ops3)ls S by e L calii a1 a

(1oP=111) 1AW Jlw 15 1€ o)laids @)len § Cawyy 0)9

II"'I\I\ULLUJ:l'JlJ.m.'I'I,lJ.l.'i'JL.JTJ:PJ.&gJJEﬁlblt':l,wJ_H

L Gisils jy La ) o>l
JERIPES
'65T 0315l guaio
'>|j.i S92 Lo dons
\MU-::‘-‘

238>

CJL:.;}?LvuTJbaubLaL;LJL{wd«fbj\jJ@‘&‘J)J.of‘su‘:-ﬁd‘y‘,&u)‘rﬁ)}{:d)bgﬁlm
Ol st ULy oo o8 OT 3 215308 Sls OV gams ool 3525355 a0 LS5 0T W i Ol g 4 JT

A 2T s s laas 50 O 9348 55 abaie = ho 5 g 55 Slaallls ol il by 9 3lg—
uu.-..ﬂwja.uw\;ﬁwv\duﬁotﬂ;ﬁdudxsuJm,aqéﬁ&gjlwbijuw
J_Kc,_la.l;}pH‘mdu,m)gQ:;;;ra.af,t}}guh,ycﬁﬁglﬂs;;ﬁ),&’jl;)\.umsuu;”y
..u.u;sﬂfgmr;}ﬁéuwpbu)|,;6u)f§uawolj;;m,uuﬁ_sg

vm}\wﬁug,_;;‘\_gc_j,:&_;juauwjl@,ﬁJ);D;j,sg,myaip:La.«-éli
)‘f}fUTML};JAJ&JL&)‘MJJ‘JJY’/VL%;S@)}I&_&)J45.;\_&6)_’.'?@)\4_’\)_19)3(:}_(}};:#
3348 s j5 0540 la e cj;&gﬁ DLl cp) & Al oo LOT o it LS| 5 s goias LS obile L
B rj_e)jlf slac bls ol Lgﬁfaj\.ulj_:l}u e R 350 s gma L3I oyl balbaias oy 5 T
Ll )3 Sloee 5 g

Sl g (21258 oo U IS ¢ 35 457 15341 sl 019

o0

%ﬁ;J)jijy&Tetﬂoﬁoé}jijoxin uMle_ﬂwLw.L;l_A)l:a)\é_uT

(V) oﬁ}gja%jj.\\:-t}giﬂa| c;'JT
cu;téot}x_@@&.ﬂéuqcu ST
3135 e o gmme Ol i 53 0 OT als

fﬂ))iy}wu.‘—cbw|ojjf‘cj§ibd}

Ol il 5 Cmmar Ay Loy sl 255 o0
b s s 2 s e LT Jla sl
BLs 5 50 TS S e DY 5 el
¢l 25 Jds P93 O,k 5ls,ls s s Ol

1l cOlben el (S o sle oKl oty odSCEls dame Soligy ki 03,5 5l3bd — M) (a0 1 ghne —ilg0

E-mail: mostafa.leili@gmail

Ol €05 ¢ g e (S sk ol (ot o dSCails ¢ Lame Sty pwtige 058 oLils )
Ol Ol Olkan (S p sle ol (blitgy 0dSails cLamen Coiligy giign o3 8 okl Y

WWAY/FIV oy ol 3,6

WAYNY/F L SloMal g gl l 0

WA/ /T S8l b

1ol 1RG0 13 111E p)laids « @)les § Camny 8)9s

ohsijle (i) eolc olEibils alas


www.sid.ir

b 0T ) e)dg)S Cable

5 otem THMS 45 Csl 03 87 3,18 WHO
S 03503 155 55 EPA.Coulyls |, DBPs lile
(033 JS Jols SLS 5 51055 lex Jols THMS
S Sl p g 5 Oty IS 5 65 Olay IS (350
5030 OS5 ml o B S S e 8IS
S s LT o ges Sbldg 5 I3 ol50b
o=l 230l e OB oy 8 el 3ol ) Canl ol
okl odalie O pg/L 31 5 i gal bl ;5 SLS 5
J.':.a;;}_{_: CMSis il 55 oo oS ol 0 5Me 4y .l
Mo O3 557 5 b a5 ] il OS5 87 A 5
) 21508 (Sl DS 5 Syl s S o
(:jé)jlf&u S350y Hldas WHO LA )k 55 Zely
Sl 03,5 Ol Yoo pg/L ol 51y SdwelsT OT s
Sl oIkl 5 Las satny o) 5287 5 A 53 (I
oz ol 1 5t 212548 (Sl DY e
3 5y Hldie 457 Uil » (TTHM) THM OLS 5
US. ) Caw s Loee Chli= Olojle Lo g 4ty ol 5o
ANl ol s A g/l 4l (EPA
o ST (ST 5 OT CilS (o) 2 i 53
il 4 8 ol D11 5 Ol 53783k 5 ik
WAL Jlw 53 0hSen 5 (S bs JUis 0l e
95 5 plhers CdS o 531 (glanllas
ol gl sl plal o STalgu Ol g GualsT ST
Coldos 5 e S BlE 5 48 51 Oliss anlllas
Ol (335 b 25 s b 55 (S S
OLes 5 gy (0035 o gllas s 51 5087 15k
5 Sns Ol (6,505 aallas 53 1Y4Y Jlw s
elsT O il 53 oy i 5 Ol s Bl SIS
Sl s Sl o3l L 1, Ol s
Cbale sl Qlis s s ST gy 2 (GIS) U3 o
el 5 e s Il Al S LS 5l
adls Lol dss, OlS 5 sl cble Jyes

