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The objective of this research was to study adsorption of lead in synthetic wastewater

using cow dung activated carbon. The cow dung was carbonized at 600°C for 1 hour and activated

with ZnCI! at 700°C for 1 hour. The cow dung activated carbon was then applied for lead

adsorption in synthetic wastewater to investigate the contact time. It was found that the contact

time was in equilibrium at 120 minutes. After that the isotherm adsorptions were studied.

The isotherm adsorption was observed that qm received Langmuir adsorption model was about

4.314 mg/g. The adsorption of lead could be better explained by Freundlich equation as compared

to Langmuir equation (R2 = 0.9895, R2 = 0.9583 respectively). Then the removal efficiencies were

studied. The removal efficiencies of lead were about 82.03%. This studies investigated the

adsorption factors; initial concentration and pH. It was found that treatment efficiencies tended to

decrease when increasing the initial concentration. On the other hand treatment efficiencies bad

tendency to increase with the adsorbent dosage. The treatment efficiencies were in the range of

75-100% except for those at the pH of 2 and 3 having the treatment efficiencies lower than 50%.

The studies found the pH optimums were 4, 5 and 6. However, further studies with industrial

wastewater should be included.
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'Uu ~HllJfl1'H-l~lflmurum u lfl

m1~Ufflfl.:jfl11lJfflJilJn'UU':)fflJflll~ (2.3) 'UU.:JLangmuir Isotherm

m1~Ufflfl.:Jfl11lJfflJilJn'UtI-3fflJfll'S~ (2.5) 'Uti.:)Freundlich Isotherm
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4.4

4.5

4.6

4.2

4.1

3.7

3.6

3.5

3.4

3.3

3.2

2.1

2.2

2.3

2.4

3.1



~1'U l'11tY~::Lil'U ffl1V.ll (Toxic) ~-l~::ii f-I~fl tli"~,,ii;11lLL~::~ "LL1'f1""fllJ (ff'U-n'fl ff~UU'U~
, ", I " "''Vf\!~V, 2549) nril1fi mljui ~ 'I1::'I1UnQ mJri UV~~~LL'I1ri\ll11 ii~ii;11lVltJ1ffVf)~''ULLl1ri.:nhu 'U'1::

, ".... '1'" I/) '" 1 1 ~ '" I/) ".... i .... "i 1'fI1U ~'I1::'I1'Un11~::ff::fflJ n 'Uff1'U1l1~ '1 C)1~lJ~llV'il:: l'f111J ~'I1::'I1'Unm'U'YlN'I11~ C)1V1'1111

i'flV'I11n' ~i'u n 11ff::fflJ' 'Wl::~u~Ln'UlJ Hll !1'WtJ1~ tiu' ,rLn'fl6'W flllV~V~'Ilfl TV.'~ Li'U

rrml 1:: ne 111fllLiivlJ~ ~::~lvv~i'Utll~::iifl11lJLll'UV.ll \1.:JlJ1n L~6L~l~~N mu'l 'Utl~lJ lW'I1rl ~

1 ,,,.... .,j '"'' 1 d., ,,~ dQ I/)P" I/) "'" i .reUl'ilnV 'I1Ln'flVlfl1HI~'U ff 'Ylu~n~ 61L'1V'WL1~::Ul'il'Yll m'''V'lf11l1~Hll1'f11U 'U1J1lJ1W~"

J'Q,I "I"~ d~" "J ~'UtJn'illmW"ffllJlH)ff:;fflJL1~1ntJ imn'fl hfllJ::LH 1'f1(~fl1mw L'lfUU1:;1ffl! 11~::flW::, 2543)
" tJ I 'I "1

~::t11'Yi'YiU, 'W'Ill'Yl::L~n1 , tl'il:: hhiJ'U 6'UflllVflUtl~lL'Yh t1U~:: t11VltlV' u 'IllVlii ffm'Vffl11lJ Lilu..
m'fltlVlJ COJ ~"'il::lh ,,rfl1llJ1iJlJVill'IJV"~::ihL'~lJ~'U ~-l!~m~1~~Hfl1V'IlV~~"ii;11l iUUllJ1W ~..

OJ Jt . I d d d d .I OJ' ~ d

tll.!L'Uf)\llJ1~lnm::lJ1'Ufl11't'l'Uff C)f\l''ULlJ'fIff'il~lJU~flUl~nUlJ'lJt)~ i ~'11 ::'I1'Un L'lf'U'fI~m Ufll'HlJ!JlJ
I ~ SI v

LL~~i~~LiiVlJ LiJmi''U (fJ'Uvnm~Ulfl11mfli'l' 2551) 1;jUff!l1cil~Qn'lf~""1-l~-l~LL'I1ri"l1l1'f1vhjii.,
tnl,'h,j'fln'il::Ln'flfl11ff::fflJ'lJU~ Ia '11:: '11unhHL'I1ri~,.h'~

, .,
1~'I1::mr mll'U ffl1UU 'U'Yl1V9f"~TW' mU'il::~::~lVUV' 'U'Ill1i1V' 'UlU'Ilfl~ 'UUU'U11~::u .. ..

tll 111'Uij nil ~~!J'I1rl ~~ iifl11lJ~1111 'Uflun n ~11-l;1~ 'IJU~lJ~ llV11~~ ~ ~ii ;1~U'U '1~ n

tl1' 'U11'11ri -1tl1 ~ llJ1i 11lJ 'lf191111'U11'I1ri"~fl VU1ff!J'IJU~~ -1ii;1f1'11~ 1!J'lfU'fI11~:; 1iJ'U 11'11ri~f)1'1111'11U-1...
lSI" " ,

lJ1.!llVVl~hf>iqJlJ'4llVV" '~l11mnu'I1ri~l111i11lJ')n91~1l~ t)nn~u 1flflLL~:; U~'1flfl ulPi, 'Uil 11~,j'U

1Ll1ri~tlllPi 1-1 COJ 'I1~lt:.rLLl1~'~1n'fllJ~m1~ lh 'M\n'fl~·mm~'YllJ i'flV~Hflml'IJm'YilJ1.!llV11~:all'U

6'U~11vIPiU~-lii;1'f1'mf1~.3L1I'U~1'U'I1rl~~"hfltulPiul~Uul1nf( '1~'I1:;'I1umiJ'Uffl1U'Ul1iU'U'lf11'f1u

I , " I " II , '"

m1-lVl ti t)' ,rLn'fllJ~ fl11::' 'Ul.hVll1 vnl11h1i1t:.r lh1i1VVlii 't)UU'U h'11::'I1UnU'ULU ou lJ'nnu'l 'U

h-l~1'U~'fIffl'11m1lJlJHU1::Lfl'Yl Li'U Is ~~l'U'ltU 1~'11:: 11~~l'UrJunli'UlJ 11~~l'Uf-lilllLl~'Uff ~n::i1
I SI I "

LiJ'U~'U 1'f1vi~'I1::'I1UnVlU'ULiJu'U Li'U ~::fhUfl'flLiiVlJ U~:;ifllLiit:.rlJ u'U""1'Uiifl11lJLiJ'UV.ll\1~

11)1 1 .. .,j, '" '" 0'"'''' 'i "llJmu 1HlVU V ffmVfI1lJ 1i11lJ'lf11l LlJfl ff:: fflJ 'ULC)f~~'IJt) ~lJ 1.!1lV~:: 'Y11 'I1Ln'fl 11 flll V11H
, , .,

(Wang et al., 2003) ~vi'Ui1~mll'Uijn~llffl'11mllJ'I1i1\1Vltiu,,rLnlltnlff::fflJ'IItl\l1~'I1::'I1unl'Uth

•

,
1.1 f111'.nh~qJu~~ih.J1'11ij~ifqJ't'Il

o
1J'YI'U1

1
<::I

1J'YI'YI 1



. . ~
1.2.3 fff)1J1ih i tJnii~f1';flf)1'i~1Iiu,,~ ti11 14UllffVti' ~lm1~M 1101t11~t1114tilJil'14~

lJ l~'1ij f)1'iffmJ 1f1l'iU 11m1Ml'Yl1~1i~ 'ilJ'lf1~lJ l~~~H 1114ri114tilJil'14~l~fl , ~114ms ~ fiiu 1"'11~'I1,rf)

ti14mil'lU'Vl1'HmV 1'lf14'lf14UIOI~Uff'l1im L~";lf1l~ffmnf1l'iff'llm1~..tci114tilJil'14~~1f)\lfI lfil~e:J
" . . ,

1~114f)l'i~\OJiuff1'it'l~t'llrJ'YIfl~UVl~ 114U11ffrJff'llm1~..t ('lf14U\OJ1Uff'l1ilOl'i, 2549) lll14~14 91'1\1"lfi

lll14'\JU'IlffrJ'YI1srns 1f)1J\OJ'i~ iifl~lJ1f)! It'l~'I11~1t1114tI'i~L'YIffL'YIt1 U"~ \11f)fl'lft il'i~f)flU~ ii fi1{Ufl14

(C) 31.6% 114~'1\1f1lmll1''1 20 nllJ (Kumar and Shende, 2552) '14 1101'il'il14 (N) ~VV,,~ 0.87-1.17
v

vJtlffvJfllff . (P) ~e:Jt1"~ 0.33-0.64 l'VlU'YIffl~mj (K) ~Vt1f1~ 0.53-0.87 '14Ul'11,rmjfl lfiul1''1
'". ~

1 nhn~)J (~~qJ i'tt'YI~n'Utinu~:::p.jm'Vlnru ffflt'li]u, 2542) u6mJ1nuv'lihi1u1.h:;nv1J'\Jv~

lCJf"~Ie ffU"~~nU14 ~ '1ff1lJ1'i(lU llJ1ff '1lm1~..tl~ fl1MlnVlll114ci114tilJil'14\OJ1~ 14Vf)'il1n.QV'Illl14. . ..
ms L~lJ\lfI fi1\1" 1fi1l1'tiu Lf11JVl'imv f)~1t1 ~~lll14 nlJ l'\Jfl '1.:11141ivu' 14n l'iffn1J 1'H11i t'lVltl1:1JlW

cv~; :.c::I 'ICS ~?td ~ .d
1f1'11~'H14f)Vltl14LUe:J1411414llfft1~lf)~'Vt14 ff'imm~l'Vtm1J14flf)'YI1'11f1flf)'H14'1114au 1fiVl

, , I JI

V.:J1h~ff1JiJt1J'I11'l1411U~1i m ~'lhu1ln ~~rJ1n'H1 mil' ~~ 1V~ '1IJJVfi11l.Jl,j'lJ,j'14'\Je:J'Il~'I1~'I1t!f)114':h

LihJ~lf)':h 100 iJfI~f)llJlPifl~\OJ~ (Gulnaz et a1., 2005) f)l~fhi1l 'flflfl14 1t'1'H~'I1t!f)~1rJf)l~~1Ii1J

11l141n'Hi1'1~'~11Jm1lJ-UrJlJ ~~ '~ii f)l~'.hlm1ff~~fii1J'YI1'1'ibfl1'VllJ1 'l~' 14f)l~fhi1l1t'1'11~'I1t! f)

l'lf14 ff1'H11V'YI~m (Matheickal and Yu, 1999) '\J{)'1lffrJ111n<tf1lJ1f1(Tobin and Roux, 1998)

mn\OJ~f)ij14 (Solari et aI., 1996) ~'1nt~ (Kratochvil and Vo1esky, 1998) UfI~ci114til.Jlj14~

(Gulnaz et aI., 2005) iJl1~,r14iinl1':hci114timr14~lJl'~1'~e:Jm',i~fiimn~tI~~f)VUflU14'YI16111f)
~ d ~
lhtffrJ CJf'lmnhtmci 114tilJ il'14~l.Jl'~114f)l~fi1li1Jffl'iij-U141116t! 14iif)l'iffmnlJ114 l14U~1111rJ1l1'~. .. .
fi 11lJ"hfiwn~14'YI14 114m'i~~lOIci114tilJil'14~UfI~tI'i~iY'YIiifl1'Vl114f)l'in1i1l1f1'11~'I1t! f) ~'1t!14 n ~114

u •

'JI • • " v I

~~t!14rvtmll14 ms ~1IiJflnn.yhn1l ~14~~L~iims ffmn1i114 m'nJTU1IU 11irrJt1fl14-n11~n n
u ~

~ ~
lhiflm'l'l'ffm1cl.:JUl m~ih,rfil"'I1~"nrf)UUf)111f)Ul1irrJ~1rJ1i'Yl1~lfiiimvfl1'Vl 1'lf14m~\OJf)\OJ~nfl14..
~ ... tiel III ' <!l d.t 1 ""fi11TffTHfilJ rnsuaru ~rJ14lUe:Je:J14mlmU.:Jf-nUWumu.:I U~~m~1J114mnrHnff{){)ff l.JCJfff

lJlfHl~";l 'll1'm~1J114 nll1lJ'YI11JU~~lJ (Metabolism) fl1ltlf)~1l'l ~1~' lhj1l'\J11~ mn!i l~l14'\Jfl~

W14'CJfl1~~lLlI14lPifl;111(fflJ~14,r 'Vl~14ff~1f1\OJ,2549)

2



-<9 '" ~!II "1!11 • 1"" v ~ "1.3.4.2 fffll:ll~a'tlV\I'YHV'lnl"lJ91'UL~Ufl 2, 3, 4, 5 ua~ 6 'lfTl11lJ!'tI'll'tI'UL'.i'll'fl'U

~ 10 iJaiifl1'llI'i'tJii91'.itl1lJlf.UrillJtilJUlJ~'lla lTl 0.1 n1lJ ua~li'nmllJfl1'.i~~ci'U 60 my;'" ..

d !II !II ~ " .v '1 1" "JII ~ " d1.3.4.1 fl'fll:ll~a'tltl\lTl11'llL'tI'll'tIlJl'.i'llfllJ 'UV\l91~fl1t~w 'lfTl11lJt'U'll'UlJt'.ilJ91lJ'YI

2,4,6, 8 une 10 iJaiifl1lJl'itliim tl1'lllf.UrillJn'llU'U~'lla lTl 0.1 fl1'll li'nmllJfl1'.i~~ci'U 60 lJ1Y;~ '"

, . ,,,
1.3.4 ffmni1ll~fJYiijj:'4al'ivfln ~~ci'U91:;;ti1ilJ141LiYtJff'lLm1:: M l~wi i'rillJtilJUlJ~..

£9 d". "1311 <d.
1.3.3.1 fffll:llnm'YIL'tIl~'ff'll~a t~Ufl 30,60,90, 120 ua~ 150 'Ul'YI

1.3.3.2 fffll:ll 1fllC)fl'YItl{'llf)1'.i~~cilJhwli'tI~'lJlwriTutilJlJ\J~lJa ITl 0.1 fl1'll~ '"
31 fJ) ~ SI ~ IV tI ~ " .e: . .0. ~ QI I ~ .Jet

Tl11'llL'tIlJ'lJ1.Hl"lJ91lJff1'Jrt~alfJ91~fl1ff'lLml~'I1Ll"'ll91lJ'YI2,4,6,8 une 10 'llaam'll91'tJa91'.i'YI'V'ILtl'lf

~ !II 't !II 1 '" dod "1 ~ !IIl'.ilJ91lJ4 ua:;;1'1fnm lJf)1'.i~~C)f'U'YIfffll:ll'~m'tltl 1.3.3.1

1.3.3.3 fffll:lltl'.i:;;ff'YIn fll'V'll lJf)1'.i~~ci'U hwi i'tl1'lJlWt-hlJti'llulJ~'lla 1Tl~ '"

. "
1.3.3 fffllll1'tJ lC)fl'YIv{'llUa~tI'.i~ff'YIim'V'lf)1'.i~~ci'U~~ti1h.r':hLiYfJff\lLml~MI~fJii'

'"

v • v
o "" "" i !IIi "" 0' tI"" 1 OJ?t 0 d, I I d1.3.1 'Ul!~fJ'YI 'If lJf11'.iJtml~'I1'l11 '.i'lllW'tl'tJ\I a'l1~'I1lJm1J'U'Ul!'fffJ1l1fl~'V'I'U'ffHl

'~unijvi'Uffn) yhl1'Uvl~ln~ ihtjH)!~V\l ,r\l'l11~'tJ'l.H'I'.il'lfli1il~ .
v •

1.3.2 1Lml~"ytl~'lllW liim~mrfli'U1.hfftHl1flijvilJih(ll~fJi~Lfl1'tJ'I Atomic
'", 1)11 ,

absorption spectrophotometer (AAS) t~'tJ'I111a'l1~'I1,rfl.yjtl'ULiltl'U'tJ~1'Ull~'lllW.yhfi'Uril'lll\9l'.i~llJ
_I "" 0' '1 '1 '" ~ !II !II "f "'I '1 ......f11'lJ1J'.i~f)1fl''tIV'Im~'YI'.i1\11'Y1(J1ff1t'1'\9l'.il'YITl iu tmJUa~~\lU1~rttl'll Urt1latlflffmn ta'l1~'I1'Ufl\9l1

3



~

2550 2551 2552U
d

'1 VI.fl. fUI. Ii.fl. 1.I.fl.- Ii.fl. 1.I.fl. fl.n. 1.1.fl.

1. ~n'I:J1,n'U1iv~1~V1.ij'V.:j -
... ~u"" 1 '"2. 'l1f1'I1:::YI ,)1J1fll "YI:::YI'Un -,
"'l ..3. fl'n'I:J1fffl11:::'Yl1'YllJ1:::fflJU":::

l.h:::ff'Ylnfl1'Wi'Um,)~Yli1J..
"'l i 1 ~ '" ....4. fl'fl'I:J1V CJf1'Ylv,)lJm,)~~CJf1J -

5. tJ1'm.lHufi'i'lJ
....-.

6. ~mhmmn'jtJ'j:::nV1J
.

, , "
1.4.3 ff11J1'I (1Vn1J1VU \l~tJ'niif-H1~vn1'I~~i1JYl::: n1 i'UlhlffVtl·:am 1:::11 i~ Vi~..

tll'UnlJl1'Uvll.;!"if1 i;\

"1.4.1 ff1lJl'Hl11m1::a1'1111.l~1J1tuh'l1:::'I1'un 'hnhffV\lln~'Yh.Jff'j(1 i;\
, "

1.4.2 rrurnn '111'le iCJfl'YlVflJml:::1.l'j:::ff'Ylnm'Wm'j~~CJ11J~:::n1 hn,j11fflHY-Um1:::"t..
i "I'" '" '" ~ i~"l~tll'lfm'UnlJlJ'U~lqJ" lf1l~
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JI " " " "
;i1~ '1 U":;1:;lJ1VUl'Yi-3a~~'Yiol:;lJ1VU1 U'I1t)-3nNllJU11ffV l11011'11~-3tl11inlJ'lf19i l~V'l.i'~~l'U

" "t " " I

f111thu~ 111'u~ f)flW:;~ ;jU'l110t'1':;m~;j u rinu ~ -3~hi,r11'11"-3U1UflUlm ....tl1t ffOlJ i'VIllJu,,:;nh•
, "" tJ" "

tffV 1'UVi~~ 'lu f111VtU~fJUlm ....tll1l:;~ 0-31-M'-3lJtil:; u 1Ul\1-3lJ1f) U 11ffV'i)1f)'l!lJ 'lflJ ill1f)tilJttlO'U. .,
ff-lt'1'f)tilf) ....1f) r1n~'U'VI~v t'lf'U lfl'1l61'111l ~'i)'illl:; ihYt'1'11:; 'UOf)'il1f)ilv-3UH-limJof) t'1'~ une

d ~ .d ~ f Q.I I CIt. q d' I .d d ~ Q

ffl'HWlLI5 -l9'l-l~1'YlIU'I-J't'I'1'Wtls:mtJ1J1 'WF-I~"lff)rlijf)'t'I'1J f1~Ofl'i)'U~~'U'VI1Vf11~1"lf~ij1'il'il:;lJ'VI\I~"

.,., ..
lffVmhtrlu 3 O'i)f)nlJ'I1~f) '~uri lhlffV1l1f)'J!lJ'lfU UltffV~l1f)~91t'1'l'11f)lllJ U":;U1tffV'illf)

.,
f11llf1'hlm ~~il(mlJ Is~-31lJ~91t'1'l'11mllJ, 2549)

., .. .
2.1.2.1 U11ffV'il1f)'J!lJ'lf'U 'I1lJ1VU-3lhtffVVitfi~'i)1f)f111 i'*tll:; iV'lI'uluo'ilmllJ

SI t ."

~f)1:lUl:;ill1ffm1f1f)9il~n'U ua:; rio 111'10~Ham:;'VIlJYhl91f);i1-3nU~1V O'i)mllJl1~f)Vi rio 111'lfi~U1

.. .
U'l1~-3f111ij~il11ff mo~ 'l~'i)lf)'I1a 1VO'i)mllJ ~ -3U~,,:;O 'i)ns llJ'il:; Utl1lJ1WU":;

..
, 0 ~ 0 .q

2.1.2 UllMfl11l!Yll!lHW

,,, , " • I )I •

rru 11~Vi111111'u11ffVihrmIUl:;t'1'lJu9il1U~f)~1-3n'U ov f)' ti U1tffVVirffOlJflUlm ....'I11OU 1Vili~ f)flW:;. .
t'1'lJU9ilti~VUU ila-31ti'il1 m~lJ~lf1 mrl'U Od~llJ1inlJ'lfl9i 1,1V-3'il1f)lit'1'11Wfl1~OtiU'il'U111111'lJ'4flv

.. .
fff11t1"fI:;ri'lf '~fmjU91l1Vl1nl1-391Hua:;'Y11~60lJ (ffUl1~ ff10,rUf11 ....\lav, 2549) f1111-ffVlJ'tl-3

" " " """'IIt).:JfJWm ....il11il V'I'i)l f)liff -3utia f)tiaOlJti'UtUo'Ua-3 ~tt'l1ri-3'1h9i 1-3'1 l1-3tmri -3lh~~ il.i11 'i):;l\1U

" """ I

lhl~~'U 'I1liO-3;j~"11i1l "lflaO~ Ul.iU1 'VI:;mt'1'llJ ua:;tm~-3U1tftlJ 11-3lJ1nW'lf1V~-3'V1:;ta 'VI:;1"., .,
Ua:;lJ'I11t'1'~'VI1111111'hJt'1'llJ1~tl1-M'il11l1m1'l1ri-3U1~1-3'1 l11'trlutll:; iV'lfU'~ 111i 11'lfi~HalffVl11V

~0f11l1oMti'j:; iV'lI'U'IIO-3lJ'4flV ua:;liluvum1V~O#-3li;1~ (~~a1 ~aV:;lt'1'i)V) Ua:;flW:;, 2544)

" , JI " "t t JI "

;i'U o~nlJ O'ilns llJVil -M'tll:; iv'lfU 1l1f)il1,r 'U 'Uof)'il1vilu'ti'1ff -3ernls f)Viti 'U1tlV'UIu il11~V'il:;1\1 u

..
• ct

2.1.1 f11nnUlU.l'llMl!lltftl
.. v •

lh1ffV 'I1lJ1vu,nhl1~hul-M'lh:; iV'lI'tfl'Uo'ilmllJ~l~ '1 U'ti'1 ~1vrh-31'lf'U f)uloM

''U;1mh:;~11'U'UV-31h:;'lf1m 1'lf'Ul-M'1'Uf11lvtllflflU'tl:;lJ11flfl f11lt11:;f)VlJV1'1111 f)n'lf11:;'ti'1-3• . ..
11-3f11VloMl'Utl~t'1'l'11mllJ 1'lf'U.f11l'ti'N1~Q~lJ 1t'1'~tltlmw ua:;f11nnimv'U ~-3.yhl11'il1~-3f)~11

I , JI, • ,II JI

li~ f)flUl:;nJ~V'U' tI'il1m~lJ 1ilv'HJ1f)f11nJ'UttlV'U'UV~ff ~t'1'mhf) ff ~t'1'mhf)Vitl'U1tlm~ 1'Uil11ffV1l:;

..
• ct

2.1 l!mu.l (Wastewater)

.
.ot

1111112



...
~1J"'.il'lf1il'U

II

1J11:1l1 l1LWUl'l ~ln~ ~\lflti1JUfI'l.JU'lf[J1-3fl'j ~l1J"'ULi1fl'l iilLfltni1fl'l ~'IW)Y'l.. ..
~1J"'jl'lfTi1il LtlU~~'l.Jff'j(1'l1U1Y'lflm'l ii'j(1L~llJll~1J1fll'j tY'ltIL~gtIL~tI'l.Jt'l~ 110-150 flU iiU1lJ1W

J1L fftlt Y'lm~gtl 25-30 ~ fl1J1ffnLlJ 'Pl'j9iV1U lilY'll M1J1rrmls ~'lfl'lfU~' ~'j fllUL'lIIPlLl'lff1Jl"Li1U.:J

, , ...
2.2 ~'t'fU"10 (Automotive painting shop)

. "
h'Hl'U~91-n'll1 nnlJ1iH "1 ~U-jlLtI'UU11a'llilJl'Uv,nhLihJl1an'UtJ'lU'J::Ll1rr1 'YlV' 'U

th~uu~'1~'Plffl11fl'j'jlJ~1l~fla110'l1 1.,1 fll'jfffl1l111 fifl ~'Plffl11m'j1Jviu ff'j(1 ~ '1Ltlu~viuff'jfl~fl~

lUL'lI~L'YlfflJl"Li16'1mJ" 'j l'lfli1ii.

