[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

a&h}ﬁwlﬁduwghﬁm}wm@
0|ﬁ|he>uw‘u\.e6«\9&«7_d‘

PY L0 Sl AV Jle oJslesled comey 0550
Sedd a4 O3 80 2l pw) 5
(Zizyphus Spinachristi) juw &, S
) ez 51 O Bl s
Ty 03 Lyl (mdibing ot ol e iy g Y
mdivband@gmarl.com :5s5 5 sl o585 (o poke eaSils 3lsal O e wmﬁl Ol 55 2 s o 3

SARVAL NI QYT il s

o K>

-

S St SLH Ol Sl molym Sl (Sl s oo pgo OS2 I T bt 53 05 A3 5 g il g 4
ad) g g 5 g, 5 i85 b B s il tglin g iy sl sl 3 it il il 5L

Vo) uled Oloj A5 V8 0 ¥ F) PH iils g0 (sla, 55T i b 5 gl &) 5o &0 A LT il 55 anflbo ity 0 505
e e S8 olmn 2 o S e Ve SIS s (1 500 5 Yo be DT 1) Cle ltde 5 (485 1T 40 Fe FO I 10
ool sloosls ol 5 95 SY 5 OISan 5 5o sladde ol o o agh Slacidle 50y o o (SlaStin .55 L5 )
Ul gy 2 edlis s e STY ol (sl s ] L

el Ol Al 3, gy (5506 (U010 0 313V PH 13 s s al3l conder LIS 0 UV SIPH_ 24 351 L oS 5l LS syl Anusdly
el o2 odal sy (slaosls e (Sl AL s 5 I I QDS (200l 3l e (1L s ol LB sl el
S o o 57 4 OS5 SY o T 5 OIS 5 s S Jibe Sl o ol i o O 3l 3 s (sl o
(o5 2 g i WWAY) 3 oo a0 G (05 0 im0 Y4/OP) 3 il iVl 015 o oal oo 4 pull sl s 5 oS te
by (5 057 KIPVE) (5 oo hon bl i b ity il B gdom o,S 0 050 pheo 1A (620 35 bl o b 38 o oty

Gl (GlaLors I o puio oz 3 3 il (oYU Uls7 odinsOlis ol 5

D3 S s Sy i1 o e i5eblS O

Slgal Ol e dgd o&isls oof pole edSLils (g il (iS5 5 bl 818 g gmiils )

gl O e Aged o315 (f gl 0aSTils bl ¢ 2805 5 okl (s S5 =Y

gal Ol e dged ol ls (T gl 0aSCiils ol (285 5 bl (6185 Y

ngfﬂl; Gtﬂ)éj))w f}b aK..i.Jlb c@.:..\l; CLA s ISl ngz_;.:ls s ) .la.:}u J...'Z_)\ wt.i:_)ts ‘_g}x.:...\: -¥


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

il Sldllas gy o (V) 2ol AT glaesls
S O30 O30 s 40 2SOl a5 das e OLES
Ol s 23 (3ladlad o @ 3L oo Jlad o S
il slaod VT Gl U155 55 3550 adsl 3lse 4,
Joo¥ Jl s 0 5 Wong L(A) s5ls gsb3 5 5,8
Sobd g paS b g gms Ol Sl o Sl
b dr ols Ol il 5 dsls I3 ) 355
Se (8) dbpo RIB1 eles Olas 5 23lr Ol (2l 31
5 S ki wagy 2SbE 350 sl Ol AYAY L s
SAVO Jlais o ST BC 2als Sl plsl atmyy oSt
NQEDRWRIRNWESTRL §/a
»\LS Spinachristi Zizyphus _.le ULt b ls
53 01l 53 5 U BT Jled Ol o 53 & Sl o3l 5l
9035 S 4 OB e e 5 b Ol gladke
s olS 035 U5l 5 50 e L)) S e s
Lot VT e (555 2 ol el 3l )l ps el 555
Sllas bbb i O3l a3 08 5 W5 &S ol g
SU2aSb LIS Gais opl 3 358 o0l Ciliss
Gl Sl Sla e 5 Lo Sl o 5 ke
Olos PHGsls melsl 315 3.8 513 tags 3550 oYl
AE o e 2l QLS p OBl e 5 eles
250 el 5 S gladie b Gl il cole o
S pate e e 5 235 13 s
LS,y 939

oo 3 5 Sl el p s ) adlas -l
2SSy L3 IYAY Ul 3 sl S s 4 (ARG ST
Sladloes A3 plouil Slpal Ol e Ao olK23ls O pske
A e Sk VBl 5 A e Ve e LS
53 el eslial placd slge LA gl e LIS S
HCI ;! .mﬁ@@uj@;)omsf CS i ) Gaiss
S pH B e G35 NaOH

