[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

L o3ub ZMol 9 b YW dlwgy dluwg &3 T Sl (590 DI (5039 July (SSaiums () 32
SO Sl

T okas S cpUIdeS S8 M agls ol deal el sdermedds 3 s0mue L resl i ¢ comslB (G A

Unl Ol g A (S oo s (il 0 a8ty cdae Sy wdiga 03 S L)
Ol bl e Sy ke oSty e Sty g 05 5 Y
Ul D6 Ol (S psbe odils (bllg odSCils dasms Sl udigo 035 T
Ul QB S DldS (S ple ozl il Cisles dases Codlig wdige oy S E
Ozl Ol s Olasly (Ko o 5le M zils daes odlig wlige oy S 0
Ol i Gl S (S ke olKls dasms ol Sliios S0 1
WAB/F/Y tbpadg &l ¢ APAD/V/FY rallio cadlys a)ls

od.hS%

Lo sad uly slachile jo Lol s s g0 o gouns Gl (5l (g5 sealic S (S Glsie 4 o5l i Sua g diue)
Ol 3 Buaa cnl ol sl Baa Bk 4wl S s e Gledl (gl bl oIS el (Susslal OT plis 5
b OF 3 (555 Bia 50 SLLL0 wld b swd sl 5 paads b s gy (28 a2 GadsS

PH wisle 5550 (slas 5180 51033 b 5 iasnls o) pum 0 9 (28Le )T = a5a5 dalllas 5 3833 Gl o 3 (B9,
(D 59 p S BN )odla Hlate 5 (S 5o p S he Vor BV )i sl wlile (4885 VA- B 0)pula Gles (V B Y)
dod 5 ol g s ooSe Il ol Gda o8y Bl suliied b gy, cdale o S oy e sbie T il e Ve Lo
it suliieal Lassls Juda3 5 033 sl ANOVA 5T 51 s Gad e Cia

o o8l wala (I8l Bha plhse (s, sl able (BalS S PH 5 Gila S0 el Gle) Gl L ladisl
gl el ey AN 578NV L ol 05 4 sud sl 5 ane Db iy (5100 2da Oliee g bl
ANOVA 50UT als L (55 cmaass QIS g9 a0 Sl 51 s Sl 5 59 g5 52 0aSY Juo 5l Qs
(P<+ /- 0)aiiily Bia w50 e 5o g g5 JB S0 LA it colad oS uly Ll

Olse 4 Wl e ut PMlual M s sy Lo semde I s gy 4S5 53 Sl ) 5 o0 i Gulial s (5 S il
S 158 soliial whse T sladslae Bl s s Bia o clie 5 ol G5, Qs S

Cla Slsnes coda 053550 (g0 (I G gy 50l G839

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

Ol i Olis S (S sl o205 camee oty Sl S 0 ¥
Ol O O (S psle ol (dligy saSails cases gy wdige oS
E-mail: kamal karimyan@gmail.com +4)A-YVAVYOA : il


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

S50 ,0 el b oudh £3ol 5 IO die gy ddac g oo 51 59y Bl (005 95309 (Saaiacu gy g3

Sl A e K Sl Gl sl s
Siosles Slul; clﬂ-w Soo JeSoods 5 S S
e ls S Dl sl g 4 ok oSS e
Sel el S 4 DIl Gl bt - S L
ol e b Wl e s e e e 5
Gl Aoy OLKes 5 Wang s sLs |, ol
L oodd ool 5 ol S oS (gabows 40 1, (VD) 50005
o8 L ys Bl Ao yn 5 Lol J1E ) 350 Jele
S L eds Aol (K Al b odd 2l ol
5 S kel boeld SOl el bedd S
W C00/ACO0/E EAMN VYA s 5w (b S 5y
e Sl 0LKaa s Marshal . s 51 s 4 AS/S
G S kel bedd SOl Gl @y gl @
Osd 5 T Lol e Gl Lol s g0 4y o 5
VAY OV i kol S b s plal 1) dnd
o,Kan 5 Wafwoyo bl s 4 VA1 mmol/g
Al Lot Sl (peanut shell) joos elsb oy
IS5 e penlS Bl gl 1) S e 5 S e
S Loy amd ool 4 5 by I3 ) 350 s s
3 e S Al Lol ol s plal Sy
A 1 K85 oo pseedlS St el Lol A
4 ppeslS o OLKes 5 Romas s . i
5SS e Aol Lol Mol 5 b b O sl
b S dap g s Lol LS s e ) SO
S Sl S Aol 5 S el a5 p eSOl
ol ol i s VUA ST el
b sas 8 G w55 03,28 Slidsd pde w5 L
Sl s b Gl el 5 Gda (I ay
Lokl ol 5 ek IO ate gy LIS Oley 58 50 IO