• " I JI , "

,rflijflnuuLilvu~fl'lffl'jLflij ~tI tluhUlJ"'l tllGJ.h1'lfW'lfVi\lfll~uwuViLVll~u~fl ~,n.rUfllllflal1 .

" " "1~-j, U lLfftl1l1flfll'jLflll~ 'j,r flll~ijflnuuLilvu'UV'lffl'jVU'Yl16LrJU ~lU 1'U1J1fl'j 1lJ'tl'lffl'J Lflij~ 1U

(ff1.J'l';~ ff1flUU'Pl1'Yi\!,,6, 2549)

, , • JI "

Lffllflll'tl'j fflPl1ml~ ff ,rYi;Jmilt1tlfl fllJl1l1 flff~1 9f'lUlLffm11U ii,r fl1l~ijfl11lJL~lJ~ 1.,1'lItI'Ims VU'VI~ 6

~ d "" d ~ I : Y • : d .d ~ d
~ 'l'j1lJ'VI'lmll1l~lJfl11lJL'lIlJ'lIU'UtI 'I'Ufl'IU'll'I LlJ"~" ltlU l~ '1~1t1 ff1U 1.,1 lLfftllllJ11l1fll"lU 'VILVll~U~n

" • tI ,. v I . " I

U1L11VVi\lnilcitltlvtl fllJl1l1 fl~U ViViijn \l fl'j'jlJ'Yll'l ms Lflll91'j 1li1111:alIu WUViL'Yll~U~ fl'l1~v YJu Vi
" ,t J/ J/ I tI I " ,

L~tI'l-c1lPllff 'lViuULilfl'U iUU lLfftll11J11l1flWuViL~v'I-c1lPll~i1u 1my,rflll~LrJU ffl'jVU 'VI~6 9f '11J11l1n

LflijtiwC¥1~lPlffl11fl'j'jlJil 1m Lflij ~lPlffl11fl'j'jlJfll'jLfI~fl1J 1"11~ Lm~~lPlffll'tfl'j1lJ~Uff'j{1 L1JU~U
" v •

2.1.2.3 'W1Lfftl1l1nms LfllllPl'j LtlUUlLfftJ.yhfi~1l1fl nll fl'j sun 1'1fll'HfllllPl 'j Lilu

" . .
fllPlffll't fl'J'JlJ1Jl'1U 11'15111UuLilvu 1"l't~11U n 11~flffl'jU'j~flV1J Vi~ fl 'ImffVfl'j~1J 1Ufllnhu~ Vi.

" "cirlJi'vu n-hu lLfftl1l1 fl'l[lJ 'lfU Lm ci 'In 11'U~ '1.11Lfftl1l1fl ~ IPlrrrnn 'j s lJ 1~u rl ~'11 ffl11 ns s uV1111'j

" "Ul~l'11U ns~1J1Ufll'j r-lillPl9il'l "l ll~ijfflJU~UlPlfl9il'1 nU~l1lJ1h~Lfl'VI 'lIfl'l~lPlffll't nssu tJ1LfftJ1l1fl

'U'Yl~6~lhlMLnYl hflu"~~il'U'Yl~6..t1hJ (~\,1'tlYl ff1m.J'U1Pl1'Yl\!,,6, 2549) ul'tci'ln1L'uYl~~~v~l'U

flalJ~rlvlH'LnYlJ1LirV'lflJ'lfU 1~Url Ul'U~flVlffrJ tilPl'Pllf11'j iHU'nJ ffml.nJ1m~ Vlf1n'Yllru'lf6• •
"

l'J'ILltJU mfl1'j'lf~ ml1~ffmU1J1m'j~1'11,.11t:J'I.h,r'U Ml'lff'j'j'Ylff'Ulll Lil'U~'U.
" " .

2.1 .2.2 -u 1LffV1l1 fl ~ IPlffll't n 'j'ju Lil'U ,.ilL fftJ lh fi~ 111n nr ~111UfllHlii'11'Yl1-3
fllPlffll't f)1'jlJ ~'I"huh,\\hfi~1l1 nns ~1J1'Ums ~l'11IPl\l~11 fll'j~ l'1LfI~ fl'l ~nrml nsor f11'J'J~1Jl tJ
q tJ " ..

"f111lJfVU 'j1lJ'tl'lnllfl'j'jlJ9il'l "l 'lIfl'l'YlUfl'll'Ul'U h'l'll'U LlI'U~U (ffU'tl~ ff1flUUIPl1'Yl\!,,6, 2549)

6



t ~d d JlQ " <d t QI Q.I Z d Q" I d
'IJ'U91814U n'il:: IIms 1'If'YI'U1Utl1fl ::fll Vff 1'lfU nu ~ 'l 14U 1lsun 'Ul'U8 1U'U88 nu 1~ 1 V 918111"ma::

" " "
ffl'J 1~ij'il:: \1n'lf::~ 1'1earun ij n~ f'l' U 'Ii'U918U.u91~1U a ::1<i}91~1~ 1VtJl til VI'Ul'Ufl1 1l::111'U~ 1Vi1

" .
fl::mtJiYi~111'UflriH~~·n!14 ifl'l1::mrnVi~H"lJeJQ' U r-l'liY'i)::\1n'lf::v8nllll'1~811 '1 t11JVI'Ul'UV1,'U
" f ,. JI

'liu fl U'U011 l'iu iY'i)~'I cjf~ffVi\1nNfflll'l ~8llVi 'i)::viUt1~ 191n11rl'U8~1J'U~'U 'Vi~811t11JVlU1UeJ1~1l::\1n
- tI "JI " I

1 Q.I "~I' '" , '" " "QI d. QI d d , d d'If::88 nu 1 U'IJU flVU fl 1'1nu ff1U U '11'U91eJU eJ'U '111111'l ue 1'119111V'U'U'U1l::111'ViV,:jU911f1'EJN~ff'YI. " .
m~'i)::ml9188tllllcjf'l81'i)'i):: hilJ1tlu tl u~t1'lff::ffll'l1a ltmf" ~1l::Vil1,rln91fl:: n8U iYi~l'lf'Uf)14 iYVi

~ & a d .d,.~" Q,I ~ ~ d 1.J ~ d d Q 0'
1n11'11'U~ 81f1'lIr-l'lff'YIL1JUfl1\1 n'IJ918 eJnu lLfl1111J'U91::n eu eJnfl8'11U'l 148n'Ol nu n 'il:: ll'YIU1U81

I JJ""
UU fl8nll 1~ 1V'illnm1Vi1 ~VlUl'U fl1111u~ 1fl::flltJiY Lih 'liU918 14~fllllfi8'1i14 91814l'i 14iY1fl~~U

J) " I tI .II

m::'U1'U 011 U 'i)::Vi11,r;'U ff1U cjf~81'il'i)::ijn'l iY1~1l'IJfl'l~'U ff1UUfl::lf1'lIL fl 'I1::(ln'li91flflnlll11fl11 fl8tJ... .
" I' "t "lA I QI 0 d " dO," 0 d CI d d' "Q.I d. 1 '" ci 'J}

1Jn'U'U1'Y1'If::fll~ 9f~'Unn 'illn'il::m '1114111fl nll W::ff'YI'IJUUfl1tJ'l1l91::nnu fl'l1::ff::fflllfl11'IJU 9l1tJ.
JI JI ", " I

ml~ 'iJ lmhu m::'U1um1ilu~1a~~8"ij ms 1ihiYu~1~'li911 '11'11 tl1Jijn~ 'Ii'U918'UiH1'lUtHil814 Vi

" . "
'i)1nn1:: 1J1'U 011 l'i'U iY1(l 'il:: l'H'U 11' 14'Ii'U918'U111 nVi ij 01 1'1i91~h;ru ff1U 1U

. . "
iU~91ffl11m111l'iuffHI fffftHl~ fi8ff~ij 2 8'lrlU1::f18'U fh:rff1'U~llJ'Ut{18ffUfl::~1d~u~n1Vl

. "
dl11f'U-ff1'UVillJ'Uli78ff~::ijtY1'UNffll 4 tY1'Ufi8 O11111m1~u r-l'lff ~11'hfl::mVUfl::ffl1Uf'Uu~'l
." .

cjf~' 'U-ff1'U'lJ8~~NiYu'i)::ijff1'UU1::f18'U'lJ8~ Lfl11::'I1unvnn 91::t11 Lm divll Ufl::U~911ijUll llJU~1

vh "K'ln91iY~l~ '1 1'lf'U iYU91~H{'i)ln91::~11191~111891::~188n '9f~ ff1~tJ1 '~'Oln LmLiju1l88n '9f~
ffl'11i18~'~'illnU~911ijtJll~fl lvM 111'U~'U~'lijm::'U1u0111u011l'i'Uff'Jf'~'lUff91~ iUfll'Yi~ 2.1

, ""2.2.1 fl'l::1Jlllfl1'l'YilHT1tl
II I , ,

ium::1J1U011l'iuih!u 'Vl1'l'U~17'Y1'~ff~H).:Jl~ (2K) cjf.:JllJuff.yjijtJll'~t1'Ul11 11J
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2:2.2.3 ~fl1:lW::ft':U1J~'Yl1'l;1fll"" (Biological properties of wastewater)
tI ." I

f{ n1:lW::'Yl1'l'lf1m....'\IV'lU11fftH)~n~l1tl'l~~'U 'Yl1V,tJ'U~i1'U1my cii'l~il'U'Yl1vll::ii'l'1'lu'U'U~il'U'Yl1vVi

hirlv '1,rlfi~ 11fl (Normal flora) u~::~ii'U Y11V~tll'Ufl'11'l1~'\IV'lhfli 'U~ 'lii;f1~ (Pathogenic
"." . , "1

bacteria) UllfftJViiiflll11'Ut1)v'U'\IV'l~n'UYllVVitll'U6'U~11tl;iaii'ln;1~ '~Url U1tffVVilJ11l1fl~:U'lf'U

'I1rv 1H ....tJ11J1~ U~::1H'll'UQ~ ff1'11m1lJ~ii flnl~1~Q~'U~tillJfI'l'j V'U'Yl1U ,;j'U ~lJ (5'1..1'1'1 ~

ff7m:rm,' ....\!~V, 2549) , lJ'\IW:t~tJ1n'U i'U'j::1J'U'l'hU~J1'fftJ~1l:: 1~~n'U'Yl1Vflfl'lfU~,;j'U~1dt)tJ

ft'''ltJ~'lft'fl111n;i1'l '1 '~Url u'Ufiyh1tJ ~~lil'U~1~'li1tJdvtJft'~ltJ~~fI'm.hflilJJ1,iftJ 'Uvn~lmf'U~

~::,1l'U'il ffl'Hl1tJ U~::Iils1~cJ111il'U~'U

!

51 I II."
" a. f.-=t d 0 QI d.q , Q QI

fl1:;11'l'U fllHl 1'l,}),'U1.Y'l'U"If ·HJ 1~ ~:;lJ flU,}),:; LV'iullJ'U YI~ ~tJQ11 'U'})''U'l1'U1H1:;~ 1fl fll:; 111'U rrn '\J ~H'll

U"::L~~J1t111flii 61iliJ::ii1 1-H'iift'l'i lfliil.l'Ul~V'UV~~ 1tJ~ ~1lilJ1 fl-Uflm 'n::1li' ~1 '*1 '1..1115:U1W~

WtJ~:U1fl'1

I """,,,jl11il tI'UUl1iHlJ1 m:r fl mi ~ fl1:lW:: '\IV'lU l' if tJ\J:: ii U1U 'U1.l'U11]V'Uif1'1u;i hi lJ 1fl,,1V~\J1fl

"lhl«tJ~.ln ~ri 'Uff1 (l \J:: ii fl11lJ11l'U fl s~.fi1'1V~1Wi1'l 6-7 Lv. 'i 1~, 'U

2.2.2.2 ~fl1:lW~fflJ1J~'Yl1'llflii (Chemical properties of wastewater) ~fl1:lW~

"1lJ1J~'YlNlfl ihJv,:ni1'ihJ~~11 il'U '1'Ufl11~11 \J11fi11~11 '1~url fi11lJ11l'Um'~-fi1~fl'11U'U'Yl1U
"'ll~lJ1W fl'U'll1::flV'U '1'U1~1!\)'U 111lJ1Wff11vJVfI'vJVlf1' 115lJ1W'1'\Il1'Uu~~u 1U'U ffl1VU'U 'Yl1U

fl{ltJ11~ ft'lnh::flV'lJCJ1~LvJ61 nl9fU~::1.l5lJ1Wft'n~1:I lll'U~lJ

" . .
ffTH l'UU11 ifml1n~""'U ifni Vidl'Uhl'i'~l~'UfiV '\IV'lU~ ~Viln~ ~1mff1:ly.j'l ifu ~ ~
" " .1 {I 'H~ '\IV'llfftl1mhilii 11-H'u1ii ~n1:lW~lil 'Uff~'Uu~~ii~~ nv'Uwv~ 111V'l\J1fl~ri 'Uff'j(l iimr 1~n 'U

,." • f t

llJ{)1lil'U~ 1ii l~~mfJif ~'lii1 1,r fl il'UVitn~;j'U til'U fln 'U\J1nn 'Ut'Uv1 U~::Qw 'I1.fJ1JfiV'U.ij'l'lVi1J::~h
"'....'j1~' 'Unseinums 'ljijnn '~U1~V'U'I11V'~m~ 1~tlVW'Hfl1J1J~vd''U'li1'l 15-20 V'lffW1HH91tJfI'. .. ..

"fl'lJU~m~lfiii U~~~n1:lW~fI'lJU~'Yl1~;1m ....(5lJ'I'1~ mm:rlJ~1 ....\!~U,2549) ~~il
2.2.2.1 ~n1:lW~fI'lJ,j~'Yl1'lfllVil1"" (Physical properties of wastewater) ~n1:lw~
v f , "

'YlNmem ....'\Iv~'W1,iftlVi"hrl1!JVi1~'lh~m)'U 'lun 11VVn u 'U'U~ ~V~~ '1..1i~1;j'U11'lfil'lf1~~Wrn ....'IIV'l
" ".
'W11iYtJU~~'1~1;j'U11'lfil'1lJfll'jfl1'U~lJ1~'U'U1.h1J~U11fftJ'~url 'll5lJ1W'\lV'lU~'l n~'U ff fi11:U~'U

"" ~ "U"~f.lW'H.fJlJl1J'U~'U

..
Q.I 0 c:t , , d

2.2.2 anllW~'Ul!,nHlln~f'I'UiJ'm

"timHU~fI'lJU~'\IV~'W1'«rJmj~tH)fl '~,ihHlm':IW~fI'lJU~'YlNfl1Vm .... ~n1:lw~
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". .
'U6n1l1nU v.:JiinllUl91::nI66n 'C}f~lJ1i~ln'Wlfl~fl.:Jtll61.:J¢i'It1 f)6.:J~'I:I1'Y1tJ1

-'I 1 "" c1?1 5 S' cO :".1'" .J ... • c1lflVm1'il'Vl11U1NltJ9111~n llJ'W~"''''IJ11 ua::"U~.:JflV'U lJf1::n11J'W6QSfltJa:: 74 C}f"fl'Wf111tJ91fJ1~f)

''W~f1ff1Mml~ffua::ffll1flii i,*ff111.h::f)61J91::~1~1f) 1'lf'WffU~.:J 'IJV.:J91::~1

6ijn'C}f~ (Red lead) iYm~f).:J'il1nf1::~1iml~91 (Lead chromate) if'IJ11 'il1nf1::~1f1111J61'Wf1(Lead

carbonate) ua::91::~1ialv1\P1 (Lead sulfate) ffn'ihu~'G'l-3'il1nf1::~1m11C}f'Wl'U'YIi~~ff~ff'YI161f111

~~ iY~ ii91:: ~11M ri1if fl 1'il~fflJ 1'Uff'IJfl-3Hi'Uli1M~111~n ff11 ~fl1'Vl ff~ 1 '*fi ~..11 'WIn ffn

m!.:Jff6-WlJ..1~.:Jln'Wif-3~fi'fl,r&lJ~fflfflJf)1'W;f1f1i.11::~l'r'U vh1,r'4flfla~~lJ~ff iii flmffi~~11ff11

.
2.3.1 VI::O'J (Lead, Ph)

9l::~11il'WlaM::~~1l1:l6i,rfl11~ff'W 1'iln1Jfll1~lil'W-W'l:l'IJu.:JiJ'U~ln~"l~ li16.:J'il1n. . "
i'ifl1SUl91::n1mi~th:: itJ'b',rmh.:Jmn~ltJ i~m\l'Vl1::i'U~91ff1l'fml1JU11\pH~1611(ltJ'U~ 1~6~h\h

i-N\P1::~11n61J~f)tla::50 'IJf)-3~~91~a91::~1i-3M~~'ua::V-3i,*i'W~i.l91::~lij'W'YIlti'(Alkyl lead) i~tJ
, tI , ,

li1'Wff111fliili1~ 19i~i'UU111'Ul1J'Wc)i'WlY;m~f).:Jn'Ulfl16-3tJ'Wfi'1~'Uff::~~U91il11 'ilU'W'¢i'l1'Wm'~ff1S- . .

• 'JI," JI

'il1nm::1J1'Utn1l1'UffS(lliiitnl i~ff vh i,rthlfftJliln~~'Wiitnnl'Wli1U'U'lJf)-31aM::MU n

l'VfSl::1aM::Mu mn'Wril'U~ff~~iif)~1'W ff lrlua::a1tJ¢i' 1tJ~1'~ha::a1t1l1'Ul'Wufti1 1,rln~iilaM::

't1um..l'Wl~f)'Wutii'WJ1~-31m'::Mun~mh1ifi¢i'un 9l::~11mliitJ~ ua::ufl~liitl~ In'W~'W...

2.3 It'1't1::'t1..rn(Heavy Metals)

Q,I ~ d ".: d t d d.q L"4~ ~ " d "~.:J'W'W11::1'11'W'~11'W 11fftl1l1f)m::111'WtnS'Vl'WffS(l 1l::~ff1SU'W'YIStl11'W11JU'W1J1.:Jl'G'lnu UtJ

U~~'Vl11mn flUl1'Wl'WU11;j'Uff11ij'W'YI16~nu i ,rln~ng'U1'I1~'W'lJU-3l1'Ul'U"01U'G'l::ff1Sf)U'W'YI16~-3

ri1'Wh,qJflU lmi:: ...n!n~1;j'Uri1'W~ff~1'Wi1 ~.:JlaM::Mun~l;j'WiJqpnua::'Vl1Jmn hnl11fftJ1l1n

~l1'WffS(l'¢i'un 9l::~11mdjtJ~ ua::Ufl~liitl~ (Auckland Regional Council, 2551)
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,d." Q Q III:! v cr cS _I 1 d'" 'L''Yl1fll'U'Yll'Ufln 1fl~ffU lJ6flfl1 U l fI 'j 1lJeuu('I::ffl'j IJ'j:: nnu fIs1lJtJlJ1Jl1('I1Vfl ('IlJ ~(111'U.:JlflllJ•
i,.,I d 1 3+

Valency flUfl Valency 1,2,3,4,511('1:: 6 "1I'1fl"llJValency 3 (Trivalent chromium, Cr ) U('I::
. 6+.:1 0 QI ~" 0" .,Valency 6 (Hexavalent chromium, Cr ) 1l::lJfl11lJff1f1(\!~Nl'Um'Ufl1'j'U1lJl1'l!'1.l'l:: L(I'if'U1m::N"

~6"l'IJfI1'Yi'IJU.:JlJ'4'1:1V(Ramathibodi poison center, 2552) LfltJff1'U ll1tYijl('l'IJUUfl~I~i''UI~U

'lJ6.:J'j::'U'UriUV61111'J'il::!n~flnU1fl,.;'U'I J1l1'Wfl('l~ 1.cr661l111fI~ui~ m1~VU ,.;'6\1~fl61flnYl'l:l

_I 0 'I " ...."I' '''.1 "" "I '!II"" '" ....!I "'YlNIJ'l::ff1'YlU('I~fflJU'I'Yl1ll1'Yl1'1~1llJU~Lflfl61fll'JIJ'j::ff1'Yll1('1UU "1IlJIlJ!fffllfl1 'l!'f) lJUU('I::!'Yl1

!~UfllJ'Yi11flff('llJ U('I::61'ilmV'~ (fl('l1i~l fI11'jn'ilf)111m::n'il'lfV ff11Vll-U,2552)

'il::1MU1~-j1~::tt1111'U1('1l1::l1,:rfl~f,rfln'WlJ1fll 'W1~U'I'lJU\lfl11lJ111'Uv(llu('I::111'U

1"l1::l1-Ufl~ 1.Ji'i'mn1lJff'W1~uri1.:JlJ1n1'U.:J1'Ul,rll~ 1\1'11I~Uri1\1L'J~~~:: tt1iifl11lJ~lL~'U6d1\llJlfl

l'U6~ff1l1nnlJ'U1~U'j::lfl'Yl 1'lf'U6~ff1'l1m'JlJ~'Uff Ulflff1l1fl'l"'J1J'l!''Uhl1~ 1~'W~'U~~l1i)fl1gV\I, """
• • JI , • JI

illL ~Vi'il::iinml dmJff1'j~:: n1('I'I~1!l1d \l'l.j1 1l~U~lJ1W~::nTYiff1lJn (Iud uvuu f)lJ1i ~-u'14 'il::.Ji'U\I.. .

1~'U1U~llJU'J::f)1f1m::'Yln\ll'YlV1ff1fflfl{ !'Ylfll Uh ~1l('l::~ \l1n~a UlJflll1'U fl l~VU~lJ1W 'lJU\I

~::tt1YillinulM'!n~V('I:I1l('l::ff1lJ1'jfluriUtJ('I.:J~1ll1d\lJl i~fiu illtn'U 0.2 ij"ilfli'lJ~uilm

2.3.2 Tf'l'niiru,J (Chromium, Cr)

Inslij lllJl~'W1i1~~'YilJ1l1lJ1i'j'j lJ'l!'l~l 'W~'WM'U~'l!' ff~ l'U"::~\.A'il1f)UclU'IfII'lJl. . ..
"hJ 1'14 ~ l\1flllllJU'I:Iv'il::ii 1m liiolJu~lJ1W 14UUms 1~u'j:: 1tJ'lf-U'Yl1\1U~ffll1m'jlJ-U'Uiifllnh• •

"Lfl'l1iiulJu('I::ff1nh::flu'U LfI'lliitJlJlJ11~l1('11tJU'l::!f1'Yl1'lf'Uf)1'l'lf'U1"l1:: P-lillfl';'Uff1'U'jfltJ'W~P-lil~•
L~Il1::U('l('lUV~P-lilIfl1~~ff'ltfl!fi~U'IU'j::~u fl1'jVUlJ~l f)11~Ufll1'U\lfflfl1' 1~'W~'W'UUfl'il1flifua1

~lflfJW fflJ,r~1 nsliitJlJ1~UL('Il1::ff'IJ111~Uii.r fl'l:lW::!~'Ul1'U111iifl11lJU~\lU'j.:J iifl11lJl1tH.:J1U('I::

~1'U'Yll'Ums~fl'i6'U'~~~'Iiifll',j U1LfI'j1iiOlJi UP-IfflJnULl1~flLm~ijflln('l1~UL('I11::NfflJ(ffU~'Ul('lff)

" " .
lui'IJl1u 1::lJ'UU1::ff1'Yl fflJU\I 1~lJ'lJl.h1l1il6.:Jfi''UlI('1::i~ mf)11v('I:I!1Ui'\lVi'YilJumJ fiu mms

" . .
Y1'1:111Ui'~'lJU~~~n1~~rimJ '1llfffl~mfl1'lUUfllJ1 mVl1"~mfl '.Ji'i'lJff1'lfl~nTYi.