W23 8 bl Y EY a3 doe 5 ol sles 53 Syl

oy

..... ’Ml& }' OMWQUS};U ‘j.‘)ls ar

PRV
S 3 5SS 5 o 3 Sk 53 oo A3 Sl a5 5
e sl Wy O ent & 355 e eslizal g
Gy Jams 5 Ol a5l e 5 Ll 3lse con
Glasl B 5l aS cadl Oy K Sl e 1ol
b 3l el s B 03 e jaie g fed 1S
oA Sl pae OLAL a5 b Odenk
5> I (e e 53 P 4 OIS e O S
e 4 ol 5 55508 aaS 4 aedo (55158
Sloms A= USEPA s jlaitiad ol 5 (V) 5 6l 1y Joo a5
Dl A S e /P Gelal O s o
Ol pl smino Olidss 5 5 kil avew o riomen (V) Sl
0 edd Sy i Sokeal] OF 3 1y O Sles llde
A p S e 1) s Sl T T s 1) e S e
S Sl Gl (sl il gla sy (M3 S o]
plomil s iy ol loe 5168 550 5 5mm 5 AL 5 T )
3 oA Gl olge OBl 6l kel el
Gl bl Gl ol 51 S ()l O34 S 3
SU ol Sl eslanal adal Jsline la i, (a3l 50 )
(S 3 S s 5388 il syl B 5 H 5SS 5
Wl S 25 bedoVT aiss 5 (o, Soslnl ¢ plulis
dafu ck.ﬂ (S S ol prals s w BB oy S
oD 53 50 panie Gl (i Sl 5SS oL
a o VT s 5wkl (sl il o 3L 5 6 dy S
ool Slalllas 51 .0) iy sslisal 35,5 oS 5 555 0 3l
3,5 e lEl 3 a)lee s Ol 0 Dy S aw i Ol sl
by 1y oo ol TV Jle s O 5 Sl
Ao 53 oSl Lisls 513 L33, pe skl SU Gloe )T
Cewd 4 aids WA Ol 5 pH=Y 5 o gl p G
Sheslizal b oo wdr 53 AYAA e s 65l e (F) dal
S ol s S ol 4 ol St blae S35t

9 y@%
190 gz /sl 6jlasds /pzig o)

Ul gl bazo Subilsgs ole ol sy fu ol soliiad


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

O Ked 5 Aizgss AY

CothAMBXAV )
MV, s

SN

OF) 15 5 asloes il
05 2 e e O3 oy Sy O s &S
Sl a b gl el Dl SN sl £
by o JUl o Ay 05 Jor 0 Skor e
sde Ay s U VAL sk e IS0 S
MV, s dge o IS5 80TV Y L s a8 5,58 55
el Jse g SYVIAL o8 5k e (J58350 055

<o PH (s

ol 518 Jlie ol wg PH s 5k o
Clle b5l Jyoee 2l Lo Ve yame,y VP 0550
T sl PH s S Lol 0T 40 2 0 Se Ve
WY Sode ol J S gles 3 s 5 3 S GBA L
wildS S g 4wy 3 L3 VO S by ool
el e pH oK Lw s pH (g So3lul .(V0)Lus
5. ¢t WOGTECH 52

o St sl ubes

2 sl S llie Gl S slailesl sl
sl clale b g dgbe 1) o Ve ool gl
V0 S b Sd gy 2 s by 1 e S L
asldS aids VY B0 sladby ol (gl aids js s
el 3 b 56 038 Mo 5 jms oLt 5l ey (15) 0
e AA220 Jue o3l Ol olSaws b g o 2 lale
sbadis 5 s ¢, Seslul Wzl 5 4i8 Varian oS
Losls Cio s glp 058V 5 OLKer 5 5o Sai