RQ) plon

slaod YT BT N AR PIENSIP Lo YT ¢ls
b (AT DS 5 0548 Olp5 or 02 52 o
i 3 odd oslanwl (gla iSTe i C\}cl «(NOM)
Loy odh ads plans DLS 5 gl eg55slS
ol Ol g a8 oyl Lglﬁ.(\‘w):ﬁ(al}b...jdw -] o
P Ul Y e eslinal LB 1 LaoT ¢ o
£ A i 3 el ka1 LOT OT ol adas
75 s Sledas ) g s DS 5
S ladas ol b 3l (SS o gm dal s Olize
b glalT slaibaias CL.J 5 Sl (an
Ol 40 48 Coul 13508 358 eslinul 5 1 b
A AF I3 g gr e Y0 05 53 K o et
S S gl st 4 0T Cadsee LS 5
Sl s gl Al OT s os O olsjas
Sy s slaay i o s L Vs J b o
A S 5 ey 6B e Jte el e 5 o3l
olos Eoel g4 $ L1 5 eslitul 3, pa b g, S5
gl am Dl Ol e s (5 -8 i 2alS
Ol s sb et 5 OT o b 1 adizie (slags o
AS 5 eslizal &7 Lo o (-5t BUST e 5 S e
sl S5 5l g e diS e ST Oly e a
el 315 sl 1yl LapsE )l S
3 S il e s ewlme Il OT Sl eslisul
@QQY}MW:)\A}YSG:;”M@JSW
«S) (THMS)Laolze Jla s 5 Jzo (DBPs) 155058
S yemes THMS (5 53 oS 5 (p S 0 255
Sl S Sl (HAAS) bl &Szl Jla 5 (555 o
Sl iy LOTOLS 55 A5 2S5 S5
SLS 5 S ) 5 e SOT 533 e
S5m0 ek JT 5150 (90355 0 Ssl= NOM) JT
sladl C\y\ S Sledomy S 5 o‘iT slas ol ys
Lo S asen cla g clastis 0 oSG 1 5 S ot

WAL o bl g2

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsiile by eglc slGiliils das (oS


www.sid.ir

pljlSna g givaila s bajanal

S o gk Al BIL a8 ols OLAS G ol il
\_’qu obj_{u_:.i U';".’-‘JJ‘ QT;_)A_‘» u,-gbl—{‘dl—*-@
bvgp by A5 o Oladl) cdblie o101 sl 531
VS oy ials Jled o S
crl eloit 31 Coda cods 873 aatie s 4 5 L
OT glaliadia o35 55 5 212548 5 Gladas
e sl e 01 T o35 S 53 5
sl DY s 0y F I 2 3y IS S 0T
Jeol T (55087 51 aS wab e 1554 S
u.a;-\-& Q‘j_.c A d’.'.‘jl—"' ACEWAL L\?)J}-ﬁ»‘rn
&.3“)) L;J_:fc)\ub‘gl,.g’u’_i‘))u\.f L5"l> QYW

59, 9 3lge
ples bl o (phie = o 5 p 5 Sl anlllas
azm o L asllas 5o oalinal 5) 4 glad OS5
ST St eslizal b 5 sy g0 glad slows 5 035 (55l
s a0 blLE I bd ged i ale & Hlgs
3,k Ll a5 5 edd Cabls yelld ok i
ol 15 8 515 LT 5y ey Joime ot 3T
Sl leded Cusls ) slad sas candlan ol 3 (LT
M 2 T w55 S 55 0L T Sl adas
aar § L Olinay 5 58L Ol (la Juad 5 4 o8
S8 (5] U b ool 5 et s
PR EPRT YRS @jj&gé\ﬂ Z=\/4% =)+
3357 430 ¥ Lo pormn Lol el 5 5 1
O T w5 S Sopf vyl g
3 ¢S plad 05l 1,3 ihy S (51 5 65
5 TS s s 6 b o b ol
4 G613 g sed Tz cnlin (Sla e (O 5 DL
S5 @ b oy S e 5l (Balas b
(25 4t 53 ol e BB 3 8 ks O3

