[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

Journal of North Khorasan University of Medical Sciences
Spring 2012;4(1):45-55

St bl 5 (S she oSl alone
F0-00 :(1)FTY le

il Alie

S13 5 Sa> 30 JUE 3 Cuwgd (9 95 Culilo
@T S uow Yy (SO o

S5, sl e Fonlials asmalloge oMl e D Se

Ol Sy pole olKails cuilags 0aSitsls clasmme Cudlagy pusiige Ayl puilid)lS
Ol Sy pole olKasls coblag 0aSitsls oo Cubligy owige 09,5 jLuisls |
Olrl 5 (I plal S (S pole olSiils aos Subligy (gmdigo 03, (s2y0 eaemme Cublagy (guwiige )l clid 5
Ol lsee lgm (K pole olSails came Cuilagy it 03,5 (20 canone Cubligy giige 351 (olid 5T
Lo Clagy (poige 095 ubligy 00Sails ( ok Lol B (S psle olSils w51 i games okt 957
gholizadeh_eng@yahoo.com :Ssg xSl Gy

WWAVYNA:Go pdg WYYzl WYY /YY1 Jgeg

o
el oo gy Lolis )5 pgo sloadado j1ol; Sosl 5 Ty 0w L b ool molio slppley 4dar :5ud g divoj
SeSE oy 0 5 Gyl 3l Sl (s e ] So I ] 2y () (slpla bl 0 (S50 sy Ol 4 o>

e VT fpradians (Koo Ky Jplowo (6 dedeai jo Sy Gy

Soloeo I T it (Ko Gy il 0,5 g o005 L5 0 Jliiy Covsy 5 s p2s Gl )0 U 9 5 90
il ke ,il 5 Gy Jpdoeo oyl SLile PH (olad Gloj sloyioll il (oo b Sl ) g iy o 0 ]
St g pyig ol Ul ol s plowil yiogili OAD/D 9o b ,0 g UV-VISIDIE jzogidy i/ bugi lo (605 o/l s oy 0
b ol o

0 o] oy 4880 90 by mo oo Jolai 5 003 Yo Slii] () G (sl Jliip Cowgy pinSTE 5 ol ol ol Ao 4idly
Sllbs bl il S il a0 ials 3 ST, adsl CBl ilisl b ods 5. eualie (190/F) G,y Sid> 5T PH=T
Pl o St Sl S @ddig )8 o b UL 5 Ny Covgr 505 S5) K 5T 4 Y iz oz odian L o0 1]
O g0 420 4 o b od di)S  Kican

9 o] Il oz oaciilo s sk il 5 oo S sl 2Ty il oo el o il L PH g S i
Lo 4 el o Ky Sliz YL slo CLE o Ll w05 oz i o), | K ode lile (oK) sl o5 sl Ll
S 15 S sl celio o) S0 w5 paliS gusis0 S Glain M Comy np il 4 dosi b diS Spdi 0 g0
il o Y pdtene

Sy gy feS T peiane (Ko K sz (st (510 05l

dudu@.jwjﬁ).h,v] 35,5 o0 o) las o)l Aoddo

sl s 1355, polai g3k (b 5 (plend S an Lo y9i5 18 5 ez, (2l St 039

Sy ol B eoliial 9550 (2l mlio 3 (655,
Sl 5o Slsils s 09,5 Sl puiitons bal3SS, Y]
3 osd (oo ogmine Sidsidl SlaliSS) 532 g 005 095
soliiul 535l SLaYIS (53,55, sl Lagos 135,

oleon lge £55 5 B pas by ol axdl b S
Aldlo Slez adg bl K, i 00 g0 1555,
Slaie ol 3hansS s ades SOy o e Ve Sl i

&35, 5 Tl @lie Slay B,k 51701 - g0


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

()b&.&)@)@.@w—

1 Ol 3 Iy Gy 2 S Sl g o FF

B> o Galw dL"z’ s_aol.>- ).».>\ dL"z’ JL..: BRI W
Wl a3 s p 3550 (5 sle Sl SIS ol
B L (Sl el S b O3>l adsl oole
=2 DY gamme (DB 5 aral wil B oy
Gladlr (Byme o)l oobj Slalllae aily (5 plas
6‘)—' 6Ql_u) 6Lﬁ ubl_‘> 9 W W ral.’?u‘ u.:),'i...uo)b
aloxjlasload 48§ IS6 b Clay 51 () olge B>
wr Sels DF] o0 ooy 0 ol 0 050 0l
wlio od NF] sas Sas Jlas o od [V0]

5,5 o)kl o e s VAl olyes LV V]aElS
A4S el (g5,5laS wlasly 51 G s JW s Cas
44295 b 500 Gom 51005 (o0 adg Lo 58S 50 58
‘) JQJ).’ 00— S—is <& '8 )9 LAY 9 osls

o=l sy e S 1 s o St Ol jaieg S
S8 eolail 550 L3l SO lgie 4y ilgd o 5 00le

bl ) ol adllae 3l Bas culpls [VA] 58
29 e oSl S lyie o JLE 5 Cng )5
by JIVY (Sie i 1555, B 3 (s
S5l 5l 5 ol gl g S o (2l gl
5 ooVl adgl clale gl pH pules (o) ol calisee
St 33,5 aalllas iz (e (59, L3> 590
a0 a b g Jol ax o ah aYolee jleoletnl b G
5 oo Qi Gl oo (rizren 3,5 Lo pge
s oalitl i alsbes 3BT ol galoig 3