O eslaal

©
%ﬁ t—jp A1 le /sl oslesis /oy 08>

Ulpel buzmo Cublsgy Gole ol Glidg fu ol oolibiad

slge 5 bl g5lw osbel
Voo glos b o6 8 pdscand 5l e e S,
v LS, ks gl Ll S "‘;d:'l"” a3
5ol S Bl s P gl Lilgs 05 0,8 5l zaSle
slal 5o O3l 4 gl eslinad adds Yo Ol e
SIS e 03,8 5,5 1 ok 4 xS e s
Jeola= 3 olile 3L sl g oS 031> 5 e Yo 5 VA o lels
L) el f/AD =) 3 L Ol Olge 4 SO s
slal s Ol ag sl s S eslanal (e e +/4Y0
SIS Cll ooz 03 1 ek ot 1St il
w0l 428 cxtle (D-56070KOBLENZ) Jo
e3le) bl Aol (23 G55 Aoy T Ol 4 e 5
b Ol 3 b s Bl O3l 4 (Al b edeS J oS
o ol o3 eslinal 350 Slad IS L pd LS U slel
(Lol IS & 3l 035 Cand) 0 4 ) s b3V b i
ol S3 LB LOVY 5) ) Sl il glae 3l L
3 csle Yoo Se 4 Oled buy odds = B ol
o 395050 o Sl ks s 5 il olSas
Sy Sen oS 3 adlr il 235 s bodls
(Scanning Electron Microscopy)  iss, 5o,
Sy sk 4 eslizad LT 528 Ll VFOO Juke
S5 Glad e Oy Sls past 4 Ghlesl loms 035

.L:ﬁk&ﬁijd))ctﬂbgéu&ﬁdjb-

\A;.'JS\:.- °}.’Jch“‘L5}.S/ oyl !
ot ol B 5l il ens rhae (o Sesll sl
Fagke Voo Jels Cile Sl 08 ) s S eslind b
Soo 2 s s s plae gl e S e WIXS s
D3 Cele SO e 4 5 ards 53 50 V0 S b S
BEFIA L CRRIRCIPZUE Vil SV PR I LCIVA PSRN SOOIt S ¢
OP)s o Jglsen 3l R EAPYI I KRGS VPP ET

°5:'Jch“*'<\)4'b€‘) L}SJJQZ&};UUJ\J).[NC,M}


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

..... PS5 5 OMWQUSQU )

ol G s ealiial 3, 0 sladde dslas 1) J i

Jae

hF e dslea
q =q. [~ exp(- KD
q = K.q:t
Yoy Kt
3y
q. = kc.®
abc,
9. =
Y+ ac,

(Soew) 085 3N
(Saw) UL oo
(e S5 gdaisb

Shewe Sl eGod nl o3 eslanad )5 glade L3l
(Root Mean Square Error)les &ila s Sl Hdo
RMSE i a,a ad oslizel RY)  Soens oo
S L e by @8 e Bl il S5 S

AWY) il ol r\.‘?u.‘ Sre

/ 1 & , )
RMSE = |—Y (q,-¢.)
p-23

Cows 4 e o dbe sl odal e 4l «q,

ol bl gladd go slaas Py 2alesT 51 ekl

laasl
Lol Sl g

CBIO7) AT CIOVE) il 3 23l 53 b STl
Vsl S el s 4y B el 5 (V) 0 1T
Lo ) Geod ol 53 esliial 5 e glacdlr sl Y
s e 0Lz SEM oK
IS a ool Ll SU old a8 das e Ol O IS
b em Tl (o3 60 0ud glast IS L ls o
3l S eslizal b (528t 3 o3Il L gze (1Y)
el Cews 45 20 5L AY I Image Tool
Lo S 28t S3 ke 5 Sbd 5L ek mlaw
WAL 5 Y07 5 a5k e dr a) 51 eslinad

A e 0 S m e e

G p Sl sl b

2o S0 B Sl ol ol sla el elnil sl
B O B e
S35 2 oSN 5 s b sladde e S )
Dsjj'l‘ 5 S ladde dslas L esls a5l e osls
S bl (Bome ) Jodar 5o Guiosd (pl 3 eolinad 55
Sl oS Al Y Jgd 53 bdde oyl

}‘b\’ é.:&;u" BE) salaiul 3,90 6\#;’# 6\.&;&‘)\1 R J}.\:'-

-

iy 5 il

(mg/g) JQL’S dl}- Jé o A:).:\?.- bﬁ j.\fu qe

(mg/g)t C)Lﬁj Jé Om A:).:\?.- oéLﬁ bﬁ J‘»\aﬁ qt

(V/min) > b K
(g/mg.min) wl> s Ky

(Mg/g) dsles Bboj 55 0dd Qo 0 chle ¢,

(dag D) 3l Dl 2 B n
(day O5) Q3 Qlor K

Mg/g) ehd Ll g5 Oy por S b

(L/mg) Cder 5,0 <l a

9 y%
190 gz /sl 6jlasds /pzig o)

