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J~ 1 0 0 0L...;\. ')l I:: 01 '..L..ou' T'-'T .. 1(""I. "- 01 I ~l>- JT .l>-..:...I...5'.I (' .-.- ~) 1.5"" ~.> I.S'. . IS""'.>J'"' V-'> r,J- Ls:' 0 .- .1'~

,~-f)? .hJ(THMs) 0L::..}v. ~~ ~) r))~ J.r) ~ 'W£ JL.. jl ,--;-,T~ ..:...~t.>J":"'~

G .:.-Io~ r~1 tut 0T jl ~J":"'~ ...: \ o~ r~1 tut 0Tjl ~J":"'~ ...: loJy' ~ Y J.>.}'"

~ '~J..:-eu'T,--;-,T.s~~» j101~J ~y..c>-~ ~)J ..:.J6:-J":"''-::?Ji.:.r..1 ~.>J ~ (.51.v..>pli

0lb r J~101~.>J ~.>Y 4 J ~I.>,,> ":"',>.J-4'"--: J~j jJ ~ ~~":"',-::? Ji .:.r..1jl ~ .JIJ.?lS' I.>~T

.~~ ~b :d 0WI ..:: ;}...,.f. 1.S'J.k.,li":"'1)1":"'...\..0jl.>J.>J..: \ §.-. J..J.:.:5" I..S"

~j~ )J.u- ~ .sjL.. ~ JI.}'"'~y.I..S".:...i~~ .s~T .>J~ ":"'.>yP ~ ~ IS".}'" j1t' JI.}'"
".

~I.>J o~~ IS"" 0lb r J~I ~ 6' ~ ..:...l::f.J.:.r..\ jl.? f. ~ ..J.:.:5"I..S"J~I ~~ ":"',-::?Ji ~J..:-eL.:.T '--;-'T

~ ..;j}v...:...,-::?Ji .:.r..lo~ ~.>J ~ 'JJ.f I..S"J~I ~~ ..:...,-::?Ji VA- jl ~ IS".}'"j1t' ..:...,-::?Ji ) ~ ~ J-SI)

v...t-I ~11v. ( 5. I. ~ ) t.:\:.. tv. ,r - 01.' 'l>-..:...1...5'- o~.c>-~ .sl.~ e:.u.-. °l.~l,. - Y .' .1''>~ 'it' Y '0,;>.1'Y..s" Ls:' 0 .. .1' '1t'MJf' 0 .> . I..S"

.LJ jl ~~ ~ J.>.}'"..:...,-::?Ji .:.r..1J5' )IJ.A..~ ~~ .Jf. rli I.>(~ Ji .>~ ) ~f::i yl}u. ,(~ Ji ..;)

)1..LO~ .f1}.Jy IS""oJlA:-..1Total Organic Ha}ogen(TOX) ..;j}u.JT ..:...,-::?Ji J5' .>\J.A..0::::'"
7 <

I ~I.f yL..J.? jlt 4 J (Ge) ~I.f yL..).? jlt .s~~J jl ~~ rj'l..:...,-::?Ji .:.r..1jl ~/' ~ )..;.?

, ~J..:-eu'T '--;-'T~jfi ~ jl ~l>- ~I":"',-::? Ji .utA....:.r..1)JoJy. I..S".Jl4;:...\(GeIMS) ~? Jhl..r"

~6:- ~ ..:...~t;.>J.u (.51.~ 'Jy IS"" ~I":"'~ Ji .:.r..1.?\5' ~ J ~Ijl ~.}'" ~ (.51.u..>pli

-»)'.i~pjL: J'>.Y'..:...L::fJi .:.r..1.s~ .jl~I.s~J'>J ~L...> Jil..l>-~ I.>..:...,-::?Ji.:.r..1 ~ \j Jf.)~ 01y I..S"

-<::
oJ.;? I..S"

~j~ ~~":"',-::?Ji ,v.~1 ~I}u. ,~t:..}u..sJi:..s~ ~U'j'J

. 0~1 ~~ I",k .lL:.;b , ~I~ w~ ~I, .: :.I~ ...IS:..:.;I.:>~ .: :.1~ .,:;r \

rJ,Jo..JW,JJIJb, IrA! v~(:j
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~/..1f.! ,::A.i,:.i;.u-E-'"I J ..: ;1..1f.!.£.:...;1.:> J.Jq....

~ l.:;;~l>- THMs <L:~ y h. .(Stevens, 1995

, ... 0\ ~ J '" J 01.) .)~ i.., 9J)S' i.5-ljlk.; "

.l..L...~ .?1.(National concer institute, 1976)

i~J)S' I.S"-" 0~ j\..#-- ..L;jlyl5" THMs 0L;?.J

~j"J~..:-:; i.5-lj 0lk f'" 01}1 ~J..t:,;.4 ~b .J''')~I.)

