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ABSTRACT

Background and Aim: Petroleum products such as crude oil, diesel and
gasoline are the most commonly used in the world, which is the major
pollutants of water. About 10 million tons of oil are used annually in the
world. Therefore, the development of new technologies for the elimination
and purification of oil pollution is essential. There are several methods for
cleaning up oil pollution and its derivatives. In this research, straw adsorbent
as an organic one was used to remove diesel oil from wastewater.

Materials and methods: The straw characterization was firstly determined
using the FT-IR analysis. Then the adsorption experiments were performed
discontinuously using diesel oil laboratory’s solutions. Optimum adsorption
conditions were obtained by changing the factors affecting adsorption
including pH, initial concentration of contaminant, contact time and adsorbent
amount on adsorption at different levels. The oil adsorption was determined
by weighting method.

Results: The highest adsorbent efficiency was observed in 15 minutes,
which did not have any significant differences with other contact times
(49.85% absorbance, P<0.05), and the lowest value was observed without
any significant differences in 3 minutes (37.19% absorption). The highest
rate of adsorption was observed at pH =5, which had a significant difference
with other pHs (87.89% adsorption, P<0.05) and the lowest percentage
of adsorption was observed at pH = 9, which had no significant difference
with other pHs (39.04% absorption; P<0.05). in The efficiency of the process
in adsorbent dosage of 2 g/L was significantly higher than other amounts
of adsorbent (51.48% absorption, P<0.05), and the lowest percentage of
adsorption was significantly different from other values in 0.25 g/L (38.30%,
P<0.05). Also, according to the isotherm studies, the adsorption of diesel oil by
straw adsorbent was fitted with both Freundwich and Langmuir models with
R2 of 0.99 and 0.96 respectively.

Conclusion: Therefore, it can be concluded that the straw adsorbent, has a
high efficiency in adsorption of diesel from wastewater and can be used in the
treatment of industrial wastewater.

Keywords: Diesel, Wastewater, Organic absorber, Straw

P Citation: Abolhasani MH, Pirestani N, Ahmadi P. Investigation of Removal
Feasibility of Diesel from Synthetic Wastewater Using Straw. /ranian Journal of
Research in Environmental Health. Fall 2019;5 (3): 249-262.



Sl Sl 3 Jaigyls ©do 40 LS g ol (ST L3l (LS (owyy

o..L..S.,

L3 )3 (Brae 390 oyt Olpie & ooy 9 Jpl pls i Jud l 3 slge sisa 9 aie;
a3y 09 @ s o (185 dlgs o5 Ogalis Vo 390> ALl iz ool GlasaiiSesg)l o Seec
Opzen) b slaosygld s3lo slasluy aias sl LD 5 aine slagisy Sl edlanal g e
3979 OF Slizien 5 385 SlaS9ll Slocsy sl alinn slagie) Aabin @50 Sl (Jig)l6
Sl (Soll Bis gl JT oils Olgie 4o QS 5 o8 O3l s B3a b uils anllbas )l
R

ilooss S5 FT-IRGayd Ogole dupgd Jods gomiw i) 5JUT Sl oalizal b lanl )3 dayig, 9 slge
il ladghs 3l oslizul b atwgnl ogods wode Slioles] G i guans G2 g olS
cble pH Jold a8 i 5 5550 Glapgsslh puis b Ol aiage Juld 5 <85 plosl L9l sl
b3 i ga gy kit b s3 Ldx Olse O3l Lluie 9 ules Ol s e3g)T Ayl
b et (9 a4 Jil e Olpae 9 )8