08 ¢ AYA0 july ) o jladh alen Jleu cdasas Cudilags saudigs dlas

Ao i
Slaans 5> oS DB abs bt 4 O mle Sa)1
NOW R O]  RUCTRE PR Sy e
51 035 Sl S 358 BB (5 pobe (S S5l

U Y/0 Losass O35kt LYY I S5

5B SG Ol 4 sy S ABLAY B LT VL )
Slsgrse Gl Sospe e S G olie s S
(TLV)wlal jlme a5l 85 bl 358 0 a5 L o
Ol Sl 258 by ol Ol 53 1) 53 p S b 7 S
Sgam 33 Caens gl S ASL o e OLLS 5 DUl
S V- E - RU PR YU
531 S Kl s Lames Olasla 3550 2 sl
b 0Ll lp Blg e S K Sl L6 Y el
(Metal (g5l jlw O sl o3ls 3 5L o 31 (S
Soo P male ol sl s fume fever)
Sl O 55 sy o Jler g Olosle Al e
e sl pss Tl S S5 A ps e S 0
S 3yl 3y ol Gls Joloes 5l K S5 Gd (gl 5
(bt bl b OslienST e bt gy 3l A5 Le
(ot A ahal (05l 2003 Sl (G o 500
2app 035 OLS s 4 alid S5 5 e Sae s
O3l gl il ) eslinal ¢ plasd o) Oel 3525 40
oot D G gla i) Sl S Olse 4 Sl
IS e e an J s slaysiS
303 Slol s )8 K Sl Gl Aol b s 45 (g0l g
sy 5 s s oS @ o8 Jhe (65,5LES W5 sl s
LS 58S g o)) S5 Ly S WL
Masbe S s Seier e bl T Lol
5 Oopledine ey Sny bl ow gislis Sl

oS sbailr Olse 4 Kil5 e oS S50 055 s


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

Oylsan g corul (sage ariu

VAN E Y g el ol pH 5 esls Jll
L ol Sl el o w0 ) il 5; Y e 5 ekl
L S ) 2 csle 1A Ss 6 5 b )l iSn LS
Ol (G o 3 day 5 oonls 13 alds 3 e WYY o
Sl Bl 3l o bl Slgme ol PH (G5 0L
S il pHgpe aladi 43 5 il 3 e pH I ool
o 26 PH 2 oo pH Wyl sl Sl o)

A
oo 4 andlae cpliate sl O 5y Ode Sl bl
A3 S el ARLT Il s el s o
PH (oles 0l Jels coder 5 sn sla it 0 s
Sooadsl Shale b e g cllE 5 OBl s (J o
S PH Jlcad os e S Je V0r BV aallas ol s
sV & A o M N0 0 s Oy ¥ B Y ef.f
Yoo s 5; NG ) e xS s Ol s s 4dds VA
el gl s bl A Ol 4 a5 L e
A3 S eslizel NaOH L HCI Jb 5 & J s 5l pH
slee 3l Gds Gk S B )5 s sl chls
el Sl a8 A e S ke Ve
S ool 5 pH asls 03l i b ang PH il olisle ]
(s hale 5 Ol 5o (wlad Obey) s paze ple 2l
b b s olinlesl g PH ns 51 o s S
o Bl B8 s b el il S
plowil ke G O3> i 5 ot Slasbasl 5l ekl s
i Chle b €sed 1) e Ve bl s s S
53 e O3l i 5 pasie PH L s, Jshome S
Vo oode 3 adds 3 550 Wi b Sl (g » ks oo
sl 5l 3 oluldr Gl s A 03 o 4 Al
S e s S eslil 0y S +/80 Al a3 L Sls
5okl ¥ ossd 4 s el baw i Jle PH (il
PerkinElmer AAS Ju ) ol Gl o&as Ly

