 120 '"hnu 120 

Coliform Bateria MPNlloomg '"hnu 5,000 ,,jlnU 5,000 

Faecal Coliform Bateria MPN/lOOmg ,,jlnU 1,000 ,,jlnU 1,000 
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1l1ftNU1n ft 

n11ftlU1tUU11,h:::n81Jftat11UUa:::181.u 
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m111~'JJ1';1f)th~ 1 ,000 1i~ftft~'J \J1fln1'J~:~lVfI~f)lU111~'J11U,,r1J,rU 100 ij~ftfli'l1;if)i1~'J 

\J:'~'h 

... 'JIJI 'JI ~A"'A
f1f) fI1111L'U11'UU"1f1'V1lV (1J1:1~m11~f)~~'J) 

flf) m111~'Jn1'J~:n1m11J~u (1i~ftft~') 
AI .~ II ......... 

f1f) lJ'l1l~'Jnl'~:~lfJq'f1'V1lfJ (1J~~~~') 

Ul'1Ufl1\Jln~~'i\J::,~ 

100 X VI = 0.5 x 1,000 

VI = 0.5 x 1,000 

100 

II 

,;~UU tQ::~f)~ill1J~Lf)lnl'~:~lVfI~f)lU11l~'11Ul,r11,r'W 100 ij~ftni'l1;if)ftm 111 

5.0 1i~ftft~'J 'ri'uiinUnf)!m1Jl~''UUlf1 1,000 1i~ftft~'J ~f11111L,r11,rUfI~f)1'Wli11~U 
II 

0.5 ij~ftni'l1;if)ft~'J U:UU ~1~f)~fll'f11111l,r11,r'WfI~f)lU 1, 1.5, 2 U~:: 3 ij~ftni'l1;if)ft~, 

~f).:J'''m1J1~'n1'J~::~ltJfI~f)lU 10, 15, 20 U~:: 30 1i~ftft~'J ~l11f;,i1J 

'Ufl1'J't1f1~f).:J'''Lfl1f).:JNft~lv lC)fU 'UUlf1 800 1i~ftni'1J;if)"t1111~;if)ft~, ~l~O~fl1'J 

fI 1111L,f11,fU1f)lC)fU 1 ij~ftni'1J;if)ft~, ~f).:JlilflLfl1f).:JlrJUn~1 i.:Jd 



75 

.:, 1 :'1'" '" ,1' .:, 1 ... '" II11 CI.:j'tl'l lNI1I'UTU1'YI~::: ~l 1 'tI'1 lJ.:j = 3,600 l'Ul'YI 

'" '" 1 1 .........
fllllJl'UlJ'U'U 6 '11'1..1 1 lJClClmlJ = 1 x 3,600 


800 


... '" 
= 4.50 l'Ul'YI 

... ~ '" '" '" '" 1 1 .,; ... ...... '" ~ ".:j'U'U fIl~6.:jn1':ifllllJl'UlJ'U'U 6 CU'U'YI 1, 3, 12, 48 IIC1::: 100 lJClClmlJ ~6.:j11l" 

Ifli6.:jH~~ 161'11'1..1 'U'UUl 800 ilCl~ni'lJ~6,711lJ.:j~6~~':i 11'J'UldCll 4.50, 13.51, 54.05, 216.22 

CIt. ct 0 QI

IIC1::: 450.45 l'Ul'YI ~llJCll"1J 

o , II" , "11 ....
1.3 f111fllU1Wflll'VmtlOltl'HlfJtl tT11 1::: ntl1.Jflt'ltl1U 

ffl':i1l':i:::fl61JflCl61'U~1cM''tI'ij''H.:j 1J':i':i,1'Utl.:j'lCl::: 40 fi1C1ni'lJ ':ilflltl.:jCl::: 3,500 1J1'YI 

t Q 'A1'"d~:::'U'U fl"ltI'U':ilfll~6n ClmlJ = 3,500 

40 

88 1Jl'YI~6fi1C1f1i'lJ 'H16 88 1J1'YI ~6 1,000 ni'lJ 

~lnHClm':i'YI"Cl6.:j~ 4.2.1 mlJ1WfllllJl,rlJ,r'UflCl61'U~l'HlJl:::fflJ rrhti1J 1.5 ilCl~ni'lJ~6~~l':i 
II 

ffllJl':i (I'H lfh1cM'~ lfJ~6'H ~ lfJi.:jij 

, 1'" , Ifll 'tI'~lfJ~W'H'UlfJ = 88 x ( 1.5) 