48535 10 0l 43 IS 5 o5 Ll 31 aslital U JuiglS i s bl bl ot daail
9 (P<+/-0 t0dx ZFA/A0 Oliwa) cilss ules slaoksy ;K5 b (s)ls ime s 45 0 saalice
Olyaa o pidon (ke 2PV Olyas) 2 saalice aids ¥ )3 ls e 3] 09 O Llake oyieS
IN/M Olyaa) cils g)ls e izl lapH K5 L a5 s saalice pH=0 )5 (S 5 oS L
lpH Lo b s sl a5 1 ssalice PH=9 )5 Ol auops a8 9 (P<-/40 1od
Sl b i )3 o5 Y )3 QU 9ol O3l uslie (b (P<- /40 s0dn 2¥/4F Oliee) bl
L Ods duops oyieS 9 (P</ -0 10ods Z0V/FA Olias) 395 ladls Hlaie ,Kos 5l idan ()b iae
(p<- /-0 AYN/Y Oliun) s ssalicn ,id ) f/’f YO s polie ol 4 s (SHls ire NS
9 go9,d e 95 ,a b QST 9 oS Jags Jioil8 Ll a8 sl olis (oxbw i k;LmLs_»r,A Uil
(R%=-/45 R%:=-/99) culs calhe YU R? frils cle 4 ,55050Y

auhas s aslsge 9 )b Sl S Jell e s (I DI QST 5 ol O3l S A
35,8 51,3 eslitwl 390 irio slacdsls

J:Jj)lf ‘U,.Jf 9 0l8” AGJT u_‘,l: ‘;')L“.; Laojly auls”

J.:.f”lf uJ." 2 u:..lf 9 o5 GJT usl: ts-ll)l{ ) ] LS-'\A-"I WO GSLL.:).:.; e ‘5"“""‘”3“' : Slcwl 4
CYSY-YFA (YY) O\TAA ul.:.m.nls .A:._au ;‘,...J/J.&z/_) U‘La/a/::; MMAJGQJLH ul.....! )|

u;.—:db.'l‘ 6;\.&-’-&-‘?”

(g aSCiils (s Laoee 53; obsleal s

5 Slowy Siagy (orb gl 5 @leS

Ol ool 8l o ST WSssls Ol

ol (U ptans ssiss)
Hadi.mha2001@yahoo.com

by sk

0aSCzSls (s Laiea (s U; @:5) (53?"‘5“';1’

arly ool sl osils ¢ pands el s salsS

Ol oleial (&l s>

$he! 5l

[Ruowey) L g oj)f uwl;.i.)ls (53?"‘5“';]’

el ST sl ¢ pai e s il easals

ol oleas!

1F9V/ 1 o /PP 1l s &l

1BAA/0 /o syl 2o )l

gy s :allio £o5

—=
[>4
.

W“\A).,gtg.r,“ijlﬁ&‘r;;g 5,595/ Jazme Cuilag )3 i 5 4elilad



Yo

S s/ OSen 5 el il (g3l

Z

o J 958 Qi s SIS 5l JT sl 4l

A3 5 spame LS b b szl )
332 4 sleand sl5e 03958 4 5l ol e sl S
hal gy S Olsiea (JSia gmaly 5 kel iy 4 5l
Wydgas 43,8 L5 5 il 5l O glelar ol walS
Ol Ul aias ol b sy cusdslee (V) )
OS] ol 15ls oland (Sodslsms clobs 1 ol
lasasld Al s Ll iz lee glounld 5 oloar
laanls Loy 45 syl 552 gaglie 5 S SLS3 (i
lran slse e (V) Wisd ol Bl S50 j5bay (S35)5
LT3 el 5 5350 35 Sloms 58 (stloard sloazsld 5 550
sl g Sl sl (W) el den oo 0l L
ST () Cd i W o b o M gl 5
aald wl otes 53 Sspats s olpl sl sy 3l
G Wb iy sl (ol clie gy (b i
oslizad b Sl slanls adys sl .(00) bl o 2
Sl 48,5 50 (5315 (GBS (s 53 5 O3l slse
Slonls IS ws a4 i slasaz VT O3l slse (VY NF)
s ST Goils 5 giame sl (52lS) ek ST
L lsie oS T boils 51 OA) Wsdn el
o5 9 D7 eed seaiehl dug (D05 sz olS GSi
1S S 58 (V) 5 ol ) samgy o3 5l il asle
OWSas 5 slsils il g0 SME (glosilany il 31 30ls)0
OV sy Loy a8 IS 58 ez adys 8 is,S )8
Ul (Z9) Ll 3 sas ysba o atlygn Jlo 53 5 5ekee
eS8 IS 5018 a5 oo iy (£10) (ot SUSGaT 5 (YY)
el adslasle b ilol8 5 WYle (g pdpasans B 2les
(V) wib o 3L Olyre s aslizad gl
Soils ) i slansysld Bl gl Sos Sladllas s
OilSas 5 bl aallas s Ui plsieas at izl anb