" ", , , 'I ' "" "" ~ -='1"""~'UUm'IJ1'Q;n~fllVlL"~flUV '1 ff~fflJ l'U'H:lfl1V 'il'UfI~'l~V::l1ml1'U~ m~'U1'UllJ'UIJ'il~lLfffl~Ulfll'j

~1'UlJ1flln~ nlJlJfI fI('I~ nm~'Yf~ff1JNffnlJ Ifl::tt1 Ifl::tt11rlm'li'1ff~l'1me 'hj'lTYl1\11~ 'il::(If)fl ~ci$lJL'Ii'1
q ~ ~ 'U

, ~ d 'l '" ~_I'" '" d d ~ d +2.J ~ 'l ~0 ~ 'I !II
~'l::lJlJ ll1('1I1V'Wl('ll1~ lIJ'illJfl'UL1Jfl1"U~1I~'11l'Yl'W'Ylm('lfl(Fe) "lI'I!lJ'W1('111::'Yl'ill1lJ'Wl'Uf)11ff':i1\1

l~~lilU~1!~'1 rh1M'!n~U1fll'j i('l-H~ 'ill'I (Anaemia) lI('1~ijP-l"lM'U1lJ1W!l1~nl 'WJ1milu'I!~lJ~'W
, ,t I

~~tJfl~ lfl::n1'lJ1\1ff1'W'il::luff::fflJl'Wm~~fl 1~1l1fl~n1(Pb+2) 'il::!'ti'11UU'YlUViUfI('IL9flllJ(Ca+2) 9i\l

111u1('1l1~~~1111uluflnff!1'1m::~fll1"::VJU .yi11M'n61fl1'lU1~~llJ'li'6 m::flf)P-IU('l::l1fl~l11U'11u... ... .
, ",

ff::fflJVi'llf)VJU li11M'!MUihi1'1l116ff~1'UlnWLl1~UfllJ1\1f1i''1i111fl-jmrUIfl::n1 (Lead line) li11M'

VJUl1"lfli~~lV ii~1~V'YilJ-j1~~tt1ff1lJ1'jmf)1~nlJm::~n 1'W~1'1fl111i.Ji'U1UO'l 32 iJ lI"::V~ff::fflJ
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lIJ c:, • ct d I " .d",_ " ~ a t 1f1':i~~1t11t1'1'l1':il~f11t1lJLVW,:n;'I"ltllHW'VU'Ul1J 1-.ILlJ~&"6~WH"',)1-.1 hexavalent chromium 'i)::;~ltl

""'.11 d d 'd.... .Id '.I~1'Ulru 14!lJ~1~t:l~U~~t:ltJln1~1'j1 U"~1l::'j1lJfl'lJ b-chain 'UV':)hemoglobin U"~lu"rJ'U uruu
d.c:!t " .:s a ~ Q.I dd t " ~trivalent form 1'U1lJ~1"~~L1~~~1fJ1fl11lJtJlJlflij1J'YI'1'HlJ~1l~~fl'U1JV~fl'YI1~'fl lJ1'YW~rf1'U'U~rJ'YI

ff~fflJij~luil'1fl1rJ nfl1'jtl'j~lJlw'h~lmY"l'Um'YiU~~UH ~'f1'~'lJ lm1UfJlJ\llflm'Hn114"~ 30 -

100 'lJ lmfl~lJ ll~n'j~~U lm1ntJlJm~rJl'UiJffffl1~ 2-10 'lJ lmfl~:u/iim LL"~ half-life 'U~~

hexa valent chromium l'Ui:)ffffl1~~~'j~'Hil~ 15-41 411lJ'l (Ramathibodi poison center, 2552)
~ " "

'Utlf)1l1fli11fl'jlntJlJV~~fl'li'lJtlUfl'V11~'ll~tl'j~lJ1W 10% 'Ut:l,mn'li1J~Vfln~'HlJ~lm::ntl1lJ1WUt:lV

. ,t.c!J t Q evt]"
chloride ff1'Wchromium sulfate lJffllJ1'j(l9flJHllA'YI1'1H1'11'U'I1~(Ramathibodi poison center,

2552) lrlt:llfl'jlntJlJ!,rl~~1~fllrJ'm\'1 trivalent chromium ~~'j1lJn'lJ transferrin l'U plasma u,,~

01".1 ,. "" A"" '''''YIl 'Hffl'ju'j~fltl1J lfl'HlJrJlJ'lJl~'lI''U~L'Ul~'jl~fl1tJ ~.1'l1''Upotassium dichromate u,,~ chromium

50-200 'lJ lmf)~lJ U"~ 3-5% 'Utl~tl1'11n~'lJ11flfl 'iI~(lfl~~9flJl,rlff'h~fllV ff1'U hexavalent.. " "
".c! Cl. ~,,~ I d I c:::t "l ct

chromium 'iI~~fl~~C)flJ\llm~U1J'YI1~!~'Utl1111'j1~~fl11 trivalent (l~ 3-5 1'YI1uenmnu lfl'j!lJtllJ

" ""U"~ffl'j il'j~fleu lm!n VlJffllJ rs (lL,rlff~ 1~flltJ' f1'1~tlfll'j'l11V, 'iIn~iHh.J n1Ji:)~i{.I '11"1t:Jt:lVH !'If'U
" "'lI'ij~'Utl~valency fl11lJffllJ1'j(l1'Ufln"~ft1tJlh 'U'Ul~'UV~V'4.fllfi U"~V~'Yi1Jil hexavalent

d '" lIP'''''' " .k ~ o:ichromium 'iI~~fl~~C)flJ'illm~'lJ'lJ'YI1.:J1~'U'H1V'il1~~fl11 trivalent ~1tJ C)f~fI~lU'UflmJ1'i11flfllnl
"hexavalent chromium ffllJnmhu cell membrane 'f1'~ ff1'Ufl1'j9flJ~h'W'V11'l~1'H'I!~n~hexavalent

u,,~ trivalent chromium l~'U'tJl:Jdl~~ln~ rJflr)'lAfl'H.u~~1'1111~'f1'i''lJUlAfl'jlrJ1l1flfl11lJ~ijlA(bum)

0' d. ttl QI Q,lQ

'iI"'W'YHlfflt1Wl'Utl~1mllJl'JlJ'U'Unu oxidation state flWfflJ1Jfl'Y11~fllVfll'YH1"~'YI1~.
lf1U1'WfI'W~1'tlnfll'j·l.h~:IJ1wil~~ 'f1'~'lJ1m!uvlJl 'UnJ trivalent 'il1f)tll'H11~1J11.flfltl1~~11'W

"

~ ~ ~ ~ ,
h.:J':)llA~fl~l'H rnsu ~~,~ til'HlA~:IJ1fl'j!lU'lhYl~\llfl1 H~llA ~flffl'11m'j:U l11'tJ~tlv'ihn~Vi

JI

l.itl1iJtlU1m LiiVlJ(Cr3+)~tl~Utl1lJ1W '~:IJ1flfl'h 0.75 ii"iifl~lJ~tliim u,,~ 1m !liVlJ (Cr6-»~tl~ij
tl1lJ1W '~:IJ1flfl'.h 0.25 ii"iifl~lJfitliifl'j C1fl1'Y16iJv~ir~fI"llm~flW~, 2551)

lf1'HUVlJ (cl+) um~lm!uvlJ(c/+) 1~~'lJfl11:ut~'Ut1'Ufl'jlV'UfH lf1'HuvlJ cc/+) UlJlflf)':h

1mluvlJ (Cr3+)~ll'Utl~ 1mluvlJ (C/+) ~~djUt1ml'jlt1~tl1~'lJ'lJ111Vl~ 1~UU,.h~ffl'Y1 ~U 1fl mr. " .
1tJ~ fJ14UtJM 'YIl':)..r 'UTin'j1lJ 14Vn\11fl1114V':)11114~ 1'Hi iju ~1~.:)~ ellJu l:J6VitJ ij ~ IW~1Vi 'J .:)\I:Ufl. . ..

"()'Ul '!!1'lI'~U"~lJ~fI" l~ty~lV'\I, 2543) ~~l!lAm~'YI11'H~flffl'Hfl'j1lJ'Uij~'\.h:a'YIff1vW l~tJmlJ
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m\ll~U'I11vhl:i1U~N ut'l~iifl1nh!;llU'llf.)\lfl\l!;llJ~\I'iI~Ot'llmlJ'U l'Iflfl"t'llJ HI\lwn"''U~'lVl ~~ij

fl11lJl~V\llllOfif.)flUYil\llU n'U~"uflVlliitllJ l~u~ H 1~'U h'NluH'U~l~n~ 'IIU11l1~fl ('VIHflf)~

ffln'4~~, 2552)

"
(1) hfllln1l1~nf" fll'Ii$lf'l.J11f11l1iivlJU1U 'llm:::lull1111wmo lYltJmwl~'iI1fl

fl1';i'l11V'1) 'iI:::,yh,,flfi~ fll'I~Vl9iUfl1V lu116Yl ~"lilulW';il~iifll'Itifl1tl'U'IIf.)"'I1!;1nll"11 ii-.i,,~Yl~'U' U

. "
l\1tJUW~'U i$l 11~-d1U' 11Wl'IflnlnVl 'il10UfI~liiVlJlr fHlJu'lfilYll~nf \I l~tJt)1'I i$lf'U11f1YlliiVlJu. "
~~finn'UllJun"lUl'U 1'jfln1n~f.)1"u,j\lliltJ milJ i$l~"u•

4 .. 1 ,. ./Q.I.d I " ea QI ~ 1 Q.I .c::d q .oJ
U ijfl"lfl~~lJlJ';i~ ltl'lfUll "VI0t'l1llJ1U t'l1UfI 11llJ uu V\lllJU !;I11~l1U O'VIlJWl:lC}f\I

lrln 1$1f'U1,rl i l1~'il~-d"Ht'l m:::Vlufin1HnltJ 01'5 ,,rfUUfl1l1iitJlJ~1'U 1tJlJ10nHIll1 'M1nllVi'l:l

'lJ'U11l1gf)~11t1fl':h UfI~liitllJilmn!;lu'U~l~n~ (CdNi batteries) -dl11f'Uon ''*n'U'OllmW'IIU11l1g f). .
t ~ Jt 4 "....1 oCto d ~" 0.1 d '" .11'll'U U1Wnl Lmn\lflllL!;I'II ot'ln"OltlllJ Ut'l:::1'V1~L!;IO'1 11JU~U U,,~tI"lJfl1,) 'lfffl'IlJ'I~f)'O'U

"UfI~liitllJlI'I~U1V1 Ufl1l1iitllJ1'U'IilJ~·u fI~lliiVlJ i'Ol '0 illd" 'U fl1Hhtl'Ill 'Uf.)f)'iI1f)uu\lwu,h 1"'11~
"" .

Ufl9l1iitll.J'~h-APhotoelectric ceUs FH"l.JhH"'1<J.i1l'ih)'nn,.nlJn~m·Hnl:lm U1:l:::il~~,jlJiJ~'~'lJ
_loC> "_I "l~llJ~ mw lJ,)lJltl,!lllV

, ", "
ff\l~l\1 'l1'lf'U 'Y'Hntl~n iYm uYi'U 'I1~fl tll\1 1ffnth Ut'l~iYn~1l')m'~''U01';i11YlmW11~nm~'U\ll'U

~~ 1 f)';j ';i11~1\1 '1 1W')1~' ,fUtl1t1 tll 'Ill 'I~ nsu ufI~lii (llJ'Ul\1'lfil~ , '*ll1U tln1~lJfl11lJfI \l9i1'11U\I

Wt'lltl~f) l'lfU UfI~lii(llJtll~m'IVi Lil'U~lJ (VI'I\lflO~ fflij'4~~, 2552)

1!;I11~Ufl ~ 1ii tllJ r'J\I' ,*~tllJ nlJ 1fI'I1~~'U1 il'U 1t'l11~ tit'l!;lU (I~ 1'If'U FH1'lJn 'U

1"'11~VI'0 \IU~ \Ill ~ ~1 til~ lJ n rur 111ijtil U!;I~ n nu 'VIU 'VI1U~ n fl1s iY f) 11s '0 ,,f n 'UVIn \I1111\I,r 1 tI

1~fH~Wl~'OtJl\1t\lU\lVI'U~W'I1lJij"l \I1,r$l1t1 i\llh '111~Na~~l1mw~1\I '1 ~~U\I'VIUfl11lJ~'OU l'lfU

o ,.,: 0'.:!I tI ~ d, ~" " "0 d lrJ ... 1VlmlJ'OU1HW'U~ 11'In~lImtlHfI'I'O\lWU~l\1 '1 VI~'O\l,):::U1t1f1l1lJ'InU111f) '1 fIlU1UflYlllJtllJ IlJ

~fflJ nlJ 1ri11~l~U 'iI~1$11t'l'l1~ti" !;I'Otl~~1\1l\11lJ ,~, Ufl1';i~~~lfl ~'O'lll')~~ 'UtitylJW

ilse lt1'lfU 'II'O\lUfI~lii tllJ U'I'IIV1Vnl';i 1 '*, 111'Uu~ ffl'l1fl';i 'I lJ on ~a~u'U~l~n~.

2.33 HflYlLUmJ(Cadmium, Cd)

l"'I1~Ufl~LihJlJLl1lJ lm1:anrn'lfil~'I1i1\1~i$l\1mhlll'~''U~~tll'11mnJl'h\l '1
" , ", 4 "11) _.I_~.J 1I)"oC> 1 ~ d "lllnllltl l~tlll,)~lJ1W'HW"~ 50 'If 'Unl,)lfl"U'l.H\ll~1t11l1nlC}f\l~~ 1~N1 !;Il1~Vllfl!;lUU~1f.J

Ufl~tijf.JlJltltJ 1\11\1111U!;I~ VltJ~ij m '5 nYlf)1 eu ilil tl u n-UlJ'Un f)1~tI~ 1f)~~ijf)11 'I1QYlfinn'll U\I

Ufl~liitllJ~lfIi'h),lJmj 1!;I'I1~~lflt1UU$l1t1Ufl~liitllJll~'~' 'Ueil mw ';ifltl'Ul91'~1\1 '1 i\l~lilu "hu'\JU\I~ .
<!l '" <!l '_Id Q " J' "" '" I, .11mij\ltlU~U!;l~tl1lJ1h~f)UUUU '1 11lJ lJfI\lUU~Ufl~tlf)t1l1t1 unn 111nUUflllLlJ tllW\lUQ U tlJ'\JU\I

tlnll';i~onu~l\1 '1 6nlllnlntll'lf'U umHiitl11~!;I'vJ~ Ut'l~UfI~liitl11~!;IlvJ;~i'U9i' '~111'U9i1iY'U
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, . ~
(Wang et aI, 2003) Cjf'lm::'l.J1Uf)15l1',*luf)15ih,j',,111LiYvii~ltJo'U'I1mtJ11i~~'il::nGl11I'iv it!

0.03 iJ"ilni'lJl'ivil~5
" ~ .

1" '11:: 'I1'Un L11UffU UU L1]e u l'U 11l!ffaVi ill ff 111U n tJva ff" 1tJ i ~ Lt> '1~ llJ

f)1';j~1I"VtJl'1~~ln1~ 1~m~'Yn::m5nl0'I.J~H!"'l.J1nWU'l1Gl'lt)~ff111n551J h;u::u'Unmh'U~nl"doll cu ..

f)1';j!f1l1111 U5::nt)'I.Jn'I.J~t)~!1'11~fli' ~I'it)15 'I'I1'U~1I'tl'111fln1J'1M'iin 1)~~ nn~U"fffl1'YiU 111tItllJ
u~::n1~1Iffl1~flm.jH\!n~V'I iliff '1f.1"m::'Yl'I.J01JI'I'U~l' U~ 1U 1~tI'Yl1'1n5::'Yln-l1'Yltllff1ff~ {

, , "
t'YlfllUl,,'thL"::ff '1!n~tlVlJn1'11'U111M'u~1JlwUI'I~HiitJ1JViffl11l)(l'I.JGlVtJ"'1ffU'I1Gl'llh'~ fiv ill!n'U...

(5) 151'11J::L~~ ii,rvlJ" f)15ffn111~lIm1JfI'U'I1l!~n H1U fflJ~ffn'I.JUfl~uiitllJ ri'U

11 '1'11U'Yi1U'I.J~H~V~UM''1'llUl~U~n 'Yi'I.J'lliifl11lJl~U'II'it)ms 1i'l'U15f1lJ::!~~UVlI 'tl''In1 lfi'U~ 1 hJ..

"1J111"1

ll1VL~'Yi1::m.h~~~mnl)U1~m::~ nff:: Lvm !'lfu~!nlln'I.J')f11~~'U~Ljjv~~, 1U'lf1-3t1VUU"::
JI, I " •

5::'w:h~ff~fi)11J 1"f)f11~Vi2 Cjf~!1Vnhfiilh ij'~6i~ (itai itai) 'I1~V!tJ1CJfLmCJf(ouch ouch) ;$V

l1fllJ1'il1f1liYtI~~tl'WtJ1~&UU1~'l'UfI1111~~U ~~ '~i''l.JUl'IlILiivlJlJ1mi'lun'' 1U1'Umnms n'U~11. ~ ~'" I ~!Ii '" , ...... .1 ... , ... 1'1 !Iini 'UtlH)'U~lVUI'I~L1W1J1J1nfi'Unq1J'U'il::lJm::~mu51:: UlIn'l1n~lV !L"::m'il1Jfi111J~-3"1I"-1l~

lYi'j1::f)1)~tyLnmLI'I"!;tJlJn1lM'!i'l'Uhflm::~n'Yi1'U (m '1ffnt ff1mf~1I, 2552)

(4) L1flI'l111J~Uhl1l1~-3U":: L1f1111h VI 'l.J11UI'I~Liiv1Jn11M'1'I11lJ~'U1,,-»11

'tl'-l~'UlJlmL,,::iiltlf)1ff!1i'U 151'1111hff'l~'U~1t1 ~'1m~'il::lll'U f)1511lJ OWl'll15fl '~~~~mh1.. ..

.,
h;'tl'11Jl'HlrlU fiu mi''I.JlJl~-1~-1!~1J1~

(3) hl'l m::~n !L1'I~LiiV1Jl'h1,r!n~f)15~tyLiYV!!I'I"L;VlJVVn1J1'1Ui.hl'ff11::~ ~

m'1::v1'iliiUI'I~LiiV1J!~1iU'tl'::fflJ 'lum::l1 nn11 ,rm::~ n'Yi5'Uu,,::iimf)15U1~ m::~nVtJH1J1n
" 'V" cu

. ~
l1t'{11nl1d111hl'l '~um~1"I.Jihl::L~UU'I.JUml'~ u~'h~::h;1~1'I.JUI'I~!iitllJ~V 1umh u~111~cJ-1

(2) hfi '~UfllffU ~::Uff~'U)fln l~tliinnufllffu'llV~'~ l~m~'Yn::mh~~~~'Yi'f). . "1U'~Cjf~'il::Vluul'I~!iimJ'uilffff11::.yhJ~1J1W ~~ U'f)n'il1nuu~.yhl,riil 'I.h~uu,,::~ 1fiffl Uilffff11::
.. "

ff-lam'llt1 '¥'h'1,rm5n1-l1U'll'f)~'Yivlu'~LiYmiYtlfflJ~" ('Yl5-lffn~ff1mJ~~, 2552)UVml1nu~'Yiu':h.. ..
d d db!' l!li" '" ::lI ... ::lI 1'1 1i)g.ll1Jf)1)ff::'tl'lJ'll'f)-1Ufl~!1JtJ1J'Yl111J1nlllnt) 11!nllf)1'Wf1!'tl'UU"::!1JUt)U1I11tJU"::V1'iH'l.JUl~11V l~ U
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d ',: .c:S oJ 0 '1"" , ,,~ , ~ d Jff1'Jlf1lJv.lfflJV~ Ull1tffVCJf-3l'11'I1tn~v.I"m:;l'I'U umunu "1 t'll'U fll'itn~\9l:;n{)'Wt'l'W1Jln'lJU

fiT~m'lflll~fJuull,,~ 1ll1Jlnli':i'i1J'lf191,ilu~'W ~ 16th-3m:;'U1l..!f)1~l'Il~tflii (tnllHfffl~ V~1J~U•
'1" 1'"nsu, 2539) ~Ufl

d2.4.2 m:;1J1llfll1'Y1Hlfn.l (Chemical unit processes)
• , " tI "

1rl'Wm:;'U1'WVi',*fh,)'~l11VU(Jnffl':i~1-3"1 Vill'WliJVll'lllhtfftl 1~il'iJ~~V~]jfll1
t91lJffl':itfl1j~l-3"1 ,,-31llhn.f1t~V '1,r'n~llilmVltfl]j 'li'V~flVffl1Jl':iflfh,)'~ffl':i&flii~llll,1iVU illJl

",,, tI t ,

llU1il m..!Vihi":;,, lVU 111111~1'W1my llvn"lnUUa1V-3]jm:;'U1U ms l'I1-3fllVf11'Y'1flU"lVi]jfll':i'1'*
" . JI""

ijfl till fll'i"~~Wl1lJii'IJv.nl11ffv 1~tlfllm"nnJ~(JUfl11lJ~Vll'i:;'I11HU11fftlO''lJ'Wl 'I11VU11ffVO''U. . "
Vlfllff 'I15vuD'm:;n-3fll'i'a~-3rJ'nll1nillU1tffV (fflln~ m{)u'W~1'Y'1\!,,6,2549)

v I· ,

n~:; 'U1htms nHnlfJfll'Y'lil iJn'iJ:;t l1lJ 1:; rJ'lJ0'11m 1uvn~ ~nrnl 'in'l11{)~.;j

"" tI "
ull1u]jih'l1'l1nnJ1n11Ul1~V1J:;"vVV~'UU~1UlffllJnflfh,)'~vvn 1~tJ1i]~~T14'UU'lJV-30-3-wnHtl1

"2.4.1.3 m:::U1Ufll'JAn,)'U 1'IJUU'I11Vn11~1'IJUUVVn'iJ1m.h&ffV1'IJUU'I11V

. "
fll'J~n~:;nm.J 1~w1,*m-31U1Jri1-3'IJV~Ian ffl1Jl'ifl~n~:;m)u l'I11fJ -HU 'I11VVU.f11flVi]jUlm1n.

" 'I".... 'I 1IJ" <!i.,j .dd2.4.1.1 m:;1J1Ufll1mV-3~1fJ~:;unH 1'1f~n'Y'l1n'IJfJ:;tff1:l1UllJ 'I1l{){)U"ll'llJ

'lJU1~'1'I1run11l~:;um-3
u ..

2.4.1 m:::1J1llfll"a'YIHflltlill~ (Physical unit processes)
I • t"

,rlllm:;11111 fll~Vi'1,*fh,)'~i1-3ffmhnViihhm1 nlJlf)l1 ~Vij.\Jlll~ '111tYtill i'lJl111
'lJV:;l'I~lV ~~,llufllnhu~t,f{)-l~llrl{)U~'iJ:;]jfllnh,j'~'1'U~u~{)hJ 'Ii'{)~flVVh'~~lfJ 11fl1~n

'li'V1fffJflVfl1,)~ '~1'il 'Y'Il:;rJ'll~]j hJ1"ml'IJlll~ '111run1:;'U1'14msms fllfJfl1'Y'111lUms fh,)'~ ~~
• u

• 'J) " ,

ffm.hn111v~nJutilvuvVn'iJlm.htfffJ l~fJ81fffJl1"nfllnll~fllfJ.f11'Y'1 (tnlv~ffn~ ~~lJ~U h,,11,
"2539) A~il

OQJ:~Pt ocv ~ ~,:A V:d
m:;U1U mru 11J~1l1&rJ'm1Jllnrz u iumr nl"~H'(nlhmHll.J'm)~'1htUlllH) '111U llJ.. "

flWfIl'Y'lVi'iJ:;rJ'11Jllmhivvvvm1i1 ~&n~~vlJ \l~~111'mliffllJllflUU~&rlUlh:;L.fll'l 'mu "1 L~A~il
q q; u u

"o cv 0 ~

2.4 fl"a:::ll1llfll"a1J111V1ll1'~tI (Wastewater treatment processes)
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1 " • t

1i YiV 1flm 'YJ n I141"fj,j''W ff \I 1fl VtJl flfJ! fl1 V ~11tJYiii u 11n 1W'I1" 1V 'lfU IPlU,,~ n 1111111'Vi-ln11'" .

d
2.4.4 fl'j~'Ulum'jl1HflUJfll'ff-lfnJ (Physicochemical unit processes)

" .111'Uns~'lJl'U m1ii11J~U 11iYtJYiVlflv11i'Yl1\1m(JfI1l"1U"~tflnJ\lfflJJ\lffl'U 014 t1l14

rneu 1'Ufill 'YI1'1tflni 14n11uenms ~ 'l:J~tJ 11111~t1114~'U~ '.i1v~tJ~il 'U'YI161141~uuil 11J1Pl'YI1~;hfl1l"1
"vtJf)'iI1f)jhtihJntJlJt~1~m~1J1lJflll'Yll~1}1ml"f (d'tn1'flmfn!ufl'1l"f\!t'1iJ,2549)

...
2.4.3 fl':i~'Ulum'jm.:l'Ul.mw (Biological unit processes)

" .
11114nssu 114nnii11J ~U11fffJl~w1~~il'U'YI16Vim1l1~fflJl.J1vtJvffmvffn\Pi 1-l "l

"lu'W 1LfffJ<uu~fitJ 11m\! n u\Pim',jfl1'UfJlJm~'UllJfil'j L;}1\y!~'Ulf1'UV-l~il'U'Yl16'il~~'tNfll'UfJlJ fill. . "
'til \1114~ llJi111.o tJ~ 1-3Cl n 'ilil'U 'YI16u\Pi,,~'lfU fl "~ff1lJ1Hl~lH;1\Plvd 1~L-t1V1,rU1LfftJn fll1lJ

I • '"

_I" "" '" .. ~ 'I" <!I lit ''I'' "" "'lit" , kJ '" 0 OJfffl1J'Jn'U~W"-l ~"'U'YI'HJU1'U'U'UU'lJ'lJt'lf'l1'jV &lJt'UtJ'Vn9fLll'Un&11VV1\111n\PlllJm~'U1lJml'lJl'UlPl
" . .