3 Jed a3 dh a8 8 i 55 0Ly Jab a3

ey ol 4ty 53 Sl S Dlalllae
sed> sla iy, 7 s THMs s DBPs [Sas
plowit s BLE 5 o 53 WoT a5 51 (6,8 g
Ol VAAF Jle s 01, Ken 5 Furlong .ol 4 8
el 50 o Oy edd LS THMs
bl 0330 VU 5 a5 S 2 b KT 08
0315 OLES 1) 51kl 3las 51 LS 5 ol 51 &
Sl ek YoV B Yo f Jle s 0, Kea s Mouly
50 1y andl p 3 w5 S 53 ke Jlags 5 ks
QL.SJS ﬁl@bl.&‘tfm‘: Ol 9l 5l 3 anlllae
G5 2 yod o b aies Jowe 51OV G V/Y ,SB
1S i s W3l il 31 Ly G;}:.&,@);
531444 Jla 55 01, Kea 5 Ivancev-Tumbas Law
el OT e Calises ladul b 50
Ly IS pon 22815 am )3 35 IS8T JSC5 O s
Sl eslizul 48 sls Glis cid plasil T OS5
cadies DS 5 L (gjluwad 5 slanil glad sl b
O3 GLad g Sl eslinal L ol OT (s5luolo
Lot Lol siw cpioman 5 (GAC) Jlsb o S
0 S S Ol ialS sl (Kan i)
sl Yo Jlw 53 015 5 Chu .(00)4 5 o
35015 oYT sl sl aias 55 p 35 )8 S5
sais s AT OS5 5 VT sl 513 )y
o DY e Sl ey e
Wity T e 53 68 2050 0 gums 3545
S ol Olis aalllas ool el il i ils 5 5
e Ll b 3 p 55 IS LSS el o 5
pH Lyl 5 Cow 4S5 J> 55 (pH=A) o35 Cand
Lo p o i S olpH = V) gl U i
1 75 CUN (e Gl &5l s 3 50 00 8 520
sTkuo Abe 093,15 o3k 5 b p 35 48 JSCas 55
g an) sy laadlbe Yoo ) Jlw s 0L
3 JE06 el Jro b gl 3lse 5l ST Slale

1o 1AW 13 ¢ 111E o)laids « @)les § Camnyy 8)9s

ohsijle (i) eolc olEiils alas


www.sid.ir

b 0T ) e)dg)S Cable

ST 53 Ote 5 530 4o S Ol oz s )3 5o
Oa5T plonil U candllae ol 53 ol ok &S 85Il
AS s = /Y08) s B 8 gy Staan
M,seuwr;jﬁduw,wugg
s inn Ll ol S S odali s 4da

{p=+/YVY) 555

odilodly IS 5 pH clos cp s IS ke o SSLa ) oslad Jgur

Qt"““)}j)‘:"\'& tdtw\] J}«A}‘)b Uﬁbbd—:ﬁ«é] )‘ u:"'ﬁJ" uT):

pAAS ekl LS pH L e Sbtadar ol

(ug/L) (mg/L) cC)

VY A \44 VANV Okt Sl
\Y A \%4 %% el

W /A VIV WA Ok
\ A VIA 4 Ol s

(% /A \4 %% b

a A VIA WV Ol
s A %4 14 Okt ¥ oolile
\e A VIV WY b
\e A VIA W Ol
W A \%4 VANV Okl F bl
\e A v W b
\e A VIA VIV Ok

i

S

L
——t

.

.

(M8 /U o0 I8 a2 o,
“

el i Jimaj
S Lad

Gl Jguab 3 p 3 AS Bl o Sile ki 11 0ol Sfoged

baltaial 5 ST 5o
sdalice Jpdor 53 45 55k Oloa (K5 3 b
23 p s S Cble Sy il o Sile 558
© Ol ST laals aiaijl g5 OT (slad soi
L 8 o5l 2 53 p S s S VY SN L
il e 58 s A slasbiaiai g by S
W0 il 5 0 20 S Slide 0 S b 5 27 0S
Cble S Sk s (5,8 050l 2 s 085 S

ﬁ‘j}éaﬂw)ﬁsuduwtw):r}jﬁ

A Sl b 23 6505 )Y Lo same 5 6505 F i
Cils 595 Ve a5 Sl Jool b b bl Sl plus”
A
u:;_\_a,'TrL?g\g;_@},gT,'lL;,bﬁu}g
DS )3 SFNVB gy bl 1 p by JS slac bl
YOS BL 5 OT sla islaT skl gla s,
ol plonil Lo 53T .28 8 plonil (ol 0k 1,
5 (35 A et Sils p OT glads sel )
PH o> (i Jols OT slaslsahas I (s >
el o34 p 35 ST S Ble 5 ele S ST Ll
Sl slaaised (695 akile Bl IS 9 Les s
G'M»Lu s pend gl odld ¢l>u‘ Jos 53 0
CeS el S @Bl s (6l eslo s
o&sloT 55 PH 5w sl 5 DPD s jme by e JS°
S i oslimal 35 Sl (6lyls e pH o&Kws
GC os 51 p 35 IS Sl o 5 La g ol et
S35 G—b (BCD) 03 =S sl 5L, KT L
e Skl By s e 4S5 Ad eslizal 3l bkl
ST GlinlbesT (gl s lllnl gl s, ObS 55 ol
O gl 530l Ol la fgy 5 IS
Slmesls Jdod g a8 (6l (YY) Y )u il

(Y12 eslanal Excel 5 SPSS (la | 5l 5

b a4l

Gl od (6 =S o310 sla byl sl Kl
350 Saltadal gl Ol 5 554 Ol J suad
S S olen ol 0ds SI)1) oyleds Jado 53 o)y
J.a)w},}fc«w.écwlmamd{&d,.\e-,u&
e Bl a5 6l ods (5,8 ol fusb 4w
ol Ko al kil 53 4 S