St glanl> T sy 8L b sl 5, Sl

Ao ddo
5 gl canls Sl 4 5 ol b s ssle sl d o
walsl & 536 ssle 5529 o9 Oleosd o sladshe 315 35209
G5 e 5358 Sl gy 5 el s S
o rlooss MW i O e ol gy Ol 4 2
Ol st o o ol 53 Sl & ians slye 5 b3 5 gyl
il 33 Oz 6 ghanl 5 5 Wil ga 0528 o e la e
Colds Olnl 53 rigan 5 Lds mhas 5> 2Bl walsE Cl
5 Syl (o (Geh Bilas ‘TJT ) eslazal gl
» gl S Cardy Sl 4l 2ol i sla,s S
Lol 5l el 5 Lis ())J 3 Sl Gl 5 asluals ol Clﬂﬂ
(YY) ol iy S sl (gla Jos (61,

Ot oo s el b cis od 5l x sl
Lol slasassS ssall o Sonas s 43 dyn 3y30 cppy2iem
Oy 4 Lds 5 28 slse 5 sadin Vo ngus LI s
Sl & biolay b3 sszse (38 olse (1) 255 a3
o saSly 5 o ool s ) a8 i Jod 5l anb
YV PUTS UV SYER Y (VY. DYV PRN. VP R IV
wals slye g1y 038 iz ol 3 sz SlagSL A
e aliwlio Wl () s o bz T 5l 5 s 3550
G555l b gt S cul Sl g & LSl
ste Oliime ol rssMle it (385 lga 5 il apias
,L,FS s olge (il a4 1 slge g 55 4 U
Moy e Sl dacKslogyl ois 658U, hs 2 slge &
Joos bpyS Kol 5 Jss daJSU (i gl
Esian sbaha 5 ISt ol Jo sl el (F) Wsiise
Sloans) dhiwsts oSt ) (0) (20,50 Ghay edis
3 (N) b 4525 Y F) T sss,Sole 5T iy Bs8le 53,30

3 g sslizal b S oll Bl gl (3) i s,

1.uUv
2. MV



Cldras,s =

Jio Gredid 5LaS Cle T (XRF) uilapsls oiwcad
i eslazsl PW1480

$81ur jsbay 5538 5 OT e T

il Y00 iy o Ll 65 5l rdulee Yoo e
< (23 50,8+ /0) il 5 (gl s e 5 0wy,
g 3 1> Ggad 513l inBs O Gl 5l ey 5 0 035580 )
iz Ol b il i sl 5 3 Ol 035 BUs Ll 03
RGP

ST e ) o386 i T

o S o linad S5l Dl 3l oo axdllas ol s
) 2 S 4 Sl srd e Vo (Kbl Oy
sl s ol oas bsliee jphiteds upms a2 sy (oo
i oals oSS Sl s Lo gy 4B Vo oo

Sl iy T3 i o sl b

055555 adale Ll iz Olie it 4 sileos s
st b el Qi Glie 5 i i 2 5
Voo NG ) @) s 4 3y JaglS S
Ol eapsdl Jhaie O of i 5 ad 4, gmdd e
by 5590 W0 Sy b 0935 o 5 g 535 i ey
slos 53 el YF o 1 0ygl s 5 sl jpee Lo 2S5
5355 e ol O B ad asls L3 eseedis 4oy 0
(V) dslre bl 2 (539 gy 3l e Dl 9 s el
(YY) el Ces

()

(r’)f) JE58 5 3l ol S diged IS 039 (f)f) a5l 3l (55 X 100

(e)f ) Je3538 adsl ol

il Cir g el S st des
W1 e lale e 5 eled oles eonls e PH i ms) e
3Y O X) pH ol il glo pize pslin T 31 S oy
YO0 /0 /Y0) S 58 il e gl (8