U1LfftJ'Yll\1~lf1l'Viili111l~!11 'UU'lJ'U!91lJVlfilff'l11V '1it~,.w 1filff~1Pl1lJ l1'm1l14nUVlJVV1\1lJlnYi,,:; 1~
'" . '"

t11JU1tfftJYinffnfl'U'YI16t1llJ~ \lu'Utilu'U'I1~n (ff'U';fl ff1tJ'I1'Ufil 'Vi'lJ,,6, 2549)
"

" ,ns~'lJ1'U f)1'J'Yl1~;1f1l'Vi n11 j ~-ff'YItlfIl'Viff -3~'U 1'lf14 nn1~m ~'Ul'U fill'Yl1-lLfl iji 'Ufill ui''lJ 'fffIl'Vi" 'v
fl11:I.Jt11 'Un 1 fl-~ 1-l'UU-l'W1Lffvl ,rtlflJ 1~ fflJ ritJ'U!<U1dn1 ~unu n11 'YI1'1~1f11'Vl '111tJ'V11l1l~, ~

'"

" ""'i .... 1" "'1' a i"'Uvn111n'U 14'lJHflHU11l11~ 'lfn'J~'U1'Uf)1'.i'YIHlfllJ 'Uf)1'J'lf1fJlff'JlJ '11

d QJ I ~ lrf SId .et • Q.I .J iii ~ d tI
9f\ll ,,'I1~'I114fiUIPl,,~'lf14f111~ ff1:I.Jl'HllPln1Pl~nnu t1Pl'Yl'ViLV'lf1Pl1\1"ln'U 1Pl~fiV14'Yl&f1ll~lJV \lfl'lh ~ne'U

'lJV\ll"'I1~'I1'11n~\l11~~V'Inm~'U1'Ufllln1.ofl~V 1u

'l.h~tfI'YImfl t'lf'U mfltf)~'V mfln1lJ~t;)'U til'U~'U

2.4.2.2 m~'Ul'UflljlPlfilPl~fi'V'U'YI1\1tfllJ (Chemical precipitation) fiVm~'U1'Ufll',j
" . . ",

L~:l.Jff1',jLflij"-31 'UtJ It'wvvh1,r1 UUV14L'lf141vvv'U'Uv\ll,,'I1~'I1'11 fin"VtJV ~1 'U'W1L11~fJ14ffm'U~:I.J1
.!V "" ,

V~i'Uril 'UV\I'UU'IU~ \In 1l-i" ~mvu1Ln1PlLll141Pl~no14 iju I'll '11f1l.J1fi~ 'U'ti11,r 11111911"-3ff11 Lflij Vil~L91:I.J
" <II

2.4.2.1 fl',j~'Ul14fllaH''Uff.tl1'VimfHil~ (pH adjustment) fium~'Ul14flll~Ui''U
~ ~ v v

'C1f1l'Vimfl-~lHl u~'111lfftJl ,r1~fl11J1~ 'j!l14'tlllfffJ (rhlJ 1~ 'j! 1'U'W1ii~WlU'lf~U-l ~hjU'UfJfl':h 5.5
t "t"u,,~ll-ho'U 9 .0) 'I11Vrhnnn.J1~fflJ~hKi''Uflljih1Jfl i'U'Ii''U~u 'lil 'I1~fifll'j'l11 1U O'ltllLfffJlJ'ff.tl1'Vi

l~lJfijlPlnL~h.Jff11lfllJU'j:afl'YI~1-3 t'lf'U 19f1Pl11vlU14'Ul1 Lil14~'U 61til'U~Nl1~U1'U1l1Vff1'jLflii
"
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"(1) O1'j 101:; ;]'U'\JV.:J 1m" fJ"'UlJ ~1'\JV.:J~1~ ~cjf'UCl1,\)Ln~;j'U~1VU H'Vl1~ O1VmVi 1'lf'W
fI d v .c::t. 4 ~

U'J.:jU1'Ul~V1n1 (Vander-waals force) 'I1'J~~1VUHm~ltllJ (Chemical adsorption) 'I1'jtl'YI~ffV.:J

mh'l11lJn'U

tlV"''lVV~ 11t1n11 ~1~~cjfU (Adsorbent) t11'I.JllJmfJ"'I11VRV""VV~~lJ11fl1~')'U l1Vn11 ~1\ln~~

cjf'U (Adsorbate) O1'J 101::,) U'\JV~llJ 1" fJ" U '14~1'\JCl~ ~ 1~ ~cjf'Uff1lJ rsn V iu lV 1 ~ ~ 1V1'l1~ N"
"3 ilserns (mni'v 11'J:;ff1'VllJ~R", 2546) ~.:Ji1

n1)~~cjf'U (Adsorption)

2.5 m1~Vl~tJ (Adsorption)

I" I )I

m'J~ ~cjfULfiv fll 'J'IhumllLffv~ 10~-n '14ff'Jtl lVi'j 1:: 1il'141~Vi ~ 1tlU"~1h:: '11~~ 'UV n ~1n uu1I1~~L ~ '14

n~f;]nn'Wi1i11

. II."
1~v1,*1u~mtl.:Ju'U'U porous membrane t)~u'J ~~'WU1L~1i11l'rv11'J::lJ1W 9f~n11~uVflffn11'Wlil~'W
. "

Vin1lJl"fJ"'\JU1~I~fl '1 '~~.:JU';'\J'UWl 2 O.:J100 ilJ 1mllJ91'J

2.4.4.4 fll'j V ~ ff 1lJcliff~'Wm1'U (Reverse osmosis) fiV f)'j:: 'U1'14O1'j UV0 ffl'j

11'U1rl~'U~ij'\J'U1~i~u,; 0.4 O~ 60 ilJ 1mllJ9l'J mV.:J~1'Ulgvmv.:Ju'U'Ulgv~.:J9fm·41'W~1VR11lJ~'W

t "" , tI

'\)::lJ1101:; U" fl111~v'W'le e tl'U n'UL1~'Wn ili":;,, 1VU 1 9f.:J)jn.:JiV~Cl'U ,,'UU,,::' m)~'U 'U1fl 1~v
hhn~fll'H11~v'W~l'W 1RHff11~'\J~~~10"1.:J 1'lf'Ums l,*1'Jcli'W~)j1~Cl~'W,,'Un'U~:;o~'I.J l"'I1::'I1tJ 0

"''''_1 <:It" .. .,; 1" v .... '1"'1 '11)"1 ~ v'VllJu'J:;~'U10 llJ'I.J~'I.J11"11'I.JllJV'lfU"1ff1lJ1'Jtl'I.J10"'UlJ1l'lf L'I1lJl~ ~VtlH~1VO'Hl

2.4.4.3 fll'Jmv.:Ju'U'Ut)"~'nvhl91'j4'U (Ultra filtration) fi~ m::'U1'I.Jfll'jmv.:J

. . "
2.4.4.2 fll'JLmflL11~v'W'V~tl'U (Ion exchange) fiClm:;'U1'I.Jm'JViitl~v'U 1'I.JU11ffV

~ y

1~'Wff1'JU'U'Vl16'111~ff11~ij'I.J'Vl16(1fi1V~rlfl~ V~lJi1'Wh~u,2539) ~~i1•
y •

2.4.4.1 m1~~cjf'U (Adsorption) flClm:;'U1'Wfll'HWOffn11'W1ilCl'U""~mtltlQ1 '14
" . .

1h*v 1~tJl,*a'1)~~i'UlJ1't11fll'J~~cjf'Ua'1'J"~V~ f)1'JUI'JOClVO111 a'l'J~~cjf'U"UVlJ 1~ij'l1ml'J'lfij ~

1'lf'Wcliam l'U'W1",1'W1'i'ti1'14nlJiT'Wl'i'CU1Cl1,,1'i' Lil'W~'Wol'WnlJiT'W;Lil'I.Jffn~~cjf'U~i!(JlJ 1,*lJ10~~~

ldv~,\)lflff1lJ1'Jmh')~ff'l11tl1"'I1::'I1tJ 0 ,~~

I " V ,

m:;U1'W mnhu~~hl '1 U';ff1lJl'Hlfh;]~ffn1hHil~'W 1'W1h 1~mh:&I..h:;i1'Vliim'YiVi"l~ hi11~:;
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1 d... I ...,j.d",:oJ ?i
lJL" fJ"VlLf1~111f)fin II~ 1 f)1:" tuu'U1.11.1111'14£114n11LfI"suVl9111J1""14Vll-!1f)11 11" 'IIU'I'WlC}f~IU'W

I I I ,. JI

f115LfliltJ'I..!-¥iiiijf)"1m'li1.JL~tlln'U'Yiln~ '1'Wlfl1V'If)':itJ'Ilh (Vladimir et al., 1974)

.. JI JI
t.I fV ~ Q Q ~ Q.I QI d

2.5.2 'U'UVlf)'Um':i~VlCU1.1'H~f)fl1~~~VlVlN11J4 'IJ'W91tJ'W~'I1.J

2.5.2.1 f)11LfI~tJ1.J~'IJtJ'II1JI"f)"~I~f)~~i'U'~1111~1~~i'U 1~£If111'fI~tI'W~
" cy '" "

, " • t • ,

e l"In~ loUtJ -!l1J1111f)ijf)11 f) 114Uln 1'1H'In~ f)u iJ 14ih'W 111tJIoW tI~" 1f)f)" if)f111 Iflil n'Wl1'j: ~ 'U

" ,Q.I Q ~ ~ .::1i d
2.5.1.4 m1~~C)f'UU'U'UIlIl~'il'l (Specific adsorption) 1f1~'IJlJI'WU'IlIlf)1JUHtJ~

mdtJl'IJ tJ'II1J'" fl"~1~fl~~91''Un'U~ 1~~i1J~ ij11~~~ ni''UtJd1J'I..!~1 u~1liijN"n1 '1H'~I\] f)~~i1J
• JI,

nJil£J14 1fIH ff~ H 1 11 'VCt)91f)11lJ f)11 ~~i1J'b'ij ~ i'1'il:ij,hwaHl14 '114f)l1V~ L11iltJ1tJ~1:: 'H'h~

., "9lWtt'J"I1f1'lJ,2542)

" ,
ilJU1J'U-umfl£lm1~~91~~1tJU1 'I' vJ~lffil~'U1t1W ~1 ,iiV~1~~itil"':~I\]f)~~ i'Uijtl1:~ 'il:ln~

~Q.I del dCV "",::s" " Qldl OQ./QILU'WW'W1i::VlU'IJ-3UHlJYf"'I'Il'Wm::'l'UI'lJ11J1If1t11'IJtJ'I fl111J1V'U'lJtJ'Im1~~C}f1J1Ji'I1~'I fl1'Hll"~911
. "
nfl~ ~ i1J UtJ f) 1)1 f)~1~ 1~~ 91''U1l::n 1'~ £11f)IL,,: m 'j~ ~i1J 1)::In'W f)11 ~~ 91'U" 'U1J'lf'WL~til
'U 'V 'U cu cu

• .:., ~ Q.I ~

(Monolayer) (lJ'I..!ff'l..!91WCl'l"rlf1'1J,2542)

2.5.1.3 m'j~~91'1JU1J1JU"f1I11~£I'W'tJtJ{)'W (Exchange ion adsorption) f)11~~

" ,QJ.d. A~~QJ Q.I

2.5.1.2 m5~~C)f'U"1J'ULi'l1J (Chemical adsorption) If)~'IJ'I..!I1JtJ911~~C}f1JU"::

~1\]f)~ ~ 91tJ'tl1t1~n1 tJl1f1ijn'W ri'I1I4"nl '1H"n~ f)11 L11~ti'WU11" ~VlH Lflij fitJ ij ms n 1"l£1U H
~.d I 4C!!l t a" d IV d ~ '1 I"; .e.i Q.I .c:l ~
£I~m 'I..!£111::1111'1tJ:: 91tJ1J111tJf)q1JtJ~91U1JL~1J un 11Jm'Hl ~ t'W~U::91tJ1J'II 'I..!111J1~W1JW'W1i::Ifl1JC)f'l

.
<C:lIt.' QI • 1.4 Q.I "" do" v QJ d I "91~U 'W'W11":; tJ~'VC'U11 1J1JW"~-!ll'Wm~ll 'UL'\J l1J1Lf)tJl'IJ tJ-!Ii'I111J1 tJ'W'IJtJ-3ms ll~C)f'U1Ji'I1'WeU m 'j. ..

"fh~~~1~ f)~~91'1JtJtJf)1)1f)~1~1~~91'1J1)::'tll ,~~ ltJ 1"'~m1~~91''Um1)ln~;j'W ~tJ'Wn'W'l~Ltl'l..!11"ltJ
cu cu " cu

! Q,I Q.I Q~ ~ a cv ~
'b'lJ (Multilayer) 1Jf)1l:;mlJ1:;ff1Jf)1Jfffl11::~W11lJ1J911 (1JlJfflJ 9lWttl"rlf1'1J, 2542)

"2.5.1.1 f)15~~i'Uu1J'UmtJm'VC (Physical adsorption) m1~~91'1Ju'U'UihnfltJm1
..." _I 001., ~ '1 oJ .. w o::t ., .d

~~91~~1tJU':i~1J1:;un1 vander-waals force 111tJ'VC'W1i:;HJ 1~1L1)'WC)f~1J"f)lIW::'U'UU1~tJtJ'W 1JtJ~..

d ... • '1 !Ii Q.I QJ a 'lJ1 3J
~W~'I..!1)~If1~fI11::'IJtJ~capillary action 'Vl1 11 1Jl" fl"'IJtJ-!l911~f)~~C)f1JLf)1::~~tJ~1~

v , ,

(3) ~1~~911Jihh:;~tJ'I..!Yt'l..!~1 (Surface charge) ~11Jl'Hl~~~tJn1J1~Qfl'U ~ l1ihh~~

915~ntJ~l1J 'tll 1H'Ln~f)1'Hm::91~n'l..! i~fffl1w~~mil1~~l£1n1Jtl51f){)m'HU'IJtJ-!lm':i""mtl~tJ'I..!

i{)tJtJ'U (Ion exchange mechanism)
v

<v "I _I <v' ,v~., '"..
2.5.1 ~fl'lJW::'H'H)l1JU'U'U'UMfll~~~CV1J U1J~ ~HU'l..!4 "f)lIW:: ~~'I..!

, v

(2) i'I111Jffl1Jl'HlhH11~~~i1J (Adsorption ability) ,oUtJ~1)1f)~1~~911Jii.yh.J~1,1:I'I..!
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Q,I , Q,I IV "I fI QI QI 10 QJ' Q,I QI d.td QI

tl1l11ff1llHnH'U muau H1ll fflltlOCl H'lJtl'l1l1~1I9f'I.J UVlff1li1'I.J1I111119fUl'llJ1 Vl1'W tl1l11011
" ~ "" iIIII

, , JI. "JI
IfI~{)'WVil.,j'1~W'WVi~1.fl1V'lllVl~'W~Ofl1'I.JfJlJl11t1,j'UlItlllf111'IJ'Uri'li'UVJ~lJ (Film transport) ~lO11

tflg eu ~.fl1V' 'Utl'U.fl1f1tfl'U~ 1f11'I.JfIlJVVl110111111~U m l fl1Ici'U\1::1tl'U 81111ri1'U NO~'UOU1-ff'UNl'U
q, .. " "

rI Q,I QI .:., Q Q,I rI
tl'Utlnm'l'IJtl-3111~1I9fU (lJ'Wffll lIW~Cll1fflJ, 2542)

.
_tal cv.c::l~' q"I

2.5.4 lJ'i)'i)£JT11-JF"'1VI6m~~\>l"l1"lJ
II •

4:!f d..e:., QI Q,I

2.5.4.1 'IJ'W1111m::Vl'Wl'lr-l1'IJ{)'l1l1~1I9f1J(Size and surface area)
I ." I , '" I

I'W tl'l1l1 ml~iW tJlVi W'UVi~ 11,j~ uuuil M 1 ,jVl1lJ 'IJ'Ul~'lJtl ~fl'U Vi~1
II •