Jrad 53 5 A il il 03 SV
Voo lacd Sls gad 55 ;505 Jgad U dnglin 53 Olisls
gy opl s edile BL IS 5550 53 .l sdaline L6

aLbéb}fﬂdM&LﬁQﬂ&j)y&@aMW

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsiile by eglc slGiliils das oy


www.sid.ir

pljlSna g givaila s bajanal

c.\JLs.:EL.JlS}pH L\A}Lrﬁjﬁwﬁ\:ﬂ:r okl Jeu

Ol 5 sl Olsl J 328 )3 5 5 S5l s T o

s

eAs A st pH €C) s b Sl 4l
(o) (mg/L) heed
£\ 4 %4 ar Skl dls
ad g N4 VO/A b
L) ¥4 VIV 12id Ol
id 0 /5 ar Sl O
Y4/ o N7 1M b
al ¥4 /¥ VFY Ol
A Vi /5 X St S
YAD o 7 \#IA el
v 0 /¥ o Ol
i) N VIA V4 St G
Yo/n i \4 V21D b
\Zis 0 /¥ VFID Ol
) N VIA V4 St o
Fe/A N %4 W b
Y N vIo Wi Ol

Cadinn LLE )3 0,35 05 e o S0le O i

0 o lecd 1o ad 53 5o Calides g o @)'y”‘&:f"
0550 VL a5 o 4SS Ll el 0sls Ol
(/D HG/L) o5 S s p s IS ke oKk
HE/L) Comlaailiadas 5l g 5 T L amglie o
Jras 53 p 05 )8 Cble (Sl s5b pen (VVYF
Ug/L) 5ol Jead U anslie 5 (FY/V pg/L) Olist
Ly ol a5 as (F/Y Ug/L) Ol 5 (YO/%
23 g el Bolo 35 g S bl ples o
23 p o IS Cale 8L OT 53 48T (558 n 4t
ol 5 oS (S0 Ol eyl 55 50ly Juad
Slacble (&l sy paai 55 o o lad s gad)
LU sl (g5 L) Sl Covw 4 Dbl Joad
A e 5 Las o5 85 Cble Kl
L el 0 0313 LES # 0ylecd 15 505 3 ol 3L
Ot mens DL gy (Scan 05057 ol
r=2/08F) o5y IS CBle 1580 Las 5
ol s PH s LLS ) i odalia (p = +/4Y
Bl S A ey 5 )y S p 5 8 e
el o 03l QLS Y o jlaci I el o o
S SBle o S0 ST 5 P R4S Sl S
o blie O 55 S8 JS 53 0ds (5,5 o5l

A oS Sl W PN ol p S S Ay

e i (6,8 o3I 2 3 0 S5 S VY
S 4 g o kile (SL ST s pH cles il 53 085 08
el oddosls LG F LY o le (glaylssai s
B s la il S el 4 by e il
(oSl FU S 5 pH oz cp 35 J87 2 lale L)
BE @J’y’ &f&j\ odd Cbls ;';T Sladi s 59,

4._7\)‘\' oJLu_ﬁt d)-L;-)JQLLM))J;\i cQL'LwU J_}«a&

ol 0
20
s
b
&5
3
=10
P
X
=
2
[ f s S Rl i A L
15 16 17 18 1 20 2

(€712
Sl o ST 5o s 8 Che Sl )l sad Y 0oleds Sges

Les f‘j BE hébw

an

llj -

3 T T i 1

Y = o e i =S

20 {1 H H B B .

s

2,

"/''A EH EH EH B BEH B
H BE B B B B B
H BE B B B B B

o | NN N BN BN B BN
T4 TE Té 77 T8 28 o

pH

)"Lg-)j"-;.;TJJr})}f@%&lrﬁ)b}dtre;w;‘éw

0 - - -
o7 08 (] 1

(g fLieaite il I a2

(HEAU o g 48 CIUE o 8300
=

j\@jﬁgT)}(}}}f%Q‘xéj)b}d:ie;l&:;;‘é,&i
okl él{ﬁj‘j BE hébw

loV  1RAW 133 111E o)ladd « @)lgn § Cuuyy 2)93

ohsijle (i) eolc olEiils alas


www.sid.ir

il T ) @)dg)S Calale

S 55 bOlen (YF V)L 5b h O s p 05 1S
;L?aili_ol{g'l-):(aj_é}}f:}_?} Wb ol S i
WJlie Ol e 4.l dal g (globds  zilig Sk
clac bl o oS Wisls 0l oI Kea s Miettinen
peits LU OT (o g ol 5055 )8
(Y0315 3 4o g (< o/0 ) (1= +/00)
=g Ss anlllas opl 53 &S Slasladas )s
NS s 5 213548 skt 4 IS 5l las S 13
a>b\@jj®):ung\)ﬁﬁ:w&)
OLS 5 sl i 399 Sy see 53 ool ol 558 o0
Lal g JSCas Lap 5 4 adeor 1 gl5548 Sl
ﬁ;,}ﬁéuuuf\,r\?a\qkafl?owuj,.u
9 3 0ble SL IS I ol s Ol 4 5L
@3Lo) i p 5 IS ST 55 Wil 5 ool sk
S S o3l lacbale (Kke duslie 87 AL azils
&i)ajwlk.a:)y‘_;hdléwfjﬁj>ovw
el b cadllan ol 53 ol el e 55 5 5
(= /Y0 ias LLS ) Ot o St 05057
23 od S5 0 s IS lac bl 5 oiladly ST
35l e LI ol a8 ad cdalin aas abds
O1)Ses 5 El-Shafy asllas 3 iy, sl .(p = +/¥VY)
SLS 5 S 51 A5 FO Les 0T 53 &5 s odalie 55
23 g5 Sk lesl p3edd 5 13548 e
B{PIE CIPIPIN U P 2N U U IO B WP
IS camlllan pml 53 ol ) p laaslEakess
534S 5Ll Ll IS 5,5 5w elw V THMs
bS5 1|, THMS 1 ds ;5 AY s9d> p 55 157 0T
LUl p 5508 S 5 wlad Olas o 5 313 o0
Glasdlas 55 .(OA)LE odalics (r=+/4Y) 8 e
el 1484 L s 01, 5 Ivancev-Tumbas 45
Afwjgjljou;?ﬁgmoaw}gmu
S Joily 3Lt ST 53 g se SLS 5 L
355053 003 5 Al 5 i 5 DT 53 p 35 S