o¥ Ol Bumo Sl sgy oole ol indgy olke owliliad


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

O Ked 5 Aizgss AY

shahid chamran university central laboratory

mm  EHT=2000kY Si SE1  Date 20 Dec 2010 ckmf
F  wo= amm Zone Mag = Loy i

shahid chamran university central laboratory

EHT = 2000 kv Signal A= SE1  Date :20 Dec 2010 ckmf
wo= samm 2ZoneMag= 7.37 KX Pheto No. = 7638 Time 12:36:57

o i @

ok 45 8 jdhe S pS B (g e 3l g Y IS ok 43 8 e S fuS B (5560 DI g N SO
(VA+ ols S, 3) SEM o&ows baw g V¥ ol 5) SEM olius Lo g

St SWlas iz 2L ,pH

bopbes Oley bl sz epdor il B 53 e Dlalllas 5 3 PH el 2l s o dr LB Dl e
el Gy e S Dlalllas o 4 oS ol e 0> 4 e ST s Bl Ll sl sy OLES Y
Glacslr b 5 Ola3 b odr oIS Sl s ¥ S o 3550 PH 63 3dme ol sll GLS10 5 Y i pH
a3 o 0L 1y aalllae 5 4o el Usb 53 Ll o ook A B Y s (G ol 53

b o 5l el Oloj (Rl 31 L o 58 o odalin 45 46,5 0Las i3S ey S slal 0 31 VL GLpH s il
Sl 3L Sl Clr S (OBl 55 s (6l i35 10 S Olge 4 Lly o oK Cdr Dlles S S50 3
S B al Jals ol e a3 10 0l Sl sy Ko 4 Db oS spd 2 ke gSlultr s e el
ey o Sl Sl Lo PH ke 4 (s ) o8 0ble 3L sls 50 S

— - — pb(mm) —e— ph(nm)

e e I . /

ve

sy s ) i S -
£ Vil i) O i el DLy Y S Jglows <) PH U o ol a8 Ol i ¥ K2

PH=) 0 5 2 ¢85 e Vo Joms sl e 2 G p 80 il ke o 0 8 da Ve (s 30

©
%ﬁ d A1 le /sl oslesis /oy 08>

Ol gl bumo il sgy pale ozl iisg fu wole dolilind o0


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

i@ i —-— - — e

v

1 ] 3

©a5y S

S D3l Bu g O ol Stiw sladde 51 5 F JSS
(PH=0 & 2S5V il

Yo oo ) 5l ol e Bl g e sl Odl gl
03538 b 0T 51 o 5 SRl B LS 2 5 p S e
A e S ke 00 ) Bl i (L1 L 6 e s

J”L.’.L;“ wbﬁ\ Olomon Bl L;ibls

Lk —&—Pb(um) = <4=-Ph{mm)

(o 0 235 Q> Hlone

\o J_,-\:u 4.:.‘3‘ ohle) o s,a.'x,'ﬁg,;s\?,ub,;ls :VJS."&
(PH=0 2 5 p S e

oo i
.

et

©a59 S

S0 DBl B O e S gladite 510 S5
).\iﬂg,‘i:jjgf)fé?d\' 6)3‘)_5-\?&#%))&&‘5/};}.5\:-
(PH=0 (3 5 e SV il

L obes 5 50 5 08 3Y cladde 3l & 50 S
Ol e St LSL"&LU'T S Jeol= laesls
sladde (5315 5l ol mli ¥ Jodsr pomes a3

Gl gLl il ke S
bog Gy Sl Aoy Ol ke G Y S

Aas e 0L |y aodl

Gresbeest T Jao
S o580
LJAYA LATA QG
NEVST ¥V K
O, g 42
+/49AY +/444F e
YT oA"Y RMSE
L /VAA AYY Q
YESO NZa K,
8,559
L/AAVY +/A4A) R
AYIAY JOFEE RMSE

350 b ol ol St sladde sl bk Y dpisr
b S plS O3 e

Qy@%
191 Jlgs /Jsl o)lad /maiy 095

Olagl buzo Caiil gy ole ozl sy fu (ole solilad


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

O Ked 5 Aizgss AY

— eSSV e e e e iyl e

- wobe 3l gla sols

i

ﬁmg?g}&]&u A g TR W w&g{cmo.}a ren g

Y 3 = F =

MG e 18 o Jole SClle e skiged g osbe Cadild
Sk D3 B g 0 e Ol p S ol sladde 251 A S
(pH=0 c}::-‘ﬁ f;é-:ﬂ \e 6}3«)3\#;‘.&1&)