...:-.\ o~ <f -":f jp. THMs 0L;? .J .I..L..

..}j)S' ~~ 0L;?.J j\ ~~~ oJ.? 4l:.~~\}l.!.

1.1. ...'... Ill.!. 4S ..u~ 0L...:.; '10G.~1 ...t:,;.\.,~.r.:' J'-'" Y ~..r.>- . l5"

o~b 0L...:.;0L::f.J .:r..1...t:,;.4l5"(Genotoxie) ..}j i>-

~ yo .o~~ ~ ~L... .)~(Mutagenic) Ij J-p W ..lil

.(Bull, 1985)..li ~ ~ <f.r- .)~~.) J ..:-.y. ~~lk f'"

~ iW ~~.).r. ~ 0l.::f.J ~\ ~Ij 0lk.r" :7'~lk..
..:.1 ...

J -.s-l;.;. r-" ~ r 0~ ...u...u.ly ~ L;0L;1~
&

.-:.-1 o..u. <f-".? 1.;.:->14l:.~ j:->I}l.!.G~ ~ y ..:.>I}I
. & .~

.4-J:jJ)S' .l.!...I:--'I}l.!.~j)S' ~4- 0l.::f .J ~~ oJk"

.~4 .s-" o~ ~)S' ~~? J 'o..u. ~)S' ~~I.)j

.)~ 0L::f.J 0-:1 ~4--a>-u ~I~ 01~1 jl ~I ,,'j.>.

(Condie, 1990)..:-.1 oJ,.;.o~b 0t.=.;(,) 0).",,.;,JJ~

4S ..u.~ l5" 0t.=.; 1.5".).r. ~.)yo 0t;1~ 4}J\ 0Wlk..

i.r' J J.;--1S' -"..L4....:-.\ ~ 0...\:5 ..}p.l4> 0 L;?.J

~~ ~ ~J.J.r.:!" ~~ ~ yo J ~..r-: "Y~ I.)

.)~ .)L...;I..)L )~..,w 0~~I.(Revis, 1985)

.~? ~.)~ J ~ \.; \.)~T 01~ 4S ..::.-.10T jl.J~J..b...e

J~~ ~ .)L-.;I~ -"./ ~.)~.s- ~~ 0L;? .J ~lk..

.~~.? ..s-"~~I 0..li~4 ~p.l4> ~Jl>- ,-;-,T0",:--u,T

.~ '.w.-'" 0T... - \.,.s-..:-.I 0~ e ~~ ~.J-"" .J' .\.S'"""'!.. .. ~ .) -

~T ~~ ~4- 0l.::f .J .s- ..u.~ l5" 0t.=.; 4}JI0Wlk..

(in vivo ~~.).I.. .)~) ~-"~ ~~ J ..}",:--L.;.T '-;-'T .)~ .s-

0~)~ ~ .)~ .~~.? ..s-" ~ ~ .)1./ ~.)~

~ Ij .)lk.r' ~4- 0l::5" .J ~~I ~ yo NaDC1

Haloacetontrile (HAN) J~ j:->I}l.!.J THMs

(Vogot et aI, 1969,.)y ~ ~.)I./ ~.)~

~)S' J;:!';':'~ Mink and Richabaugh, 1990)

VI

: 400~

~ ~IjTy-l) 4S ~YO' ..}",:--u,T ,-;-,T~.)~

~I.,...~ ~IJ').) '.)J.) ~.)l.S" ~ 0..L..:..;$'..}p.l4> 01y

~\::..}l.!. ~~ '-;-'T.).) ~~ yo ...s--"")" yo

~T 0L::f.J.l..L J Trihalomethanes (THMs)

..r-: °J~ ..}",:--UT ,-;-,T.).) L...j~.? ~ ~ -..;j}u.