2 A Jelse S ol ol sy Gl s SLLLL Al
oole Jliie 5 IS0 chle (wles Oby PH bls a0l
5 e ssnl o s Batch) wpol Consy > 3l

Al e ol Sz

Ly 9 Slgo

oslaiwl 3) g0 S g

ijdl.:a Vorr oy olulal b (gslsesl andlae cpl 5o
3 e S goden el Dl S IS el ) s
A oslizel LT S o oS L5 el SOLLLL Al
o3l (53l eabel

e 35 4 (ol Ol g 5B w55k
Uy i AT S L g 5 s ol Sl stz
g o Ao i ke /0 4 OB el A
33 5 Ad elkd ey ol L Sy JLE 5 58 Gl
Sz Cola T8 Sle & gk 53 00 Sl > 4 s
Sl ke b slws s eslinal 5l L3 6 lacilr s 8
oS S il Pl gl s IS Sy
5 bt Vo VY SOLLLE el ) e VL DL aie
St o) ald K Sde 4 g a3 00 sles o
Qe los 53 adds Ar Sde ol SKit Blge s o5 S
Gl (gl e 503 LS g8 s 55 g 4
Ak Yor Ll ey o8 a Lol L0 A
2350 wld G Do @ on OLL o A aned 00 0 <l
oy Jus Kis ol Slee a wﬁ.wl.., a5 00 gles

Vo .
R VoY

szpc&::’J
ke 00 Gie JL 4k 5> pH) pHype s 5

V¥4 Gaals ) o jladdi a ylgn Jlow clasae cudilags ouniga ddas ¢ P


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

S50 ,0 el b oudh £3ol 5 IO die gy ddac g oo 51 59y Bl (005 95309 (Saaiacu gy g3

Aol SlsT il Gl T e ol e sk
@ YO N (g, il slackle 51 L Ve e
PH o5 5wy ol 5o 15 (ad s p S e Vor 51 0e Vo
Lol 5 G a il 5 /T ke 5 s g
by 3w wled Oy e j3 S 5,y o wlal
o oK 5l eslinal b pa agy wled Olej OLL L3 S
23 e sl 4 by SVsles 3 S (5,8 o3lll

el ol 0nls OLES N J_},\}

ol sbepianl 4 by Vsl ) JgSa

Ce 1 ; : —
2:  kiam + - Ce Vs eSSy
1 1 11 —
= e— ——— Y . K

dm  kI9m Cede &4 J':“'{N

1, g¢ _ i )
_(k_l) C_a s = Gm \ Cf f:‘&;y
z_i :kl-qt—r_s'kl.qe § C)‘ J:&J.y
Logg. = 1/n log Ce + log i
K
qe =B In (k) +BiIn S
(Ce) N

R P T PR RN g S KEAY N PR g
i ol Bl clle Ce o 8 205 e o
S 03 0 S he e ol Sl e il s GaS
N5 Kp eV b Ko e w8 b eaias 0L m
5 ode @55 Sl snasolis Ki o sls ool

JTVAEL e ol sles saasolis by s Bi=RT/by
L ciles gls Oloy o ol Ol codr St Slallas

LM CJL&.ALA)T Cl;e_s\ d\j e gfd)b'; O P08

P& AYA0 Sul ) o ladh alen Jla s Cudilags audige dlas

ples S el S5 4 Y s S g Seslil (100
YY BV oles easdoue 53 5 dasme gles s oLl
s Sl bl e pls s S el e sed 4
Sl il e s s Jlenl glallet & 03
s bl Dop anr 4 ar s bR ) ladi sl sl
Sl b e wges O OBl e gl Slilesl 1SS
Soekel ety laesls adS ol olilesl el
Lesls s 5 420 gl p <t/r0 L ANOVA LT
LA o3l
Lol g,y sl eslinal b Sl Obeily 5 Sl Ol e 2alg o
ol o b ge Ol R Lty cpl 5o s s 5
sl chle Co odlr 05 a bl 4 p S ke o
T Ol s s ke Ce 1) s C;JL" e S
VoS cmn 3 e r Msd s 6 S e o
AL ) ey g e
R=(Co-Ce) x 100/ Co (V) dail,
Qe=(Co-Ce) x V/M (Y) abayl,