EelpH ol 531 a8 Col odid ot o pH bl

MJ)(H}ﬁM&ﬁwﬁprgﬁfo)ku
As S oSl o S5 Sa IO 4l s w58
N P PURE T NN 1) /) SV P

.@hdu—w; 5 )‘ @j‘)ﬁ-

o
3

(HB/L) 2585, 15 B :SLs
o W s w
2 8 & 3

=5

Jad o £r oS o

& yiigel il
£33 )8 Sl il Dl oiasOLES 15 5o 10 05l S13ges
J@J@J:Gj}:@q«lﬁub\}i):

038 i
2 1 e
::"‘ 06 j
v 3
10 =
g
5 & — o O s E
= =i = UCREOLE | oS CHE Ol "
0 T T T T T T T 0
0 10 0 30 4 0 60 T il
(1g/1) oyt e Sibie
Los b otilasl C};}f&.&b&lﬁwb@ﬁ:‘l o lad Hlaged
odile L jlf 9

(HBIL) 239, CBLE y8iLa
EI

=

PH L sbildly p 35 IS Cale Sl i o BLILIEY 05led sfoges

& > )
5 obed Olej clos H casd 8 plowil Slalllas G
N5 53 S 5e Gl sS6 o S eer s NS S350

1RQW 13 4 111E a)Laids « @)len § Camyy 8)9s

ohsiile by eglc slGiliils dlas oA


www.sid.ir

pljlSna g givaila s bajanal

slac ble g Las 58 s (P<+/+)) Hls e
o Sl 5 h A edalie (= /APY) p 5 IS
Rl 5 Les o 48T Wlesls Ol bl 8 plonil S
v_&oTH)A{JJ‘Jﬁﬁj@C}j}l{JSﬁ
Co o I Solea b b STy Co ey LST
L AST ASTy 5500 53 a5 il o gland Sla 25T
B ol sla 2 STy ol s b sl i
OS5 Knocke 45 (glaaillas (1) o (¥#)53], o
03 035 )8 JS5 S e a8 515 O 35 sl pln
SLais 5| oS o3 Ve G5 Y pone Y°C o
aS mlogde 4 (Y)W YY'C oz au by
23355 IS s e Rl el Les ] )
Sobluebl S 5t IS b Slisn b ans
o3l 0 le SL IS (615548 U 53 B alaw 23l
sl SV same )5 Cgr [ Ll S0t 55 S
b5 aalsl 43 oS WS e Suels 135S
Ol ek A gy Sl 0 5l 4n3 ) 55 (S e
SY oled Jodr 5V oyl I3 sl 53 0l a3ls LS
DB Juad 53 p 55 IS lacbile Sla 5T 3
JENCEW SRR VA L B OO S [NV Y -
Ao g Ll g oAb &1y -l paaST Sles s ol
Y A3 3 g on S5 sl b oS 555
odalice |7 OJMJ‘Q"A.;)JSLQJQ‘}&;

oo Bl Ol e il 31 Ui IS e 531
AS 533 3 p A5l LBl g Ol e 4l IS
L Hoesm Yo/¥pg/L ol /¥ mg/L eusle S
oA Cble Y mg/L o lile BL NS 555 53!
Stsar 35 L pl 5355 1y 31 PA g/l
5 (g Ogu g O T Sl ealial b eyl 55 oyl
S BL,Tp <e/0)) LLij 035 5l gma s 05D
Slallas 55 oS Al odalie (0= +/9AY) LOT s (s 68
Sl 0 X9l o b byl pl 340 s 5 s
035531 45 sl lehl 1§ a6 5 opl e 2 5
3 (HOCI) o3 JS giom ol 555 & e ST IS

212548 il DN e S5 Jeily Sl B
5L el nl g S a5 (S0 sd o0
O3en 53 Y game 45 ol LS Lulas Ole 2l
i ey o 35 A 53 5 (G5 SN ey 0
e s S Chle sla tl il ay ot 5 ey Jb
(Y OA)3 g o0