BLEIY

A 0350 (69,5 0,20 dslllae SO 5l addlas
5 oad Azl Siciiw OB dallas )50 Cusox
0390 b3 & y90 4 ] ploul Wigy o] oBisle;] oo
]

&l sl cogas (59,8 3550 5l ool Cawss JW5 p Cowgs
00 OB s 00 s Jlaiil sla  Sogll 13905
sebie any o 8,518 0% slws o j98 5o g
S Bae a0l S gle Cwgy (0 @ ol
FanS B o arl3S 0,65 19,0 00+ °C sles yo el
Ly e 00 8 p Jae les )0 sl s

Vb 2 65,55, Caaro dangs LS o [F] 55
s adss o] 55,5 o 0l 5 S5, (gl DL |
Gob> SUL s ahai L L g onid abad slo ey
S5 Cany Lagmee p0 SV el il o 1555, Slge
i O s (ol Lo d b Loges 1SS ol
Grdy 4528 Sl o @y 5 oS oo 85 VIS
Suld p Gl o Al cnl 5l o0 S oslitul 5 o5
ans x> o sl mlie Ol asal Jolae slo
a0 wlico ol Olas adss 0,0l L8, V] cadl oy 5]
o] el 00l g SIS s el apb gla]
S sl g 00y som bl (S5 ln (S Sl B
s ITAL e S e i) b e (S, Lt
2 e e Sl S ol 5 s (S glaany]
B[] asl o s 5 gy BB (s p0lls Sl 51 2]
sle ) b o0 D50 2l Gl b 5l T Sl
(sl ol aal ;b ol o Sond g ol
Jolaie sba (g 9 (2lie (illiz (G gnlanns]
s glice Sl 51555 slge Bd> (sl (S5l
sbe gy ol vz e ol asd S 18 (o) 9 )9
Sy Bi> )3 59 Lo by, (leer® 5 (Selsn
w035 (63L5 (65,50 9 Dl wiojli Ll wil o 1555,
adei el el g o il o solaidl amgr WBB L

D] we 8 o wslasl (ol &Y game
St sl A S Glame an (ol Qi anlid ogg el
sl ke T sl Jsloee 1o 155, Slge (g gy Bi
s Aol Bl Ul ) 0
= 19 5 oS wg Sl 5 g 155, slge (I3l
Bi> o Wil o delacte yols Js IN] awsl
a8 )l Jlb (S Bl (o0 Jld ) 1SS Slge
asye ik 4 (GAC) dgil s L (PAC) (sy09 )50
sy S5 gy olis s Slga ) Borae 09 s
G Ay g wd YL aud b gl ool ol ] oo
Js oml b DY sl o e 20STs 51 oYL
O B Jd 8 (ol el slge (39958 oage Jlon
ol sleal g ails oYU (s ) 6 4032 w0og Cad
o3l L 13 VYT wsl oo Glgl 3 OSae b of pon

o B 4690 oS s A by eyes 3 sla


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

PV (V)FNYAY Sl

Jas Ol (S ke o8l aloes

Jslons 45 ol 5l LB 0 cpmns y2egils DADID 50
33 U 00903 33, 1, Joloeo 09l onily> b9, (ol Lawgs

50 eolawl ey U5 g oaal 4o 1090 & 90 4 ol
35 (6 gl

(V1] 8 pae (61555, Slaseie ) JSs

Direct Black 22 155, ol
IRYARTLIA) (U3 2 ) IN5 039
DABID (M)gge Jobo
CaqH32N13Na;04,S; olbosds Jgo,8
bt Sl

mee
OH

SOsMa S04Na

OH
NH; S03Na

sl ;50 0,5 18 allius Qi VB e/) edgase
asgy PH (s ol adllae (pl )0 oy 990
5 Sed IS del 39581 L aS 0 QA )b
IR JN S WORIWIPR WJP E 5 Iy P IEY | RN VIR VIV SR
)_“D)j‘;.uo\" 5&’ ‘YA ‘\’ ‘a 6M)Juol>
etina ol ad> o 0 00l a gy ley g pH o i
slal o Ko, cddale 2 5l i cud b ags 5
IVl ws s o) b 4 olasleyl bl 5 iales]
(6= v

R

L prr L (sl (ol Gralesl iz caled 5o
GIVY G NE )Y Ly Sy Sl il
w0id g slawe,z ad ploil (0,5 ¢ /F g /YT /YA
Ao oloj e ;0 D 00 a2 4 9 00,5 Jaloxa o4
4.._..410).‘ )i....u &9y )‘ lem J.J c\.l.‘>).a B od.n] Cowdo
Mdp)oowxﬁﬁﬂomu]&)mjow
B N R