Sy S 9 p SR e
oo D3l I 25l Vsl ol a5
Ob el sl w5 el 5B g el pd s
oSl 5 g (g8 8) S el s de
S dr gl i 2 5eSY el el el eslinud
sl IS5 5l Y S wrsnl g5 ol 53 el e oY
Slas (3l C).\G.w el 53 5 Ol Gl el > esle
PRl SIS e e iy 5 0SS ol 5
Sau 35 se Ghle 35d o (B3 mIN S e 3 sl
Sole Sl Dl s CH S Ol e sl
TC SOV O [ BN S NSV I [P WEJE TR
s o 5 O3l S hlie I s @i gl S

e iS50 dan gl e gl LY 3 jls oa g5


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

Oylsan g corul (sage ariu

oasia Vs sed 53 Sgysbolks 0 B Y SIpH alI L
LY 5ol 5 anb I s gl ol Dol (ol
S Sosb a sd e oS dr 5 0LV E O ek 0
pH PRSI RN L P CISTRS S LI PR M
@ ol Ol Lol ol 035 TV 5 LOA CS 5 4 0 s
g edd ol 5 meb I wy gl oS 2 S e Gl
STl g O3l 08 53 0 S e YO 5 YA L S
Sl Las sl olas (P<e/v0) (ools pme ssb 4 aesls
g S Sy Bl Aoy il Ol PH 015 S
LYYV 5 L YNA G5 4 edd SOl 5 b L

Al o

e Ve Ll S K s s ol 1 A sl
AE Lol ) s 8 e 00 chle b ogsy Bl
Ve ol o 0 Oboy b 3l da s S wlsl Ll
Slo 5l a5 il S 5 5l sk 435 VA
3 Gl o A el a3l Ol o w55 (g5l
Syb'}gblSpso.-)sggblSJﬂAa-)sh;(::::.:wdudvu

el ol onlai! LS‘ 0)5 O

la axsl

pH I

80

s Hladil

30 -

20 F
10 -

(]
w
=y
w

40

-,
j'. —— 1
115 E ‘\
=~ ==l
1 10
15
0

0 ppm g, bl 2J s pf\ Ol e (a3 Y2 0be)) o, ode g Gd> Ol » PH I A )I.),.o.'»

12

PH “3i

0 Mol 5 b S 55 53 gy 3550 Bl (51 o b 4k s PH s 1Y )l D903

VY40 Jals ) o jlach a,lgn o clasas Cucdlags owdige dlas 4 PY


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

S50 ,0 el b oudh £3ol 5 IO die gy ddac g oo 51 59y Bl (005 95309 (Saaiacu gy g3

Pl e 1
VALY wsls s edd Sl g el O a Sl
S sboles ol odal Yolspas 55 g Vv o oS
Thol 5 b P sy Gl s 05 e e
ooy Ao 3 QA 5 AY 6 Lo s VA Y Sl LS 5w el
I sy sl 3lr 0,5 8 Sl 4 sy e i Ul
C;)%;JL:AW/\,‘\/Y s aeds Pl 5 b
p<:/+0 L ANOVA JUT .ol odewy V1 5 V/0
Ol 1y Gl Ao s b O3l Slade Aul58) U5 Hlsline
L Ogme S5 Sl eslizel b L esls 5JUT cpioeen das s
oS N SRl LS sl DL gl pae ssb 4 lde
5 e Db aes Gl oy Bl Ol (O3 Sluie

Al GRIBLVE 5TV 5 e el 3ol

ol Ol Sl
Ol 4id3 VYo B uled Olog Lol ol b sls Olas Slaglesl
Gl Ol 4235 VY Sl e SaL SRl g, Sl
orled Oles Olge a4 s T Ol cplply s 8 2l
P<e/v0) g ls gms ssb a0 baosls 5JUT s Sl wuge
Ol by pelad Oloy dly SO Rl b oS sl OLas
LAY 5 L0 S ekl Pl 5 b WS 6l

Al SRl

S ks S
Sy s ijdl.:a\m GV awls 5y gy, chale [
clle il b Gds Ol doys (23S S5 o) s
R o3l 0 8 e sl 4 e o B Ll el (o,
S s ol P/ 0) s ls sime 55b 4 aals LT bl o
b oS (gl Bl Ol (s, ke sl SO R0l L