..1:--"~IJ)S' ~~ ~.f ~ IJ"'l:>.0L;?.J. THMs

~IJ)S' ~.;--:;Dichloroacetic Acid (DCAA)

~~ . Trichloroacetic Acid (TCAA) ..l:---I

J Trichloroacetonitrile (TCAN) J~ .f-'IJ)S'

($~ T)~ Dihaloacetonitrile J~ y--:fJ)S" 1..P

Christman and uden,)..liy IS""""~~ oJ,.;...}j)S'

VA-jl ~)S' 4 ~ ~ ~l.!.~1 ~ ~IJ)~ .0983

~ .?UStevens, 1990) ~~.? I.S"""'"~~ 1~~ ~ .J

.)l.S"~ ..}",:--u,T '-;-'T ~ p.l4> ~-'i ~ J V"'1:io.).))S'

.).)THMs ~~J 4S 'Wt JL )~ 0T ~I ~J ~J')";'

~ J .-:.-1 ci.? .)I~ JI.f-- ~.)yo J,.;. ~~ ..}",:--L.;.T '-;-'T

~ .J . i~ J)S' .s- .)b<f):f ~f T.)lkf'" J.- ..."t

tJ.J..~.?01~ ~ J~)~ i.5-~lkf'" ~ yo...}j)S' ~~"
-.-b- '..t...u,T,-,T..::-A5 .. 'II.. 1~L r'" 0\:>-'". . 1.5'... . ~ -r. If . '-'>~ . J'

,(Christman, 1983) J,.;.

J~ . ~T .)1)"J 0...\:5..}p.l4> ~Iyo~ ~IJ )1.).)

~l> ~\:;; .:JJI..)b ~ 01y l5" I.)~~ ~.J tf

~l.!.~1 ) ~ ~lf :T.)~~~ yo~T ~I.,...~IJ jl

~ l.:;;0-::"J~ J u. 0..L.;5~ p.l4> ~ ( 6:.) j J ~ ~

~ .)~ ~~ yo ~T ~I.,... ~ 0..L..:..;$'..}p.l4> ~ ~IJ

~~IJ ~.).J-".)~~ l;.;.r-" u-"'.).r..-:.-1 ~ .)1./

.)~ ~~ yo ~T~\yoJ l.!.0...\:5..}p.l4> ~ ~~ 0L;? .J

.. 1 ~ 1(" '. L , , Ie- -
0 J~).. .~).Y ~

.)~ ~4JjJ.. ..}",:--L.;.T'-;-'T ..}j)S' .(Condie, 1990)

i.5-L..l;.;..s.~ J2; j! ~T h..s- ...L:$'l5"~~II.) ~~~j

.I..L...~ ~ lA...).)~~j ~ ~ )~ THMs wl o~

Pourmoghaddas and).)~ l5" ~~\ ~~ 0L;?.J
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vv ~/4 u~ ~& ~/.1f! ~£.:..;6.u.,....

dL !A..~j)S' jl 4-..S ~ T~ 0L-.:--l;

ISIJb~ J}> ~ ,...I::S'LS"~~l4:...1(prechlorination)

~pJ..P jl I -~ .~ 0L-.S' - ~If"'"" L5:'. .- J'

.x.;.4IS" A Disinfection By~Products(DBP)

J~jl~~~J0'=--!\;J~'Y~DBP ~

J ~ T0 },-> ~ )~ ..: k. ~ 'Yl.:>1~ ..: IJlf.J 0\: j

JJI oL.l:>f .~4 IS" l.I.jt... ~ 0~ J ..::...l2.1$.01.r.::'U

~ 0t..jL... ~4- 0~.h o~ ~pJ..P 0yU

THMs ISI.r. IJ o~ o~~T j4--- ;5'1..1>-~f T ':.-d

.i--J J~ r.f' J.?-:-- '\. HAAs ISI.J!J ~ J~ r.f' J.?-:--A.

IS~ J-L.;. THMs l".~)...I.i\: 10-! iJ~ ...: 1~~~ ~

0L:. J'"J.J! 1S.r; , 0L::..J)S' J'".J! IS~ , (TCM) 0L::..J)S'

IS~,~I 6S-IJ)S' IS~ J-U l.I...I:-1~I)l.I. J

6S-IJ)S' IS~'..1:---'1~IJ'" J'..i-"'..I:-I ~IJ'" .J!

0yW rP W> f ...L..;.4IS'" ..1:-1~IJ)S' ~'..I:-I

" ~j ~ 0t..jL.. ~~ 0\.::5'.JJ l.I.~...I::S',jpJ..P

IJ l.I...I.:--'l~I)l.I. J £. ~ IJ ~\:.. ."Il.I.IS.J;5'1..1>-~f T

, ~ T t~ ~ J~ ...: 1o~bJ..-IS"'~ J~ r.f' J.?-:--T" ~

. -. _1__~.'-,,.I..Tl..Lio. - <' . . .".I.-Tv:...r--:! ~ "t-: J J v:..r-"-' ~ J.J!J r:-,

.x...~ IS" ~ ,jj)S' ;IJ~ IJHAAs J THMs JI.!A..