fl11lJ ff1lJ 11t"l'IJtl'l ~1~1I~'I.J' 'Um1~ ~~'I.J~~ijfl11lJtYlJ~ll il11t1m 'l ouvi'W Vi~1~ 11Vl1::UCl::81111011

~~~'I.J1flll81111ri1'UHO~l101J'IJ'U1~~1~1Ici''I.J L~tl~1~1Ici'U,f'U 'h,jijrrQll V1I11011~1I~m):;It1ll

• II

ln1l1l10·fl11Viij m':i11l1 011'O'IJtl~~ll1i:;lf1ii fIltl' 'UIas~ff~ N ':h'~ln1l,j1 :;~1I o~ l'l;i 'U 1~ tJij,jl:; ~
II • II

1Plf1~Nttl'UClU ~~l!'W~~ffllJ11t"l~~~1I,j1::~1J1n Viijtl~' 'Uff.fl1Vlij llJtCl fJCl\11tl'tllJ1tlU (Hydrate)

, ~~~1'IJtl~lill '~~1t1m 'l~'l~1I1rh~hffilVl t'lf'W~'W'lJ11li1m01i1'U lU'Wh1 ''Wl'1uCl:;ciHtllClI'1

II

2.5.3.2 oqlJU11i19J1l1n1i11lJ'lf1~ 1ff~nqlJUfl1V' 'U1m 'lff~ 1'l 1l::,j l::OtlU~1t1

UN'Uc'Mii fl1111\Pl1:;i1l1tl Cll~tllJ~ e O'WOUUN'Utl~ iJ lll{)tl 011::i1l1 e Cl011 ~ 1I~U' tltl nu 'IJtl~~ 1~ ~~U

I d1fJ" ~ IV I,! t::l Q
2.5.3.1 0 'llJl'l t 111l1OVl'If'l.h::U1l'l tyq 'U 1ff~ 0 'llJ'U 1I::lJl Vl~'W'IJ'W111tClnu 10
I " I ,

m:; ~~ ns :;1l1vmh11' ,j1l1lJW'WVi~1'IJtl~~1~1I ~tJ ff1lJ11 fl1I1I~tJ~1f1 01l1l~1J 1~Vir:b' 'U~ OllW:;" "cu" "
"" II

lt1'Ui'U (Layer) 111'~1ff~oqlJu'~i'U O11~1I~U'~ fl11lJff1lJl1t"l ''W011~1I~U;j'Utl~01J,j~lJ1W

fll {Utl'WU Cl:;0 11 ~111~V~ ~ 1'IJ tl~ tl:: IPltllJfll {U{)'U ~ l,j~lJ 1Wfl1{1J tl'U~ ~\):;~ 1Iiu ,~~ 1'If'U

2.5.2.4 lCllClfJCl'IJtl~~1~0~~~1J1l::t01:;~~~~1'IJtl~~1~~~U 1~v'hjli'l1lt)tl0

2.5.3 l(.J~~Y1i'tJ ff1lJ11t"lUti'l'~ 2 milJ1I1lJVlq~m1lJ'IJ~Nfl1';j~1I~1J (1l11tJ1Vl1

"hV1LrYlI, 2549) ~'lU

• II •
~ IV Q.I.q w 4!t cl4 ~.er 4

2.5.2.3 Pore diffusion t'Wtl~1l101Pl1~1I9f1JlJClOllW::'lJtl'lVl'Ul'lN1t1J'UtVlHliltl

'lftl~i1~fl1tJ''W hm'lnCl'IJtl'l~1nOCl:;mV ~~9i'tl~Ul'l10~1 h1'lt1U'l'lftl'liHfl1tJ' 'U~11111~U ~'l~:;ij
• ~ 'II

<r QI CV 9J d Q.I CIJ.d del G'
2.5.2.2 Film diffusion tlJlClfHl'IJtl'l1Pl1f101l1l9fUt'IJllJlt"l'l1Pl111119fU9f'llJnCllJ'lJtl'l

• IU IU • cu
~ t ~

o I" '1 ".c!I 1 " QI I ~ d' 0 i 31l1)9Jd 'j/ d Q'WllitllilJtltJ ~tJ1tlUflClltJWtl1Jl'l '1 lJtClOCllPltl'lUl'l101Pl1r-ll'WnCllJ'Wl li t~1l~1l:;t'IJlfl~r-l1'IJtl~
• 'II •

~1~~~1J'~
'II
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"1 '" ".1 ..'U'lf'U'lltl'lfll~1JV'U'U1UlJ'l~lJ1W 30 'U1'Y1(Cheremisinoff et al, 1973)

1 ... 1 Q Q. eLI 1'" Q.I' ~ ';'.d ",~",
~a1lVlJ1 ~ ff'YIlifI1~fl11VlVl9l'1J 11~~mums 'If'llU 'IJtJ'Im~~fl9I'lJU 1JU1IV1'UV'I I'WV'YI1J~h'IU'U 1111Vl.. . ..., ..,
11m '.i~fl911J'lJV.:jff1'luilemlaVlJ 1u U11t1'U1llmh'lmlJ1~~lJ ff '111ile nila tJlJU Tl1'l1)~iil1a 11~Unn

2.5.4.6 nmfflJfiff (Contact time)

I1a 1fflJ fifflu m~ 1J1'Ums ~Vl9f1JLil'UVl1'.i1iJ111V{~~hrlw tJ~l'111it'I~ ij.. "

.,
Vm1fl11~~9fml11J~'UtJ~n1Jfl1'.i'IJ'U~~t:h'UUNUVh'lJ (Film transport)

Ua~fl1·HtVl~l.o1~IV1H (Pore diffusion) ~.:jl'U1~1JlJ~ijfl11lJ~'Uihu~1 VJ~lJ'lJtl'l'llV.:Ima1~V~

1VlJ ff11 VlVl9f1J1)~ijfl11lJl1UllJ1 n 1111,rllJl" n a'IJtJ'I ff1'.i~fl911Jlft~ V'U~ 1.01111ms ~ ~ 911J1~tJ101fltJ
" ,.. '" IU

'YINm~n U .o1lJ{(1ijfl11lJUuihu ff'l fl11lJl1U 1'\1t:w5uVJ~lJ1J~a~a'l1111 ,rllJ laflalf1~tJu~I.o1111v •., "
~1f1~9flJ '~1~1~'U ~~,r'U fl11u'Vl~I.o,..dl ~1 ~1)~lilU~1n111'UVlU1l'J11~11u fl1'.iVl~911J.. ... ..

Q.I d ~ ~ ~ .: ~ Q,I d Q tc:&
V1I~11'J11~lJ'll'U 1I1lJms lV1lJ'lJU'IJV.:IVW11nu U~~tJm11'.i1"Vl".:I1I llJ ms "~~~'IJ V.:IVW11nu U1I'lJVl

It " .. "
• I JI , ." "

fl11lJ ff llJ 1s \11 'Um s VlVl911J11~ ij ri1a~~~ Vie W11n iJ ff .:Iua ~ 11~ij ri11v.lJ ~ UViVW11n iJ~ 1 11.:1U
" <t "CI.f q cu

~l'dV.:IlJ1111flfln~~9f1Jlil'UtlijmtJ1fl1tJfl11lJ1'vu (Exothermic) (l1'Uff'U ~wCl']ilnfflr, 2542)

2.5.4.5 fllllJ~lliJ"l'U (Mixing speed)

~~IV'lf~11)~n11,rlfi~fllm';~,j'unu ~~1111~1~iml1J'U 'tlVVU111V'~ lmlutJlJ lfitlv'Un1J \lvvfi'U

'HHff~fl~i1111i,rm1~Vl911Jff~fl~i1~Vl~~ (Norton etal, 2004) iVltJi1'uua'1m~~~9fmn~6'U'YI16
.d J d d

lV1lJ'IJ'UllJVrHV'lf~~a~

2.5.4.4 ~Wl1fJiJ (Temperarure)

~W 11fJiJii~"~VU1l111~1u~~;jVlfl11lJff1lJn\ll 'Ufl11~Vl911J m;'lf'iv

. .
Q,I 4 I.-!I Q,I ~q., w Q d QI QI QI

~~9!'lJ lJfl1~ ~ ~~ IIIV~~1fl ns ~1J1Ums ~~ 9!'1J'YI~ 1~ 1VlVl9!'1JlJ rns Vl.:l161111\1flVlVl9!'lJtl VfllJ1111fl1l1
" G;f 'U cu "., . .
o "'!Ii '" '" ".., <'I '" , 1 1'YI1"~"1£J 'UVflll1fl'UfI1V1I'.i1fl1~~Vlt:}f1J~flfl1lJTJlJVl1tJvm1 fl1~!ftatlU'YIfI1tJ 'U ~H 'll'U1Vl me fl~

'lltl.:l~1~fl~Vl91UV.:lij~~~mrm1fl1~~Vl91lJ8fl~1tJ ua~'llu1VlllJ!~fl~'llV.:I~1~fl~~91lJlJ~uu'J~nfi'U
Q.I Q.I Q.I c:, Q QJ 0'
fl1JV1I'J1fl1'J~~9!'1J (lJ'U'tfU 1IwCl']anft'lJ, 2542)

2.5.4.3 ViLV'lf(pH)

ff1t)'lfii~~~Vfll~U1l fl~1'llV~ 'vvvuua~ fll'J~~~lfnf1'llV~'tf1Hh.:l ~.,., .
~nr'U ~~ij~~~tl fl1~~Vl911J Utlfl111floW'~ 1Vl'H11'U'tltltlUU~~ i~Vl ~fi flc)f~itltlfi U~lil U ififiV'UVi

ff1lJ1~\I\1fl~~911J '~tl~l~~ ~Vilfi'lf~11)~11'11 ,rlfi~ fl1'm';~,j''U nlnnr".h~'~l~n1)'Ultltltlu111tl

,~ lVl'HutJlJlmltl'Un1J 'tlVV'UU'.i~111J1fl~1gU l'lfU 1Ufl1~Vl~911Jff~fldnVltJ1~~1lJ1a (Biomass)
• v

I "" tJ

flll~ ~911J~~rYhn.J1fl~ Ud'iUfll1lJ'tf1lJl'Hl1 U fllH'I ~~ 1£Jll1'llV~~1\1 n... ..
2.5.4.2 ~fl1:.lW~'llfi~~1~fl~~911J (Nature of adsorbate)
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." JI ••
e:s a. 4 0 Q.I .. .1 dod QI "1 ' dO' " ~ Q ~ vVI fHllI'IJ'Uff1l111Jnfl nnu 11l1"lJ" n1:lW::l1J1U"::'VW'I ilJl'Mu 1::VI 11:: VI 1 ffn 'Ifl.:Jfl19f'VI1:l1'Ufl.:J~1nllfl'l

1,*11~lJ1Winn ~ln~~iflfl '1·;).:Jff.:J~"1,fiifll'Ifl'UfI~11~tJri1'UnlJ:U'U~'lI'iJ~g'U~'1ijfl11lJ ff1lJ11fl1'U.
fl1'I~~~'U~ 'I l~fl l'*l1J'U'ff'mfl.:Jl1Ulmnilfl.:Jnu nl9f~fj ~ln.u6lJ"~'1mh-nh 1,riiN ....fJltJllJ~~~" " ~"

"ri1'UnlJ:U'U~'lfiJ~1l11i1,fijfl11lJl1'U 111'11'UlJ1n;i'Uff1l11'U1'*l'Ums ~~ nl9fU"::~ fllJ1ff'1f1'IllJff '1'U"'I..
" "d.1 • d ... ". '-11"1 '"m1f1'Ufl11nu1::ffmm'tl'11'j~ U"::lJ~'Ul u 'If 'U~~~ll1m'I1JllH 'l1'll''U fl11~~ fl'Ufl.:Jff11,,::mtJ

~~ 'm'U'UC)f'Ulil'U~'U ("!'I<MtJ 1'1'l!'11U'tl::~irtJ '4\l!U~'1,2548)

,
1 d9) fJ) Q.I d Q.I ,

"'I 'U'tl'l'l,,::mfJVl1flUU'tl1mfl'l'tl'n,,::mtJflflfl ("!'I'lftJ1'1'l1'111m::~WJ'4\l!U~'1,2548)

fJw ~lJ-U~ fl1'I~~ n ~'Uu,,::(i' 19f'Ufl'lri 1'UnlJ,j'U ~ l~lJ l1J'U~ ~'U111nu1'U'j:: l11H
" , " I

ff'1fl':i1lJInn fl1.:J-nI fl11lJ~6.:Jfl1'jl1U1fl1nffnf1'U1~fl.:Jn'Unl9f~1:IijlJln;i'U li1fl.:J~lnri1u nlJ:U'U~

~ v, ~

U1111" \I1fl~~ij;)'1ijfl11lJ'VItJltJllJ-n \ldil 1,f ch'UnlJ:U'U~ijfl11lJff1lJ1'l n 1'Ufl1'I~ ~~'U~Hj'U1~ tJ
• 'II'

t I JI"
m::'U111 fl11m::~'U9$'11~tJ.yh '1111::1~'flU1 'UW::ir'Uijfl11lJ~fl'lm'j 1,*ri1'UnlJ:u'U~1'UVl111fJ1111. .

JI , JI

1~'U11l;i'U1m::iJtJlJ1,*ri1'UnlJlj'U~-ni~~lflm::~ fllJ11'*1'U11'1'11'UU1V11"1~fJ1~1 'Utl1~.:Jth'U~fflJ

JI

1"~ ,:!f .q 1" " , d " . t -ct QlCL1 ... ,,,... ,uae 'lI'llJlll'lfm'VI"~11f111lJ'Ifl'UVlfllJ1lJfl1Hl'U'VI'U11fl1UlJflW'tl'lJ'Ull 'Ufl1'I~~9f'U ~~ U"::'VI'U11• v

ms 1~(i11111~lJ1wlgm! eue unsn fi1~~ffU"::fl~'U 1'U'lJfl'l1l1"1'l!'iJ~~1'I '1 ,~ 1'lf'U, 1..J uae

(h'UfilJ:Ull~iAlJijfl11~~VI 1'UffVl1'Inj~ 17-18 ~'1ijfl11~~Vlf;hunlJ:uu~~ulJl1~1~fJ

U1i~lJ11m 1u'U~nw~ijmfl1ff~ln~ (h'UnlJ:uu~~~~Vl1~ff1'UlJ1fl'il::tl1 i111'*1'U1'I'I'I1'Ufl"'1111.

, Q.I cv ,
2.6 Q1'Ufl).J).J'UVi(Activated carbon)

, JI

lJ'tl1f1u,f'l 1 fil'tlfl1lJ (\l1tlJ ~llVl~fl'IJW 1 U,,::~fl1'V1nW ~flmj'U, 2542) 'Uflfl~lflijU'lij
'II U •

o Q.I : d. d. Qd Y , d v
m::'U1'U ms 1'Ufl1'I'U1'U~'U1HHJlJlHl1tJ11imnuVI \I::1"fln1'l1'Vl1lJfl11lJ

l'MlJ1::~lJ ~'1111fl11ffml1rl'\J::1~1nmn.h,:r~J11i1(J~1(J1nmHl~~'U 1~tJ1~1~~~1~~~'Ul1Jll
" • 'II

ri111nlJ,jll~lJ'tl if! (Cow dung activated carbon) ~'11iJll~11~a'llf111::"y\llfl1~~'n1'11inlJ'l!'1~ ii

fl'lrhh::flfl'U'Ufl'lf!l{'Ufl'U (C) 31.6% 1'U~'1lJ'tllf1u,f'l 20 fl1lJ (Kumar and Shende, 2552)
JI

'lu 1V1'I1\1'U (N) 0.87-1.17% vlfl~vlfl1~ (P) 0.33-0.64% 1vHl'VJ~l~(JlJ(K) 0.53-0.87% 1mlnn!fl
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2.6.2.1 f)11fl1{UU iWlf'9fi'W (Carbonization) Illum::U1'Wfll1'n 1n ineMff
" .

(Pyrolysis) 1'f1V1~fl,)llJf6'Wirifl111J'i1'W Un:~l1~l'1 '1 VUn~101'flq~U flil'flfiwcnVil'f11l:6y1lJ'tll
ddd ,,0' l.d ~ t:'J :Q,I tI

'U6'1'U6'1U'U'I1111un 11m'W 'lfU (Char) un:: ~1'W n '11q'fl U6n1J1fl6 f)19fun::'W ruunn (Tar)
,J'?i .d. y tI" s 4.c1 z J'~

m:U1'W f)1'l'WIIJ'Wf)11l'YllJ1U(Jn::'UU'Ifl11Ufl'W1 '11"l'l'U'W(1ItJvn U1'llJ, 2542) CJ1'1'U'W'flV'W'Wt1J'Wf)1'l

uih ~.fl1'Yl~'W'1'1~ V1'flQ1-M,1l'W0 1'Wvh 1mlu l'l'fl q~ u~ iim{ Ufl'WI1l'Wfl 'Ifi'111::ouumr 0111INl 1'W

~fI11::~iiuVOclftll'W6QU6tJ 1'W1:a::nmu1 n'U6'1 OUtNl Lif1'f1111l'W1141'fl111l'Wun::6VOclfI1l'U

I 1 _I <:"I 0 1 "1'" d.c:S QI • tI tI J~:~n lVtlU 0111nsu 'W1IJ'U6'1 f)19f m '11 ~m'W"nlJff'flff1'W'U6'1V'Iflll 1:: n6U'Ufl'lfl11UV'W ~ 'I'U'W
" "'" • II II t

1110U'WLiiu1-M~W'I1lJi1"l'1~'Wffl1~'W '1'1~ 6\)::U'fln~nla'YlffllJnullriflaull1'W~'W (Tar) un::~l'l fl'U '1

. "
1'f1vn') i U rn 11Jitl 011flil'fl01'W nlJl1'W~ii'l1n1v'li'W 'flU'Wfl'lU~'fI~~'lu1 'W.

I JI. I JI •

1l1l't-n 2.2 u~mjNhn'fl1lJ 'lilJ'flvu'l1an-nt'hfiruViljfln~flOn'fl'fl~U amnud~UlHh 'U'W1'f1Un:
u "

I " )I I

U1lJ1'fl1'Ufl'l~'Yl~'W'UU'I01'WO'lJl1'W~Viflil'fli'f1~'Wu~O'u'Ii'W'flU'WCarbonization uae Activation ~'1ii
".. .... ..

11tJn::lfltJ'fI'fI'I'W

" . .
flVl'1 i 1 n'fl1lJ f)1'l~'W~ffm'Yl~ U'llfl1n~W '11\ji1 "l '1lJ1n Yl11 -M01'Wnmj'W ~UH t'h'W nn1mll'W fl'l

n::lflv'fl~'Wl~f)11i1ii~ (ff'Wn'fl ff16uuti'Yl\jnv, 2549)

" " "nlJl1'W~'lfiA'flU ii'U'W1'f11n al fi tJ'Inu 'U'W1'fI'U6'1I~'fIl111tJns 6·nl1 u~llh1:: un::1 U1rrim 11ens 6'1'1.h

1'W11HU fiu~l1 0 1~o 1'WnlJl1'W~Ill'W itl n 1~ 'fI~~'fl n Ii'1'1ine m n 1:: U1'Wms ~'W '1 t'lf'WV 1~ ii
"" "m::u 1'Wf)11 'YI1'1tfliiun: m::u 1'Wf)11111'1:jf1m'Yl n1 ~~ 'lht ~vrinu 111m!'W~ '11'*0 1'WO'lJ11'W~'lfiA'fIij

" "nl~'fIll1tiYv~ flflOl1 fl'l U'W01'UnlJlj'W ~~'1fUm1::u Vvn'llh 1-M1.h::'11 v~fh 1 ,*~lV i,)' 0 1'WnlJl1'W~

'Ifi!'fIIng 'fI~1,*Ua')Un:I~61J~.fll'Yl ~llJl1(lUl '1u111'1' ,H'U61'li'Wun ::U1 mlU1J1 1~1'11lj i~ u~

'QlQltI.c::Ir. Q I

2.6.1.2 m'W01JlJ'W'fl'lf'W'fIlnn'fl(Granular activated carbon, GAC) (l1'W

v JI I "

'IfU'fIfl'luiAmJt~lJflv'Wm::an'Wf)11'fln'fl::nv'W'I116m::u')'Wf)11mfl'l'l.b 1'WmilHhhiiiYun::ml1J

~lJ~l 61~UO''lJ',)'1'fltJf)11t~1Jfl'l(h'WnlJl1'W~lh::lJ1W 5-20 i1nilnflJ~vil'fl1 u~')mV'Ifl60,)'1tJ• . " "
lfl16'1 016'1'1.11 ol'WnlJl1'W~'lfiA 'fIfl'l1l::ii11fl1~O une 01'l~'fI~'fI N11l::ln'fl~'W '~flVHnm~ ')

1~V'l1l10 1lJln nn'l11 flflflnn ~)(J~ffllJn (lfflJfiffnU N,)Ol'WnlJ 11'W'fl1~~ ltJ u~ ~::hili'lJfi11rlmnau o'U• •

'QI<vtI~ I QlQ,ltI

2.6.1.1 (ll'WnlJ1J'W'fl'lf'W'fIfH(Powder activated carbon: PAC) tl1'WnlJlJ'W'fl

'IfU'fIfl'lii'U'Wl'f11h::lJ1W 10 'lJfl1fl'W'I11m!v(Jn'h (ff'Wn'fl ff1m:r'W~1vflJn6, 2549) (h'WnlJl1'W~
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.C)..c:S. " ".c:s Ci 0(1) 1lifll1n1::~~~1tJtY"HfllJ (Chemical activation) f1tJnU~l

t.1114'll'11lJ1NfflJflUff11LfliiL'lftJ c)f':U>lfl"ijh~ 111ij1tlU~ffLCU(JlJ19~'jijf) ''lI~ Ln'W~tJm1'1ul itlLN1
, "IIJV 1 1" "".1 '" 0 ...... ""i""tJ'I'lllijlmff ~v l')j'~WlfjJlJ 'UmlL~lul~lJ1W 600 - 700 ij\jffWIHH'lI(JfflJ1N"I'1.flWCfl'l'l~m~

L~mmffl1LfliiOijfl 1l1''HlJ~U"~\h1J1~~U~~' l1'ul1'\jl~lJ'th 1,_j1imlm~~lJ~ 1(Jffl1LfliiLnlJ1i~ii

~U 'I'l'WitJmlN~~ff 'I u"::m'iliiffl1Lflii~flti'1'1 'tJtllunlJli'U~l'h ,,r~ij'lLiY(Jn"lU"::fh i~~l(J' 'U. ..
flll~',.:JffllLflii6Vfl 11lJJ\jvtlmw~' ~~6'1iifl11lJffllJll(1'1'lU~6flll n~fl16U i~l'lflJ ms m~~'W.. .
~1Vc)f'Ulfl"6h~ (ZnC~) mlm~~tJ~1V l'l1L~(JlJfI"ij'1~ (NaCl) Ln'W~lJ

(2) 1iflllm~~lJm~flllJ.fl1'W (Physical activation) ~tl flllUl

, II' "" 1: a~ 1 • ""~: "" CY()1U'll'UlJlm::91U~1V ijlJl 1116fl1'b'9l1'1 '1 l'b'U flllfll~91U~1lJ l6tJl fl11m::~U~1tJfl1'l1
.. ~,.. V"?I"msueu l~ijijfl 'lI~ (C02) 1"'::mlm~91tJ~1t1mmffL1JtJ~tJ

., ..
tllHilm.JVVfl'il1flU~nwYi.yh'H-U1Yi~~i'u (Active Center). .,

'i ...i. 1 ..., " 0 IIJ" ~d <!il~tJ'I'l1 u'IJ'U~vtJ 'Ufl1'jm~~'Uff1lJ11()m~'I'lll~ 2 11ine•

.,
''Wml~~iu~\j;j14

(2) mlL~lJfl11lrjV\j 111u ml~~i'u' ,rr:i1~iitl~m1'1~\j'HlJ1t1ii\j
., .

mll'h i,rij::~ijlJ'lJij\jm{uijlJii'W~~\j1lJtYfl6ff \j;jtJ l~tJ~~ttlillJtJ 1m ~ff~l~ il1~'l1'iim1lJ10~ 11..

,'li'Wijijflc)fL'il'WJl m{lJij'WhWijfl 1'l1~ Ln'W~'W,n'W~1'W1'WlJlflijVmJli1'IJV-:J1I'Hl~lJL~lJLtJ~(J'WLn'W

i1')lniv-:J~llfltliin1(Jl Carbonization 'lJV~L'lI~~1~ffu~::iim1'W,n14l1~fl L'lI~~l~ff'il::~ty,i1(JlJlfl
, ". ,,, ,
ii1¥~1'W'lh~i1 t.11'WYii~iifrnlJffllJTHl 114m'j~~cimhn ..:il~ii~'W Yi~hU~~l'W l'W-umJu~dr~ fI~ii

." cu cu "., ., .,
11lli14~141J1~~i114VIflfll~Vdi 14~'W~'U 'H~mm~ijdVlllJ ~h~-:J~lt n'WI'i'ij~U ltl 1'UU1,_j~nJ 'Ii'WVIau ms
ns ~~'U L~ot'vhJfl11lJffllJU n1'Uml~~cilJ (Smisek, 1970) l~(Jll(J~~t~(J~fln Ltl~tllJUtl~\j ~

Lfl~~'W1'U1~1111~f)'J~lJ1tJms1~lJ~~d1'W 'lJij~fIl11JijtJ i u1m ~ff~l~ u~~N~~nwcn'IJij\jtl1tJ 'In {

iJii~LfftJiji11'litJ Anthony J. Buonicore U~~ William D. Byers (Anthorony Jb, Wayne Td, 1992)
V ?I 0 i"" <!i. ..~2.6.2. 2 m'jm~~'U (Activation) ruurnrm l1f1l1lJV'W'Hlijtl1tJ'll'UlJ.

" "", , " I

fI11lJffllJ1HI 'lu f)1Hl~ci1Jff-:J1i'U n\jUm'ilLi1ij\jlJl'illflf)11LrilJ~'U.yjr:hu~~lh 'll1'r:i1'IJtl\jt.11'W'In{ii" ..
I IfJ J ~ .d ~ 01 ...1 fI " d I Q,I ..:!IfI111J1ij~ l1lJ1fl'IJ'W(utl'Wl 1JUlJ, 254 2) 'lI\j1~QU1::ff\jfl'IJij\jf)11m::91'WlJVQ3 "f1l:lw::m). ". ,

(1) ml1rilJ~tJYir:i1Yi10~'h (Active Surface Area) 1~(Jf)11. .,
lfl~tliin~tll'm\jLflii -Vb 'l1'llJl"fl"1Jl\jmilJ'H'l~Vijfl itl u"~ln~d1tJYiiiii1'W 1'il1'Wm'j~~ciu;jtJlJl

U'YltJ
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"U~1 if~li'i'Wn1':ilWmm~~lm::l,jv{vvn lGJf,lVnmnnull1'Wlm:: 1'lJ11'W'~~1tJ
2.6.3.3 ~1'l~1'\1n':illJm'\111i,*Ol'WnlJlT'U~l~n~~n~'Wlm::~nflif'lJv~~~l'lnwcn

"2.6.3.2 nl'l~1'\1m,)lJU111'WU"::1'lJ11'Uff1'l111J1Jnml'Wvn~ln i i'i'Wml~Vnif•

" . ..
2.6.3.1 ~1'l~1'\1m,)lJU11'l1"ii'ol'UnlJl1'W~L'rlV,.h)flifu,,::.yhi ..rUll'll"~1J

. " .
~1':iViLrJ'W'UV~m"1U"::Ol'WnlJl1'W~'lfijflLn~fltT 'W~::u1'lihls ::fJn~i ,*n1J~l':i vhrJ'UnVIf l~tJ

." "~l'lm'\1m,)lJ~l~ ~ ViUl0l'WnlJl1'U~'Yl~~vnh::tfll'1h1i,*~~,j'~ ~~ij

2.6.3 1h::l[1'lfu'U8~tin'n1JiJu~
(h'Wf)lJlj14vi'nfltU ~lJ ,r~i14fl1':i~~i1J Vh)f1if nv I'l~1 '\1ns ':ilJ'1Hl1V1.h:: inn ~U 1. " ... "

01'WnlJlT'W~1J1ii' 1~fJ'd1'WlJlnOl'WnlJlT'Wvi'Vi~~1'l'~vhrJ'WU1J1J'lfij~~~tT'Wff1'WlJlnUl 1111i'n1J

I (h'Wf)lJl1'W~(Activated Carbon) I1
1

m'm':i::~'W (Activation)

1

1
I

1
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9i1~~ci'1J 1fIVtJln~1J~ tli 1J1VO\jfl111lUlln~1\1n'Uj~'l1'h \lms fI~ci'U'Vll\j1fl1iu~~ f)1j ftftci'U'Vll\j.. " ..~ . .
f)lVfI1l'«~\jl1t.1~\j1~Vm111 '1nt.l1;jt.lnn~flil.I Lljij"'dViUfl)lf)1j~~iurrhnuUfljln1jfl1Vijijn

(Desorption) JUflijO\l~~ ff1J~~ flijfl111Jffl111jO 1u n15~~ci'u'Utl\l~1~flci'u~~~\j (ln~V\lffnt
ttl, "

~ft1Jfft.lh'ilU, 2547) ii~~ffll'J~ilfl111J1'1i'1J'Ii't.I'Utl\jff1jii~ n~fliu 1uUllvilnUfl11111'1i'1J'Ii't.ll'Uff1j
, • , I

~ftiuVi~w'l1IJijfl.:!Vi'lii!\l 'l'j11~ Adsorption Isotherm ,;j'U~1'l'Vlt.li'Uf)ljtliU1t1fl11lJffll~~ii
JI

,nfl;iu (-d'Ul1ftmmr'U1I1l'«\.!~6, 2549)

Adsorption Isotherm flij fl11lJ -d'lI~U,rj ~'l1'h.:!1111J1W'Uij\lfflj~ 0 nftftiUU~~fl111J.. ..
, tI • •

,'Ii'lJ'Ii''U'Utl.:!ffuii V\j''I1~tltl~l t.Iulii ~W'11IJijfl.:!ii u~1Ul1l1'Yi~tlftmlvJ~tl nf)liiYill 1flViM'fl1111
I" I tI

,,j'1I'li't.IVi 111~m) ,ilt.IU1,;j uunu 'Utluune 111lJ1OJ '\l tl.:J ff15ii nOft ftei'u1t19i tl1.h'l1l!0ms~ftcMw ilu
" ~ IU cu

2.7 '81"111f1811fll'i~VlcV'lJ(Adsorption Isotherm)

~u'Utl\l 'tlj~l'11t1~l '1

2.6.3.1 0 ~fl""1'11f)'jnHfl~tl\l1111Jtllf)lff l~vfht.l nllirt.l;'il~~~nl9f~fJ It.1t)1f11ff

~1.:J 'l1'lft.lfl11UijU 'fI~)ijn '9f~ , U111'HilU~tlni9f~ UJ;l:;tl:;l9fii~t.Il;ju9i'u
2.6.3.11 tlflff1'l1m'.nJlJ'I1~ l~tJl-Mcil'Unll~'U;lfJun'Uf)'jtl\lUl1~.. .

. .""1v 1 Q,I QI" QJ ~ OJ' 0 ell ~ ~2.6.3.9 ~lI""l'lif)'jjll'Vl 'l101'Unllll'U1I~~9ftllfJj~1'11V'UfJ\j1l1'Vl1~~mV'Vl'lfU~1
JI • •

m1'1.11111-Mhni 1~Vcil'Unll~u" 'il~~~ci'1J'tlj~l'I1 tJ1mhl1 'Uii ijW'11fjijM'tl\j U~:: 'il::mVijij nVifl1111.. . ..

~. ~
~lnu1~1v11i'9ftl1 ''W~ f)l'HWn 'tllfJ~t.ltltln1J1nU1m~tlii1n~ hJ'l1'llllh~t.I (petroleum oil well

brines) 11~ ij11iI'Wn15F-In111111ij uu m; ~1fJ1111u ~n '11~ 1V 'l1iJ ~ n j ~tl1 u rn s ~1i m s 1'*ff1j 11-3

(Catalytic Process) ri1U1J~l'11'11t!1~lfJU9i1'Yi1ff1jri-3(catalyst carrier) lul1~mul~iif)ljl-Mffljri-3
~ . ~

.Q Q,I 0 iI d?l QI 'J) 0 QJ ., V.c:td JI
'11~lV'l1t.1 ~ j 111'Vl\l'Vl1'11U l'VlllJU1I1f)'j~'JUf)lj'Vll\lIt.1'Utl\l1l11H 'Ii~'UU~1tJ

2.6.3.8 ~lIffl'l1f)'jjll111'l1t! If)ln~ij-3nt.lnl9f~fJ i\l~i -Mnu'l'Wn1'i'Vl'l11'iU~~~
• JI ~

1-Mn'Wl11'l1l1\lil1'Yi'n~rilunll~'U"fflll1'iO~ftci'lJnl9f~fJU~~ 'tl'UfJ\jff1jflt.l'Vl~Ul~

It" ,

2.6.3.4 t:J~ffl'1if)'j5111fl5tl-3~1II1m'lntl€1tl~l'lfU '1'U 1ffn l1n'-Mcilunlll1Ul91l'Wtl
I I I , I Sol
Q alii' 3J 0 i jJ ~ d d~ $Id Qd#!!l~ftn~U'Vll1111tl\lm5 'Vl1'I11fl·H)\lftll'Vll~lIjff'l1111ft'Ut.I...
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(2.2)

.
ot:!:t t cfi CI

fitl mfi~'Ylf11j~llCJJlJ (Adsorption affinity)

d """ tV Q.J AQQ.I I Clio

fIU fi11lJl'UlJ'U'U",!~'YllV'H'Cl"ms ~ 1ICJJlJ(lJ"" fl'l'lJ91tlCl91'l')

fia ,j~lJ lW 'UU~~lj\1 fl~ 1ILlilJ~(),j~ lJlW 'UV-3~1~ 1I~lJ

(ijCl~ ni'lJ~a n1lJ)

q

(2.1)

... "2.7.1 a",nTl'\l8~mHtl.J[J'l (Langmuir Isotherm)

llllJ~lJnl'i~l~'Utl 111v mtl{1~ UCl~liifJ{ (Irving Langmuir) H'ffl111lJfl1':i~1Ii'lJ.. ..
U1JlJi'Ut~{11 (Monolayer) ii~lJlJ~!l'U fia LlJlClfJCln\l fl~lli'lJii ~11J11J nml 'Unu UCl~ii,) tu '11'11 ~

'U{I~f11':i~1ILlilJ(Adsorption site) ~Ll11'UalJ l11fJllJU~":: llJlClflCl'U(),,9i1~1Ii'lJ'iJ~~1ILlilJ llJlClflCl'Ua~

~ 10fl1l 1Ii'lJ 1~l'ViU~'H'1j"ilJmflCll'rh'! 1.,1 11JLL~Cl::1l1H11\l~iirllfl11lJ~a'U'UV"f11Hl11~1JLYi 1nlJ U"'::
IV "''' lU

fI-3~ l~iiu Hnnl'1n~'wh~ llJlClflCl~{I~'n~ n'Uu,,~ llJlClfl,,'Ua-39i 1\1 fl~1ILlilJ'~ii n1':ilfl~tllJ~

aff'l'~lJlJ~b (Langmuir, 1918) ~-3~lJfll'l'n (2.1)

". f "

tmlJ~~ tfflJ 11l~.yhn~Hllnf11nlln~llJ~~lil~'illflf11j'Yl1lmHl1~11lJ1I (1vn11 Adsorption Isotherm

~-3ihh:: LV'b'UlJln 'lu f11j111fi11lJ~llJljflllJf11j~1Ii'lJ'U()~~ ~~mhn 'lJJlt~()t,j1 VlJtnvlJ'b'ii1l

'UU~~l':i~llLlill~~~",!1I (fflJl111 ff~mr'U1l1'W\lCl6, 2549)

~ "d "" .."~lJfl1':i Adsorption Isotherm l1llJf11':i1tfi':il::'H' l1lV Langmuir, Freundlich UCl::..
Brunauer, Emmet une Teller (BET) U~~lJf11':i'U()~ Langmuir UCl::Freundlich 'il::iilJlJloM'nmhtfftJ

~\ln~1Ii'lJ~1fJ\hlJnlJljm' (lfl1fJ~fffl~ ~1IlJi1lJ i'S'ilU, 2547) UCl::tlllJ'Ylq1:JO~iiVlJl~~llJlJlfl~",!1I.. .. ..
L~ fJ~lJlJ~! ru 'Ua~ 'Ylq 1:JOl1~~a~i111l'Uu 'U1f111lJf111Uu lJ~ lCle~l1~ulJu Monolayer ffl111 unq 1:J0
'Uu~ Langmuir uaeuuu Multilayer ffl111lJ'Ylq1:JO'U()~Freundlich (trlJl111 ff~mrlJ911'W\!",6, 2549)..
.., d

1I~lJ
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.d
11.Hl q

(2.4)

2.7.2 "''''fl1''l'\J6.n~l'U~~'Il' (Freundlich Isotherm)
, SI , II

1~ 'W~n.Jfl15 Vi t i'ti'11fl5 Wms ri1fHVlVrt)'-3 ~ l'Wh'W Vi'WVi f:h U1111LtiL~ 'WI'U~H~ fn

1slope=-
qm

<.
q

(2.3)£e__=~+_1_
q qm bqm