.,\JL“L;A ﬁls JAYAR _5'/- /YY s 5w ol CﬁLﬁ| 9

100
80
3 60
1

e |

'-4 40

20

0
0.1 0.2 0.3

0.4

{-/100 cc) i jidia

10
8
__rl..u.'b il 5
6 -
—— el il
4 E, — T s
— ) el
2
0
0.5 0.6

(' ppm 5y, chle @ids V\Yr les 0l PH=0) 55, il 5 Bd Ol 5 3l Hlie 1Y HlSgad

LSJJ:‘..Y Cfﬁ)&‘y ijfi‘)‘ IS CMUJ'.:LJ)L
&S s

A

VY0 Jals ) ojlac aylga Jhos ¢ lassns Caslilags sentige dlas

A Sl e
Jsdz) Lap 55 [P CONUT N O U R

S 52 .la.wj; S ukéuﬁm@u\f@ c(Ye)Lw.i':


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

Oylsan g corul (sage ariu

o FOlol 5 b I a0 2 S0 o p sl b die (Kies ol s 5 b bl Y J9da

oo 3o b propl pelsy  pispl €y
-134 <13A4 R’ Fedai
XY \IY n
Y/¥ \YY K¢
SLYN; -/AYY R’ VEgi p gy

CIAN= Y <IAF= /YO R,

YA/FY Y10 .

AY¥ AL ke

-/334 -/334 R’ Y 9 poesy
VY=Y A CIAS= Y R,

VIO OAIYA .

oo AT ke

LN <IAR) R’ Y gy eSSy
“IVa- )Y CIAS= Y R,

£OID) OFIVY .

AoV AT ke

LN <IAR) R’ F oo pgesy

VA=) CIAA-+IYE R,

$aY SYIAF .
{2 [y ke
-¥ -1V R’ Swd
A4 a/ov Bl
YIYY YIVY k,

LSJJ.‘.‘._ u:lS (a_}.) 4}))%)\ LJJYLM%J.«&

&S e

L3 z-

C.?ejb Q\yg;c elSJlAL;)}L&S "’\ib J‘)ﬁ Lﬁiw CBLAL
by Wlgoe ol ol sl GRSl Ol

S) BN U RPN LT W UR W WK PSR IO Ny W E g

Sy S s

wLw‘ Bs LC.~.~| Y Wod e.)\.) QL;u VJ)& DL 45 d)}bdw

Sl 8 35 e U (St il
Goarg boedd Slol 5 b L oay bu g o)

V¥4 Gaals ) o jladdi a ylgn Jlow closae cudilags ousige ddas ¢ FY


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

S50 ,0 el b oudh £3ol 5 IO die gy ddac g oo 51 59y Bl (005 95309 (Saaiacu gy g3

LI e L 83 51 VL PH s o8 ol e ok
e U8 Sl s s e b B
ol I gy 1 o n S bl e I
oo A8 Sl W 4 des e £, I NUPH s e
o ol sl S ol b PH s 5 58 coals
OLlily 5 258 a0 il o 4l e L bl
o>« pHzpe 51 VL s pH s bl el o5 Gl
e e Sl ke L L (SOl S (6550
PH ome Jle (51530 L s een 4 50 3
Sl s sy b gle pH s 50z Ol
oS Sl Ol S e ey S slad sl
Gl g S Sladlas s 0L 5 Nalya 55
S DB gl ane pH Wl el o)l S by )
L5l Cille Lol asllas L oaS 2,50 s & 0
Pl bbb glalg 2 el eles Oles 18
el B s pde i Sl SR 5 s VL
woder Jit slaliad 035 VU s 4 odr b bl B
0 cdr Lol ules Oy (Rl Lo Ll esss YL
3355 ol e s asl Al (s Gl e
Sl e o Ol ss e 4 s S Ol e ol Bl
adlas cpl 5o sy adyl s 6 e n L0, e
Soy bl 1L Gl ds s Olie S AS el
S e Ol bl kBl 8l ol apd e oS
Ol S obe 4 3l s 0k sl clils ol
Tl s Sl s ol e gls sl s oS
Glom 2y Ul e ol oS Jshos (5515 00 40 dr e