LR =) STl Jue 5l eslizal L3R <Y e
Jas a3l * <R <) STl ot 2l 5 eslinad

& PSSV e L mdads b o
3 - a3l sla sols
A
-2 3
&
3
3 ¢ J
o
-2
3' ¥ .
‘g T
3, |
Ty
=
o
E : B
- 3 ks ¥ ¥ & %

ANGA wle 18 o Jobe o 3o aniauls wrdar sole CadAlE
S0 Dl b g O 2dx p g pl gladde S5l A JSS
(pH=O c}::)ﬁ r;é.:ﬂ \o 6}3«)3\#&.&1&)
rJSJ};‘ Sladlas
o ol el gladde 25l 4 5 A Gl IS5

Tl Oeoen L e 0L adlas 3540 GABl o

ol 53 O ol WLSE Je LR = 0 81 5 sl 680k (ol 0l oals OLES ¥ Jadr s adde 551 5

& e gﬂ&ﬂ&gﬂj&ﬂju 2SR G Laosls %40 QW\cb.‘A)JLﬁdJﬁMGJ}n:&AML:J‘\S
3 SN e s e OLES oS sl /0 50 /8 S 5 son Sl S R Latld LS o ho s o 4 L

RS I P T g0 4 350 03 IS 4 SV Wales Sl eslinal B

| el ¥l

R = ™)
(1+axC,))

s S S D5 Jer 5 SU b e o sl p sl ladde la il F Jpar

Srede P et S el Jute
\/YAY VYV n
OO V/YAD k
/as +/44 R? s 5
AAYA /Y0 il
E
CAYYY RN a
¥/5VY Va/ra 5
L/avs +/44 R? &N
ARZNY AT il
E
YO /5 R,

©
%ﬁ t—jp A1 le /sl oslesis /oy 08>

Gl bumo Caiol sgs gole ozl kg fy wole swlibad ov


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

s 56 VL egs a3y Sl G (636 Ol
Ao WA O3 Joe w0 s (b5 5 e 2o YAOF)
S SL By e 2 LS 035 SV (S e
Ol 555 o0 50 1 QOAY) s e 4y ool (%04Y)
rled Ol Rl e ot i 53 5 o 50
Ol oo 48 Lilos yas Olo oo VT o= 3 1y Jghoms 5 i3l
e i R R R
L5 o Gl (V) ol a1 ol I3 56 bl
Mgy oS Lo 55 O B 5 (B) Sl iU glue T

55 o yLal () ks
FS e e D3l e IBILY S @ e s L
Sl slad 5 Al o (Rl o B 1S S
Sl gl 3 oD s Al Gl et JB ol
O3l Slie Il Bb 5l e SR s oy
seals GRIBHL b Glad s b il ) e
odal s 4 b 558 e LOSSS ode Al
o3l e Gl L oS Slaie o5 8 b G o) )
OF A sl Cillas b o il oo VT Gl 118
Sl 2L p o S g e gl O3l e ) 2
A oS ) Sl e Ll L das e 0L e
5 b SRIBl ous b Ol Ol ) e SV w
o ol Oleily Ol ks« s il L ol 51 e
Ly il il o g g 2 O3l lie Ol i (1)
Vg 53 s e jole Sl gl S s 0L
b ol ol e 2eSb e O3 ) S
Ol 53 35 st i 2 p S Y0 4 Bl Sl 53
e il L 0T 51 ey 5 358 e sdalie juolie ol
Al Sl il SIS Gl plSE el O3l
5 eVl S D5 5 el Al Ol S &S bokes
S ol L s Lol VL g dy STy s e @
S b ol Dl gl a3l id e 53 O3