Lo STy planil 53 age (gla, 5576 S S Ly
byl b s Col 457 550 o0 O smone gl
A e bas 1580 50 IS 5y 00 55 YV TP 8)3 55 oo
LS w53 5eds OT @l e o 51530
039S S e 51 ls oS B 0T 55 JS S
22 5 TAVTA Dol o o il 5 o0 Las sl
plal b s sl 0T 1 oYU glacbale 5 o 5 sl
) ey o B 0 gy (St 05057
(p=a/AY cr=/0FF) o 35 IS7 CLle il s Lo
S o3l slackile £ Kke 035 YU b otalice
L s lie 53 OVF/% PE/L) OG5 0,55 JS o s
Ll oo 5 (V7Y Hg/L) Olewse 5 (Vo /V pE/L) 5l
Garcia- aalllas 55 .3 55 do & baidl en wlal
sPH )5l a8 s edalis 55 01, Sn 4 Villanova
S 03 68 s gl ol o e Ol 4 Lo
s me LU )1 aST (6 5b a0 )ls g p 0585
il 3l s pH s e il sl s (p<+/ve0))
asllan 55 (YF)Cils 54 > Cj_;}jlf clac bls
A sdalice glice dSy) 5 O, 5 Rodriguez
S 3 p 3 IS S5 3 55 b Al s 0T s3 8
39,5 @l Jolpe s b adas b awlie )3 w55
ol glaasl & (MCi w55 Ko 4 ey OT
25 e OT L 3 anlllas

2T slas (Rl LD ojlad s sai e 5 L
S e g I 8 IS il Sl
CLle NV C Y CHILes Ll 591 L o gas Ol 5o
Iy il 731 0F pg/L s s o VA pg/L 51 p 35 1S
LU 5100 g oy (S 0505 plonil LS

10Q 1RGP 13 L 111E o)laids « @)les § Camnyy 8)9s

ohsijle (i) eolc olEiils alas


www.sid.ir

b 0T ) e)dg)S Cable

Aé odalie gy opl 50 01, Kea 5 Chuasiles s
Moy R0 =5 s A8  CBle pH 51310 oS
Jles S Caliben slasi S 595 OT Jds 548 s
S THOCI ;34 pH 5 45 s 0y Caleses sla pH s
A 5 e cIE sl o IS AL S S
G5 s ble 5 o3l Bl g 5 ke sl ST
Olste o pH .09 dal o LSS 550 35,057 5
it 5y IS S 5 8 5T 5586 o e
3 O0H lap o cblepH il 8l L5 Sl o
Mot Ol (b 515 03,87 Iy Al 331 50 d gl
Lo 2 A5 laSle i Ol 4 45 S sn sl
Ol 503 S My R30S gt e O g
oz 5 gl254 8 (Sl DY s S5 Jiily
OMLS o Iy Pl 30 0 o AST
sl = (WHO) cilig Slg Obojlw s o,
Obe sl s ltewl 5 (V)os 5 Yoo pg/L il 5 r,ﬁe,,\f
&l (BPA) odsete SVUI G § Lo ses &b las
L ol ol oSl odls ouns WA® ug/L ol THMSs
ST el dsdalie lac bl STu> anlie
25 St 5 (W pg/L) Laasladeas ) o5 >
S-S 3ol Glacbale slie ailsed s (FA pg/L)

.Qald.‘éjj|}j‘au:3.&>}‘r‘)§)}§5‘ja&

References

1. Sentana I, Rodriguez M, Sentana E, M'Birek
C, Prats D. Reduction of disinfection by-
products in  natural = waters  using
nanofiltration ~ membranes.  Desalination
2010; 250(2): 702-706.

2. Sarkar B, Venkateswralu N, Rao RN,
Bhattacharjee C, Kale V. Treatment of
pesticide contaminated surface water for
production of potable water by a coagulation-

nanofiltration

adsorption- approach.

Desalination 2007; 212(1-3):129-140.

A5 s &5 3550 (OCD) Ly JS gon sla,
(hwlpH Hs 5 ails uil“‘—’ Lo pH 4 LagT
OCI™ 4L pH 3 45 JL> 3 835 e HOCI
axdllas ol 55 aS pl a4 55 L L(FF)s g a5 5 A
PH oplpls dd (6 S o3ILIA BV/Y w PH 03 gdome
Llaze 47 ol 5 5l HOCL (slady gy 1S5 g
Ol jn IR L09)3 5 dal g 5 IS7 S5 st
iy 2alS OCT SHOCH (sLads s cp 35,15 A5
3 g o D geen o dSledly IS5 o s 45T ST
Ciillas 5 o plowl Dllae S5 L addllas ol s
Sl s Lo ol s 487 0T 555 a5 Lr9 o) s
ol Eelis g s il 531G eile LIS 51590
2 Al 53l G LS s e p 30 IS A 5
V) s ols s g (1= ~/M)L;j_§)l:..~_gu.<:~._:&a
g Sl s s b e Olis bLs s yls 3 sy (<P
ST slas olal 5k a0 S 5555 A caassly
(Y8)3 55 oo oo
andlas ol 5o 5 pH Lp by JS7 Clle o o
0313 DLV o jlads 515 gad )3 &S HsbOlan g Ui o)
g p A S Ll Ol ek g, pH 41 L s
Oladlls js il g,y ol .l L2018 Oy 0

(V) 0 odaline B JQ_J

3. Viana RB, Cavalcante RM, Braga FM, Viana
AB, de Araujo JC, Nascimento RF, et al.
Risk assessment of trihalomethanes from tap
water in Fortaleza, Brazil. Environ Monit
Assess. 2009; 151(1-4): 317-325. PMID:
18365760.