.(Arora et a, 1997)

1S1.r.: ~j}S" ~~ ~~ j,jALf ~~"J

~ j~..I>- jl A ~T ).!A...f'1 ,~~ 0\.::5'.J0!.' ~\S'"

~ 0L l; t,.l.; 'II -L...!A.." 1<' - \, ,~\,. - .J!) J ~ ~).J'"' ~. .

~ U) jllSd * ISI.J!.~"..;~.l> ,j..lzo~T'-;'T
~

T
.

~ J ~l::; 0l3:: ;; jl 01.".;IS'"~ ~ 0~\; J~

0~ ~ o~j4 .~"..; ~~l4:...1(~.>f 01S"') ~ 0ldy

~LS J~ ~ J~ ~ ..wI,;;IS'" ~ ~ J ~u..;1

~}, )~ , JL...;Jl.j;.~jl o~l4:...1.~4 .c;.b ~~ 0~ .J

J$.-:.; ~\ ~IJ'"' ~ J'"Y"~IJ'"~.l> )~ ~ ' IS)J.r1>

jl J-=i ~ T ~ 0L-:--l; )~ , ~4- 0~ ; o..l.;.la~

0L,.?; ~IS"' )~ ~ .J ~ J-J) .~y.1S" ~y ,jj)S'

..:-1 ,jj)S' 0l}..s- jl..hi ~T ~ 0~l;)~ ,~~

,jj)S' jl ~T ~...I::S',jpJ..P ty.r.::'U .(EPA, 1981)

;oJ.J"..Jw ,JJ' JL..u, IrA I ,j~L;

lS'"" rJ;""I0t...:::>-t...0~ ~ .d-~ J'" J-J'" ~ ~.J..,.

~L..:.. D ~~ IS"0L:..i.~ r~1 0W\k,. ~ .~~.f

0\1. .r" J ~...I::S' 0 7-""\; J'" 0\.::5' ; '01.J::>' ~ CION a J:) J

.(Meier et aI, 1985) ~ TIS" ~.J"':' J ~ Ij

0~; J5 JI~ J? ISI.J!:~~ ~~ j ~

6J~ 1S1.r.~LS' 0~~1 ,j..lzoL.;.T~T )~ ~j)t... ~T

~)" ..w)b ..:.Jl>~ 0~; ~I ~)~ ~ ($.l.I.)pli

,j..lzou,T ~T)~ 0~; 0-!1 )I..LA..cfll..l>-\; ~41S" jY

0~ ; )I.!A..J ty ,j..lzo~T,-;,T,jj)S' )~ .~~.f' ~
J J-d 0Loj 0..l.o , pH ~ jl ($.l.I.)pli ~ ~ ~~

J~ ~~ .('T'VY'.~ 'U"'.!A..Jy,) ~)~ r.J!JI.!A..J JlU;1

~p... ~ J)~ r.J!JT 0\.::5'; ~4.c;.b ~.J"':'Jr.J!~T

0L.J\k,. .~~.f' IS'" ~~I)~ ~ J Jb r~ JT 0~ ; jl

..:.-1 ~ )~ r.r. ~T 0~ ; D ..u.~ IS'"0L;.; .;.:>\

~b)~"J5' ~T 0~; ~ ~ ISA ~ ~6:-

J THMs ~Ijl ~.J'" ($.'-:UPH ~J)> ~ .~4

~\:.."Il.I. 1S.r; J5 )..Lio01.r.::'U.~y. IS"HAAs ~IS"'

6S-I)l.I. J5' ?I.!A..J TOX ..I<>J~ ~ .J! (TTHMs)

ISl.I.~ U"'t...I.J!TOX ..I<>J~~.J! (THAAs) l.I...I.:--'l

TJ , .JL...;.IS~ J~ JlU;1J J.i 0t..j J pH 'r.J!JI.!A..

.(pourmoghaddas et aI, 1992) ..: 1.~ .~b 0L:..i

I. :\:..Jl.I.,,. - I -I 01..5 - ..:.-J (T). W J ..I>-'t-' Y J' ~ .- J' - J J.

J I> ~~ 0~ ; o..w...I<>J~ ~ IJ l.I...I.:--'\~I)l.I. J

...w.~ ..s-" 0L.:.; ,~~ ..s-" ~ IJ ~ j)S' J-..&-jl

0~; 0-!' ~\jI4 J J..-LS' ~ J'" D ($.t...)pli

'U"'..LioJYo) ..:.-1 o.f' },...; r::;- J .wJ\k,. ~JJ'" ~~.f' IS"

..:..s.L...£A 0..l...o J~ 0~ ; ~1"lN ~J..I>- .OT'VT'~

J.-.S' )..L4.0 ~IJ (T') oJ\.-.:. ~ .~~.f' ~ ~
~\:.. ."Il.I.lS~ J5 )..Lio J (THAAs) l.I...I.:--'l~I)l.I.