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. .
CI ...I Q.I Q,I tI , d

ill'nfl 2.4 f1'jll'4Uff~~fl111Jn1J'W'W1i'IJV~'ff1Jf11'j'YI(2.5) 'lJV~Freundlich Isotherm

log(K f)

1slope=-
n

log(q)

trlV'ffrl~ml'rlIQg. !tn~~~111Jt1lJ~'Wn'j~'w:h~ log(q) nu log(Ce) 'i):;1fi'

" d.,d QI IQ,I Q.I levIcv d
ml'rltff'W~H'YIlJ~~~~Uf1'Wt'V11f11J log(K f) Ui;l~fl111J'lf'WL'YI1f)U-;; ~~flTW'YI2.4

(2.5)1
log(q)= log(K f)+-;;log(Ce)

tvttJl~ffl1J1'lmnfh Kf uae n 'fi'fi":W11if11'jffrl~ml'rl ~~iif11'JffrVH1'jl'rl

sJ • ".:9 QI d Q.I<d

log 'IJ'W~~ff1Jf11'j'YI(2.5) ~~'W

.
... , d

KJ " flV fl1fl~'YI

~ 'j)" ~ Q.I Q.' ~~v ~dl1H"U1J"U'W"l~'V11tJ1H'I~m~~~c)fU'YI'ff1J~f1

(iJ('Iaf1i'1J~Va~'l)
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" .
UV1'lU1l1tnlllJ1L'\I{h '1,rL.ij'lnuU~1tl1fJa'lIu1imnu11 00 lJaii~~ l' ii1fll1~lJ£jUfJ~1t111iNitric

,. . ~ ....e. 91;J ~ A.q "" '1 'J}y d oCI. dAcid Digestion &~m~lJm~IU~lm'\lll'\lU 5 lJaaa~l Ua1~lJ 1'I1UUl1t;JWl'I.fJ1I95U'lff119fat9ftJff
- w. ~

lIUt~l hlrhiJ1'~lJ1W 15U1l11l1flirUU1'iJ.mU'l~lfJm~~lfl mU'lLlIU11 mU'lIPI1U£i1'lU1a'l1U

'\I1~1~iJ1lJ1mu,,~iJ111iJ1lJ1~'jff~;1'lmllu100 ijaiiii~'j ~1fJff1'ja::a1tJm~'U~1m~tl1l1'l U~1.
H,j '1~1mh nf1~'~' iJiLfl 'j1::-H1'I1f!11lJt.ij'lJ.ij'u'\IU-31al'l::l'I ir fl~ 1mfl~U'lAtomic Absorption

Spectrophotometer (AAS) ~,rU Perkir Elmer ~U AAnalyst 200 l~fJ'1~Ll1f!iiflFlame atomization

technique U~ltn1Jrilu~mau i~ii1fl1'jl1~aU-3Yiu111 ~-3Uff~-l1Uf11'Yi~3.1

" JI
1nll~1u£i1-lU11fftl~1tJ'\I1~'Yia1'ff~nih:hil~lJ~;~'\IU 1~ 1iim I ~mnllu 'ufffJ~1'111'1

JI • •

U1tffaViiJriUaUUnlJ1\J1flm~1I1Ufl11y.jUff1{Ju~1u'{1u~tfjuVit;JWl'I{]lJ4 U'lfl'lt9fat9ftl'ffUU'l~1

" ."
-UU~U140~hJ 1~tJ~\J1fllal'l~l'IirflViiJfi1tnmhlJ1~1!114-uu~UUO~lJ1~Ufl11tYmn'u1'1f1l1u1lJ

I " , t !JI

une il1'~~l1i fll'Yi1U fln~~illl al'l~l'I ir flViflm;l11~1u-uu~UUH1flirU~U ~~ ti1 '1U111tfftl
" .ff-ltf!11~-HI~tJ'1~tl1UtilJ,j U I>l'lJaIf! Ua~-UU~UUf{~;1'1t1~Uflnflmnl1 \J~fJ-YiiJf'la'; Uflll~~ill. "

~~ti1'1ull11ffVff'ltm1~-HhlfJl~ri1utilJ,ju9i'lqJaIf! ~llJ'i.h~lI

" . .
mfli1m1~-HiJ1111Wlal'l~l'Iirfl 114ihtfftJ~lfl~vi14ffl{JrWUlaufllal'l~l'Iirfll1 1l~'1~1ufl11ffmn 114

" JI"
i1i¢i11iitAn11i~tll14fll1tYflrnU \J~Yi1fl11l1~'i.HHtlU'l'tH)mllu 3 -U14~H)14~U-UUIPWU

,
.c:s

11')1')1 3



JI" '"

U\9I'l'lt'h'Will'11UmlUthl1un fiu 1:1 illhJtH1~nfli'~~1fJl\9l1lHl (jl1U Vecstar Furnaces i'Wfffl11~. . "
Hmmffl1fJW'I11JlJ 700 tl~ffll9fmCiffJffl1J'Wl1m 1 ~11lJ~ (ff'Wl1f1ff~Utr'W\9I1~\!mj',2549) l1~il1

l~hI U~1'lhril'WnlJl1'W I9i'~ 1~lJl~ 1~~1vJ11.hlff~ln 'Vtltl'U ~'Wril\Jiiffm~l1J'W f1m~U~ 1ill 1ilou

d :: d Q """ .:' IP''l''~ i "i .J d i" d 'l"'lVflm~V1fJW'l11JlJ105-110 tl~ffll9frll9fVffUrl1l'N n 'I1lt1'U\J tfl~flfl1llJ'lf\J!fl1J 1lmVlJ 'If urns

'YI~~fl~l9iflltl~~uff~~ium~~ 3.2

oven) 1'W1375 FX ~l1fl Shelleb l1J'Wl1m48 i'11lJ~ U~1illlJ~ lf1~tl1JUl1~U~1lJl1JI9lU~~lfl'W~1'W. ~ .

\9I~UnH'UUll9l600 1lJfI"'Jtl'Wu~1ill ~hJVilm'l'flTf1Jfl1'W19fi'W1I9ltILH1~fJru'l11JiJ600 tl~fI'lt9frllCiftJff

(ff~i'tll~'lfl1, 2550) ~1m\9lltHl ~l1tl Vecstar Furnaces 1J~l1V11il'WfI'-WWJ'Wl~lnfl l1J'Wl1m•
, - " I

1 i'11lJ~ (ff'l'i'tl1:J'lfl1, 2550) l1:J'll11~'WU~1illrilUlJ~ lf1l11$i'lJl1Jflu~du'W~1tJl9l:um~'UUlfl. ~. "
600 llJmu'W HfflJril'WlqIrIlf1.yjhin1Jffl'l'rI~mfJci~flflrlUh~ (ZnCI2) l.ulJ.u'W25% lf1tJill'11Un i'W

4C:l I ~ Q.I ~ ~

3.2.1 m'n~1£J'IJ\)1'Ufl'lJ'JJ'U~~"HfI

'\.h~..:ltldl'W~ lf1lJltl1J~tllU'I1fliJ 105-110 tl~fI'W1HHCiftJff$i'1fJ1l9lltl1J(Hot air~ . ~

Ir

I l~lJm~ 'u\9l~m'li'lJ'li'u 5 iJailil\9l~'ll1flJllJt'tlU~uJltffm'l1~tl 50 lJ'Clilil\9l~ I
~

v
n1~'n)dl,nhihJ1J~lJl\9l~ 100 iJ~il~\9I~M'luUmf1tl{
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v " • ~"1 "'_''''' " " " ~ "f11vm::m1:lmv.:j Whatman rues 1 'Ulffl'.iCl::mV'Yllfi u1!fl'Jl::11111f111lH'UlJ'U'U'UO.:j\9l::fl1f11U

IfI~~~ AAS ~~Ufffl.:j'1'Ufl1'W~ 3.3

ffl'jCl::Cll{1\91::tt1ff~LfI·n::,..(fl11lJL.u'lJ.u''U 10 llClftflflJ~tlftm Cl~'U'U1f1Cl:: 50 llClftftm iJi''lJf1h

-wm')fl~lJ~'U~1fJ NaOH 0.1 M HCl~HCI 0.1 M ll1'i~!'Yhn'IJ 4 'YJfl'll1f1111h1t'llth~1t11fl~V~I'11~1

"ffl'jlflii 200 'jV1J9i~'U1Vi 11:l'Unm 30, 60, 90, 120 1m:: 150 'U1Vi\9l1mh~1J ~llmr'U111Cl'1'jlJlm~.:j

d :.:S q., -',. d ~" y
fl1'J1\91'jsuu llfffH'f ~lf1'j 1~ 11 1fIt1t\9l'jsu 'il1flms Cl~mtl\9l~ min \91s ~ l'UI'UlJ'U'U

- "
1,000 iiClilflflJ9i~ilm UllJl\91'j 10 iiClilft\9l'j uf1JullJlm l'U 'U1f11f1UllJlm~1ttlhu'jlff'illfl

'~~6'U'1l1"~~llJl\91'j 1 ft\9l'j '~fl11lJt.u'lJ'I~''U'U~.:jff1'JCl~mtl\9l~~~ 100 iiClftflflJ~~ft\9l'j lR1J11!~~

Vilfl1'jl~~'iI1~1,r1~ff1'JCl~mtl\9l~~1t.u'lJ.u''U 2,4,6, 8 UCl~ 10 iiClftflflJ~Vft\9l'j '1'Ufl1'j'YlflCl~.:j9i~lu
,

~ "'i , _I "" "" ..., ....3.2.3 fl11f1fl'lJl to&9f1'Yl(1).JU~~lJl~iln1im'V'lml~V19f1JVI::fl1

3.2.3.1 fl1'jfffl1:l1n,m.u'TfffflJflCll'Ufl1'jflfli'lJ<fl::~1". "
111(h'UnlJlj''U~lJCllf11ri'1'U'U1mU'JflJW 5 'U1f1 'U1f1Cl~ 0.1 fli'lJ !~lJ

CU qJ q;

"
~'lJLLCl~tR'IJi11'Ul(l~f1mllJ'if'U

" 1q " ~ 0mnre l'U"lH"1l"lfU(Cabomization) 600 C 1 'JflJ.
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0" ., 0 .. '1 "i- ''''' " " "ulffl1111mV-3~1{Jm::m14mv~ Whatman nmr 1 Ul~11Cl::m{J'Vll~ lJ11fl11::'I1'Hlfl11111'1l11'1lU

'IlV-1~::~1~1mfl~V-1 AAS Ulr-1~~11fll1::'111~'llfffl~1 LV1"lfI'Vlvfllfl11~~~1J111JUUCl-111jfJf.,
(Langmuir Isotherm) U~:: vJ~'\.J"~'}f(Freundlich Isotherm) ~~Uff'fl~'lJfl1'Yi~ 3.4

. . '"
'Il1~ Ul'1l1'llfh~1fJtfl~V~I'1ldl~l1tfl1j 200 lV'U~V'\.Jll1l~lJl1m~-3l1ffmJ1i~''\.J.,rv 3.2.3.1 ~nmru

ihti'lJflmj'U~lJ" ifl''ii''U'II1fl~,j'lf1J~ 5 '111fl '111fl":; 0.1 n~1J 1~1J

~l'H'I::m{J~::kHr-1tfll1::Mfl111Jt.,rll.,r'\.J 2, 4, 6, 8 11Cl:: 10 iiClilfli'1J~vil~s Cl~'1l'll1~~::

50 iiClilil~s 19l1lJ~1~1J1li'1Jfh~m'}fI~11~lJ~1{JNaOH 0.1 M 1m:: HCI 0.1 M ,,rl~I't'hnu 4 lJfl

fn"l1th'Un1J~U"l1~ lfl 0.1 0 fli'l1n'U~l'HI::Cll()
"

~::~'HY-1tfl'n::"y10 iiCl~fli'l1~v~m tJ~1J1~l 50 iiCl~~~l

1
I tJi''UVhV'lft~11~lJ~1{JNaOH U~:: HCI '-H't't'hnu 4 I

~

l t" .ds, d Jt'll(J1~1mmV-3t'lWl~ll 60 urn

~

l " JfllV-1~1{JflS::~1~nlV-1

1
l o , tJ"" .,,,..; JlJl 1tfl11::'I1Wlmfl1V~AAS

~
'" .

lh9fl(ttJ~{JlJnmt'lldlt~'\.J 60,90, 120 tm:: 150 '\.Jll1mll~l~u)
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... ..~"1 " :: 0 " .. 0 .d11 "1111fl'jl~11 L~ tJ'Uv 3.2.3.1 ~lfllJtJlJl"",1';ilJ1fl'jv~~1um::~11:1mu~t'Uv'j 1 lJlff1';il:l~mU'Yl L~L11

'l..httJ1(iltJfllJl1tJAlJl:lIf!lJl1rilwIJ1m11'b'lJvi 3 'lJ1~'U1~l:l~0.1 fl1lJ U~11~lJ
"''II",

"",1'jl:l~l:llU\9l::tt1tl~!ml::,.ft~lJ~tJ 10 lll:lftfl1lJvi~ft\9l'jl:l~ '11'U1~l:l::50 lll:lftftm 111mh~tu'b'

1~lJ~',.ml9ll:l::'U1~'lll'1~tJ4 U~1'1..h'111'Udl~1m'fl~U~1'Udlffnlflij 200 'ju'Ul9lutJl'Vi9l1lJt1m~~~

r:fff1Jthhlf)1J~tJAlJ"if! 0.10 fl1lJtlml'1'Hl~mU..
\?l~~T«~tml~,.f 2 fil:l~fl1lJ~~~vn 1l1lJl\?l'j50 fi~~i'im

1
r

Q.Jet ~"" 1j1IQ1 I1l'j1J'VHV'lmlJ\?ltJ~1UNaOH Ul:l~ac: m'Y11fl1J4

1
I 1" ~, d~ 1"" v IL'Urn~1t1tmV~1'UU1"",1'j911lJn"TYlfl'fl'hll~ tJ'UV3.2.3.1

l
I "

~
fl'jV~~1Ufl'j~~1'hlfl'jU~

1
I • hJ''' """; Iin 11ml::11~1mmV~ AAS

1
o : tJd v " ~ rJ'Yll9fl(t l:lUtJ'fl11lJl'UlJ'UWUV~ffl'j"::m(J\?l::fl1tu

4,6, 8 u,,~ 10lll:li'ifl1lJ~Uft91'j f11lJ"1~'U)
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" • .d 11) VII)_ I"" " " v .;, V.,; <VWhatman nmr 1 'Wlffl1~::mtl'Vll\Pl11J11ml::'I1111tl11lJl'IJ1.I'IJ'U'lJtJ-3\Pl::n1~1t11m~~AAS \Pl~lff\Pl~

i'WfI1Y1~3.6

\Pl::~1ff-lltljl::-Htl11lJl~lJ~'W 2,4,6, 8 U~:: 10 iJ~i1n1lJ~tJi1~j ~-3'tl'IJ1\Pl~:: 50 iJ~i1i1\Plj

9l1lHh~1J tl11Jfh.yj1tl'lH~lJ~'W~1tJNaOH 0.1 M 11"'::HCl 0.1 M i,r'~l' ..hn1J 4lJn'IJ1\Pl ih'Ul'IJ~l
, "

~1mtl5tJ~1'IJthffl'jltlii 200 ltJ1J~tJ'Wll111j'Wl1m60 'Wll1~lnu'Uillffl1lJlmtJ~~1vm::m£jmtJ~

.c:t " v ~"o:,,, v 1 ~V, IV cv , 1
fl11ftfl'lllN~'U6~tll11J1'U1J'UUI11J~U~::fll 'Ufl11~RC)l1J R£l''lfmUfl1J1J'U~1J~ tl

ihril'WnlJlJ'Wl9i'm'lltl'rii'W'lJ1~ltl"lflJvi 5 'lJ1\Pl'lJ1\Pl~::0.1 n1lJ l~lJffl'i~::(Ilf.l~ Q.
3.3.1

~fflJ(h'Wnl.llJ'Wl9i'lJ~ lill 0.10 n1lJn1Jffl'j~::mV..
\Pl::knY':Hml:~ar10 iJ~i1fli'lJ~~i1\Plj l1~lJl\Plj 50 iJ~i1i1\Plj

l
f tl11J.yjl~'lfl~1.I~'W~'lVNaOH U~::HCl i-H'l'vlln1J4 I

1
I f" cj. .Jdl 1 "1 "1'IJV1\Pl1mm~-31'IJVlfflHl1lJnm'Vlrrfl£j1\Pl'W'lJtJ3.2.3.1

1
I V InltJ~\Pl1vn'j::\Pll£jnltJ~

1
I • LU'" "" .,; I'Wl 11f111::'I1\Pl1mfl1tJ~AAS

1
" ""'lm'i'Vl\Pl~tJ~9flfln 2 ill1~
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" 0 .d II) 'JIll)_ I'" " 'JI 'JI ~ 'JI,.j <VWhatman l1Jtl'I 1 'Wlffl'I~::"lV'V1l~ llJ11ml::'I1'111fl11lJl'l1lJ'\l'W'\ltl~l'l~fl1~1mm8'1 AAS ~~Uff~'1

iUf11'r1~ 3.7

thcil'WOlJiJ'Wl'llJ" itl irii 'W'lI1~'J11'lflJyJ5 'lI1~ 'lI1V1"~0.1 fli'lJ l~lJfflHl~m(l~ ~ ~

V1::tt1ff~lml::Mtl11lJl,rlJ.u''W 10 iJ"i1fli'lJl'itli1I'l'J ",:j'11'l11~":: 50 iJ,,~~I'l'J 11i'1JrhVi18'b'!!lJl'i''W

~1CJNaOH 0.1 M U":: ncr 0.1 M 111'i"::'lI1~'1l1'1~'W2,3,4,511":: 6 mmh~1J u~1th'1111'l1(h~1t1

ltl~8,:jl'l1dlffl'Jltlij 200 'J8UI'i8'Wli1 l1J'Wr:ml 60 'W1Vi~lmim.Jlffl'IlJlfl'I8,:j~1vm::~11:lmu,:j

" . .o 0 _I'" 'JI 'JI <V ~'YIl9fl(!lJatJUtl 11lJ!'lIlJ'lIU'\ltl,:jffl'Jm:,m:Jl'l~ rrn1J 'W

4, 6, 8 !L"~10 ij"i1fli'lJI'i8i1V1'J1'l1lJ,h~1J)

II

I l'lIth~1V!tl~8,:j1'll~lffl'J 60 Ul'l1 I
1

I 11i'u~18'b'I!lJlPl\.j~1VNaOH 1m:: Hel il1'l'vh01J 4 I
1

r"nnJcil'wnlJiJu~lJ" itl 0.10 fli'lJn1Jffl'J"~mV

l'l~tt1-ff,:j!tl'Jl~M 2 ij"ilfli'lJI'i8i11'l'J 'l.l~lJW1'J50 ij"ili1m
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ihcih(!tl~rJ'UVireJ"lf1tll!3,4, 5 U(l~ 6 ~lmh~'U)

1
J

l m8~~1rJm~fllllm8-3 I
1

I !'lnh~1t1!'fI~8~1'Utll'ff1'j60 'U1l1 J
1

I tlf'U'Ylm')H~lJ~'U'A)1rJNaOH !!(l~ He) hf!,.,iln'U 4 J

l

H'fflJUl'UfllJ1J'Uv1lqJ(ll'f10.10 ni'lJn'U'ffl'j(l~mtl

l1l~knr~!ml~1110 ii(l~ni'lJ~8~m tl~lJll1l'j 50 ii(l~~I1l'j
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mllltul~'t1::'t1UO (ijaOfl-lllviuOVl1)
.. ..

h1't1::'t1Un ' oQ·.QQ.CV 'Qf111l1Vl'!l\,1\.llfl ~ (lla a 0111Vltl~Vl1)....
'tilnu 0.20fl:;fl1 1.00

lmliivlJ ND i.tilnu 0.50
.,.

i.tilnu 0.03llf)~llJVlJ 0.01

. "
vn:n~;i 4.1 t1~1l1Wl"l1:;l1,rfllu'j.h1ffV\)lfl~vi'U*Hl

• "1 " " I

\)1nfl1sn~"U,:j....lJ1 lii 'l.!~lJlW fl::n 11'\'ill! 'UViInUfl llJ 1m !ltnl Tn-31~ vii fl:: n1loUlJoU'U
~ ~ .

1.00 ii"~fli'lJ91U~fl11n'UflllJlfl1!lU'\.1l'n,:j~-3til11'U~i.1'hhn'U 0.20 ii'tl~fli'lJ91U~fl'i ff111i'1J. . ~
lf1'j'lijVlJ'l.!~lJ1WVi11ml::111i{fluND (Non-detection) ,rUflui.ti'VIlJ'l.!~lJ1W'\IU-31mliivlJ 1'U'l.hffV
\)lfl~viu*'j(l1'Vl'n::lf1~U-3U::fl~)lJiiflUU11C)$u11Ji'u~n'l.!fl1m lvJlfliilflu1 (AAS) i.ti~llJl'HlV1'Uf11

i.~ U'tl::rl.l11i'lJuf)~liivlJ""lJ 1ut1~mwu 6vmflflu 0.0 1 ii'tl~fli'lJ91U~fl1 UUVfl11f11lJlfl'iil'U
- ~

JI " • •

'j.hn-3Vitil11'U~Hi.tiln'U 0.03 ii'tl~fli'lJ916~fl'j' ~,:j~1)1-3V14.1

~ . ~
n11fffllnnU 1~ tJ'Ul~lJ~Ui{ 'Wfll1ffmn11m 1:;'rft1~lJ1W1m1:;MUn1'U'\.111ffmn fl~vi'U

ffH) mn 11~li'VlVil..;''Ull~ln~ ihlf1Ullj~N ~-l111~~11"'jl'lfti1i1 ~,:jli{un fl:;tt11f)'jliimJ uae
f ~ Y v

Uf)~lii VlHljU'Vl'j 111111 "11:;11Un1~ii'l.!~lJ1wln'Ufl llJlfl 'j !l'UUTVI-ln\):; 1~Uflffflfll1 "l1::l1U flU 'U

11"-3\)lm!'Uffflfl1i.ulC)$l'V1u1lJl1,,:;'l.!'j::i1'Vl~rn....fl1'i~~~11 1"l1:;MU fl~11ml::111i{1 'UflU'UU'ifl ~-3..
hl1::l1l! m! 'Unflu fl::tt1 ~~..;'lvffmni1\)~v~iir;m91u fl1'i~~~11fl:; ~1 i.i{w; f)11lJ1oUlJ'Ii''Ul~lJ~'U. "
U,,:;Vi1fl'lf1~lJ~'U\)lflfl1'iffmn~-lfl~l1i.i{r;'mfll'Jffmn~-391u L'l.!i1

,
.:t

Ut1't1 4



.fl1'Vf~ 4.1 111::~Ylim'Vff)11fh,rf!f!::~1~1t1ri1'UnlJl1'U~lJ'" 1f1~l1mi'Um1~f!itJ~1.:Jn'U (111lJ1W., .,
, <V QI rI 1 Q,I ~ QI 0'')) 'J)
rtl'Uf)lJlJ'U91~'" 1'10.1 mlJ ft'11"'~"'lV91~f)1ft'.:JLfl11::'HL'\IlJ'\I'U 10 ij",ilf)i'lJ~'Oil911

1.I1lJ191150 ij",~il911 11~::wm'll'l~lJ~'U 4)

180150120906030

•
••

"(?
1I~ 100

~ 900
.~E:
~ 80

~(;>

·E 70'"
~ 60:~~~ 50?

0

tl~lJ1w(h'UnlJl1'U~lq!'" ifl 0.1 f)i'lJ ft'11~~"'1t19'1~~Tff.:JLml~l1L.ulJ.u'UL~lJ~'U 10 ij",ilf)i'lJ~fJil911

1.I~lJ1m 50 ij",ilil9111.1i'tJW!'O'll'L~lJ~14iMl'vhntJ 4 u",~i,*nmhJf)11t)~itJ 30,60,90, 120 une
d 0 QI I 9J 'J) " c:, I tv

150 141'Yl9l1lJ ~ 1~tJ wu 111'111 lJl'\l u '\I'W,,!f!'Yl1tl'\l'O.:Jft'n"'~'" lt191en 1l'Yl1nu 3.513, 2.312, 2.027,

1.792 um~ 1.776 ij",ilf)i'lJ~'Oil911 9l1lJihtitJ (Vll'UfI1f1~'Ulf) fI) Lm~'~L11'O{L91'U~f)nfh~~91~~1.,
ti~Ufff!~ hWl'Vf~ 4.1

~ ",,, v;.,~ ~'" V' tv C ')
4.2.1 ~a01"lftfl1:l1na11't11\lil"1.J~a!U01"l~YlC)ftJVI~flllYl[Jl1ffJ1Ufl1.J1.JUYI\lalft

1l1f)m1fff)'lJln~11.ulffft'lJ~'" i'Um1~VlitJ9'I~~1 hwi,*t:h14 nlJl1'U~lJ~ 11'11~tll,*qJ.. CU cu.

• v
4 mlJr.)ltitJ 9f~'~~·mfl11'YlVltW~ti.:J~fJ 111\1

o.::s " 1 ~ '" I ~ 0 d "I l' d'
'il:: 'Yl1f111f1'f)1I1nm 1'\11ft'ft'lJ~ '" nie'Yl11tJ n '" 11'\11 ft'ft'lJ ~ '" 11'" 114 1lJ1f1'f) 'lJ 1 ~'0 !'lH'YlfJ1lJU "'::'U q 'U ,.

lh~~'Yl i fI1'Vfm1'a~itJ 1~rJ '1,*1.I~lJ1Wmu nlJl114~lq!'" 1f1U",~Vi1'O'll'1~lJ9i'14 f1~~ 0.1 f)i'lJl1"'~

:v ", , ,

~~'t!'Ui 'Uf)nffmni1~~ lil fJf),yj'il~fff) 'lJ19'1~nl L'Vfn~9'I~filJJ l1~lJ 1WlJ1 mo'U ~ 11119'1')!1'U
"J/ , ,
o Q 4 ...' Q rI 1 1 ct Q Y 0'Wl'Vl~9'I1lJ'Vlu1~mf(m~'Yl11~ lY1t11f1'1ft'9'I1L'Ylfl'U iWU"'~ft' ~Ln~tH)lJ fl1'H'U~
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QI GI Q;' d'" v oCIIo ~ cv ,a _ICiI
0.10 fl1lJ "ff11~::mV91:f)1ff~1f111:'I11'IJlJ'lJlJ 2,4,6, 8 U~: 10 lJiHlfl'HJ91Vl;1911 lJ1lJl911

50 iJl;1~~m 9l11Hh;{lJ tli'lJVilV')j'I~lJ~lJll'i1nlJ 4 u~::l-H'nmh!fl1'jll\Pl'l1lJ ]20 lJ1Vi YflJ11f111lJ..
" " " .:., '001 QaQ.l'~1'IJlJ'lJlJ~llVl1V'lJ8~"ffl'J~:l;11eJ91:f)11V11fllJ 0.016,0.175,0.685, 1.129 U~: 1.790 lJ~~f)'jlJ916"\Pl'j

911lJ"1~lJ (1l1lJil1flJ:-llJ1fl fl) U~:;iimllJffllJl1(lllJfl111l1l'l1lJ91:tt1 ~~Uffll~ llJmYf~ 4.2.. '"

, I"'"
mYfVi 4.1 191eJtl1:ff'YlllmYf'll::fivv ., 1~lJ~lJU~::1~lJl~1~~llfflJ~~nn~lh'!fl11~91'11lJ 120 lJ1Vi
~ ..A ~ J Q -=$1/1 ~ ,., 111 ciA QI QI ~ J d 0 q vruV~'Il1flLlJVn~ 11YflJ'lJlJf)'Il::lJ 16VV lJ91: f)11'Ill 1tllm: 'YlJ:-I1911~1lC)flJ1'VflJlJlf)'IJ lJl1 VV ., '\llJVI1111

fl11lJ~lJ'WN1~1~91'11lJl~lJ~91~~m:~~fI~~ 'Il1flmYf~ 4.1 'Il:tiflJ11~111n 120 lJ1Vi tl~1J1W'lJV\l

9l:tt1~\lf)~1l'l1lJl~lJfI~~ lrlmm eJlJlnVlJnlJ~nm 150 mVi 'Il:dllJ ":htl1lJ1W91: tt1~ \l f)~91'11lJU~:

tl1:ffl'l IIillYf fll1iil ~1l91: tt1 If)alfl v~ nlJ1J1 f) UIPlt'~v1M1l1lJl: fflJ nlJ fl11l'l1l ~6~~~8~f)1'j

tl'j:'I1ti~H1m~~1l\l~I~Vfl l~l1m llJfl11~91'11lJ~ 120 lJln 111lJnm~I~1~"fflJ~" 1lJ fl11~91'11lJ91:tt1
"1lJll11ffmY~1fl'jl:,.r11lvl~rillJnlJil'lJ~1J~ 1fI

4.2.2 N"tlfl11fftlln'tl lC)flfltl11-1flTl~Yl~1JVI:k"Jlvltll,rthun1-l,ru~1J"tllfi
'Il1flms fff) 1:11, 81 C)f1V181lJm 'j 1191'I1lJ91: tr1191eJl-H'tl1lJ 1Wri llJ n lJ il''W~ lJ~ 1fI~ v

d 'j/ I 1 ClI ~ '" I QJ Q.I "1 ' ...1" d ~'Il1flfl11fl'fl1:l1111nl'IJ1fffflJll~ ufl111l1lC)flJ91:fl1911eJfI1lJfllJlJ lJ91lJ~ fIYflJ111u61 IC)flJ91
'V. q" 'V

fl11fh~91'1l:t'YhJ~lJ'Il1fl 64.87 Itl611~lJ~~n~1 30 lJ1Vi 111lJ82.23 ltlvl1~lJl9i'~n~1 150 lJ1Vi ;{~
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.~ 1. 1 .. '" .....rrmn 4.3 fl Clf1i'1flllJfl1j~'flC)f'U'flllJfflJnll'IJfl~ml~llJtlj(Langmuir Isotherm)

Ce

21.50.5

2
R = 0.9583

y = 0.2318x + 0.0502
0.5

0.4

(1) 0.3
e---(1)u

0.2

0.1

0 •

0

, 1" OJ ~ " '81<Jj1l1~),lJJm'i~VleUtJutJtJ-n1'UVl~'If8 <Jj1'm.,.nJm'i~VI<JjtJlltJtJUtt'llJJtl1

q", 4.314 KF 3.249

b 4.617 n 3.396

R2 0.9583 R2 0.9895

•

i'U 1.~~fl111~fl'l 'ill flnlHl"i'lJ hi1~In"~ml'Il:;'U5nW~hl1l! I'll 8'1ri1lJnlJiJlJ91lJa1flU,j iinlj'fl'fl'" .. ..
i1Jl~l ',jllJll'11lJ'IIfl~ri1lJnlJi1'U~lJGll fI~1t1.. . ..

I , So''' tI

m'V'll14.4 IVlal~lJ flHan'Ultl111 ~lJ nll'fl'fli'U u'U'lJilJl~ fJ1115VliGl1tlilJ~.:Iiifl1lflfl1;l1";.:1'ffV'I'" .

1.alC)fli'1fl1lJ~.:Imll1~~8'11~lJri1lJnlJljlJ~lJa1mh'il:; 1'*1.81ClfI'YIV1lJ'Ufl~rhlJfi'i1'lf 8n'Ultlflll'fl'fl.. . '"

~1flnllf1fl1:n1.V1C)fli'1v1lJ rn l"" illU Gl·:uiitl1uGl:;-WHJfi'i1'If'llV~fln"" ill":; rt1~1tI" . .. ~
" "

ri1lJnlJ1JlJ~lJGllfli.~fi1l'l111ih"ij1,j1~ '1 UGl:;fi1R2 ~~m""~'lJ'fll'n~l1 4.2 91~'il:;n1lJ-;h-n~i.vlC)f
"

1i'1V1lJ'IIV~UGl~1iJtl11m:;-wjlJfi'i1'lfff1lJ11nVn1J1t1fll1""i'U'fl:; fJ1~1tit)1lJnlJiJlJ91lJGllfl 1.~I~uV[h~. " '"
Q • 2 cl 11 jJe::l .::i 2 2 0 QI QI 1 .,;
"ll'I'n:;m R um flGllfltl~l1lJ~(R = 0.9583, R = 0.9895) 'fl1lJ'Gll"'U"~llff"~ wnl'l'YI 4.3 une

•
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Q,I ~1II" ~C).cv, cv I G.lQltJ' _It! QJ ~

ffllJ1S(l~~"l$tJ91~n11~ 8.37 lJaanS1J91tlnS1J ua~m'WnlJlJ'W91~lnn~a11Jla1Ja'11J1S(l~\91CJ1tJ91~n1. .
1~2.53 iit;)ilni'lJ~tlni'll 1V11lJihfitJ('!llil6 ~mffirJlJ, 2544)

d _I "" "" cv ~ <; ~ v, ........ " <;4.2.3 N~fl1"lflfl1:!lu"l~tTnli.fll~ fll''i<:JflCUUVI::fll&VIti1'ltDl\! fll.Jl.J'WVllJ~1tl

m~f1nl:llllniY'YIifl1'Y'If)1'iflfliUIV1~~1 I flrJ1~ril'U nlJiJ'U ~:J.Jt;) I fI ifltil,*1l~lJ1W. ...

~lfl fI1~f1mn 'leI"lItvIa111ut;)'HijrJ1vnJ111l~1J1W fI1'j~fl%UIV1~~1,!~,!fl (qm) ll'ilnu
• ." t

4.314 iit;)ilni'mitlni'lJ d1t1Ll1t1tJnmil'UnlJl:r'U~l1NilI911l1nmn~hriJ~m'l~thw nlJlr'U~ fI1'jl'1'lcJf~l,r
film'jflflitJlV1:;~1 116.18 une 11.07 iit;)iIni'lJ~ani'll (llirflfll fhi'I91U,2545) 1911mhfiu 1):;L'l1'U. . .

1og(Ce)
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2
R = 0.9895

•
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QI c:I' "J) " ~.c9~VlC}f'lJ60 um 'Y'I'lJ11Fl11lJt'UlJ'U'U~~mtl'UfNff1'j~~mtlll:::mtl~MmtleJ 0.073, 0.346, 1.046,

1.488 tm::: 2.410 Utlilfd'lJ~ijilfl'j fl11Jihf1'lJ (~''J.!.fl1F1~'U10 -3) U",:::ii1l1:::ff'YI~.fl1'Y'1fl1'jOl~~1I:::~1

f1..:jUff~..:j''U.fl1'Y'1~4.5

. .""A.9I QJV'
4.3.1 Ntlfl'l::: 'YI'lJ'UeJ~Fll1)J''U''''U'J.!!lJJ~'J.!'UeJ~tf 1'l~:::m £llil:::01 tf~'FI'll:::l1

d 9)SI~~ ~Q.I cI
111nnrs r1fllll~'" m enu 'Ufl..:jFl11lJ&'UlJ'UtmlJfl'U'U fl..:j'ffn~::: ~ lVfl:::fl1 'ff-3tfl11:::'11

., '191_1"'" ,.,., 0'.,.., .:,.., 0'91"
&lIt1&'lfUllJlWtll'UfllJlJ'UlIlJ'" if) 0.10 nsu ffu",:::mtlfl:::f11ff'ltf1l11:::'I11'UlJ'U'U 2, 4,6, 8 um~ 10

u{laoi'l.Jfiaam 1I1lJlfl1 50 ij{lail1l1 fl1lJihf1'lJ 1Ii''lJ~m'lft~l.J~'ULl'hil1J 4 u~:::'"*nmi'UflT:i

d cv dd I Q.J ~ d v ~ 'J} ~ 31
flnfl'flll1i:J ,HltI'YIlJ~"'lIen11~1IC}f'lJ1I:::f111I:::fl'flll1~'" 'Ufl~FITlllt'UlJ'UlJ'U'UL1lJlI'UU"':::~'"

'UtNvha'lH~ll~'U 111tI0I'll 'U1Ih1'tJ1lJ1Wth'UillJlj'U~lJ'" l~HN~ 0.10 fli'lJ u"'::: 'li'nm i 'Ufll1~lIi'lJ
, "

60 'U1i1 9f~hi~"'f111'Y111"'fl~~~fifl L1I\1

, ,
" " .., .... " " " " ils ~il'YIflill 't1fll"Hh'l1VIFlllJJ&'UJJ'UU~:::fllA'nl~'J.! FlllJJ&'UJJ'U'J.!qVl'YIl£J

C\. ~ Q"I '.t::.\ C\. C\ Q.I 'g. tl G.. G()J!;HU1'iJJ~fnl~'i) (JJ~HHl'iJJflfHWI'i) (I flWI1'J.!~)

10 1.797 82.03

•
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o 01 1" i '" .ct, "" "3,4, 5 une 6 \Pl1lJa1~U ua~ 'lfl1tl1 'Wfl11~~9f1J 60 'U1'11V41J11f111lJI'lJlJ'lJ'Wff~'I11rJ'lJfl'lff11a~mrJ.. .
~~~11'Yhn1J 6.849,3.985,2.273, 2.134 ua~ 2.094 iiaafli'lJ~fla\Pl1 \Pl1lJih~u (~iUfl1f1f.1'U1fl 'I)..