1,000 

0.13 1Jl'YI9i6~~'j 

m':ifi"fhlcM'~lfJ~6'H~lfJ fhhHh 1i'J'U ~ij~ (fi1C11'~~~(),711lJ.:j) 'U6.:jlfli6.:jH~~ 

161'11'1..1 'U'Ul" 800 ilCl~fli'lJ~6,711lJ.:j~6~~':i ijfh~.:j'~~l 100 1'91~ ~lnmlJ1W~l'HlJl:::fflJ'U6.:j 

161'11'1..1 ~fllllJl,rlJ,r'U 161'11'1..1 48.0 ilCl~ni'lJ~6~91':i lcM'ldCll 216.221'U1'Yi fi"fh'~~h~ij~CI::: 
II 

3 1Jl'YI '~i.:jij 

fh'~~h = fi1C11'91~ x ,711lJ.:j (~ij~) 

fh'~~h = 100 x 216.22 

1,000 3,600 

= 0.006 ~ij91 
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rh'-H'~l[J~m1\htl 0.006 x 3 
I ... 

0.02 1J1't191tnWl'l' 

o _I""1.4 tl11fl1'\.,!lWlJ1~an1ill1ft TCB ua~ FCB 

J. .I ~" A~" " J.I QI

911'l'Hfll'l'Yl9Il:HH't1 4.1 l'lHHnJ9I1.J l't11f11J 160,OOO±O.0 MPNIIOO mllJ'l'1J1fl.1fl11lJl'UlJ'U1.JYI 

l111J1:trlJ fltl 1.5 ij"af1i'lJ~tla9l'l' fh TCB n;'01J 730±268.7 jj,.h:.:ftYlnmft TCB lm:: FCB 

• Q,I .c:w::t 0 Q,I J 
lYllf1'U 99.5% Utr~H1Tifl1'l'fl11.J1fl.191,:,J1.J 

lh:ff't1nmft (%) 730x 100 

160,000 

0.5 
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.nlflFnnn ~ 

.fj'tl'JtUii~"HnUiQ~lUliti 



78 

1.1.1 n,.,,,,tAtJ'W 


fllU"';"';" .. 
fla81" 

ftl1"fta8~ 

..; 

" pH 'Giu pH 

,hSD 

(pH) 

tRII'fl10.MIN 

Ns
2
S,0 

3 
(mL) 

Chlorine 

flflftH 

I(lao 

Chlorine 

flftftH 

,il SD 

(Chlorine 

flftftH) 

0.5 

mgCI/L 

r ..l 
'!Ill'! I 7.23 

7.22 om 
0 0.00 

0.00 0.00 
II , 

"lilli 2 7.21 0 0.00 

1.0 

mgCI/L 

II •. ... 
'11ll'! 1 7.24 

7.23 0.01 
0 0.00 

0.00 0.00 
r .. 

'!Ill'! 2 7.22 0 0.00 

1.5 

mgCI/L 

/I .. 
'11ll'! 1 7.24 

7.24 0.00 
2 0.28 

0.30 0.02
" . 

"lilli 2 7.24 2.2 0.31 

2.0 

mgCI/L 

r ... 
'11ll'! I 7.23 

7.22 0.01 
4 0.57 

0.57 0.00 
r .. 