~T 0~; J5 )..Lio..L..>J~~.J! I..>CTTHMs)

...u.~IS"0L:..i(TOX) ~j."Il.I.

~T ~j)S' ~ jl J l>- ~~ 0~; 0W\k,.

,)J..U-HAAs J '!.i£ ~J..I>-THMs ~ ~b 0L:..i,j..lzo~T

(Condie ,..w.~ IS"~ 'J ~~ 0\.::5'.J(,jjJ) ZT'.

1990 and Nieminski and Chauduri, 1993).
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~/-I.f: CJiij-- ~I J ..::...ZI-I.f:...lS2..;b ~

& &

..;: ,I.))..b..o..)~ ,~~ ci.J' ~b:-.il~ .J'I) o~

ol~ ,~~ ~I) ?.1.I1 J~ uL.;!5:..1~~

J)..I..:>:-..).)~T jlo>- J. ~I~ ~I ~ ~~ u~ .J

uL:? .J jl lS..)~ .)I.r-i IS",.;: ,1o~.).J' ~I) (\) o..)W

,...Ij~.:..94 ~.l:--u.T ,-;-,T..).).;: ,I,§-. ~ I..)?v...)JT

. .)I~ ~ u~.J ~I ~ jl..)~ ..)I..LA..,j--:;:!U

0..)L...z.. 5(Tetrachloroethylen) cNl))5'I.;-;

) 0,.)~ .)WI..).) .)l\:.J'""".)~I ~ .5 ~) .)..)b ~

.r-:) ).) ~.J' ~ ./..0 ~.l:--l;. T'-;-'T..).).)Tj~ )S'l.b-

0 ~ J5 of->- .)Iy ~ ~ (Linden) .:r.,.l::1) , .;: ,1

~>-" ul~1 .)WI ~ ) 4 ' ,-;-,~I f-:-" J. ) .)Y. IS"

~.J' ~ .j..£ ~.l:--u.T ,-;-,T).).)Tj~ )S'\.b-) .)..)1.)

.(Salvato, 1992).) J. ~\;,.;: ,1~:J},. .
"I

J.."\5 ..).)u-:.oT)5' "'-4- j t ~.) ($..\..I.0..1.:.:5'~ p..1..P~

..;: ,1; j.o ..)1:-;~~ u~ .J

~ jl Jet> ~~ ~~ j ~JIf ojl~I ~~')

uL:? .J jS' ).LA..~ lSl~ ~) TOX : ~ jjS"

-Gj}~ JT u~ .J .)ft") .~~ IS" '-;-'T..).) ..)1.).)j}\..I. JT

.»)~ ..})..).:r.,1..;:,1lS? JT .)Iyo~ ,-;-,T../.)}T pI..:.;

u..L,...).) ,..L..:5'~ I..)..)b.)j}u. JT ~.J tf ~I
..)b.)j}~ ~T uL:? .J J--S' ..)1.L-4..oLi~ .)L..j

~ I..)(APHA, AWPC, AWWA, 1990)

~T u~.J ~ ~ yo ~.l:--l;.T ,-;-,T~j)5' .~w IS"

~14.u ,-;-,T..).)TOX).LA.. J..SI..b-..).).J'IS""-Gj}LA

TOX ..})..)~ .J'I ..: 10 Ilgll.).).J' 1S"",j-::<UJ:)..)-

.: k.~ ~ ,-:.-1 o.)l.,.~ '-;-'T~T .)Iyo ~ lSl.I.

- 0.)lA:.-1.)..)r"..})..).:r.,',.)IJ.I..).)~~L.jT ul;lS:..I.).)~
&

" ) .)'j.i--- ~ ~ j'~ ...:..-1 .L..:-ol :..-1 ~ ?-; ..)I~

: ,-;-,T.::-4 "l..A;.h~T ../.).,JT J~lSl.r. .)1~)j;
& .-

..)~ )} di: I.)..)yo($..~)..) ~ ~.l:--l;.T

jl5'"oL.) jl...;j}La.JT u~ .J tf ~ lSlJ.