L@;T 58] cla.w c.\...ﬂ@ 4.>-j.lS Sl 49 ) u;».Sb

OA

..... ’Ml& }' OMWQUS};U ‘j.‘)ls ar

& S omss
S35 b O S 6 el e, 556 5 S, pH
s sl 055 & o3l slaase pH a5 50
Sl oY alaly s s oo ol ol
3 e Oln 53 el cnl 36w by e (la e
! 53 O0F) 5,8 S5 s 350 5503 Slesl 658
e Vol LS 0 0¥ SIPH e Sl G
Sl slen LH GO ol 0l gla pH s
JUal b 5 S o culsy O3l ol s (3.8 518
oo sl il b b Ol s el O3l glacale
OA) Lp o 3 O dr LIS S2alS OF o5 w5 51
VL0 Sl aS Sose 53 PH ol o 4 Gudos nl o
Joo NS Ad el 5 s S s 58 Glal s LS e3
3 o oS i 53 Sk ks Gl Oy e
sy 3 3zl b e Gl 555 (VFAV) LS itien 5
SLEF 0¥ SIPH [l b sls plail s 2ol 50
s 1 gy s a4 &SI NUPH s 5 A58 e
Taty- law g ol fl’-”.\ adlae ((VA) 3L Al Ol
O ol 3l GLES YooY Jle s 0L Kes 5 Costodes
548l Sl PH SRl L 28 st ool SB (s
Shih & 2> ;5 (V) esl by JSlu= 4 pH =0/0 55
O3l bw g e Ode ¢l Yerddle jsDong
@) S PH LIS L & iy aom ) 4 Lol
40 5 VL gl pH 55 5 Wb o Al Gl ke O
i S (LS5 ds lads serme (o5 ISE s
U oebed Oles 30 asllas ol s (YO8 as Gl
oled Olay SRl L bk (285 13 e 50
(23 bl el sy el 5 Ce B Sl
3l 3 (gl 0 0L s b e Rl ol e
335500 W O LIS ebed 0le 2l aalllas 5 5
FO oo e ke Ol 5 kB T o (g e gl Bl 6l

lalde eles Oley Aul8l 5 odwy 5550 STUe 4y 4 s

9 y@%
190 gz /sl 6jlasds /pzig o)

Ul gl bazo Subilsgs ole ol sy fu ol soliiad


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

O Ked 5 Aizgss AY

(/OPYY a4 NEP) S e oo 4 ol (S el OB
sy OLES &S sl odly olantl s 4 |y (g VL Sl
Sy bojde musS (el O3l &Sl ol
@ Syl Aol p 5 AS el 1) 58 O 0
dain ch.w (S sS o3Il 5 AU Ylans| a8 sy e Jlas
W)’J’}%fws\&ipﬁ‘guﬁ;%i"lij

5 (Freundlich) sladde

aat TSRS
O3 oslinal 3550 (503 1S sk 4 (Langmuir) oS5V
Grepl 3l gl ¥ dpdr @ oars L (V)RS
Staar o o b SV Jie LS s S s
(RMSE=+//\Y48) xS SRMSE _J; )65, Joe i
S ooils RMSE =v/Y:0Y) Esp Jb 4 o

ol Djjj-i\ L;LAU,L"L»)'T ks f@uji slaesls

o g G5 slaon Sl Dbkl 5 AL e Jials
chle ol s Sxew SWslae 55 .(F) Al o 2als ol )3
woam s b oasde el 0L Ol b (qheds dr oo
Lol Jde 55 a aalllas 550 Gladlr gl F Jods
OLen 5 o8 Je (Js LS 0 o5 0 4 ) ol
5 RMSE=+/Ve A+ ) L i 28 (6 e 5l il sl
RMSE=+/ff£14) L 5.8 8 Jio & s (R2=1/¥444
Syl dali.l.luﬂ sleesls o sz ol R?=2/VA44
(R* =+/AA44 3 RMSE=+/"YY\ )L Jde cpl cpizean
FeS S e b o e 2 L B 00 e
Sl g b 358 o 0 dalln ¥ dsdr 4 a9 L syls H
Sl Gl Sl ol L SOk oS 0L 5 58 Jis
Cewd 4 OVAL (6 e e OBl (gl 5 YOV (6 e 5L
53 (Cde cul) 05 3V Jue el b pimmen ol

iz GOl bu g O w Ol Oldlas @L’J dns s 0] g

; o b b chls
3l &r
q(mg/g) Cy(mg/L)
Sl 56 sl T \YO 0+ (%)
oly3 6t
_ 4/0 - )
AT bl
@l T 5L
Yoo O av)
s 6
Bk r"““J.. IS >
f YF\/A O (YY)
= i Yo\ Av=Y0 (\A)
o L
S
Y Y/ Y. (Yy)
S gl ana g
AL sl YAQ Y. ()
Ko Jled sl \A - (vv)
(S0 sl ARVAR) \ e ol dxlllas
(o) pdos s> f/5v \e ol dxlllas
%ﬁ c—m_/ﬁﬁb VAl /U8l 8lesis /oy 0195
Ol gl bumo il sgy pale ozl iisg fu wole dolilind 04


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

2B bl el (Ol i dor copsllae SOL
56l DMl i e ol gl SV Jo
il b b S s e Ol i S S (g e e
S 2l Fssde (o 5 5 e S e VAAT) (g e sl
5l (o5 50 8 e XIPVY) (g0 e 3l c8 b
G e Ol 55 S350 VL Uls sdmsOlis oyl
B o Glalie 0 Jatr 5 ol T Gk
ol bug cpw ol Ollles 5 sl aslas

sl 4 S pn Cilises

e

1.Paulino AT, Santos LB, Nozaki J. Removal of Pb*,

Cu*, and Fe** from battery manufacture wastewater

by chitosan produced from silkworm chrysalides as a

low-cost adsorbent. Reactive & Functional Polymers.
2008;68(2):634-42.