'!Ill'! 2 7.21 4 0.57 

3.0 

mgCI/L 

.Jl~ 1 7.23 
7.23 0.00 

9.3 1.32 
133 0.02 

r ..: 
'!Ilfl 2 7.~ 9.5 1.35 I 
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I 

flllUI';uoIIu 

... 
fllUl1U 

ft11Y1Y1Qth'l 

~ TCD 

.. 
IQQU 

TCD 

.il SD 

(TCD) FCD lilatJ FCD .hSD{FCD) 

0.5mg 

CljL 

" .·.."111'Yl 1 92,000 
92,000 0.00 

92000 
92000.00 0.00 

II ... 
CJfl'Yl 2 92,000 92000 

1.0mg 

CljL 

" ' 'lil~ 1 2,200 
9,600 10465.18 

2200 
9600.00 10465.18 

II ... 
CJfl'Yl 2 17,000 17000 

1.5 mg 

CljL 

II .J
CJfl'Yl 1 920 

730 268.70 
540 

540.00 0.00
" .
cil~ 2 540 540 

2.Omg 

CljL 

II ... 
CJfl'Yl 1 49 

49 0.00 
33 

33.00 0.00 
tI •· ...CJfl'Yl 2 49 33 

3.0mg 

CljL 

tI •· ...CJfl'Yl 1 13 
15 2.83 

13 
10.50 3.54 

tI •·...CJfl'Yl 2 17 8 

• 
ftl1H;) -1.3 li1l1t1lnllUfll TeB 

10 1.0 0.1 0.01 0.001 
.. 

l'l1[J Ufl11'l~ ,hTCB 

5 5 5 5 3 920 92,000 

5 5 5 5 3 920 92,000 

5 5 4 2 0 220 2,200 
I 

5 5 4 1 0 170 17,000 

5 5 3 920 920 

5 5 2 540 540 

5 2 0 49 49 

5 2 0 49 49 

4 0 0 13 13 

4 1 0 17 17 
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10 1.0 0.1 0.01 0.001 
.. 
mtl1J~l'1H fhFCB 

5 5 5 5 3 920 92,000 

5 5 5 5 3 920 92,000 

5 5 4 2 0 220 2,200 

5 5 4 I 0 170 17,000 

5 5 2 540 540 
I 

5 5 2 540 540 

5 1 0 33 33 

5 1 0 33 33 

4 0 0 33 13 

3 0 0 8 8 

I 

..., ..., 
1.1.2 n11111naUI1JNQ' 

rrm,,4~4," .. 
flG81," 

nl.'l1 

(,nib 

nn .. 
YIfIG8~" pH 

..
tQl.'la 

pH 

.hSD 

(pH) 

tA"lfI' O.ODIN 

Na1S10 J (mL) 

Otlorlne 

flnKH 

lola Chlorin 

\lInKH 

Ih SD (Chlorine 

flnKH) 

1.5 mgCI/L 
10 

,",i! 

4'~ 1 7.24 
7.24 0.00 

2.20 0.31 
0.33 0.02 

r .I 
..'Yl2 7.24 2.40 0.34 

1.5mgCIjL 
15 .. 

'U1Yl 

~,~ I 7.26 
7.27 0.01 

2.00 0.28 
0.28 0.00 

~,~ 2 7.27 2.00 0.28 

I.S mgCI/L 
20 

'U1ii 

r .I 
'11''11 1 7.25 I 

0.01 
2.00 0.28 

0.28 0.00 
r ..I 

..,Yl2 7.27 

7.26 

2.00 0.28 

I.S mgCI/L 

! 

30 

'U,i! 

~,~ 1 7.2S 
7.26 0.01 

1.90 0.27 
0.26 O.oJ 

~,~ 2 7.27 1.80 0.26 

I.S mgCI/L 
40 .. 

'U1Yl 

~,~ 1 7.24 
7.26 0,02 

1.00 I 0.14 
0.14 0.00 

~,~ 2 7.27 1.00 0.14 
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.... . 
flllHn ~.6 fl1 TCB ml:; FCB 

. 
 . 

run 

(\nii) 

n11 .... 
flA1Ul.:tfl TCB 

... 
l'lUUJ 

TCB 

•A1SD 

(TCB) FCB 

.. 
l1UUJ 

FCB 

•fI1 SD 

(FCB) 

10 
... 