~j'j..)~ ~I lSl.r. ..)~ o.)L.i:-I.)Ij' IS" ~I.J' j'L.).?
§;e

li:L - li:L (:1/-- .1..})..)~ ,- .1

'-;-'tjl ~4- uL::?.J (Liquid-Liquid Extraction)

Gac ...,-i1.J'j'L...).? jl5'".).)J.)~ ~ ) o~ I~

~I..).).u ..,..,l> l;J. ~ Chromatography (GC)

..).).uI..)~4- uL:? .J jl ~f' ,-.:.-1 o~ o\:-Pj' .)..)yo

.)~ ..)I.LA.. ,j-::<U ,-:.-1 o~ 0.)\.) .)Uo.; (Y) O)L...;. J)..I..:>:-

JU .(pourmoghaddas and Dressman, 1992)

HAAs, )I..LA..~ L>IJ. I) La....;"..; ~ lSW (£) o..)w

~ ~ ...;l4...b L.J~ J.) ..u..) IS" .)~ TOX J THMs

~GC o~.) ~ jl ~~L.jT uL.;lS:..I.).)~

lS~';:-'" J Electron Capture Detector (BCD)

~jl.,JJ l+J':>I>~ ,Capillary Column lS)~l$"
L~. 'I I -I> '1> J TuL5'" . ~,'L;.) 1~...r-..) /J""' f$'. .. J' ) - ..)yo .

J.) ~~ 1.1.1 ,.;: ,1o~ ~ ~.l:--l;.T lS~T J.) ~j)5'

G..il .' 'I..> uL5'. \:., 'I '..L,.I.;.T T.:.-A.5' .)~ ' f.:'"f$'. .. J'..r-' J IS - , - - )yo
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V'1
~/4! u~ ~& ~/4! .£..:.;t.,~

(i) ";j}S' ~~ ~~ j ~If.a>t.:, ~f~ ~f;f jf ~f <W7~- , J,~

1. Carcinogenic ~r
2. Hepatotoxic
3. Nephrotoxic
4. Mutagnic
5. Genotoxic

6. pevelopmental
7. Neurotoxic

8. Hepatic Peroxisome Proliferation
9. Tumor Promoter

",;.
J "

f";.J6..)W , J..;IJL..u, I rll' v~(;

l;,.;.r--' ul)1 L-.;. -....s. .! . . LS .is... .' f.J ;.s':'.'-'..f

ryo-" , TrSJ.f ryo-" " Ij LJ\kf" l;..}\..t. rS) r}J)S"
Y'

rS

rS ryo-" , rSJ.f ryo-" l;..}\..t.rS) LJl;..J)S" rS)

rS ryo-" 'rSJ.f ryo-" l;..}\..t.rS) LJl;..J)S" .,..J.J'.rS)

rS ryo-" 'rSJ.f ryo-" l;..}\..t.rS) r.;J.,..J.J'.

'\ ..l:..J .J'.)t , . ";..'i ryo-" / Ij ;::;pl}\..t. J;::; plJ)S" rS)

..l:..J .J'. )t ,..;..'; ryo-" dj 1+4.' . I}\..t. J....t)S"..r.: J-" ..r.: J-" J .,..J.J'.

..l:..J .J'.)1 ,..;..'; ryo-" dj ;::; pl}\..t. J. .' . t rS)..r.: J-" .,..J.J'.

v
ryo-" dj LJ\kf"

\..t...1..:--'lu ..1..:--'1 IJ)S" rS)

A
J.S' . \..t...1..:--'lulA:...... I IJ)S" rS)rS . .JJ..;-::!
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Haloacetic Acide (HAAS):

Monochloracetic Acid (MCAA) CH2CI- COOH

Dichloroacetic Acid (DCAA) CH2CI- COOH

Trichloroacetic Acid (TCAA) CCh- COOH

Monobromoacetic Acid (MBAA) CH2Br-COOH

Dibromoacetic Acid (DBAA) CHBr2- COOH

Triboromoacetic Acid-(TBAA) CBr3- COOH

Bromochloroacetic Acid (BCAA) CHBrCl-COOH

Dibromochloroacetic Acid (DBCAA) CBr2Cl- COOH

Dibromochloroacetic Acid (DBCAA) CChBr- COOH

Trihalomethanes (THMs):
"

. .l -

Trichloromethane (TCM) CHCL3

Dichlorobromomethane (DCBM) CHCL2Br

Dibromochloromethane (DBCM) CHBr2Cl
""A

.-

Tribromomethane (TBM) CHBr3

Haloacetonitiles (HANs):

Bromochloroacetonitrile (BCAN) CHBrCLCN

Dichloroacetonitrile (DCAN) CHCL2CN

Trichloroacetonitrile (TCAN) CCL3CN

Dibromoacetonitrile (DBAN) CHBr2CN

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


~/4: 0~ ~& ~/4: .£':';f.:,~

J~(TOX) 4ij,s~ ~T ~~} JS"JI..\Ao~J~ ~ Y.(TTHMs) leit:.o,s~IS} JS"JI..\Ao-, ~

pH, ry. ' JIIWf,J7.i~loj P jl ~,~ ~fy:,

(
I

I

1

j
j

~
0)

:I:
0..