Ol Cdor T3 O3l e 1 el

PO & AYA0 july ) o ladh alen Jlu s Cudilags suusige dlas

Aol SBLE dnd (S ad el (S IS e
el (55 ) T OS5 5 (SIS 55 ol oS
S i edalie ol G s ad bl (a5l B
& oo o Mol IO a5 (555 S Ol
ol s 4 Yzl 8l il Ll P ey
S50 bl a3 W ates 3 S5 S 058
Tyls Slyan ONg adlllas L S 635 LG A
ol Gl oS Gabws 4 e odr OLISes 5 Zho
S b s sl I E s e L K e Al Ll
Mg 5 o by edd Plol 5 ol Gl oS
wmS ol a s Ll s 5T Cs 4 EAAY mg/g 5 £Y/A
Aol a5 6lS @ 0l LS SdanS 5 S 05 5 oS Lo
bled a3 5 edd O3 e L Rl el S
PO G LS 5 e i 558 Gla 05 ol
(sl ol yaseia Y l3gad 53 45 sb0len . sl Ciillas
B 1 NGWIPERVIPY ) s [RVIL Py L RNE RESU P
OF Lial33l 5 Jaes PH &l 1ois &5 s o 0L andllas -]
ool 5 ek O3 55 8 b gy Bl 0 LY
o 0TSl ey 5 23,8 e Sl Ol I sy st
Joles pH 55 das o 0LES b o)y 2 AS o S g5
by 3wl 55 3z 5e (S0 glasl pHape L
b PHzpe 51 5 ol s Y0 pH s Ll esy dsls
oS a bl e s sl (S
Lilpdoen 4 Ll il ) € Cl Cle b e D
Cos 1y Gl Oledly Gl sy ge 0tV SeslS L Sl
oS &l PHzpe andllas ol sl il 5 das o ol 3 30

ol el s £ YA S A LSS el Pl 5


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

Oylsan g corul (sage ariu

aglie Lol oo Stie 2Ll (ST e e
an Olf o Yot 3 St o (Sed ol
53w S Sl ol Dol Cnd Ol &S 23 S

NGV R St
R b AL Sxiw 5
+/890 +/474 R’ Jsl 4
VT /+Y4 K, s
WYY W e
+/444 +/444 R’ STRES
OR L VR ¢ K, LY
% ¥ Qe
JAOA VAN R’ 03 e 348
Yo/eY VWAA ki !
LAYV NERVS R’ &
Veles V¢/04 a
Y /YY JYAY b

ol du%@;@y;u,:abg Ydod>

ol FOlol 5 b I sy 55 2 S

S dges St Ul Sasn sbeasl 4 gL
Sl Sl Gy cde gl el el I sy Olakl
sk ol IS w5 V) sl 3w L2
S ol ol edias GLE &S Wl cwds T QA spa>
Sl Ll T el ZMol IS8 Lo pasen I 4y

Al ol lad sk 51 g5y B sl el

Spd e 3L 5 Bl Aoy O3l Hlde il L aS sls
Llg o oS O3lr Sy oder Jlad slaculu slaws |5
G0 e Ll b e SRl oS 15 gay skl s
P Sk e ) Sl e Al s eld Dl
S sl bl EalS Xy ol e e (S
e SR L Sl s ol e pll e gl
Jos 53 Ll g S ol glacsle 5l ool ol (sl
S35 SO sy Slad 035 25dms Lo 4 las 05,0 Sl
S ol psnl Tl wale LT Sse wy
Wl Cdr b e ~Lb s e gla 58U
S bl S bl H5SE S Olss o)l e
xS bl e Sl D me 03500 g 5 O3
e Ol o Yoolod Jodr 53 0l &y Sten ol 0
Thol 5 b DL ey oy gy Cdx &S Re
SR S e S 22 p 2eSSY Sl e Sl el
ot Sl olr SVl 53 S e slajlly
Ao Dok 2 ls 38 ol 0358 L o ol
dolee 3l &8 Wil RE=1/ (14KiCo) g3l 556
ol VT Gl Jal s stias OLES 5 T o ol 1 500N
o 30l 3L ) 5 S0 R ST el Gl mlane
it ol Wl S L R ST Ol 005 el
R S1 s w8 b e oo ail o b 4 R S
3 il e e o eiasils il S b o
Rl 586 i Sl @ a5 b ol G
ool edias Ol el Cws w0 ) B o O3l 53 e
@il o ol I ain g 55 2 Sy ol S

2 S Bl aase s GBIl 4 Bl s sl

V¥4 Gaals ) o jladdi a ylgn Jlow closas cudilags cusige dlas ¢ PP


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

10.

Y e

S50 ,0 el b oudh £3ol 5 IO die gy ddac g oo 51 59y Bl (005 95309 (Saaiacu gy g3

Dada AO, Ojediran J O, Olalekan AP. Sorption of
Pb 2 + from Aqueous Solution unto Modified Rice
Husk: Isotherms Studies. Adv Phys Org Chem

2013;2013: 1-6.