A% oolawl Microsoft Office Excel |53l

ES s 3 Bimd ] 50 ead solal pedtee (51555,
Syge S5, Slaseive w5l > (L) abgi o (5 5
L (Sgiuwl) jole Jglore .ol oo ool V i yo L
cbale U ol ud Y B3 VY (Siie K5y 0,5 >
S 5y9m sl e g 2l 5 5 e Ve
Gl 38, L olislesl jo oolatul 0,50 sla Jolona
S5 ol gz e o asls jole ol
Jsloe (6 00 il lale - SYL IS, oole clale
Ay OADID M agiby Sl lawgs YY St 5,

Iyl ael css
“F) (aseine polie ol «lisle)l plodl jglate 4,
2l G518 w0oged (339 1) 0ol g S Sl (o5
55 Jardon | i) e D0 5 e, 2l a )
593 L S (59, 15 3550 Jolome LBlaie .ol 03433
Sae 0 3Ll gles o gadds o 10 VO s, o
@ (aaBo YFe o)V Qv e ¥ N0 ) el Tl
ST Hgraibimgms 00d (rpnd Sledlej 53 10 035 o0
K ws L wgi ) S3ls g oo cdls p S (59,
s 55 oule (3l K5, AL 5 35 Iz S o
Job ;0 UV-Visible (s iegigids pSl oSws lawss


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

()b&.&)@)@.@w—

. ‘ﬁ);}ub-):du:ﬁ@ﬁd.v;d?hﬁw)ff/\

Jsdoe BA > 0 Qs cllale SUY loged jo .ol
Pl eS e Vel il o VY (Sie X,
590 Gl b ass o plid bl sgad svnlive ol
VY e Sin S, Jy e B3> o il
pr5 e s IV cdale o a5 g5k a0 I
Sl 90 Siall b g ot saalie i JAVY i 4o
8l ol 8 ADIY an Gl ) ] 0 5 @
g D3l 590 SRl L 285w Blg oo cnlple
B 003l i o ¢ 4l il 1355, wils eles
O09—0s A g Jobs i (gl calin bLS 1 sl
S 5 Bi gl (Hhw Cdz s S (b
ey b (Iols ©a Sl gl ol oo Sl ()
5 S 5 ol e Llie s aelx 56 e 55, cdale
G (nl 5o p gl SYolas 035 (oo (L Jolxe 56
o0 g yi5 eSSV g gdaso b sla gl Sl 2
]

ot 2555 b Seal gl S (558 b @dwis b e !
= L A mhaw (g9, 0 Ddx gle S ] LSS
Iyylad

il 25 D90 4 gy b dolee (s SO

logla.)=loglk )+ loglc,)  ®

Sasl/m wasly adale o i eud b K )] o a8
e s ME/L vz pp Jolss clale Ce ¢ s Ci>
ez o ol cdls jo sais iz 55, Llade
J—tie o loglg,) s sy 5l .cuimg/g
Sl In g (s il o0 i s Ky log (€)
CeiS poacsb Im = Cgllasl 3145 sl 0l )3 g4
Sl Collaol I/n>) 515 Gollae +<I/n <) (300
Y SO od Sl s oS Qi Joe (i
oot iz oo JsSge hlite ol Bio o clgiS,
Iyl wolee

o assly
Sl e coli b cods 6 g ple 00,9] Cawd 4 sl
bz glo lay ,o Slaolesl byl b ple 8,5
ul_.....JLo)—‘ )‘ o..\.c] Cowd C.’LAJ V\.‘B; )‘)3 o) ol
b wales olisl Bds ol ey o8l Lools olas
a8 Ve lad flo) oo b as gl ais () loged)
Ol S o g a8l oldl ol cud b B> )l
Yool e 0l oanliive BAx LYFID og0> aido Y-
G =asMe cods L Bis lendly loy ial38l b cadids
= ol 4 i alyd ad B Y o b asl i3l
6ol B> S sl Cews @ el g ey b,
oo oaoline addo YF- L dado 90 0 Bd> (i oo
Gl age wlos loy golaz8l LYo @ cplply wod
Ve ) U Sy S by it 61555, B3>
Saz sl B )0 ) (e M8 1) Jelme PH ol
Y)‘QHJJK;ALQJ‘UJ?MJIEO)JBMB‘S’XJQM
cad,b o ) VY St S5, Jedoe pH LS ()
PLIRS SR g uLw.: JLCU).: Cwgy )‘ 00l Ay U")S ud&
Gl ecbile ¢ 1555, cdale ( wles ley oliole;l oy
SJPH olidl b Gds e sl oo axils o5 ool
Olam ol sl a8l alS VFV/E 4 7AVIY IV B Y
Dgds oo BA> ol sle Jedze 5l 5 5YL lendl
Jsdme Bi (sl ange PH (lgie 4 pH =Y L

A s VY (Sie KS,
oly s b ol samlin Cis cod,b g Ll
byl Gl o S5 ool adgl cdale ol
00 Ay ol Do 4o BA> 1AY sga I 6 S
o Ve w0l adale il b ol casay aids Q-
A p)S b FIPR @ IVY Gl Ol cu8 )l i e S
O (D) Y Jloged) 8l (il L3 o5 5o )
&)lemdd.».‘s‘u.‘a.l& Ale dJJLa.a)Jwy)‘on...e;

0ol ol )_v) B d.]os.a).a )|¢9.o.u ] M‘j Yy ké‘i"""


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

A (V)FNYRY Sl

Jas Ol (S ke o8l aloes

q(mg/g)
— [} Is Lh

o}

L]
1

100

) 40 l
o
.