,....

J:
Co

:;~

j
I
i

!

I .~

I ~_.-
0
0
.....

0
0)

fJ.J d.)W ,JJI JL, IrA' ,;~(;

.~
~~~~~~~

!

"
:1';

~~

!

~q
~o

1

-,

0
<C

0
~

0
N

tl)
0

0
0

to.
~

...J
1.0'
~ 0')

E
1.0 ...

'J...
°Q)

It).
~

to
,....

''';;""1 to

0

0
0

0

!oo.

J:
a;:I
CO--

O
f.
"
","

to..
:I:

co
"I!t

I

-
J:
~"

I

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


~/4 0~ ~I J ~/4 ..JS2;I-,~ A'T

;~ (TOX) ~j"'tA ~T ,,;;.,~ ;I JS'";I~ ~;~ ~)'! (THAA) ~~, ~I"'tA JS'";I~- r ~

pH, r)'!' JlaAil, ~ ~loj P jl ";;.,,LiMI~'y:,

I
0)
:r
""'!

~
~
:r
~

L ~
LJ

~*<~
~,,,<,,,
m.~.i,','

-
aJ
f.f)
:r:
~.

% ~f Tex

0
i\)
0

A.
0

rn
0

0
0

0
'" <* 'W"\~R-\~~'\m~f.w~~*-~~,

,,'>" . ""-~""-"!
F:.:..t;...; ;.;;X .;';,.; . ,

.....

0\

~

C\ ~u. .'. '~~i~~~\;,t~~w,*~)W~
.: : i

L ~.-

0
0

"
~~~>~~~*}~~l~~»~~~~\\~~:«;<~~,,<

..--

0,"
0
01 : .' .,

r~'''''''''''--'-'''''

a.

en

.::...,
0'\ 1=:::::::::::]~"""''"

ro
0

'

't1
J:
01

"0

:r::
"'->J

"0

"'<IN
t..

~
~

.0001>

0
0

.f:

~

t;.;

CD
0,..,..
0'1

:3
{Q ""'"
....... at
r

,
O'!

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


A'f
~/-4-! u~ ~& ~/-4-! 4.152:..;1.:>~

~.f. (THAAs) t.b~1 ~1,stA. JS" )I..\Ao'(TTHMs) leito,stA.1S.iJS")I..\Ao~I)- r ~

.ijj,stA. ~T .:.J4!".i )I..\AoJS' """)~

% (TTHM$fTOX)

~
t....
C

j..
0

...
0

0-
0

o-~
L .f

z;~
~--
V\

-v'

J;.

VI

<:>

"'0........

0;
...,

0

"'"

B
'/<:,

.....

~~~
~~~

!

~ ~~,,~
~

..

.

.

.'

.~.... .

.

..

.

...

...

...

..

.. <""\
.. ...~

.

. ::
:- -n. ... .. . .. . . .:>
~ ! ... .. ~

~v. -< .. .. "Ai" ... ...'. .. ..

-,
.---

.l>.
VI

x"'"

<»
0

0-
(:;)

.....
0

""
0

% (THAAsfrOXJ

tJ.J ...)W , JJI JL.u, IrA' u~[;

g

I
0-
::r

§
....
CO
:::r

0
0-oc
;:r

Co

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


,pl..l.f:":'>~ ~/J .: ;I..l.f:~/.:, ~ M.