'Ul" 

r ..;
<IIIlfi 1 920 

920.00 0.00 

i 

540 
540.00 0.00 

r ..;
<1111" 2 920 540 

15 .. 
'Ul" 

tI •. ... 
<1111" 1 920 

730.00 268.70 
540 

445.00 134.35 
r ..: 

<1111" 2 540 350 

20 
... 

'Ul" 

tI. ...• 
<1111" 1 540 

380.00 226.27 
240 

240.00 0.00 
tI • 

cH1Vi 2 220 240 

30 .. 
. 'Ul" 

r ..: 
<1111" I 0 

0.00 0.00 
0 

0.00 0.00 
r ..:

<IIIlfl2 0 0 

40 
...

'Ulfl 

r ..:
<IIIlfi I 0 

0.00 0.00 
0 

0.00 0.00 

~1~2 0 0 

. 
... ... I 

.nlHn ~.7 1'Y1lJ1Jfl1 TCB 

10 1.0 0.1 
... 

IfIrJtlflllH 
I 

fllTCB 

5 5 3 920 920 

5 5 3 920 920 

5 5 3 920 920 

5 5 2 540 540 

5 5 2 540 540 

5 4 2 220 220 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
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~ d I 

Vll1Htl ~.8 l'YIU1JfI1 FCB 

10 1.0 0.1 
.. 

IYltlUfl11 H .hFCB 
I 

5 5 2 540 540 

5 5 2 540 540 

5 5 2 540 540 

! 

5 5 1 350 350 I 

5 5 0 240 240 I 

5 5 0 240 240 I 

0 0 0 0 0 I 

0 0 0 0 0 I 

0 0 0 0 0 

0 0 0 0 0 

,"'"
1.1.3 fI11"ltllVtle" 

. 
.c:t , cl .11. 

Vll1Htl -1.9 tllfll101U~fH'n~ 

fl'l'W,4,,4\,1 ..
fl1U11\,1 

rlin 

(\,Ilib pH 

tn"lft10.00IN 

N~SlO3(mL) 

Chlorine 

flnlh~ 

.. 
ltUltl Chlorine 

flllAH 

.h SD (Chlorine 

fln~14) 

1.00 0.14 
0.14 0.001.5 mgCI/L 30 \,11;; 6.00 

1.00 0.14 

1.00 0.14 
0.14 0.001.5 mgCI/L 30\.11;; 7.00 

1.00 0.14 

1.00 0.14 
0.14 0.001.5 mgCI/L 30 \,11," 8.00 

1.00 0.14 
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, 
'" .. I

fll'llUI -1.10 !VW1Jfll TCB Ill':: FCB 

l1liitl 
, . 

I 
I 

11'111.11-11l.1-1111 
.. 

l'li:11 A1SD ltlatl A1SD 
i ... 

(lilY!) pH 
.. 

TCD TCB (TCD) FCB FCB (FCD)!Aatl111 nl1'nflatl~'n 

~ .. ... 
0 0ttl'n 1 

1.5 mg CljL 30tnti 6.00 0.00 0.00 0.00 0.00 
1: ..;

ttl'YI2 0 0 

~ . 
CJfl;l 1 0 0 

1.5 mg CljL 30tnti 1.00 0.00 0.00 0.00 0.00 
II • 

CJflti 2 0 I 0 

r ..;
ttll1 1 0 I 0 

30 'Ulti 8.00 0.00 0.00 
I 

0.00 0.001.5 mg CljL , ..; 