S0

l-—-—‘.—‘__—‘—‘—.

=

o
/
/

&0

50

10
0

40 30 120 180 200 240 230
(aado | nley

S g il 5, G lendly (liee 53 obed il sl ()l b 1) lsges

0.491

5 10

Ng/'g) ;4 Js

(<)
ok DATARS 111 DRSPS 399 9 Co=)- rng/L ) W gy S ang Sl ) G cod,b  Jeloee iz sla pH 55U (@) oY loges
CIEF-mL L3l 550 o t=3 - MINLY agy PH ) )] iz b s g5, VY Sitee o535, Jslono ilin (s alsl slo cile 15 (0) (4iod - = ules

(dde ol e

96

4697 0.6 -
0,488
0.5 0.454
0.426
2 05 % 04 1 0339
% \E; 0.3
% 0.2
_ |
% 0.1
T o - b3 S
| ..OH;. 100 2 5 pH 7 9 11
(@

95
94 4
93 4
92 4
91 A+
S0 A
29 4
28 A
87 4
26

0

0.1 0.2 0.3 0.4 0.5

(5 ipile 140

mg/L Yaig pH ) oLl K5 da plesily (g9, JWS  Cangy yaS5 alises slajge 36 ¥ jlogel

t=1-minygCp=\+


http://journal.nkums.ac.ir/article-1-43-en.html

db@)d‘,){;w e ‘ﬁ)db))du}ﬁwﬁd;iﬁhuw)jo'

anlllas 3,90 VY (Sie ouditos (1355 3,90 0 gaig B 5 9eSY 0l Joo sl el 1V Jgur

25eY Jos Edig, Jow oigd i
b Q 2 K
R2 R max R 1n .
Y (Umg) (mg/g) (mg/Q)(/m) ™YY S s 155,
eef5 MM [YR NFVY GAVEY -AR0A 1

S sledoe (sla el il Y Jgu

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

o33 43 4 Jaa sl 55 s o iy iz
ML L
Ky e eat (=) R’ Fe war =1 K, R’ eyl
g ¥
«[+¥YQ Yo ARV /7Y <[+ $AY AN 44 Yy L;i...npu......adl)iu)
120
| y=0.397x +4.961
100 R2=10.996
80 -
S 60 -
40 -
20 A
0 T .
0 100 200 300

t
gy S Ly il S5, i sl ool Ll oF logad
P9 4250 4 Juo b JU 5

0.5 1

0.4 /
y=0.991x+0.314 3 ¢

R*=0.976

log(q.)

[ ]
>
>

0.4 -0.3 0.2 -0.1 00 0.1 0.2

log(Cy)
g p 2z p gl Joa b Jage


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

Oy (VFYAY Lle

Jas Ol (S ke o8l aloes

Ot o s S 6l LyeS e 5l S
eled 4o ol S bl (o Dd Ce S
45 0o (Ko Dl ool ol g (S5
o Sl e (e 18 b Con 1) Dde el
LYY (S S5 Jolowo 0z sla ol codar 03000
5J3‘4—?)°°‘-¢~5‘—§~.§e§<—~6“°l’“‘-§°5l%o‘956"
IVF] 55 655 o510l (g d yo 4t Siitiws

Jl a0 4l St bawgi Glyi oo 1) Dl St
Lys] ols Tro gy Syge 4

K, t ©®)

lovgln, — ) =ngn, ~ 3303

ool iz (613555 Jlade oS 4 q g e dolre (ol yo
t o adaxd (o oud Cd 5K, Jade g Jols > o
ad a5 p0 i Jobss ey 2ol ki g mg/g o
log(qe- )51 adoles ol 4o .ol I/min sl p Jol
g ey cilitte  —iolejl bl b gl t e Q)
Ol SeS L plg o0 a5 Wl (o s 4 caniins o>
Syl wegl)Rzézw%,bgkl C o 2l

5 42575 Sledoe o glatie 5l 5 ped 4z s 4l Jow
Oy 45 s i sle 1aSTy Saiew Julos
Iyl ss 8 oo obs 5

t L L @)

e 00l @iz 1355, lade q &S 55k &
e 093 dh g9 Jold Sy 2l Ky gmg/g
=B pgo a0 as adolee 51040 o g/mg/min
SO aob 398 doles ‘TJ)LM)Q Soges ail 0,8

e St Sl s L, s 4k
alais g o jlky g q .ol (g/ (Mmg.min)) g

Nigd (o0 S g abolis
Qocal sloie 9Ky o Jol a0 i adolee e s 2ol
52102 (4emq) ) 51 (e 5l Glolne i b))
0a 00,9 ¥ Jgaz ;0 o ls g ol Ao t Lo
orly Loyt RY) (Siacad oy e Jan 0l 5o
g il ] o8 (Koo sains jLis a5 oo
P Az )0 A Sl gl t Jolie o t/q as