uaJl> J~ '-:-'T

+
~~~I+}~

+
pH~

t
rf. .),).? ~L,.;I

+
~j)S'

+
u}j>"J?,

+

J~I ~ j"j.)l,. j J?

~.~ .
...ljI:i~)S' ~j\ ,?>-

td,r

pH~

+
J~ J,) ~JI~

L
p-

THMs

'"

',p HAAAs

+

TO X )..li. ,j::;tU

TOX, HAAs, TBMs .Jf~ ~ ~f.i. .. 4i~ 4I:ii~~ - i ~

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


Ao
~L~ 0~ ~.& ~/-4-! ..JS2..:/J~

Chlorination, 6: 871 - 882.
National Cancer Institute (1976) Bioassay of

chloroform NTIS No. PB 264018/AS.
Nieminski E.C. and Chaudhuri S. (1993) The

occurrence ofDBPs in Utah drinking water,
AWWA. 85: 9: 98 .

Pourmoghaddas H. and Dressman R (1992)
Determination of nine haloacetic acids in
finished drinking water, PP: 447 - 464
proceeding WQC, Van. Canada.

Pourmoghaddas H. and Stevens AA (1995)
Relationship between trihalomethanes and
haloacetic acids with total organic halogen
during chlorination. Water research. 29( 9):
2059 - 2062.

Pourmoghaddas H., StevenAA, Kinman RN.
Dressman R C. Moore L. and Ireland 1.C
(1993) Effect of bromide ion on formation of
HAAs during chlorination, J AWWA, 85:
82- 87.

Revis N.W. (1985) Relationship of drinking
water disinfectants to plasma cholestroland
thyroid hormone levels, Experimental
studies, Proc. Nat. Acad. Sci. 83: 1485-89.'

~§tlvato AJ. (1992) EnvironmentalEngineering
":ttand Sanitation; Copyright by John Wilely

and son, Inc. 4thEd. (Page 233 - 236).
Stevens AA (1990) By-Products of chlorin at

ten operating utilities, water chlorination 6:
579 - 604.

Uden P.C and Miller J.W. (1983) Chlorinated
acids and chloral in drinking water, JAWWA,
75: 524 - 27.

Vogot CR, Liao 1.C Sun G.Y. and Sun AY.
(1969) In vivo and in vitro formation of
chloroform in rats with acute dosage of

- .chlorinated water and the effect of
membrane function, Trace Subst Environ.
Health 13: 453 - 60 .

f'J..Jb..)Lfu J,JI JL, JrA J j~[;

: ~t.o

''';..I::--w, T '-;-'T y> ~ j}Lt. .)T ...:..1.;:5".; .MYr') .,j.:->" 'U"'~ J Y, "

P'> 'Jw '(J~ ~ ,01.* (.5jL..-'Jb.~b ~-'.Y. ~

.i-"""-'
APHA, AWPC, AWWA (1990) Standard

Methods for the Examination of water and
wastewater.

Arora H., Lechevallier M.W. and Moser RH.
(1997) Disinfectionby - products, american
system survey of occurrence, control and
fate, AWWA, 89: 6: 60.

Bull R1. (1985) Evaluation of mutagenicand
carcinogenic properties of brominated and
chlorinated acetonitriles by-product of
chlorination, fundanm. App!. Toxico!. S:
1065- 74.

Bull RJ. and Robinson M. (1985) Carcinogenic
activity of haloacetiontrile and haloacetone
dervities in mouse skin and lung, water
chlorination, 5: 221.

Christman RF., (1983) Identity and yields of
major halogentaed products of aquatic
fulvic acid chlorination, Environ, Sci. and
Techno!. 17: 625 - 28.

Condie L.W. (1990). Toxocological effects
associated with drinking water disinfectants
and their by-products, water chlorination,
6: 281- 292.

E1?A- 660/2-81-156,Treatment Techniques for
.ControlingTHMs in Drinking water (1981).

Meier J.R., Bull R1., Stober 1.A and Cimino

M.S;. (1985) Evaluation of chemicals used
. fprf drinking water disinfection for

p~oducation of chromosomal damage and
sperm-Head Abnormalities in Mice.
Environ. Mutagen, 7: 201-211.

Mink F.L. and Richabaugh 1.R (1990)

. i Ozonation of alachlor :effects and suitability
as a treatment technology. Water

Archive of SID

www.SID.ir

www.SID.ir
www.SID.ir


REVIW ARTICLE:
ORGANIC COMPOUND RESULTING FROM DRINKING

WATER CHlORINATION

PourmoghaddasH.I, Ph.D

Organic chlorination by-products of drinking water have been considered public health issue
and drinking water treatment problem since the 1974reportng ofthe formation of chloroform
and three other trihalomethanes (THMs) during chlorination. Much work has been
accomphished since then to understand the factors influencing this formation and the treatment
techniques to reduce the formation of chlorination by - products. Humic materials occure in
surface waters, these naturally occuring organic compounds can serve as percursors to possible
carcinogencs when fresh water supplies are subjectedto chlorination for disinfection purposes.
Over 780 compounds were formed by th~ reaction of chlorinewith humic acids, which a large
percentage are halogenated. The most $P'fumonly formed groups of these by - products are
thrihalomethanes (4 compounds), Haloacetic Acids (9 compounds) and Haloacetonitrile (4
compounds). Total organic halogen (TOX) is an - easy method to determine the organic
Halogen in water. Ge and Ge/MS methods are used to detrmine the chlorination by - products
in water. In this review article the main,chloriflationby - products in drinking~ater, the factors
which influences on the. formation, the techniques in water treatment plants to reduce the
concentration of chlorination by - products and the methods of determinations are discussed.

Key words: Trihalos,Haloacetic acid, Chlorination
~f:

I Department of Environmental Health, Inistitute of Health Research, Esfehan University of Medical
Sciences.
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