Duffus JH. "Heavy metal" a meaningless term?.
Pure Appl Chem 2002; 74: 793-807 .

Bhattacharya AK MS, Das SK. Adsorption of Zn
(II) from aqueous solution by using different

adsorbents. Chem Eng J 2006; 123(1): 43-51.

Cesur H BN. Zinc removal from aqueous solution
using an industrial by-product phosphogypsum.

Chem Eng J 2007; 131(1): 203-8 .

Salim R A-SM, Abu-Shqair I, Braik H. Removal
Of Zinc From Aqueous Solutions By Dry Plant

Leaves. J Inst Chem 2003; 81: 236-42.

Sud D MG, Kaur MP. Agricultural waste material
as potential adsorbent for sequestering heavy metal
ions from aqueous solutions A review. Bioresour

Technol 2008; 99(14): 6017-27 .

Mousa WM S8, El-Bialy AB, Shier HA. Removal
of some Heavy Metals from Aqueous Solution
Using Rice Straw. J Appl Polym Sci 2013; 9(3):

1696-701 .
Sciban M KD, Prodanovic J. Potential Of Agro-

Based Waste Materials As Adsorbents Of Heavy
Metal Ions From Water. Rep Sustain 2013; 12:

325-9.
Pehlivan E AT, Parlayici S. Modified barley straw

as a potential biosorbent for removal of copper ions
from aqueous solution. Food Chem 2012; 135:

2229-34.
Johnson A JN, Joshi H, Prasad S. Agricultural and

agro-processing wastes as low cost adsorbents for
metal removal from wastewater: A review. J Sci

VY0 Jals ) ojlac aylga Jhos ¢ lassns Caslilags sentige dlas

11.

12.

13.

14.

15.

16.

17.

18.

19.

w‘lé)ﬂ, :-‘---

Siils Dlidows S0 5 sl 5 Slides Ciglee
ol Ol G s ool ol b a BL (S5 e sle
2 ASLENs Laee Sl pwdige 055 Sl romen 5 G
5 asls ) S JLS (b Sy psle o2l Ko

'”de‘ EEPRt

(':-‘U"

Ind Res 2008; 67: 647-58.

Wang X XL, Tan K, Zheng W. Studies on
adsorption of uranium (VI) from aqueous solution
by wheat straw. Environ Prog Sustain Energy 2012;

31(4): 566-576.

Marshall WE CA, Wartelle LH, McAloon A.
Optimization and estimated production cost of a
citric acid-modified soybean hull ion exchanger.

Ind Crop Prod 2001; 14(3): 191-9.

Wafwoyo W SC, Marshall WE. Utilization of
peanut shells as adsorbents for selected metals. J

Chem Technol Biotechnol 1999; 74(11): 1117-21.

Ramos RL JLAB IAR. Adsorption of
cadmium(Il) from aqueous solution on natural

and oxidized corncob. Puri Technol 2005; 4: 41-9 .

Gao H LY, Zeng G, Xu W, Li T, Xia W.
Characterization of Cr (VI) removal from aqueous
solutions by a surplus agricultural waste--Rice

straw. J Hazard Mater 2008; 150(2): 446-52 .

Hasan S RD, Talat M. Water hyacinth biomath for
the biosorption of hexavalent chromium
:optimization of process parameters. Bioresour

Technol 2010; 5(2): 563-75 .

Mahmoud DK SM, Karim WAWA. Langmuir
model application on solid-liquid adsorption using
agricultural wastes: Environmental application

review. J Pur Uti Environ 2012; 1(4): 200-29.

Tian Y WM, Lin X, Huang P, Huang Y. Synthesis
of magnetic wheat straw for arsenic adsorption. J

Hazard Mater 2012; 193: 10-6.

Dada AO OA, Olatunya AM, DADA O.
Langmuir, Freundlich, Temkin and Dubinin—
Radushkevich Isotherms Studies of Equilibrium
Sorption of Zn 2+ Unto Phosphoric Acid Modified


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

20.

21.

22.

23.

Oylsan g corul (sage ariu

Rice Husk. J Appl Chem 2012; 3(1): 38-45 .

Farooq U KM, Athar M, Kozinski JA. Effect of
modification  of  environmentally  friendly
biosorbent wheat (Triticum aestivum) on the
biosorptive removal of cadmium (II) ions from
aqueous solution. Chem Eng J 2011; 171(2): 400-

10.
Han R ZL, Song C, Zhang M, Zhu H, LJ. Z.
Characterization of modified wheat straw, kinetic

and equilibrium study about copper ion and
methylene blue adsorption in batch mode.