2. Barakat MA. New trends in removing heavy metals
from industrial wastewater. Arabian Journal of
Chemistry. 2011;4(4):361-77.

3. Institute of Standards and Industrial Research of Iran.
Chemical specifications of drinking water. 4th ed.
Institute of Standards and Industrial Research of Iran;
1992. Report No.: ISIRI 1053 (in Persian).

4. Juang RS, Lin SH, Wang TY. Removal of metal
ions from the complexed solutions in fixed bed using
a strong-acid ion exchange resin. Chemosphere.
2003;53(10):1221-8.

5. Samadi MT, Saghi MH, Ghadiri K, Hadi M,
Beikmohammadi M. Performance of simple nano
zeolite Y and modified nano zeolite Y in phosphor
removal from aqueous solutions. Iranian Journal
of Health and Environment. 2010;3(1):27- 36 (in
Persian.)

6. Rahmani A, Zavvar Mousavi H, Fazli M. Effect of
nanostructure alumina on adsorption of heavy metals.
Desalination. 2010;253(1-3):94-100.

7. Moradi M. Experimental study on removal of heavy
metal ions from aqueous solution by poly vinyl alcohol

..... Ml& }' OMWQUS};U ‘j.‘)ls ar

el Gl 56 (YY) oyl oondS U o oo
Cowshlas axli s S Coand GSOY Jibe 3l 50 (Y W)els
Srehes 5 FU Dl Gl (Zdsp Jbe 5o N) Ll
VYAY 5 VXYY Lol ol C 5 4 i S 2SS
s oSl 93 58 6l ol s gllas sdiaslis oS !
aoder Bl Ve U eagdme 5o (6 plae hls AN

O 5 pasedl &5 adsd )5 (VF) 55 antlis sllas
Sl 86 Gl Il lau 5 o o (1 YoV L s

S el ) ) S5 s e Nl sl ol

coated Fe O, magnetic nanoparticles [Dissertation].
Isfahan: Isfahan University of Technology;( 2009 in
Persian.)

8. Ghanizadeh Gh, Asgari G. Removal of methylene blue
dye from synthetic wastewater with bone char. Iranian
Journal of Health and Environment. 2009;2(2):104-
13(in Persian.)

9. Wong KK, Lee CK, Low KS, Haron MJ. Removal
of Cu and Pb by tartaric acid modifiedrice husk from
aqueous solution. Chemospher. 2003;50(1):23-8.

10. Mohri E. Reduction of irrigation water EC using
nano particles in porous media of sand filter in
trickling irrigation system [Dissertation]. Isfahan:
Isfahan University of Technology; 2008( in Persian.)

11. Gharib Naseri MK. Effect of hydroacoholic
zizyphus spina christi leaf extract on perfused frog
heart contractility and frequency. Journal of Kashan
University of Medical Sciences (FEYZ). 2003;7(2):1-7
(in Persian.)

12. Abedi- Koupai J, Eslamian SS, Gohari SA,
Khodadadi R. Evaluation of mechanical properties of
water conveyance concrete canals incorporating nano
pozzolan of wheat ash sheath. Journal of Science and
Technology of agriculture and Natural Resources,
Water and Soil Science. 2011;14(54):39-52 (in
Persian.)

13. Afkhami A, Saber-Tehrani M, Bagheri H.

Simultaneous removal of heavy-metal ions in

9 y@%
190 gz /sl 6jlasds /pzig o)

Ul gl bazo Subilsgs ole ol sy fu ol soliiad


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

O Ked 5 Aizgss AY

wastewater samples using nano-alumina modified with
2,4-dinitrophenylhydrazine. Journal of Hazardous
Materials. 2010;181(1-3):836—44.

14. Kaewprasit C, Hequet E, Abidi N, Gourlot JP.
Application of methylene blue adsorption to cotton
fiber specific surface area measurement: Part I.
Methodology. Journal of Cotton Science. 1998;2:164—
73.