S8 S Dl (gl e 4By5 4855 2S5 b Glasn b
(1)) 48 st sl Jagme 51 ol i

5 sl Gl ey a5l aalllae gl

PH (a3 0l el s (sloy 286 oil (38,8 s s L

i e 55 ol Sl 5 Ol o san VT Ll Wyl

SLESY

sl PH o led ploy s glayySG 36 anlllas ol s
Oiee g1 5 ooile St 5 Sy s LS sl clale
sshted patzen ud aallbe IS 56 Bl bug Cds
szl gdiind 5 523eSY iz (sladie 5| iz il 3 JUT
ey Dz PH @ arsly i ples T 28,8 s 5 bk
Csly iz 5 ool Ol 4 sl Dl Ol sl clile &
ol a5 Jole (b ey «o3l e 4

sl & jluesleT

Sl lsiear pasS Sl sl Cesty IS 508 3l g
L ag lam o3l sbase w8 g <S5 T
5 ah ad s LEe,S Bls shteg L pay his
el VW e 4 ol,8 il amps V00 sles s ol oK s
S 55,5 oSrdgn slzs 51 aslial b g 5 a3 K>
(Y0 ) i gimsails e a ¥ 51 5Ky

il S5y glulid
58 Sl Glosy S plal s 5 e ik s (6
Bruker Jas olSauws b 358 b4 b - pussd (oxtosig (2IS
3058 03bs il (558 S b 43,5 Equinox5
03,5 5 loand Jlnle 5 y5e s LB (sl (FT-IR)
(1Y) amsgn 6l (okadyed b okid) ils b Slils

(&

NI VIV RFSTVIRTIOCJpFVONS. JNBVLJ* SOV L s

2. X-Ray Diffraction

1. Fourier-transform infrared spectroscopy

A\

W“\A)ﬁg.r,ﬂ EJL,..:.T;;; 5,593/ Jame Cliilag )5 i 5 4elidad



Yay

lsw‘y).g/ ;,l)lia.m}@...;dbgld:u.\w

Z

o J 958 Qi s SIS 5l JT sl 4l

1 ) ada|
logqe = logKs + o (logCe) (7) =il

2l & s (Y o g5y ) lOBOE lsgas ) L
LS\J"’ LY Sg sn J.AL?' LS:"""J L (X 295 (59 Jg) logCe

iz sy 5258 Jte .o 10GKF Tan 51 (50 5V /T s
(Y0) 3l 3,58 VS5 5 S50

C, 1

de  Gmax

1
+ (KK qmax)(Ce)

(F) sl

(2 (,5 shes) Gholas clale =Co
(pf M (Jgul:"") sl osle Jlude =0
iz b e &S Qi bl lde i =g
(05 5 o) Sl il s IS 0SS

el (05 ke 2 52d) holas Sl b 5aSOY 2B =K
sl by o mbans i (g5, 4 &S

CEL & s (Y e 55 ) Cele Jloses e b
Jol> sl bx (X Lyme (595 ) Co sime Uolas dhaiis s

(Y8) <1 /0, K Tan 51 (o 5V /I st o155 355 o
b flow g 4 52 95

SAS 5 JouST slasl5dless 51 ssbizad b g3515,8 51 oy Lasals
slasls yos (- RO R B WES PR T ISV VA Sre)IY)
sj-&? B u»Los QLAJ 9 C,Jal.c cub[’ J\J.EA cLo.S cpH J::.S;L?
deslio e AL sslazul SAS )\}é\pj B J.A; lresls
Aol 70 /40 a3 S35 o33l Lol el o el

8,8

laadly

XRF 5 FT-IR ;Ju7
Soses 53 Ldsas FT-IR (645, 35U 51 sl G @l:.;
6\.1»34,.? u:..lS 9 AS FT'IR 6‘}:}3 B Ca.w\ bMLfm JJB \