Carbohydr Polym 2010; 79(4): 1140-9.
Ong S-T KP-S, Chong A-W, Lee S-L, Hung Y-T.

Tartaric Acid Modified Rice Hull as a Sorbent for
Methylene Blue Removal. Am J Environ Sci 2010;

6(2): 244-8.

Zhu B FT, Zhang D. Adsorption of copper ions
from aqueous solution by citric acid modified
soybean straw. J Hazard Mater 2008; 153: 300-8.

24.

25.

26.

27.

Naiya TK CP, Bhattacharya AK, Das SK. Saw
dust and neem bark as low-cost natural biosorbent
for adsorptive removal of Zn(Il) and Cd(Il) ions
from aqueous solutions. Chem Eng J 2009; 148:

68-79.

Mishra PC PR. Removal of lead and zinc ions
from water by low cost adsorbents. J Hazard Mater

2009; 168: 319-25.

Bhattacharya AK MS, Das SK. Adsorption of
Zn(Il) from aqueous solution by using different

adsorbents. Chem Eng J 2006; 123: 43-51.

Bayramoglu G AY. Removal of heavy mercury(II),
cadmium(Il) and zinc(Il) metal ions by live and
heat inactivated Lentinus edodes pellets. Chem Eng
J2008; 143: 133-40.

V¥4 Gaals ) o jladdi a ylgn Jlow closas cudilags cusiga dlas ¢ FPA


http://dx.doi.org/10.18869/acadpub.jehe.4.1.58
https://jehe.abzums.ac.ir/article-1-289-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2025-10-21 ]

[ DOI: 10.18869/acadpub.jehe.4.1.58 ]

S50 ,0 el b oudh £3ol 5 IO die gy ddac g oo 51 59y Bl (005 95309 (Saaiacu gy g3

Kinetic and Isotherm Study for Removal of Zn (I1) From
Aqueous Solutions by Natural and tartaric acid Modified Maize
Hull

Seyed Mehdi Ghasemi', Hosein Ali Asgharniaz, Mahmood Alimohammadi®, Abbas Ahmadnejad4, Davoud Balarak’®,
Kamaladdin Karimyan® **

1. Environmental Health Engineering Department, Health Faculty, Shahid Beheshti University of Medical
Sciences, Tehran, Iran
2. Department of Environmental Health Engineering, Babol Univesity of Medical Sciences, Babol, Iran
3. Department of Environmental Health Engineering, Health Faculty, Tehran univesity of Medical Sciences,
Tehran, Iran
4. Vice-Chancellary for Health, Golestan Univesity of Medical Sciences, Gorgan, Iran
5. Department of Environmental Health Engineering, Zahedan Univesity of Medical Sciences, Zahedan, Iran
6. Environmental Health Research Center, Kurdistan University of Medical Sciences, Sanandayj, Iran

*E-mail: kamal. karimyan@gmail.com

Received: 20 May 2016 ; Accepted: 28 Aug 2016

ABSTRACT

Background and Objective: Zinc is one of trace elements essential for human but too much zinc

can cause eminent health problems especially in drinking water that must be removed. The purpose of

this study was to determine the removal zinc from water by natural and modified maize hull.
Material and Methods: This stady was non-continuous experiment which was implemented in lab
scale conditions by changing effective factors such as pH(2 to 7), contact time(5 to 180 minutes),
adsorbent concentration(10 to 150 ppm) and adsorbent dosage(1 to 6 g/1) in 100 ml deionized water.
The concentration of zinc was measured by atomic adsorbtion in accordance with standard method
and removal percentage of Zn deteminated.

Results: Removal rate of zinc increased with increasing the contact time, dose of adsorbent, pH and
decreasing by initial concentration of zinc. Efficiency of natural and modified maize hull in the
optimum state was 91% and 98% respectively. The kinetic and isotherm was pseudo second order and
Langmuir (II) respectively. ANOVA analysis showed that all of the variables in the process have been
statistically significant effect (p < 0.05).

Conclution: According to the results obtained maize hull appears to be suitable, low cost and
efficient adsorbent for removing Zn (II) from aqueous solutions.

Keywords: Maize hull, Zinc, Adsorbtion kinetic, Adsorption isotherm
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