ittll12 0 0 

. .I 

~lll.1 , 

1-1l~-1Ill 03 

ft11f1fttl8~ .... 
fI pH sd 

.. 
ltliUJ 

pH TCB sd 

.. 
ltll:ltl 

TCB FCB sd 

... 
11ll:ltJ 

FCB 

1.0 

mgO/L 

~1~ 1 1.19 

0.00 

1.19 
24,000 

0.00 

24,000 
16,000 

0.00 

16,000r . 
ttll! 2 1.19 24,000 16,000 

12.0 

mgO/L 

r .I 
'IIl'n 1 1.33 

0.00 

1.33 
16,000 

0.00 

16,000 
9,200 

4808.33 

12,600 
~ .l 

'II1l12 1.33 16,000 16,000 

36.0 

mgO/L 

r .l 
'IIl'n 1 1.10 

0.00 

1.10 
9,200 

2681.01 

1,300 
3,500 

1343.50 

4,450 
1: .l 

'IIl'YI2 1.10 5,400 5,400 

48.0 

mgO/L 

r .l 
'IIl'Y1 1 1.85 

0.00 

1.85 
920 

0.00 

920 
240 

0.00 

240 
l' .l 

'IIl'Y12 1.85 920 240 

100 

mgOlL 

~l~ 1 1.93 

0.00 

1.93 
49 

0.00 

49 
17 

0.00 

11
" . 

CJfl;l 2 1.93 49 11 



. .. "'. 11VI11H'fI .:J.12 'VIvum TCB ~o~ 0 CJ11J 

84 

I 

10 1.0 0.1 0.01 0.001 
.. 

I'fIU Ufll1H •ftlTCB 

5 5 5 5 0 240 24,000 

5 5 5 5 0 240 24,000 

5 5 5 4 0 1,600 16,000 

5 5 5 4 0 1,600 16,000 

5 5 5 3 0 920 9,200 

5 5 5 2 0 540 5,400 

5 5 3 0 0 920 920 

5 5 3 0 0 920 920 

5 2 0 0 0 49 49 

5 2 0 0 0 49 49 

. 
.. ... I 1 1 fll1Htl ~.13 lYlV1Jftl FCB ~tH tl CJ1J 

10 1.0 0.1 0.01 0.001 
.. 

ltlbUfll1H 
, 

ftlFCB 

5 5 5 4 0 1,600 16,000 

5 5 5 4 0 1,600 16,000 

5 5 5 3 0 920 9,200: 

5 5 5 4 0 1,600 16,000 

5 5 5 1 0 350 3,500 

5 5 5 2 0 540 5,400 

5 5 0 0 0 240 240 

5 5 0 0 0 240 240 

4 1 0 0 0 17 17 

I 4 1 0 0 0 17 17 
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• 
1.1.1 0l1'HlrJtnOUNtT nl'HU1::tTU'IlM181C1f'U . . .. 

'l)ln¥ll';jl~Vi 4.8 ij,rfllll1~1JYi'~'l)lnm';j'VI¥ll1fl~,r~U.. 

. 
A111~n ~.14 fhrunUlINff'IJfl~ TCB u,,~ FCB 'lJfl~1fl1CJf1J 

. .,; .... ... 
fll111 mn n11 lUlU! l1lut! IUIUJ . 

1411.14114 0 3 (141ib 
.. 

't1fUUI~'t1 sd pH pH sd TeB TeB sd FeB FeB 
" . 

48.0mg 10 'li1;11 6.99 3,500 2,200 .. tI • 7.00 3,500 2,500...
OlL '\.I1Vl CJl1Vl 2 0.01 7.01 0.00 3,500 424.26 2,800 

tI • 

48.0 mg 15 'li1;11 6.95 3,500 1,700 
... tI • 6.98 2,950 1,700 

OlL '\.I1Vl 'lil;12 0.04 7.00 777.82 2,400 0.00 1,700 

48.0mg 20 .. 2,200 1,500 
OlL '\.I1Vl 282.84 1,700 

48.0mg 30 1,100 .. tI • 1,950 1,100. ...
OiL '\.I1Vl CJllVl2 0.00 6.99 353.55 2,200 0.00 1,100 