il e ) Dy A eSS dobae s S
. ™)
. Qb
o i YV Sie K5y Joloxe Hlaie (Mg/g) q, a5
ol clale mg/L) Cg 5 L3> 05 0 Sl &
b o Q ol Jobss cdle 0 YY Siie 55, Jolna
A an Lo pe i 4 a5 Wl 9SSV sla el
3 6loged 4_;1 iz S 5550 g Ld> cN_éJLs
bl Joe g =‘--’) I sl b Gy J’L‘“PQF

l
)}Q

a5 0l (oo Jolw jal)b el a4 Gams (9 ol 5eSSY
g (oo iyl py ISD 4

Imll'ﬂ

_._,
a0

& Wolro ol (5 aasin [YF] sas o )las |

1
R =
1+bC, f)
Silo Ry el (mg L) 55, oole adql clale C-

Sl SRS Codlae 3z gl ol 0] 95
Sl s Ri=) (chs Qi ol VRE Ggllasl Qi

Ivol cculRi=- caasp LB e is
S5, Jebome i 5l odal Cawas (Jolas wledlb! 5las!
Sldao b J& 5y Cewgy S (59, VY oeinne (Sl
K geais 8 oy e 5 4l (o) gdois B pgeSY
alog (Coy) Jolie jolog(qe) o jlogwijing
Colh .l sad sols s o )] Kaod o o ol o
a2 oo plas aS cuul axly Jlade 4 SGop N gdag )
031 sl alie alegl sl oot i al b a8
VY (S S5y oo 0l anlf a5 amae plis Lo
Coli e (R'=+/2V) 8,15 ol gdosis b Jos b
Jlis ;0 Ce/qe loges dolas 51 Jol> b g Qmax 2 9o55Y
sl iy 55 T (RY) (Koo 5 jlio 5 Co
aS cwl VL v s 08 o Ry lade (Y Jgus)
93 TV el (Sie S5 ool Qi Ll
Co Jlode jo cdale polidl cul &y Cavgy S
Sl omlin S3lr JE 3 Cegy S a8 ol olis
abgiye sl )logei ol (T ledslons 51 1SS, (ol 3

] 0l ools 5


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

()b&.&)@)@.@w—

R Gl 55 I Sy 0 S bl gy 5 OY

4 S TV s 1555 e o5 slo ke
oML Lal 0Bl ol OOl a0 09290 22 4
3y » 09zye sbalad (Jolowe ;0 VY (S S, cldile
Ao 53 g oad ;S S5, b aslie j3 Q3> mhaw
ol omizen YA o o —aaljdl wig; wd el
2 ale 6l a5 (ygled Sy b el (Sa 0oy
=k 25 gl g ey Lo o2 JLE] Canslis
4 sl clagleyl o YAl sl s e sl
Oy (iliZe slo il by 1) slge B s
Olie 91555, cdale b abal) )0 (spplive bt Conl 43,5
aS aasd o Jle leie 4 el odel Cows 4y B>
e $95 = VoY Jlo o LIS g o0ly (28 Lawgs
Oygme Sl S e B0 B la cdale o6l
Cbale il b i ool oS ol las b v S

LYVl b o il 1555,
Lol oy o35, Bdo ]38l cely Q3L 590 iol38l
Ol s S i cdib als 4 e I Gl
S8 58 oy )3 haw jlesliial 4 Gl (oo |y oaey
SNl o oo lis mls ol cos O3l gl e
s oolinul el Lils bl ,é S 0 L
5 Al ol 05l 0 D950 slalad 5| ollacls
2l sl S sle ojll yo anl i golall ()b
G900 aboul 6 aslllas o [¥e] sl o coenl
3 eJE p Sy bawgs 92551, 9 e SIS, Si>
VB /0 5ol 590 (Ralibl b B Glime aige Ll o0
TAVIRY YY) 5 Bis e o 50 o5 koo

Lf] ot ool oylas il
edz anl g as sl plis Qi pySenl Gl (o) 2
LB (095 il gl p Jao b Jol 08 6550
5 o 3l ol (Kiwcod 030 568 pgeSY Joe 50
dzr Ced)b) Qeexp 9 Qmax Hlodbe (e 0 gl
bl 3550 1555, @i @l pae oais (Lis (225
sl Las € Jlacde o cdale lidl.col Gds aul,d
Sl rlbie D3 B 5y Sy 5l ool ans ()5 &S
w9 =l sladslns 51 TY it (S 135, i
10g0eq (o> Jlog—d 5 1/M g K gduiy b o po e
s L ol (Ko o0 oljen 40 10gCeq Jlie 5o