10 5\ 0 X s bl e oles sl oz s S
YO YO A0 slaena) JeinlS sanl ke sl 5 (aids
6J:§DJ‘.L>‘ BE C,qb 6\.#:);‘»\)\.3 Ji;LE.» 9 3% ()I.:.Jsl.:n A(\D E)
9 4.5.:.:95 o) ul.n_) ;uf.lS 9 Ny g_).)l:' rjf ‘/Q ‘)L,\.E.A) pH J:.:'t.‘;n
(G S (> & D38 md e YOO ) Sxle Ol
5 43y O oloy PH=0) w3l Jlde Laaze (S sll gl
B 4((_/.2:..‘ ‘Si r.” L J-:j))@ ):':'JQS'LS'A YO' ) 6{’.‘.’\...« A_JL.....:’
53l 08 /0 e PH=0) e plaj oia (S a3l
523 (6 e o S Sl e Y04 ) Sl Dy
33l oS +/0 luia pH=0) VT e jeize gl Culgs

W ol laloser
b e 2 o S Jae gl ilas
53 el ol ol O3l msle 5 eaiph s ate (o (So5d
Sy it Oypon Cls &S Sl ool sy p2s8 e
5] osd ke Sk ssle Sl s GBI 5 sk e
oo onl lesas sl o Sl ol Djsows (b i
omt S bl (Kl gl gy b S sl
(V) dasly oo 5 35500 S0 sad odaw i (sla 58050

1 (YF) 355 50 0
o = fiter (1) el
5 05 ko) DA 50 2 suisiods bl cllE =qe
(o5

| u;b u.&) C«:.BJJQ awbow S G:J.bjjﬁ C«:U =Kf

(r Jf B r ; le.“.uo) (r Jf L5‘LTA B J.'L:.J) \ / n

e cdr Ol =n
sshode sl Ol gy O3l Qi b KE ol
anld s plas Vo o) e T lde cpeizen bl on il

(YY) col el i
(V) k> il (V) dasly Bk s ) 28,8 ) L

) oh ety



2 QS S Gl ol i 8 s Ll

SUesl bpH S b oS (ZAV/AY) sb saslis pH=O
s (P<+/+0) cuils @ls sinn
5 PH=0 L (g)ls sixs Gzl S (£¥4/+F) it anli

p>-/+0)c

pH= \“).s ERCRWIN CJ"J
Lol s
\.u(_;)\; 2ae W 4 3\/ ‘_gl.mpr

@3l 393 51 () 2
2l Sl a5l aglie ) sl sy ol
e onlie LB Jyas s il Caliien sl i

05 Y s S 5ol Dl s i F sz el
i b e ol o5 (P< /40 OV/FA) at sanlicn 2 s
Jata S5 5 Ll s (gl sime Uz Lz s S 1/0
Sl dops (S 5 og St bime SUB L sl
MY olsen ) a8 oaslin 0,8+ /YD s s simn 31 L
(p<+/-0

e ki sadbey Sl wy »
Soles 53518 iz 103 aSiles dmglis Sl el sy ok
el sanlin LB Jsam 55 calzies

@B N0 S Cdr Ol i F dgas bl
ol SKes b s sine GMzs) &S (£F8/A0) st sanlie
saalin 4ids ¥ s woys oS 5 (P<H/+0) il oS
il Lol ol b ol pine Gllas) &8 (AYV/VF) s
(p<+/+0)

s gs\br:;’ B P
BE Ny g_;.x; Loy u.:.fut:.n 4...%&» J\ D.LAT Cewdds C’"L:J
Lol saalie J.'G 0 Jgas 53 cilizea 6\"’(".’9

2 olad o IS 50lS Dl s O Jgam bl

cali bable s b gls sine BV

a
it Sl ol b et
(P<+/+0) (£FF/YA) Lzdshoo 0+ wom s ok as
(£Y0/07) =dshon N0 eom 3 ks smss S

252 (P<+/+0)

ol s B saiois OF 5 kw08 sl Jlile
s Bl usSan TIYY 2o Job i oS (g50s 53 00
O-HL ‘T’T GdsSse sa5500ee 5 O3S Wis 4 bsiya
Jsb 53 aism (YY) Sl 08 5 sk oo sk 13 55250
5 A adsSpn 2l IS i 5l 26 em AP o
sem ™ W 5L s by oo T glacuS)5 55 C=C i
ol nS) (358 glog,S & byyye 1oOV/ Y0¥
shas i 48 o5 ol FT-IR ST sl IS 55k (YA)
(555 SensS3) ams so JoSis T slaeuS 51,08 sl
U’“Tl'?"" Qjm LSJ"\M LSLE“T"SSJ: L Lﬁjn 633ﬁ 6\.&)‘33 9