4. Wang W, Ye B, Yang L, Li Y, Wang Y. Risk
assessment on disinfection by-products of
drinking water of different water sources and
disinfection processes. Environ Int. 2007;

33(2): 219-225. PMID:17056115.

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsiile bk eolc olSdils das o


www.sid.ir

pljlSna g givaila s bajanal

5.

10.

11.

12.

Panyakapo M,Soontoranchai S, Paopuree P.
Cancer risk assessment from exposure to
trihalomethanes in tap water and swimming
pool water. J Environ Sci (China). 2008;
20(3): 372-378. PMID: 18595407.

. Mosteo R, Miguel N, Martin-Muniesa S,

Ormad MP, Ovelleiro JL. Evaluation of

trihalomethane  formation potential in
function of oxidation processes used during
the drinking water production process. J
Hazard Mater. 2009; 172(2-3): 661-666.

PMID: 19695773.

. Moncayo-Lasso A, Pulgarin C, Benitez N.

Degradation of DBP's precursors in river
water before and after slow sand filtration by
photo-Fenton process at pH 5 in a solar CPC
reactor. Water Res.2008; 42(15): 4125-4132.
PMID: 18718626.

. Mouly D, Joulin E, Rosin C, Beaudeau P,

Zeghnoun A, Olszewski-Ortar A, et al.
Variations in trihalomethane levels in three
French water distribution systems and the
development of a predictive model. Water
Res. 2010; 44(18): 5168- 5179. PMID:
20663536.

. EPA. US, Environmental Protection Agency.

National Primary Drinking Water

Regulations:  Stage 2 Disinfectants and
Disinfection By-products (DBP rule). Federal
Register: Washington, DC: 2006. p. 387-493.
Gopal K, Tripathy SS, Bersillon JL, Dubey
SP. Chlorination ~ byproducts,  their
toxicodynamics and removal from drinking
water. ] Hazard Mater. 2007; 140(1-2): 1-6.
PMID: 17129670

World  Health (WHO),
Guidelines for Drinking-Water Quality. 4 th

ed. Geneva: WHO, 2011,p. 564.

Organization

Dianati Tilaki R, Rasouli Z. Reviewing the

Chemical Quality  (Nitrate, Fluoride,

13.

14.

15.

16.

17.

18.

19.

Hardness, Electrical Conductivity) and

Bacteriological Assessment
Water in Svadkooh, Iran, during 2010-2011.
J Mazandaran Univ Med Sci. 2013; 23(104):
51-5 (Persian).

Yousefi Z, BarafrashtehPour M, Taghavi M,
MashayekhSalehi A, Sedaghat F. Survey on

of Drinking

Temporal and spatial variation of nitrate and
nitrite in drinking water of Gachsaran by
using Geographic Information System (GIS).
J Mazandaran Univ.-Med Sci.2013; 22(2):
158-162. (Persian).
Eilleen D'Ttri  FM.

Furlong AN,

Trihalomethane  levels in  chlorinated
Michigan drinking water. Ecol Model. 1986;
32(1-3): 215-225.

Ivancev-Tumbas I, Dalmacija B, Tamas Z,
Karlovic E. The effect of different drinking
water treatment processes on the rate of
chloroform formation in the reactions of
natural organic matter with hypochlorite.
Water Res. 1999;33(18): 3715-3722.

Chu WH, Gao NY, Deng Y, Dong BZ.
Formation of chloroform during chlorination
of alanine in drinking water. Chemosphere.
2009; 77(10): 1346-1351. PMID: 19822347.

Cimetiere N, Dossier-Berne F, De Laat J.
Effect of some parameters on the formation
of chloroform during chloramination of
aqueous solutions of resorcinol. Water Res.
2010; 44(15): 4497-4504. PMID: 20591462.

El-Shafy MA, Griinwald A. THM formation
in water supply in South Bohemia, Czech
republic. Water Res. 2000; 34(13): 3453-
3459.

Ossenbruggen PJ, Gaudard M, Collins MR.
Predicting THM concentration in treated

water with highly correlated data. Math
Comp Model. 1988;11:1073-1076.

11l

119 15 4 111E o)Laib « @)lgn § Cumyy 2)93

ohsijle (i) eolc olEiils alas


www.sid.ir

b 0T ) e)dg)S Cable

20.

21.

22.

23.

24.

25.

26.

27.

28.

Eaton AD.Standard methods for the
examination of water and wastewater.21"
ed.Washington,D.C:American public health
association, 2005.

Chiang PC, Chang EE, Chang PC, Huang
CP. Effects of pre-ozonation on the removal
of THM precursors by coagulation. Sci Total
Environ. 2009; 407(21): 5735-5742. PMID:
19674771.

Norusis M. SPSS 16.0 guide to data
analysis.2™ ed.New Jersey: Prentice Hall
Press; 2008.

Rodriguez MJ, Sérodes JB. Spatial and
temporal evolution of trihalomethanes in
three water distribution systems. Water Res.
2001; 35(6): 1572-1586.

Garcia-Villanova RJ, Garcia C, Gomez JA,
Garcia MP, Ardanuy R. Formation, evolution
and modeling of trihalomethanes in the
drinking water of a town: II. In the
distribution system. Water Research. 1997;
31(6): 1405-1413.

Miettinen IT, Martikainen PJ,Vartiainen T.
Mutagenicity and amount of chloroform after
chlorination of bank filtered lake water.Sci
Total Environ. 1998; 215(1-2): 9-17. PMID:
9599453.