. ."n 11i\lfl~~i1J1YilJlJ1fl~'U (Kuh and Kim, 2000)
<:t ..: "1 OJ':-'i ~'" OJ OJ t! 'i4.3.2 ,.,tln":i~Yl1J'UU~VUfl'H·nJ~U um":i~~CU1J~~nll~f.Il'tifl1Uf)~~U~tJtl ~flv v

,.g " " ~ " .:." .1 .. d tI111nrn sflfl 141f.1a'lJU-3f111lJ I'll lJ'lJ'Uls lJ\Pl'U'lJU-3ms a ~ a 1U91~ rn '1'41111l ue 'j 19f'U\Pln1'j~ ~..
I I sI 1

i1J 1l~iiu'U11l!lJa~a'lmlJf111lJl,j'lJ,j''Ui1Ii1lJ~'U 1~rJa~a'l1l1fl '96.36 I-UU{1~'U~i1f111lJl,j'lJ,j''U

2 iJailfli'lJ~fla\Pl111J'U 75.90 l-UU{l~'U~ ~f111lJl,j'lJ.u''U 10 iia~flflJ~flam ~'lfi1V4~ 4.5 i~w

ml'l~ 4.5 1.hdr'l1ifll'Vml1n1~~~~~1~1(j(hwtilJiJ'U~lJa if1~f111lJ!'Ii'lJ,j''Ul~lJ~'U~h'lti'U..
(-U1lJ1w(h'UnlJl1'U~lq!a if1 0.1 fli'lJ ff11a~a1U\Pl~~1~-31m1~,f 50 iiaaa\Pl1

11a11'Uf)1'j~~i11 1 i'1 ilJ-3 ua~vhU'lH~lJ~'U 4)
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1,000

V. =0.2 ij"ftftfll

I IJ'JI
U'YI'UfI1'Olfl~I91'.i'O~1\9'1

1,000X V. =2X 100

2X 100
V=---
I

'I

d "'" j) .a.a._Q.J'~nn fl11111'U1I'UlJ"l\9'l'YI1£J(lItltlfl'.i1JI91BtlI911)

fiB tl1lJlI911ffntl~mm~1J1i'lJ (Dtlftiil91'.i)

fitl U1111mffl1"~"lfJ"lI91l1'1£J (D"ftftl91'.i)

" ,
''UflU'YI\9lmNilll~1191~mJffn''~''1{JI91~n11-«1I-«'U 2 ijtliiflfll~flftl91'j tl11J11911

100 iJtlftftm 'Olflffn"~m£JI91~ti'1lJlI911!1'Ul.u1J'lj/'U 1,000 iJ"ftflfmitlftl91'.i 'O~'~'h

,
..::t ev"" q~Q.I'.Q,2. f)l'nVl~umn'n'~tmJVI~fl1''UtI'UU 2 m'tlmlJVlijtlVl~

", "~~U'U 1i'ewif~ ZnC~ 1I1 125 flfll"~"lm.h 500 ij"ftii1l1

"500 ij"iiiil911 ~'rw'U'O~'~-:h

~TNl'm~m{J ZnC~ U1lJll911 100 ij"iiftm 'O~1i ZnC12 25 flfll

'JI • ,.. '" .... d 25 X 500 '" '"
O1ffU"~"l{J ZnCl2 u1lJl\9l1 500 1I"""1911 1l~1IZnCl2 = mu = 125 mll

100

54



" .i c:I d QI "" Q Q (V ,&;), 1.1""ummaaaeu ll~l91'WlJffl'i'l~mVI91::;ml'\JlJ'\J'W6 lJflflmlJI91VfI\9'l'j 'jlJl\9'l':i

100 iJ'lililfl1 1l1nff1'j'l::ml'.J91~k)lJl\9'l'j~1'WlitlJ'Ii'W1,000 iiflilnflJl9i tJill91'j11::;1~11

"Q.I QI ,,~ .. I ~" " 4:\ Q Q.I , Q~~'U'U ll::;l91fl~1Jl1Jflmlffl'jfl~ml'.J~~mlJ1m!l'Ut'\JlJ'\J'U 1,000 lJflflmlJI91V'lfl'j

"in0.4 iJ'lilill91'j'rii'U'\J1~1~t11lJ1~'j'\J'Wl~ 100 iJflililm mi'1t1fiJtl1lJl91'j~1t1tJl~ 'le (DI-water)

iM1~t11lJ1fl'j 100 iiflililm

1,000

~=0.4 iiflililfl'j

U'YI'Wfil1)ln"lI91'jll~1~

1,000X~ =4XIOO

4XIOO
V=---
1

~ tiv -t1~lJll91'jffl':ifl~fll£Jl~lJ¢i''W(iJfliliI~':i)

r; tiv t11lJ1fl'jff1':ifl~mV'l~11'1t1(iJflililm)

.
~ 919)<\9) ~QQ.lI~

fI'tl fl11lJt'\JlJ'\J'Wl1lJfl'W(lJflflmlJ~VfI~':i)
a SlY!iI .c:..e::.Qlf,C\

ne fI11lJt'\JlJ'\J'Wffl1'Y11V(lJflflnUJflVflm).

" ., .::.i ~ ClJ "" 4:\ Q (L,I I.Q 1.1'"'Ufl11'Y1~fI'tl~'U1l::1191'iVlJff1'ifl::mVfl::ml'\JlJ'\J'U4 lJflflmlJl91'tlflfl'j 1lJl191'j

100 iJfliliI~'j 1l1nff1'jfl~m(J~::;rt1lJ1~1!1'Ul.ulJ.u'U 1,000 iJflilnflJl9i'tlilm 1)::i~':h

" .
~·n:r'U 1)~¢('tl~ilt1..J\9mnff1'H1::;~1t1~~n'nJlm'in'UtitlJit'U1,000 iJ~ilfl'flJl9itlilm...

"lJ1 0.2 iJ~iliI~'i hii'U'IJ1~111il~lJ1m'\J'U1~ 100 iJ~ililm Lta'1ilfiJil~lJ1~'i~1VtJ1~''tl (Dl-water)

hn~il~lJ1fl'i 100 iJ&lililfl'j
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.
~ YJ)c.JJ 4~Q.l1~

fltlfl11lJL'lJ1J'UtJLS11fll-l(11aam1J~tlam)
4 "" "QACV'Qfltlfl11111'IJ11'IJtJ~flmti(11aam11~tlam)

;}mHlJ1mffna::a1t11~lJ,;'tJ (iJaililm)

~ .
''Um'jl'lflatl..:Jih):a~1tJ11ff1Sa~mtJ~~ti1L,j'11,j'l-l 8 iJailfli'11~tlilm tJ1111flS

100 jjaiiii~s ~lmn'ja::mtl~::tt11J1m!1l-lL'Ii'11'1i'U 1,000 na~fli'11~tl~~S ~::'~11

,
~ "''''' .qAV'~5. m''Hfl''iVaJ''l'H':;''lVVl~fllL'UaJ'UU 8 aJ""fl"iaJVl8t1V1"i

~ .
CJ Q,I J) ~ ....I QI j) J) ~ a ~ I Q

fl..:Jl-ll-l~~~tl..:JlJLlJ~Umff1'la~a1t1~~m111~S!1l-lL'lJlJ'Ul-l1,000 11aam11~tlafl'l
~

1110.6 na~~flS 'rill-l'IJ1V11~tJ1111m'IJl-l1V1100 na~~~s Uli'1tJi'1JtJ1111flS~1t1'_'h~'tl (Dl-water)

1,ri~tJ1lJlm 100 naililflS
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1,000

~=0.6 iJa~~~s

1,000 X ~ =6 X 100

6XIOO
V=---
I

~ ,.,,., ,.. .eo ~ Q.I I .e:::t.

fHlfl1111L'lJ11'IJtH1WYlltl(11aam11~tl'M1S)•
;}tl1J1lJ1~Sff1Sa~mtIL~lJ~l-l (nai1i1~'l)

;}mH1J1V1Sffna~a1t1~~Vi'1t1(nai1i1~'l)



"
~.:JUlJ'il~;i'6.:JilL,jfllmff11~~~1t1fl~~11J1m!llJ,.u'lJ.u'tl1,000 ij~afli'lJ~fl~fl1

II

lJ1 1.00 ij~aam '-ff'lJ'lJ1~1~,j11J1fl1'IJlJ1~I00 ij~aam Ua'1,ji'1J,j11J1911~1t1U1~'ij

(Dl-water) ,,n~,j11J1fl'j 100 ijaaa911

1,000

V.= 1.00 ij~aafl1

. 1"U'Vlt!fl1'il1fl~m'il~ ~

1,000 XV; = 10X 100

lOX 100
V=---
1

v; fiv,j1lJ1mffl1~~mtJ1~lJ~lJ (fi~a~fl'j)

V; fiV,j1lJ1fl'jfft'j~~mt:J'l~.yhtJ (ij~~il91'j)

.~ JJYc.fJ) QQC/IQ

flUfl11lJl'IJlJ'lJlJl'jlJ91lJ(ll~~m llfl fl~fl'j)

C:t "" "QQQ,lIQflUfI11lJ1'\111'11lJ'l~ 'Vl1tJ(lJ~~mlJfl6~fl1)

II •

1 d.::s QI "" <Clio.c:t. QI • Q ...14lJm1'Vl~~fl.:JlJ'il:amtJ1Jff11~~~ltJfl~f11t'IJ1J'UlJ10 lJ~amlJflfl~911 lJ11J1fl'j

100 fi~aa91'j 'il1flff11~~mtJfl~~1lJ1fl1~llJl,rlJ.u'lJ1,000 fi~afli'lJ~V~fl1 'il~'~i1

1,000

V.= 0.8 fi~iiiilPn
!J 9J ~ ... t .:., v " ~ cQ QI I Q

~,nrlJ 'il~flV.:J1Jt1J91L{)lff11~~mtJfl~mlJlfl1i1lJt'UlJ'UlJ1,000 lJ~~mlJflV~m

"1J10.8 fi~aam '-ff'lJ'U1~r)~,j11J1fl1'IJlJ1~100 fi~aa911Ua'1,ji'1J,j1lJl911~1tJ'll1~1v(DI-water)

1,r'~,j1lJ1fl1 I00 fi~aafl1

1,000 X V.= 8X 100

8X100
V=---
I
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"Hi'U!;l::tYl'111lJUflflLii£JlJwlJlutl1lJ1WUtHJ1Jln~fl 0.01 lJ!;li"inllJ9ifli"i1l1Ufl£Jn11rillJ1m~1'Ulll
" ,fl'l-nnl'H'UflinliLn'U 0.03 ij!;liln1lJ9iflilI911

" " ,
1.00 lJ!;liln1lJ9iflilm Ln'UrillJl~1 ~l'Ulllfl.:j9f'HhHl.Ifl 1~1ijLn'U 0.20 lJ!;lil n1lJ9iflilm ffl'l'f1lJ

, , "
lm!ii£J1Jtl11Jlw-nl!~l'n::'I11~~fI ND (Non-detection) U''U~flhJWlJtl11JlW'Ufl-l1f11Lii£JlJiUlll!ff£J
~l1n~yf'Uff1t'l!W11::Lfl~fl-lfl~~fl1JlJm!fllJC)fflflJ~'Utntln1m ivn~lJLl91flf (AAS) lliffllJl'Jt'lVl'Utll

. "" " " .1l1nnn'YI~!;lfl·rVnJ11iitl1lJ1W~~ n1LvhU'uviLiimh1J11911~lU 111l1-l1fl£Jiil91::n1L~lJ'Ij\.1

" " ,fllun 'U).!'U'U fll)'!lVl1!1'U
l,,'t'i~'t'iUfl Q CIt, Q.I ,~ Ot, CIt, <V 'CIt,()'!""fl'mVl8aVl1) ()'!""fl1)'!Vlfl"Vl1)

d

0.01 hhnu 0.03LLfI~LlJ£JlJ
,

~hhnu 0.20
01

1.00~~n1

lf11LiimJ ND hhiiu 0.50

, "
91111-3n '11.1 P-Hlf1171LflS1::'I11!;l'I1::"n!n hnhLi1mlln~yfuiht'l

..
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".... """ 1 0' '" d 0'* '\JfllJ~~U"'lflfl1'Hl'fllJl fl 9fl'Y1fl'jlJfll'jtl~9fUUUUU~'11lJtJ'j(Langmuir isotherm)

.y y y v. fl1nJ1'U"''UllqVl'fl1fJ'U0~V1::fl1 fl1''''''1'''11Dv y ... v
fl11"" 'U"''Ulll1lJVlll .

et, Q V 'Q <LI <LI

~ ~ 4V 'A
("'tltl flllJVl0"VI1) ~~<tf1JVI::fl1

(lJtltl fl1"'VI0tlVl1) .. . .. . .. . ......... ....."" ..... "" ... A ~ Q..I , Q.I

fl'Hfl 1 fl"l~'YI2 flHfl3 mtlfJ (lJaamlJVl0fl1"')

2 0.012 0.020 0.017 0.016 0.992

4 0.165 0.190 0.171 0.175 1.912

6 0.667 0.680 0.708 0.685 2.658

8 1.119 1.105 1.162 1.129 3.436

10 1.799 1.805 1.767 1.790 4.105

Vl11H~1"'1.2fl11lJffllJl1()~~ci'1J~::~1~f111lJl,jlJ,jU~::~1L~lJ~t.I~1.:Jtit.l(1l1lJ1W(i1Uti1Jl1t.1~

l,,!~ttl 0"10 fl1lJ ffl1~::mtJ~::~1tY'I'fl'jl::,.( 50 iJ~~~~1V.ifl'lfL~lJ~t.I4 unenm'lu
flTJ~~iu 120 ulVi)..