) Sl s

nla 100
\\

\

f

.|

...'v"\-"
I'| '.('| IUII
A
|
ia /
N
._ﬁ I| I|
I|| ||
s_
2 \/
= V
| | LE S 8
5 2 338 "
] ] i #8 § 8 ¢
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
‘wmmw B —— [N‘
Page 11

S g olS

S el s Sl s oS

Jsaz 53 3l Cewsts X (XRF) (655, iliysls conininh

ileord S5

REFUNR

PH 1 ()2
PH 3 olS iz wos 2Slen alin Sl sal sy s
ol sanlin JJL; Y d}.ﬁ) BE il 6Lh

1. Si-O

Yo¥

W“\A).,gtg.r,“ijlg.&‘r;;g 5,595/ Jazme Cuilag )3 i 5 4elilad



Yoo

&‘b_g @...a"}g‘ ‘5:&.\.@7&»

z

e J3 508 Qi s IS 508 I Ol 0L e /0

X (XRF) (595 1 il gl somiamwiinb jl 23kianl b olS oo bowss casS 5 julUT.) g

ST poslis | A1 5800 | dpST jhud | ApST3,855 | pds | TGl Bl | psaly diged
11-¥ 1-f on: 1-/5A /0 131 /v0 o o
£95 s JS ) s9) psll NEWUY) Ay

Yo Y vs Yq AD 5 Y (fl ot o) JNata
0 & s psss) S 2ol sl sl P985S 25 Aigal

\ ) ) Y Fy 50 v (fl st o) Mo
el o e9) el s o P99 Lgod

Y q N s q \ Vool gde | (el &) olaie
s | 251 pins)T | 301 08T | ST ol | S st | S ity | a1 e wges

£/ </EY AR S/YY \/YY </f0 AN (32,3) ,lade

ciliseo SPH U5 (1S oS L3 305 uSibe dunlio Jgax ¥ Jgax

q

\s

o

Y

pH

Y4/ F £./p 0

FY/YOE\F/NY D

AY/ARE-/04F

$1/-4£4/-9°

ullfgolf

(3 p2 ps5) O3l Ciliseo sl ladio J> YIS 9 8IS 32 30,5 Siles dulio U9z W Jga

Ll 0=/ 0 Cl:..»)> J‘.)L;:M sl smsplas By >

Y

\/b

\

<10

AL

(3 3 p5) odler o

OV/FAL. /¥ ?

O-/YsE\/VE R

Fa/0F£F/50

FY/AOEY/EY 2

YA/¥-£A/- 5P

uf.lfgalf

Ll U=/ 00 ch..JJ; J.ss;’u sl smsplas By >

(4iBs) cabises SOk )3 LS 9 8lS L3> 3u0)5 (pSSle duslie Jgaz I Jgaz

\o

1.

o

Y (4285) oo

Fa/A0£4/-\ *?

fy/voty/vy ?

YA/YOE-/-A?

A4

/NeEY/ v ?

U.Ufgolf

Ll U=/ 0 Cl:..»)> )‘.)LSQM sl smsplas By >

(S sheo) Caliseo saem> 43 BlS L3 3005 (uSibo duwlic .0 Jga>

fo.

Yo.

Yo.

V0.

(o) 02T (oone

FY/VAEY/AT ¢

FY/VEE /AL

Ya/vox./fy

YO/05+Y/TY P

Ullfgolf

LadO=1 /00 CE..,).: J\"U‘IM OWes| suasplis By >

1. Loss on ognition



slaes o pea ol 18 50 cai Jole cdale

(Cefgeicdls g ualy 30 suigw b ook

To.e
Y B L 4
*
Voo
B i
y=-0.2896x+21.776
LEC R2=0.9614

V. T, v, ¥ A 4 V.
(3 3255 slos com  Jaloms 318 j0 85, Jole cdali)Ce

SIS 5015 s 4 98 a2 sl 2905V (32 Slesen ¥ 1390

e a=ly 50 s Lds sols Jluas) gE i I8

V¥ - y=0.826x- 0.8841
R1%0.9992
VYoo
:%.
) Ve A
%
-
LIRS
b
“’1, ._\9 .
a
N
Y
@
o Ve Voo A\ A o