» L8y Sevg JuS 65y p 2B G5, Qi
30 Al St o g el 00l o3y las O S
S (Slwlbre Liz & 8,b) Qecal Hloie g Ky pgo 4>
] 00 00)5] Y Jﬁ"\) o U] C.’l_u 9 sw_uu J..\.A
pgd Q)JMMJM)JM%}&)‘M
9= Yo Jln JU8 5y Sy 5l oo 4 (05 sl
SO, Jodoe iz sl Jsl a2 )0 4l Joe 4y s
aSols slid asdlas Cdz Glie p lo) w3l 0,90 4o
0392 gy JW o Comgn 5l Jol> (05 G903 oo
)ajoo)jwdprMJslusu)a&))wﬁ
wdz sle Jmo yo b‘fj) ) Jdo o)l ALY
3 ol oldlas [Y-] ool oo Lpals G ey
Sle Cilaz 5y () Sly el I olge iz 500
yeb ol L Gl anl B as wil eols lis calises
ol 4 cel ¥ 5l aS leg yo g a8l 2ol58l las
[()s\”] M)‘j.a

aS ol ol addlas iz lie p pH 050 adlas 4o
L g ool ol 095 5l (6t ©da gl sl pH
V\_J)Jo 9 RS u‘).A.A LS’L,.ls & 0995w 4.>pH w.;‘)ﬁ‘
el G pH o VY it S 1555, (sl
= 9 92 (oo lid Qi 4 i bl w5 Sl
Slo Gulidl ) Gas e Jeloee (0503 (gl b olgs
&_waél)i)u_e»&j)fédw%)a
Cimgy (JU Sy bigw H93b) (Sfodom lo D3>
oleaily b adasly jo polis zols il 00l (8 0 055 5
Dl ccul ool ccuws g ol slo pH o 3>
95 = OS5 (o Lawgs oS adlllae )o (rimes
PH=Y (e85 & g0 551 g puiinns oI35, B3
33 dele St 9 000 LA 1) Bds lanily o e
Lf] as asslis 1555, Bas olewl,

il g leasily ialS o SO i slakale
3ol JLB yy Sy (S (59, S5, i Cad )b


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

oF (VFYAY e

Jas Ol (S ke o8l aloes

Gl a8 5 @ p gl OYolee sl oo (iulidl QI
pronl b b aos oo lis Jobs sla osls oy
Jsboes iz Seiien 5l iy (R'=+/AV8) sy b
L JLs p Cavgy S Q> (g5, 0 VY (Sie G,
a0 ad g Jol do o A d Ll Seiw gl Jos
30 VY i Sioe S5, i al)8 0 a5 vaas
9y = oXig=d DA iz ;0 Silge g 4 STy
Sl s Sl 5 p g nl Oladllas 0 jige Q3>
ol daigyd gl aVas Gl Jaw LIS, (pl Joo
B> lensly Ji y Cawgy S as Lxsl 5l ecales o
ol s o ol 55 5| Ly LB e bl
=l Oles (o (o9 5 b 23l o )]
s s O3l (6l el Gu)il} Olsie a4 oolo
ool oolaiwl

63'0)43 9 ,S.ua y

pode ol8ails Colam b aS 00gy Jaime ciilagy (cwiige

Sl oas Lyl s gleyo cdlage Sleas g Siy

by e Siod om0 4 dzgi b ol ol oold
2,0 iz a B L (295 Sl cenls gl b Joe
48 ol axly Jlade 4 Soop 1/M iy 8 ol ogdey
oinlel bl i coms Gas al)d as vas e ylis
oy sl 355, iz anld ol el sl
i gdoig B oo b W Seng ot s S
&9 o am ailys (e el ol ol (6 i
Sz g, S sl e sl Y i b eSS s
Ivel e

31 Qecal Jloie 9Ky Jol a0 a i adoles e pus ol
(Jome ol o ad d e t blde o In (e-q) o,
Ol 45 03 ol Sl L (R (Sieron oy
03— (ytS (e geal 09 ol dl PRI GOV PR ET S
iz plpls o)l Qe Jlde b (055 Bl (Jos ]
Jl a0 4l St oo LYY it (St XS,
5Ky pgs az oAl S oo o)l cillas
03l ¥ Jgaz ;0 o] bl g ot Jo 3l Gecal e
YUl Jowo ol 50 (Saod o po lade .l ool
3ly8 (S9,m Cwl Qeexp 4 SUO5 Qecal Hlaie g 009
Aol j0 aS daawe lis ped ax o Al Joe I i
odg-D i DI )3 Sjlae Djge & STy 90 i
o Sy Ay g 0090 @y (Jol g0 O3 (9 2
Oley 9 A8l (oS Sa s (o09d g Sy (o0 SOl
L¥e vl oo aalsl gl SY5b

G5 Ao

G355, Bi 5l lio s 48,8 & g0 Sligle;]
ot JUE y Cngy rgi 7S gy YY peiios
9 JLE Sy (Slameg S LSle a ez Lol
A e Ol (o e 13, Sl sl
e (S59,02 5 odloyuly slag s Yot &S 285
S, Jodoee iz anlp el oS s lelse (n 5
Sy oo JUi s gy S L gs VY Sie
VY s (Siin SO iz a8 a5 0l ekl
aiBs U ooy )3 g 009 @y JWn Svgy (25 55
Oty ST PH G e 3l (las gl g Jobss &
S5, Jsloe Bis (lie g 035 ¥ B> iSlas 4,
Clle i3l 5 135, 6 adsl clale ials LYY S


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

OLes 5 Me da e 105 Bl 3 JE Sy S B e 0F

References

1. Yilmaz A.E, R. Boncukcuoglu, M. Kocakerim, I.H.I. Karakas, Waste utilization: The removal of
textile dye (Bomaplex Red CR-L) from aqueous solution on sludge waste from electrocoagulation as
adsorbent, Desalination 2011: p. 156-163.