. .v v v ..... tJoC::t.oC::t. oQ./ IV
fl11"'1'm'Ullq~fllfJ'U0~VI::fl1 1::il'fltimnm sm 'ilViVI::m

&1tll 11 ".. .!Q Q Q.I '.c:..
""

("'tltlfl'l"'Vl0tlVl1) (t 01&<tfllVl)
(lllfl) .. . .. . .. . .,; .. . .. . .. . .

..... "" flr~n 2
..... ~ ........ v ... v ... ...

fl"!i-:ifl1 fl1~'YI3 liHlfJ fl1~'YI1 fl'H'YI2 fl1~'YI3 liltltl

30 3.509 3.583 3.446 3.513 64.91 64.17 65.54 64.87

60 2.308 2.337 2.291 2.312 76.92 76.63 77.09 76.88

90 2.107 2.003 1.970 2.027 78.93 79.97 80.30 79.73

120 1.802 1.788 1.785 1.792 81.98 82.12 82.15 82.08

150 1.755 1.784 1.790 1.776 82.45 82.16 82.10 82.23

VI11H~fl. 1 Tl11lJl,j1J,jUff~nltJ'\Jfl'l~~~1tiU1h~iY'Vlumw f1l1fh~~~~~1~nm iu fl11~~ci'U. ~
t OJ Q I CI aJ tf c:r Q.I c:., Q.I tI 9) gI
~l'1flU (1l'jlJ1WmUfllJlJU~lJ~lfl 0.10 rnu ffn~::mtJ~::mff.:Jlfl'jl::'I1t'\JlJ'\JU~

v ~ ~ v ,
'U0'Hl~1J'l)lflfll1ftfllllntll&'Ultnl"'~tl.. .. ..

61



C· C.I
W V Q. = (C1-C.)xV IW

(OrlJ) (i;Vl7)
(iji.li;nr1-l (iji.li;nrlJ

C), ~ Q..I , cv log(C.) log(q.)

I "" I ....
(lJi.li.lm1-lVl6mlJ)

Vl6i.lVl1) Vl8i.lVl7)

0.1 0.05 2 0.016 0.992 -1.787 -0.004

0.1 0.05 4 0.175 1.912 -0.756 0.282

0.1 0.05 6 0.685 2.658 -0.164 0.424

0.1 0.05 8 1.129 3.436 0.053 0.536

0.1 0.05 10 1.790 4.105 0.253 0.613

nlJiTu~lqj"If! 0.10 fli'lJ ffn"::"1t1~::~15-l1ml::"r 50 iJ"ilil~~~m'l11~lJl9i'u4 11"::

nCl1'ufl1~~~i'U 120 'Wl'n)...

V "" CI IJ 1 0' .... ..1 0'...* 'UUlJ"~'U,\)lflfll'H1'fl'tllLU9fL'YIU~lJfl1~~~9f'UU'U1lrqU~"'l1(Freundlich isotherm)

w V C1 C. q. = (Ci-C.)xV IW

(OrlJ)
... ~.QQ..f 'Q; .C!t,,QU '4C:Iit. QC\<V' QJ C/q e

(i.lVI7) (lJi.li.lmlJVl6i.lVl7) (lJi.li.107lJVl6i.lVl7) (lJtHtfl7lJVl607lJ)

0.1 0.05 2 0.016 0.992 0.016

0.1 0.05 4 0.175 1.912 0.092

0.1 0.05 6 0.685 2.658 0.258

0.1 0.05 8 1.129 3.436 0.328

0.1 0.05 10 1.790 4.105 0.436
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..

,
v v "" v v v v

'lhdj'niiill'rHlT'Hh~YI.. . fllUJl'IJlJ'IJ'UI'nl~'U fllUU'UlJ'IJ'U'lYl'nll'J
OJ ...

flH'YI .c:.. fI!:l Q.I ,~ 11 d.. dQ ~ Q.I 'q
(lJaafl1lJ~8a~'l) (lJatlfl1lJ~8a~1) (I 8111:JS'U~)

1 10 1.808 81.92

2 10 1.770 82.30

3 10 1.814 81.86
~

82.03mCltl 1.797

10 iiClan~1J9iua"1 'l11:1Jl91150 ij"iHl911 f4Lf)'b'l~1J~'W4 unenrn i'Wm1~'fl';lJ

120 Ul-vl)

, "
d _f "" "" ~ ~ q ~ ~ ~1 i~, w w ~ 1~l'nnl fI.S lJ'J~fI'Yl1Jm~nn~'fl"b'lJ'fl::m Allfl'TH1::~ltJ'fl::n1'Cf~lml:::lT 'W 'IH:ll'Ufl1J1J'UVllJClfl

(111lJlW rillln1Jlrll~1J~ lfl 0.10 nf1J fl'l'~Cl:::mtl'fl:::k-HY~lml~,fLcU'1JcU''Ul~1J9i''U...

.:
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.
ul::;~'YIfiil1'Yffl11fh~~VI::;kJ" " " ...,

fl11t11'11t1'11'Uq~'YI1t1'IJ8-3VI:::01
.,.

Q, ~ '" ,~ U·" {'Yf18'V (2J-atl012JVl8 tlVl'l) (I 8WlfUVI).. . .. . .. . . .. . .. . .. . ..... .,. <V .,. <v .,. '" <v '" <vet <V .,. .,.
man 1 fl'l~'Y12 flH'YI3 1'l1-atl flH'YIl flH'YI2 fll~'Y1 3 l'l1tltl

2 6.714 6.832 7.002 6.849 32.86 31.68 29.98 31.50

3 4.009 3.954 3.993 3.985 59.91 60.46 60.07 60.15

4 2.247 2.360 2.212 2.273 77.53 76.40 77.88 77.27

5 2.103 2.149 2.149 2.134 78.97 78.51 78.51 78.66

6 2.094 2.088 2.100 2.094 79.06 79.12 79.00 79.06

Vll'll-3.~ ~.2 fl111mj'lJ.u\J~~nl£J'lJ8~V1~~1nUth·::;~'YITlm~m'jfh~~V1::;~1~nL6'lfI~lJ~'U911~nlA .

(tlllJlrucil\JnlJUlA~lq!fl1Tl 0.10 flllJ Tl11lJl.ulJ.u'Wffl'H'::;fll(1~::;~1ff~lml::;..1

10 ijfl~flllJ91t)~V1'j tlllJ1V1'J 50 ij"i;am u"::;l1m~~iu 60 'U1Vi)..

. .
" " " " " ..., t.J ~~ oQJ <V

f1112Jl'11t1'11U fl11tll'11t1'11'Uq~'YI1tl'll8-3V1::;01 'l::;tf'YI1iil1'Yffl11fl1'i1~VI::;m.
~ ~ v '.ea U ... •.". "11t1V1'U (m'tlOlt1V18tlVll) (l 811"11'UVI)

(iltl~01t1 .. . .. . .. . . .. . .. . .. . .
.... et OJ .,. <V .,. '" OJ '" OJ et .....,. et

fll-3'Y11 f1<H'YI2 fll~'Y1 3 liHltI flH'YIl fll~'Y1 2 fll~'Y1 3 1'l1tltl
'''''VI'6tlVll)

2 0.060 0.077 0.081 0.073 97.00 96.15 95.95. 96.36

4 0.329 0.338 0.370 0.346 91.77 91.55 90.75 91.36

6 1.048 1.051 1.040 1.046 82.53 82.48 82.67 82.56

8 1.490 1.570 1.403 1.488 81.37 80.37 82.46 81.40

10 2.450 2.379 2.401 2.410 75.50 76.21 75.99 75.90
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" " r"
1J1tltl')' 2,000 iit'!iitll1J~uiimfi1Yi~16t1' iUU1il-.3~::;iifi1lJ1tl tl'hfi1Yi~mt1' Yiiiu~itJ1L'H".:JU1'~

hilntJ 5,000 ii",iitl1lJ~Uii~'J

'q~t1'111m'jlJn111tJ1I U~~ij~ ili1J1tlfl':h 5,000 iJt'!iitll1J~ijii~'J
" " , " .

2.2 U lii~~n::;'l.J1tJ6Utl1l1tl IH~1tJt'!.:J~U 11"-.3U1Viiifi1f111lJl~1J (Salinity)
•

" " " " JI •
;itHimHlJ1Wthil.:J Ul1"-.3'J6-.3f'l.JU1il~ 'H~mh::t.fl'Yl'IJU-.31'j.:J.:J1'UU~t1'111m'J1J ~l1JYim1J I1-3-.31tJ•

~
..::::f..r::t c:9 "QICVcS

(2) Vl1Ilijt1'(TDS l1'Jij Total Dissolved Solids) ~ij.:J1JfI1~.:JU

2.1 thVi~mt1' i,j1J1fltl':h 3,000 iit'!iitlllJ~ijii~'J 11~ijm'i)U~~1~~ltl~n111tJ~' l'

" " • JI.,rtl 2 thil~Yi'J::'l.JltJm)tl1'llfl 11'N1tJ~ij.:JiifJWt1'1JU~~~U

(1) fl11lJLlItJm1l11t'!::~'h~ (pH) iifhi,j,!ijtJtl':h 5,5 11t'!::;i,j1Jltltl'h 9.0

", ""
11'H".:JU1t1'11il'JW::;'H~ijijij tl~iY su1~~ij1J 11t'!::;1.-H111J1tJfl11lJ11lJ O.:JU11ff tJ1'I 1tlms i i'u 1'lJij.:JfItJ.:J1tJ

" " tI, I

thii~ 'HlJ1tJO.:JU11fftJ111n1l.~ltltl1n.h::tlij'l.Jn~tll1 11 ~.:J1tJ'qf.1t1'll1tl'J'JlJYi1'l::;'J:::'l.J1tJ'CI.:J~

v tI I JI

'q~ t1'111ns 'J1J \j.:Jijernlse tllfl'n111tJ ~fJW '" tlllW::'lJij.:Jlhil.:Jl1 rein tJij ij tl~ 1tl 11 .:J~1'U 11~U

, ~ ~
Vl'J::11'1fUty~~h~HU VUt'. 2535 ih::11'), "-H11J'J::'l.J1tJthil~ijijml1tl h~~1tH1''Uu~Hlvhtl1'J'

• JI " tI ,

mh~ l~mh~'Hi1~'H~ij'H'" 1tJijth.:J~tnhii,nr 'Ulhi tlllW:: ll1u i llmlJl1 1!lJU~1 rhl1u1I 111tJll1:: tllfl'

,
ov ~

~1J1J't1 2 ('rUT. 2539)

f.)f.)O~1)Jfll1)Jll!~~::HtiUruru1ih'Hll!~.f'I. 2535u u
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" " " II " •
tlll1'U9111;j'Un1Jl1~lJlw,hYi'l L1l1ci'l16'1lmhn'l 1116111:::1f1'Yl'lJ6'11H'Il'U6f11'1'111n1111fll1JYi.

" .
(14) ll1l1uu,,~i'lJiJ'U (Oil & Grease) illlllnn11 5 iifl~flrll~t1~m l1rtl61'ilUflfl~l'1'illflYi

"(4) It'1l1~l1,.rniitll~'1u

4.1 111V'Yl (Mercury) il.illlnnl1 0.005 iJt'I~nrll~6iim

4.2 L9Ht'llUtlll(Selenium) i1l1Jlnnl1 0.02 ijt'liinrll~t1~911

4.3 Ufl~lijtlll (Cadmium) illlllnnl1 0.03 ij"~nrll~V~9l1

4.4 ~~~1 (Lead) i1l1Jlnn11 0.2 ijt'l~nrll~t1~m

4.5 61{19l'Ufi(Arsenic) il.i1llnnl1 0.25 ijt'liinrll~t1~911

4.6 lmLiitlll (Chromium)

4.6.1 Hexavalent Chromium ill1l1nnl1 0.25 ijt'l~nrll~6~~1

4.6.2 Trivalent Chromium hi1l1nn11 O.75 ijfliinrlJ~t1am

4.7 Ull~tl1J (Barium) ill1l1nnl1 1.0 iJ"~nr1J~6~9l1

4.8 Ulnt'l (Nickel) hJ1Ilnnl1 1.0 iJt'I~nr1J~6~m

4.9 'Yltl'lU~'I(Copper) 'hhnnrrit z.u iJt'liinrll~t1~911

4.10 ~'1n~ff (Zinc) il.i1Jlnn11 5.0 iJt'I~nrll~6~m

4.111111'lmUff (Manganese) il.i1Jlnnl1 5.0 iJt'I~nrll~Vii~l .

(5) it'l hM (Sulphide)ti91LYitlVLtlui~ 19111'il'Uiflivl~ (H2S) il.illlnnl1 1 iJt'I~nrll~6~~1

(6) 19l'Vll'U~ ti~LYitJ'ULtl'Ui~ lml'il'U 19l'tIli 'U~ (HCN) hi1llnn11 0.2 iit'liinrll~t1a~l

(7) vlt)'f~n~'lJ~ (Formaldehyde) 1lilJlnn-h 1 iJflani'lJ~Va911

(8) 'ffl1111~ntl'U~'UtlfI (Phenols Compoundililllnn11 I iJ"anrlJ~6am

(9) flt'ltl~'UU'ff1~

10) l~'ff91i9l'~(Pesticide) ill;;6'1ii

(11) f.lWl1lJiiil.i1llnn11 40 6'1f1119l'flltMtJ'ff

(12) ff ;;6'1illltl'U~~'1r'llntl'il

(13) n~'U ;;t1'1illLtl'U~~'Ir'llnm)

(3) 'ffl'Hl'lJ1lHHW(Suspended Solids) ilhnnn-h 50 iJt'I~n111~V~~1 l1~VV1'ilU~n~1'1
I " ,., '" " ",

'iJlnYitlll1'U~ 11;iu n'U11~1JlwlhYi 'I1111ci'l'H) 'I1mhYi'l 1116111~Ul'Yl'lJV'Ih Hl'Uf.l~ ffll1n1111

mll~ n'Jll Is 'N1WJ91'ffll1ml11tlll1'U~ U~~6'1ill1Jlnnl1 150 iJ"~nrll~V~~J.
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4.2 f)1'j'fl11'ilfff)Ufl1611!C)fUfl L!rI::!C)f!rI!UfJlJ1,r'~11l6::'flVlJ:Ufl!WU9fuvJi'U

fflt1flim hn'flLlJ'fl'fl1 (Atomic Absorption Spectrophotometry) 'lfUlI i~i'fl'j~!'il'U!'U6!'ji'U

(HydrideGeneration) 111UillWrllfflh t):Uffi'u ffl'11fli'fl'jfflflu (Plasma Emission Spectroscopy)

'lfii'flvu~nVi-wiiriw!ntl nmmh (Inductively Coupled Plasma: ICP)

~
(4) f)1'j'fll1'ilffumh l11tl::l1l!n l,r'~1if)1'j~'IU

4,1 f)1'j'fln'ilffumhff\lf1::~ lmdjvlJ 'YIij'lU'fl'l Ufl1l1JJVlJUUilVlJ 'fl::rT1U!nrl

U,,::UlJ\Im U ff 1,r, ~i1i u:: 'flf)lJiJfl UUU9ft)-wi''U ff! 11s l ~s1-Wi'fl!lJ'fl'fl1 (Atomic Absorption

Spectrophotometry) 'If'U'flillL~fl!mffhmi''U (Direct Aspiration) 111uillwmff1il ~:Uffi'U fft'11fll'fl

'j"ffiflU (Plasma Emission Spectroscopy) 'lfiA'flu'U~f1Yi-wiiriwn~" Wrllff1il (Inductively Coupled

Plasma: ICP)

(Glass Fibre Filter Disc)

~
'\lV'Ilh (pH Meter)

(2) f)1'j'fl'j1'ilffijUfll Vi~lt)ff ,,r'~i1if)1'I'I::LlfVU,r'l 'j::'H11'lflWlflJ:U 103 ij'lfl'lL9frlL91Vff

O'lflWl1lJ:U105U'lfl'l!9frl!91Vff'lunm 1 i'11lJ'I

(3) f)1'j'fl'I1'ilfftlUfllffllU'\l1'UrlijV 1,r'~i~f)1'j mtl'lr-h'U m::1I1lJmij'llvun'1

..

~ ~ ~
.ufJ 3 f)1'j'fl'j1'ilfftlUflllJlm~1'UlhVi'l'illn Is'I'11'Utl'flffll1 m'jlJ'flllJ.,rU 2111'~hti!'Uf)1'j~'I~tlitJ-n.. .

" " ,
(1) f)1'j'fln'ilffVUfllfl11lJliJ'Um'flUrI::~1'1'\lU'lUl,"'Il,rl~Lfl1f)'I1'flfl11lJ!iJ'Un'j'flUrI::~l'1

, JI ,.. " " "

U'fln~1'I 'ill n Vit11'H'U'fl,1~'UIi'UtJllJ 1OJUl Vi'IU'Hci'I 'j V'I1UUl '" 'I 'H1V'11'j:: lil 'Y1'\lt) 'Ii 'j 'I '11'U

V'flffl'HnnlJ U91~t)'IhilJlf1n11 400 :Utl~f11lJ91U~'fl'j.

, sJ " tI SI "

'H1tlm'ilU'flf1~1'l1l1nnt11'H'U1Ii~ ~'UIi'UtJllJ1WlhVi'l U'Hci'l'jtl'l1UihVi'l lf1t)'lh'::lil'YI'IJtI'I Is '1'11'U
f)'flffll1m'jlJ 'flllJ~mlJ Is '1'11'Uf)'flffllfm'jlJt11'H'U'flU91'l~tl'lhilJlf1f1':h 200 iJtl~f11lJ~V~~'j• •

I ~ ~ QI , Q.

innrrn 60 lJtltlmlJ'fltltl~'j

(16) fllfhrUfl'U (TKN 'H1tl Total Kjeldahl Nitrogen) i1i1JlnW,h 100 :Utl~f11lJ~tl~'fl'j

t 'JI " JI "

lJlfH11120 1jtl~f11mlt)~~'j 'H1tltllllU~f1~l'1'illf1Yifh'H'W1I11' ~'WnutJ1lJ1unhn'l !mri'l',H1'I1uih
~ .
Vi'l 111VtJ'j::II1'Y1'\ltl'll H'Il'W V~ffllffl'j1lJ 1I1lJnmlJ IH'Il'W U~ffll1fl'j'jlJt11lf'U 11 U~'1 ,;'tl'l hJ• •

(15) fll Ultl~ (Biochemical Oxygen Demand) ~flW'HIJ1j20 t)'1fl'Wlftll91tJff11m 5 1'Whi
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..

..

Dichromate Digestion)

• ea d l~"oQ~ tI(14) fll'Jfl11'ilffVUfI1'YlLflLVU'11L'lf11il'il"~1'l1"(Kjeldahl)

(15) fll'Jfl'J1'ilff8Ufi19n"V~ hfl-NlllumJffa1eJ lfleJhl~ffL;eJ'" '~lf1'Jt",~(Potassium-

mlVJ (Gas-Chromatography) .. . ..
(1 1) fll'Jfl'Jl'ilffV1J~W'l1lJij'IJV~\h ,,r'~1f11V~i~~W'l1lJij ifl'IJW::yhfl1'J1~U~i18UWtll.. ..
(12) fll'Jfl'Jl'ilff8UfilUliJUU":: 1'lJii''U1,r'~~1iffnfl~1v~1vh"::meJ mllLwn'111'1h'111!n..

'lJ8..:nhl1'Uu,,::1'lJiJ'U
(13) fl11~'J1'ilff8Ufiliil-v~ ,,ri~11iV::'C}{Yi'l1J~~lfli'U (Azide Modification)

~8tlmflij 20 V~fflLc}{i;U;eJffLUUtJ"l 5 iU 9i~~vn'U'I11Vlllfll'Jg'U~m", h~\ll'U8~ffl'l1m'J"",r. .. .
...•

• _I d , '" ".o=t..:::I c:, ".Qr,c:S ql ""(8) fll'J~'J11lff"V'UfI1ff1'JlJ'J::n"VU'Yi'Ufl"'11'lfl1in,,'U U"::~1"'~1Vl1i 4-V::'" 'UUV'U~

1l'l1'U (Distillation, 4-Aminoantipyrine)

(9) fll'J~'JluffV1JfhmlV1'Uflff'J:: 1,r'~~1i1v In I~L"'~~f1 (Iodometric Method)

(10) fll'J~'Jl'ilffV1Jfilff1'J~1~i1v~ti'U'I11Vfh~flff~'Jvt'lf'l11Vrl'~11 ,rl~1inlc}{ lmlJl1~-
"

(6) fl1'J~'Jlllff-vmh 1'l1£n' 'U~ i,ri~1li n~'UU"::~1"'~lVl1fl 'Yi~~'U'Ul111l'J~f1U"V~f1

(Pyridine-Barbituric Acid)

(7) fl1'J~'Jlllff"VUfh...J-v1"'1,,~i~Yi'l,nrnllivu~ (Spectrophotometry)

4.3 nl'Hll11lff"VUfhtJ'H),Yl l,rl~~1ifl~~fl1JijfllwuC}{-v...Ji'U lm'l~ 111tJ-v1

lV1f1UfI(AtomicAbsorption Cold Vapour Technique)

(5) fl11~'Jluffe'Ufhi" 1'VlYi',,r',*lllfl1'jhu~nl (Titrate)

-
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1'lftJ1wn1i1lJ~l1~ff

(lJltJl'lftJ1wn1 i1UtY1'1ff).

l.h~mft' w 1lJ~ 14 i1QUltJlJ 'YLft'.2539

American Water

" " .
11ml~lhhu~~'1hli1tJ '\JU'H"lJlfllJ1ft'1mi1~u1~aUlIu";~,.h~I'Ylft'hll:J l11U Standard Methods for

the Examination of Water and Wastewater ~~ American Public Health Association, Work

Association U~~ Water Environment Federation '\Ja~tYl1i'!eLlJ1f1l ';111nUnll1lJ~ 11'~';w

" "rUt) 4 fl1)91'i1'il"H)Ufh1l1~~!lUlhii"'illf) 1H"lU~fl~ll1m'jll fllll.uU 3 'il:;~U~I~U1,jfllll~ijU
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...
1'lJ1IiJ1'1'IJ'W1'Y1t1'Wm'l!'Y1l1ll111'Wm. .

OW.ff.2553- i1l1~iJ'W li':if)lI'ff1'W1911

li':if)ll,ff1'W1911

C»'tJV1~fhl'Vi'l ()'W'Wl1':i~':illl2 11'lJ1'1Uff:U~1

'" " 'i d 'i "'"fl~fftJ'WflWlIff1ffm lHl1t1'W'lJ1l':i 1':i1l'W1'Y1Vl

nH!'Y1OWlll11'Wm.

OW.ff.2552 - OW.ff.2553

~~ 4d <C\ o:v d.

fl1f11"h'11ff1n':i ':illlfill II 1111'Y1£Jl~ VtJiJ as l'lf1il'U.
, " ,

OW.ff.2552 '1.h~"h'lli'lflfl1':i~~U1~atJllUli~"h'1~flf,I'Yi 8•

~ ~ ,., ~ cv ~
(1ff.ll .1ff1n':i ':ill 'f1'eu 1~~ nu) llMl1'Y1Vl~£J"QiJ~11"h'1il'W

Q.I ""~OW.ff.2550 - OW.ff.2552 'Vl'Wff'WiJfflfl.ml':ifl'WmltJff':i~

"'" '" <dll1111'Y1£Jl~ V"Q1Hl':il"h'1ilU

OW.ff.2550 - i11l~iJ'Wiff1n'j'jllffl'f1'1I':ill111iJWcl1l1

~ ~ Q d

'Vtff. 2544 - OW.ff.2548 1'Y1tJ1ffl'f1'~':iiJWc:n1l (1'Y1.iJ. lflll)
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