(pd o 0,5 obos o 3 Jalzs 318 50 s Joley Cdils )Ce g ;180

SIS 9 0lS dhewg s Juig B 032 sl g8 232 Sledea W l3ges

S 9015 O3z (sl 3098 9 213085 (13 slalesed S S Ugaz

d..\.n «_4).«0 )IJ&.«O
Y/ ():-:J)J f;)kf )
Zd g,
</AYE \/n .y
Log q.= Log kc+1/n Log C
-/244Y R? e f e

o/ KL (o5 oo 2 )

Pfo | b(eS eSS JR N

Y AN R? ¢/x/m=\/kb+ ¢/b

/N RL

Yor

\\“‘\A}gbv.r,..EJLw:ui.a.g 5,595/ Jazme Cuilag )3 i 5 4elilad



Yav

lsw‘y).g/ ;,l)lia.m}@...;dbgld:u.\w

Z

o J 958 Qi s SIS 5l JT sl 4l

SWI YA/ ¥ e € PH=A 3 Ol e o,meS 5 b
3 S PH il ols s BUst pH oL b o bl
5ol sle Sl 3l b 516 s age slayysSU
cle (F) caliS Ll Gis il s ol ke L
Sl & b ol L PH (8 b i as)s u*-"’ls
AL PH 3 & sl gLt b s sy siisbois sl
i b Sypo 1 il gl 5o U o (S
il ;,.,q\,:et it syl st PH sl b bl ol s ;y
Gl dald ol 5 ssiois sl Coale 4 ey L
i el 5 SalS sl 5 il lan (Sslaaly, xSl
S ohlSan 5 s dlsl andllan s (YT V) 5,8 lay alS
53 5788 Soall s Ko oty Wil DS e 595 2
I3 by sl BT PH=Y s Gl ity (2,8 olosl
PH=3 3 & 58 o 1l axlS ol olsen Sl gie pH
Son 5 sl aadllao (YY) 550 Lls |y i 0lsm smeS
i sVl Ol ) 25 gl Sapien Bl g5y 2 S
Jols PH &8 5ls s a ol a3l solinal U
I ol b W s 385 6o Sapion i IS5
Censts PH=A 3 i 6o Sosuas Gl pleudly o 3UL
DU 5 UL andlan b S0l gy cul s (VF) el
Cois g9 0 i aop Ll addlls s il cyllas
35500 bt ol gl (¥) 5,8 Ly 1alS pH 2lsil
i il e pH LU 5 ndizee ol s (3158 obSes
il o (S L s PH Bl |y o3l mha e
3 Sl PH s 45’»‘;,5 SoliS miia cpl sls S
085 Gl SekeeS5S Jalse bt 3> o PH,
il oy e U SRl Sl Lyl 8l 505 e ablo
ol Lyl ol o ‘;SL? slye el Cnle 4 455 b sp o
i Ly 5 aalsdl sanVT 5 e piis olon (Seslialy, =Sl
65 2 &S HSan 5 panls andllan 53 a8 a a2l

Sl gs\.al.a:t..a
ol Sl bl oy 5 iz adas Gl sk &
Sy ol ol ol 5o aleses ool 48 58 ol G
Slaxly elal 2 ol Glos s 1y wel> sl o) 2 s 1>
Lsael Sy s 5ls sty aslaiso oo’ (oS
0> IS 568 il (gl s 5 2seSY (i sladas
Joa> 3 5 badaa cpl Gzl cad sl LS Y 5 ¥ lages
NP

o 53 o 5l 1S 5 o8 Sl dewye sl s
5 /AT oln) VU R? 2l e g gV 5 sy
S @lers S 5 gdiisd s xS e Zums (+/ANF
VD b g 0F I V/F0 iy il n i 2oy
Losi 5938 ol el Dl il Jlas S i) d Jus
10,8 s JAYS S 508

(D) dssasls i oo b by (O3l 2308 e s
Sl g ad ens 1S 508 (8 5 JglS 05 e Y/FO
st ol R polin 5 08 w2 +/0) o i fils
A 3ae ol 3 S s /) e 5538 Sl
by sllas iz st sl e R il e S U