48.0mg 40 
f .J

CJllVl 1 6.99 1,700 790 
... ~1~2 

6.96 1,700 790 
OlL '\.Il't1 0.05 6.92 0.00 1,700 0.00 790 

. 
fll1Hn"" ~.15 lYiV1Jfll11"lUllNff'IJfl~ TCB 'lJ8~181CJf1J 

10 1.0 0.1 0.01 "" 
, 

lnOUA111-1 ftlTCB 

5 .c: 5 1-1 'l.c:n 3,500-
5 5 1 350 3,500 

5 5 5 1 350 3,500 

5 5 5 0 240 2,400 

5 5 4 2 220 2,200 

5 5 4 2 220 2,200 

5 5 4 1 170 H,700 
5 5 4 2 220 2,200 

5 5 4 

:~
1,700 

5 5 4 1,700 
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10 1.0 0.1 0.01 
ct 

IntJ1J\1ll1H 
I 

filFCB 
i 

5 5 4 2 220 2,200 

5 5 4 3 280 2,800 

5 5 4 1 170 1,700 I 

5 5 4 1 170 1,700 

5 5 4 0 130 1,300 

5 5 4 1 170 1,700 

5 5 3 1 110 1,100 

5 5 3 1 110 1,100 

5 5 3 0 790 790 

5 5 3 0 790 790 

I 

I 

. . 
f'l)1,..,~"..f1.l 

lulcw1.l 

run 

(1.Ilib pH 

n11 

't1Ai'lU.a~ sd TBC 

.. 
ItUUJ 

TBC sd FBC 

.. 
liUUI 

FBC 

48.0 
tI • 
o ...

C)fl'VI 1 1,800 1,100 
1,100 

mgOlL 
40 6.00 tI • 

o ...
C)fl'VI 2 

0.00 
1,800 

1,800 0.00 
1,100 

48.0 
tI • 
o ...

C)fl'VI 1 1,600 940 
940 

mgOlL 
40 7.00 tI • 

o ...
C)fl'VI 2 

0.00 
1,600 

1,600 0.00 
940 

48.0 
r .d

C)fl'VI 1 920 700 
700 

mgOlL 
40 8.00 tI •. ...

C)fl'VI 2 
0.00 

920 
920 0.00 

700 
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. 
... "'.

9111H'tl -U8 klUJ'Ufll TCB 

10 1.0 0.1 0.01 
... 

l'tltJ'Ufl11H 
,

fll TCD 

5 5 3 3 180 1,800 

5 5 3 3 180 1,800 

5 5 4 1,600 1,600 

5 5 4 1,600 1,600 

5 5 3 920 920 

5 5 3 920 920 

• 
... '" I

l'I11H'tl .:1.19 L'fUJ'Ufll FCB 

10 1.0 0.1 0.01 
... 

l'tltJ'Ufl11H 
,

fllFCD 

5 5 3 1 110 1,100 

5 5 3 1 110 1,100 

5 5 2 2 94 940 

5 5 2 2 94 940 

5 5 2 1 70 700 

5 5 2 1 70 700 

r 

'" 
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Ji 
tit) 

U~::lflrn~Afl141 

U1::lflrnnhuu 

... 11 " 
U1Uq~1~~U Q~1~~ 

fL~. 2545 - ft~. 25471~Ul~lff~'jUrucn~ 

(1~.tJ.1v~vhtilft~U~::6Lgn~'l oiln~) 
Q QJ QJ .d 

1J'Hl1~V1~tJn'l1f1il~tJ~'j l'11li 1U 

'W.~. 2538 - 'W.~. 2556 

I QJ I 0 

nll1J~lUrn'j~<;lrn'j ~lUCI101JtJ11~ 

1'j~'WU11JT"ff1Jl~ ~'W 'j:: q'W n;lit<;l'l1~<;l1J 

I ... 0 

U1U'l11~L~flUfI'I11Ulty~lU 

1'j ~'WV1tJ1~ ff1JL~\l'Wl::~'W'j l'IH<;l'l1~<;l1J 

Administrator
Oval