2. Sine P, Synthetic Dyes, 1st ed, 2003, New Delhi: Rajat Publications.

3. Rubin E,“ et al”, Removal of Methylene Blue from aqueous solutions using as biosorbent
Sargassum muticum: an invasive macroalga in Europe, J. Chem. Technol. Biotechnol 2005; 80(3): p.
291-98.

4. Badiee K, Yusefi Limaee N, Tehrani bagha, A. Shafaee Tonekaboni, S. Z, Applyning of Taghuchi
experimental method to optimize dye removing condition from textile effluents using natural
adsorbent of Orange shell. 9" natinal congress of chem. eng, 3-5 Azar 1383[persian].

5. Mahmoodi N.M, R. Salehi, M. Arami ,Binary system dye removal from colored textile wastewater
using activated carbon: Kinetic and isotherm studies, Desalination 2011; 272: p. 187-195[persian].

6. Khaled A, A. El Nemr, A. El-Sikaily, O. Abdelwahab, Treatment of artificial textile dye effluent
containing Direct Yellow 12 by orange peel carbon, Desalination 2009; 238(1-3): p. 210-232.

7. Yu S, “et al”, Impacts of membrane properties on reactive dye removal from dye/salt mixtures by
asymmetric cellulose acetate and composite polyamide nanofiltration membranes, J. Memb. Sci 2010;
350(1-2): p. 83-91.

8. Lee C, K Low, S. Chow, Chrome sludge as an adsorbent for colour removal, Environ, technol
1996; 17(9): p. 1023-1028.

9. Nilsson I, A Moller, B Mattiasson, M Rubindamayugi, U Welander, Decolorization of synthetic
and real textile wastewater by the use of white-rot fungi, Enzyme Microbial Technol 2006; 38(1-2): p.
94-100.

10.Gong R, X. Zhang, H. Liu, Y. Sun, B. Liu, Uptake of cationic dyes from aqueous solution by
biosorption onto granular kohlrabi peel , Bioresour. Technol 2007; 98(6): p. 1319-1323.

11.Hii S.L , S.Y. Yong, C.L., Wong, Removal of rhodamine B from aqueous solution by sorption on
Turbinaria conoides (Phaeophyta), J. Appl. Phycol 2009, 21(5): p. 625-631.

12.Waranusantigul P, P. Pokethitiyook, M. Kruatrachue, E. Upatham, Kinetics of basic dye
(methylene blue) biosorption by giant duckweed (Spirodela polyrrhiza), Environ. Pollut 2003, 125(3) :
p- 385-392.

13.Liversidge R , G. Lloyd, D. Wase, C. Forster, Removal of Basic Blue 41 dye from aqueous
solution by linseed cake, Process Biochem 1997, 32(6): p. 473-477.

14.Annadurai, G, R.S. Juang, D.J. Lee, Use of cellulose-based wastes for adsorption of dyes from
aqueous solutions, J. Hazard. Mater 2002, 92(3): p. 263-274.

15.Malik P, Use of activated carbons prepared from sawdust and rice-husk for adsorption of acid
dyes: a case study of Acid Yellow 36, Dyes and Pigments 2003; 56(3): p. 239-249.

16.Aksu Z, Biosorption of reactive dyes by dried activated sludge: equilibrium and kinetic modelling,
Biochem. Eng, J. 2001; 7(1): p. 79-84.

17.Li W, “et al”, Adsorption characteristics of dyes in columns of activated carbon prepared from
paper mill sewage sludge, Chem. Eng. J. 2011; 178(0): p. 197-203.

18.Mahmoodi N.M, R. Salehi, M. Arami, H. Bahrami, Dye removal from colored textile wastewater
using chitosan in binary systems, Desalination 2011; 267(1): p. 64-72[persian].

19.Arami M., Yousefi L. N, Mahmoodi N. M , Adsorption equilibrium and kinetic studies of direct
red 80 using Orange Peel, Soy Meal Hull and Egg Shell Membrane: Comparative Study. 10™ national
congress of Iranian chemistry engineering, 24-26 Aban1384; p. 4840-4854[persian]

20.Shu H.Y, M.C. Chang, Pre-ozonation coupled with UV/H202 process for the decolorization and
mineralization of cotton dyeing effluent and synthesized CI Direct Black 22 wastewater, J. Hazard.
Mater 2005; 121(1-3): p. 127-133.

21.Mohana S, S. Shrivastava, J. Divecha, D. Madamwar, Response surface methodology for
optimization of medium for decolorization of textile dye Direct Black 22 by a novel bacterial
consortium, Bioresour, Technol 2008; 99(3): p. 562-569.