15. Shamohammadi Z, Moazed H, Jaafarzadeh N,
Haghighat Jou P. Removal of low concentrations
of cadmium from water using improved rice husk.
Journal of Water & Wastewater. 2008;67(3):27-33(in
Persian.)

16. Kumar U, Bandyopadhyay M. Sorption of cadmium
from aqueous solution using pretreated rice husk.
Bioresource Technology. 2006;97(1):104-9.

17. Gimbert F, Morin-Crini N, Renault F, Badot
PM, Crini G. Adsorption isotherm models for dye
removal by cationized starch-based material in a
single component system: Error analysis. Journal of
Hazardous Materials. 2008;157(1):34-46.

18. Mehrasbi MR, Farahmand kia Z. Heavy metal
removal from aqueous solution by adsorption on
modified banana shell. Iranian Journal of Health and
Environment. 2008;1(1):57-66(in Persian.)

19. Taty-Costodes VC, Fauduet H, Porte C, Delacroix
A. Removal of Cd(II) and Pb(Il) ions from
aqueous solutions by adsorption onto sawdust of
pinus sylvestris. Journal of Hazardous Materials.
2003;105(1-3):121-42.

20. Huang SH, Chen DH. Rapid removal of heavy
metal cations and anions from aqueous solutions by
anamino-functionalized magnetic nano-adsorbent.
Journal of Hazardous Materials. 2009;163(1):174-9.

21. Samadi MT, Nourozi R, Azizian S, Dadbabn
Shahamat Y, Zarabi M. Servey impact of activated
alumina in fluoride concentration peresent in water and
appointment adsorption isotherm and kinetic Iranian
Journal of Health and Environment. 2009;2(3):224-
31(in Persian.)

22. Zhang D, Zhang CL, Zhou P. Preparation of porous

nano-calcium titanate microspheres and its adsorption

©
%ﬁ t—jp A1 le /sl oslesis /oy 08>

Ulpel buzmo Cublsgy Gole ol Glidg fu ol oolibiad

4

behavior for heavy metal ion in water. Journal of
Hazardous Materials. 2011;168(2-3):971-7.
23. Ahmaruzzaman M. A review on the utilization of

fly ash. Progress in Energy and Combustion Science.
2010;36(3):327-63.


https://journals.tums.ac.ir/ijhe/article-1-38-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

Iran. J. Health & Environ., 2012, Vol.5 , No.1

Investigation of Nano Particles Efficiency Prepared from Cedar Fly
Ash (Zizyphus Spinachristi) for Lead (Pb*?) Removal from Aqueous
Solution

*Laleh Divband!, Majid Behzad', Saeced Boroomand nasab!, Sara Divband?
"Department of Environmental Health 'Department of Irrigation and Drainage, Faculty of Water Science,
Shahid Chamran University, Ahvaz, Iran
“Department of Environment, Faculty of Fisheries and Environment, Agricultural Sciences and Natural Resources University,
Gorgan, Iran

Received: 22 October 2011 Accepted: 14 December 2011

ABSTRACT

Background and Objectives: Existence of Heavy metals in water resources is one of the most important
environmental problems in many countries. These metals have dangerous effects on human health. The
purpose of this study is to investigate and compare lead removal by nanometer and millimeter absorbents of
Zizyphus Spinachristi fly ash.

Materials and Methods: This study was non-continuous experiment which was implemented under laboratory
conditions with and by changing effective factors such as pH (3, 4, 5, 6, 7, 8), contact time (5, 10, 15, 30, 45,
60, 90, 120 minutes) and adsorbent concentration (1, 2, 5, 10, 20 and 50 mg/ L). The data was fitted based
on four models including Ho et al, Lagergern, Lungmuir and Freundlich which the first two models used for
absorption kinetic and the latter two considered as absorption isotherm.

Results: The Result of this study showed that as the pH increases from 3 to 5 adsorption efficiency increased as
well. Furthermore, when pH was over 5, the metal ions settled down. With increasing contact time, adsorption
efficiency increased as well. With increasing the amount of nanometer as an adsorbent, removal efficiency
increased and then decreased. Also the adsorption process followed precisely Ho et al kinetic and Langmuir
isotherm, for both absorbents.

Conclusion: Based on the obtained results, specific area of the nano particles was more than

millimeter particles (29.56 m2/g & 17.80 m2/g), therefore adsorption capacity of nano absorbent was four
times more than adsorption capacity of millimeter (19.93 mg/g & 17.80 mgr/g). Furthermore, the findings
concluded high capability of nano particles towards Sorption of lead ions (Pb) from aqueous solutions.
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