Toroz I, Uyak V. Seasonal variations of
trihalomethanes (THMs) in water distribution
networks of Istanbul City. Desalination 2005;
176(1-3): 127-41.

Adin A, Katzhendler J, Alkaslassy D, Rav-
Acha Ch. Trihalomethane formation in
chlorinated drinking water: A kinetic model.
Water Research 1991; 25(7):797-805.
Abdullah MP, Yew CH, Ramli MSb.
Formation,

modeling and validation of

trihalomethanes (THM) in Malaysian

drinking water: a case study in the districts of

Tampin, Negeri Sembilan and Sabak

29.

30.

31

32.

33.

34.

35.

36.

Bernam, Selangor, Malaysia. Water Res.
2003; 37(19): 4637-4644. PMID:14568050.
Knocke WR, West S, Hoehn RC. Effect of
low temperature on the removal of
trihalomethane precursors by coagulation. J
American Water Works Association (Journal
AWWA) 1986; 78(4): 189-195.
Milot J, Rodriguez MJ, Serodes IJB.
Modeling the susceptibility of drinking water
utilities to form high concentrations of
trihalomethanes. J environ. manage. 2000;
60(2): 155-171.

Sohn J, Gatel D, Amy G. Monitoring and
modeling of disinfection by-products (DBPs).
Environ Monit Assess. 2001; 70 (1-2): 211-
222. PMID:11516016.

Aydin E, Yaman FB, Ates Genceli E, Topuz
E, Erdim E, Gurel M, et al. Occurrence of
THM and NDMA precursors in a watershed:
Effect of
pollution. J Hazard Mater. 2012; 221-222:
86-91. PMID: 22542776.

Wei QS, Feng CH, Wang DS, Shi BY, Zhang

seasons and anthropogenic

LT, Wei Q, et al. Seasonal variations of
chemical and physical characteristics of
dissolved organic matter and trihalomethane
precursors in a reservoir: a case study. J
Hazard Mater. 2008; 150(2): 257-264.
PMID: 17560713.

White GC. White's handbook of chlorination
and alternative disinfectants.5™ ed. New
Jercey:Wiley; 2010.

Garcia-Villanova RJ, Garcia C, Gomez JA,
Garcia MP, Ardanuy R. Formation, evolution
and modeling of trihalomethanes in the
drinking water of a town: I. At the municipal
treatment utilities. Water Research 1997;
31(6): 1299-1308.

Golfinopoulos SK, Arhonditsis GB. Multiple

regression models: A methodology for

119 15 4 111E o)Laib « @)lgn § Camyy 2)93

ohsiile by eglc slSiiils das ||


www.sid.ir

pljlSna g givaila s bajanal

37.

evaluating trihalomethane concentrations in

drinking ~ water  from raw  water
characteristics. Chemosphere. 2002; 47(9):
1007-1018. PMID: 12108692.

Kim J, Chung Y, Shin D, Kim M, Lee Y,

Lim Y, et al. Chlorination by-products in

38.

surface water treatment

Desalination. 2003; 151(1): 1-9.

process.

Rook JJ. Formation of haloforms during
chlorination of natural waters1974. Indoor

Built Environ.2003; 12(6): 413-417.

NP 1RO )3 1S a)laids « @)les § Cany 8)gs

ohsijle (i) eolc olEiils alas


www.sid.ir

_
ORIGINAL ARTICLE )

Chloroform Concentration in Drinking Water of Tehran, 2009

Ahmadreza Yazdanbakhsh' s
Mostafa Leili2,
Mansour Rezazadeh Azari' s
Mohammadreza Masoudinej adl,
Monireh Majlesi1

! Associate Professor, Department of Environmental Health Engineering, School of Public Health, Shahid Beheshti University of
Medical Sciences, Tehran, Iran
Z Assistant Professor, Department of Environmental Health Engineering, School of Public Health, Hamedan University of Medical
Sciences, Hamedan, Iran

(Received January 20 , 2013 ; Accepted May 28, 2014)

Abstract

Background and purpose: Chloroform is a disinfection byproducts (DBPs) that results from
reactions between residual chlorine and organic compounds as precursors. The presence of these DBPs in
chlorinated drinking water can pose a severe public health threat including potential carcinogenicity. In
this study chloroform concentrations as an indicator of DBPs of chlorinated water was evaluated in
Tehran’s drinking water system.

Material and Methods: This study was a cross-sectional study in which the samples were taken
from water treatment outlet and from certain points of the water distribution network in different seasons
during 2009. The samples were analyzed for presence of chloroform compounds using standard methods.
The temperature, pH, and residual chlorine concentration were measured as the most important factors
associated with chloroform concentrations.

Results: Total average concentrations of chloroform in the water treatment plant outlet and in the
distribution network were 11.2 and 36.5 micrograms per liter, respectively. These amounts in distribution
network concentrations. were almost 3.3 times more than the amount of water treatment outlet
concentrations.

Conclusion: Evaluation of chloroform concentrations in the water treatment plant outlet and
distribution network involving temperature, pH, and chlorine residual indicated a direct correlation
between them, which was significant in distribution network system and non-significant in the water

treatment plant.

Keywords: Chloroform, residual chlorine, disinfection, precursors
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