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

00 (MFAYAY Sl Jas Ol (S ke o8l aloes

22.Siva Kumar N, H. S. Woo, K. Min, Equilibrium and kinetic studies on biosorption of 2,4,6-
trichlorophenol from aqueous solutions by Acacia leucocephala bark, Colloids and Surfaces B:
Biointerfaces 2012; 94(0): p. 125-132.

23.Aliabadi M , K. Morshedzadeh, H. Soheyli, Removal of hexavalent chromium from aqueous
solution by lignocellulosic solid wastes, Int J Environ Sci Tech 2006; 3(3): p. 321-325.

24.Huang J, X. Jin, S .Deng, Phenol adsorption on an N-methylacetamide-modified hypercrosslinked
resin from aqueous solutions, Chem. Eng, J. 2012; DOI: 10.1016/j.cej.2012.03.078

25.Bayramoglu G , I. Gursel, Y. Tunali, M.Y. Arica, Biosorption of phenol and 2-chlorophenol by
Funalia trogii pellets, Bioresour, Technol 2009; 100(10): p. 2685-2691.

26.Behnamfard A , M.M. Salarirad, Equilibrium and kinetic studies on free cyanide adsorption from
aqueous solution by activated carbon, J. Hazard, Mater 2009; 170(1): p. 127-133[persian].
27.Ghanizadeh G, G. Asgari, Adsorption kinetics and isotherm of methylene blue and its removal
from aqueous solution using bone charcoal, Reac. Kinet. Mech. Cat. 2011; 102(1): p. 127-
142[persian].

28.Bansal R.C, Activated carbon adsorption, 2005: CRC press.

29.Khorramfar S, Mahmoodi N. M, Arami M, Gharanjig K, Dye Removal from Colored Textile
Wastewater Using Tamarindus Indica Hull: Adsorption Isotherm and Kinetics Study, J. color Sci.
technol 1388; 3: p. 81-88[persian]

30.Sulak M , E. Demirbas, M. Kobya, Removal of Astrazon Yellow 7GL from aqueous solutions by
adsorption onto wheat bran, Bioresour. Technol 2007; 98(13): p. 2590-2598.


http://journal.nkums.ac.ir/article-1-43-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-01-30 ]

Journal of North Khorasan University of Medical Sciences Spring 2012; 4(1):56

Original Article

Use of Orange Peel Ash for removal of Direct Black 22 Dye from
aqueous environments

Gholami H', Gholami M?, Gholizadeh AM*", Rastegar A*

'M.Sc of Environmental Health Engineering, Department of Environmental Health Engineering, School of Public
Health, Tehran University of Medical Sciences, Tehran, Iran

% Associated Professors of Environmental Health Engineering, Department of Environmental Health
Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

*M.Sc of Environmental Health Engineering, Department of Environmental Health Engineering, School of Public
Health, North Khorasan University of Medical Sciences, Bojnurd, Iran

*M.Sc of Environmental Health Engineering, Department of Environmental Health Engineering, School of Public
Health, Sabzevar university of medical sciences, Sabzevar, Iran

*Corresponding Author: North Abstract
Khorasan University of Medical Background & objectives: The treatment of textile industries
Zc:ﬁgﬁes Bojnurd, Iran wastewater due to excessive coloring matter and pollution is one
gholizadeh_eng@yahoo.com of the environmental health experts concerns. As, adsorption is
one of the effective process in colorfully wastewater treatment.
The aim of this study was surveying about introducing an
inexpensive and available adsorbent capability, orange peel ash,
in removal of Direct Black 22 Dye from aqueous environments.
Material & Methods: In this study, orange peel ash was
produced in vitro. The elimination of direct black 22 was studied
in aqueous solution in a batch system by the adsorbent.
Therefore, the effect of operational parameters such as contact
time, pH, initial concentration of soluble dye Direct Black 22 and
the adsorbent dosages were investigated. Measurements were
performed using a UV-Visible spectrophotometer at a wavelength
of 585.5 nm. Finally, adsorption isotherm and kinetic analyses
were carried out.
Results: data showed high selectivity and efficiency of orange
peel ash to rapidly remove the color from solution and
equilibrium was achieved within 90 minutes. Maximum removal
of color (95.2%) was observed at pH=2. Adsorption efficiency
was reduced with increasing initial concentration of dye solution
and decreasing the adsorbent dose. Adsorption isotherm studies
revealed the binding occurred within surface and correlated with
the Freundlich model. Kinetic models indicated a correlation
between the adsorption processes with the pseudo second kinetic
model.
Conclusion: pH affects the cell surface and on physical-chemical
reactions and adsorption sites. At low concentrations of color
soluble, adsorption sites absorbed dye more easily, but at higher
concentrations colored ions must be penetrated into the inner
Submitted: 2012 May 1 places. According to the results, the carbon obtained from
Revised: 2012 May 24 orange peel as an agricultural product, showed good
Accepted: 2012 Jun 7 performance for Direct Black 22 dye.
Keywords: sorption, Direct Black 22 dye, Orange Peel Ash
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