Lot 3 aslizal ( Luss3l8 G (sly Cilltin (glo sy s 55
2 Nshe AU ey 525050 5 e 2 s s
o Sl gspan 5 b sl gl oo
s 5 im0l B b e sl
Gty B Cass Sege o Sl 5 0352 ot 5 (Sl
(Y4) wlsy 53 (VG Cuse 5l pestan glails ¢ Cos
5> QS 5 o8 Sleslinal b Jgl8 s 5l aalllas
Sty b s U] pH s L oS 50 i pH=O

SlS Ol olss PH e 2ol U L(ZAY/A Glss @)



sl b sl e [0 51 Wl atutlas gls sine Gz
0 V/0 5l o3le Jhaie L plnls o mi b siae
oS 8l s in Gl Sl ams o bs oS ¥
@) 1b salin 84/ s Jls e M) L ol ass
San 5 iy axlllas L3 (P<+/ 40 LYA/Te olso
Sl Gl ki 4 IS 58 b8 e o 2
A s 08T Jlie s s i it B Pl i
3 pf /YO Ol Jlade 53 Cd liee oS 5 (£5V/00)
2 OMSas 5 aslipl aalllas s (YD) sls &, (£T0/4Y)
sslizd U s MVl Ol 5 25 ol i, Spked i (g5
VB /Y S otle S 2l 55 xnb glails S
b Ll sl (il (2 slan,Sopaee Sis pladly oz
i 2 53 0 50 & 5xd s 0 8 SHsl e s 2t
S Zel s opl 4 e pl 5 SO alS e £
3l b 5 (i O sz 4 2te o3l e R58
Sl Galaadse 5 el o e S S 0s SuK ¢
53 (YF) sl Jlase ) O3l 5l (oo RalS 4t s
a3l lade L ohlSes 5 536 5 oS 5 UL aalllas
3 e s b ke Cols il et s s iee
A lalaie 03938 Colg s Lol )8 by Rl Ol
ST R P CSSF ST FERUIS VO |5 [P L Y
iz o 3l an g sbs & dsle 5o siisiiz wle 5 O3l
Sl ils ohme Ll b olinl s 28,S5 O
L8 saisiols sl g asles g lale 5 grins Ol
2B sl cudyl (8 Ll ol (nl3l 1) Qe asys 5 238
Pl 5 Azl ka0 wan W 51 (ols ol haid cilil &
iz ao Gl 6l il e iy 0agdl st
63 el (hSas 5 anli (PF Y X)) ol
Codsy 5ol S 053l A0Sl e JBS 28 S
ol 3 sl ool i AWy Sl T slasasT i
seite 52d 53 o ST BY ol s (e S5 5ps e aalllas

Cad 935 o 0dds S pslid RUOWCY %] FIRGION | LT I LY
Lo 2,8 ool i K2Vl Oy ST sbaas ¥ Bis s
saalie PH=F 53V B Y b e G LS5 Gl ws)s
(YY) s

Gl anld s el ol i 3 Lol aalllae s
b3 03 Gl L oS s ol ol o3le ssle laws a8
S obesly (JinlS ol (Sl Ol L 2ls 58
S Loy 558 Sl (gl o5en 0le e 2L Rl
olasly ley Soe ol 3 oS ws 4 S ks s 4 Bs VO S
GUssl S s 2F4/A0 Cils by LS i 4l
0352 05 Lo 4 g5 o ol S S Lagles ple b (gl sima
s 5 il o Gl s 5l Loles claoles
STl s (Sosll Gim jshate 4 2S5 M8 5l wslizal s,
VO s wled ey 2ul58l b oS wswy amas ol s sl rleu"
Uzl 48 s 25 TAAD lseo & i Olion iy iy
wllas 55 (YO) cutls s sbpley e b (gls sina
Sl ) 5285 sl Sane Bix oy 5 ObSes 5 bl
0les Gl b 5 samb glaoils 5l aslanal b cuis o82VL
o b aoda 480 spu s 5 8L bl Gl liee eles
Lol el 53 LS 5 35245 allan s (V) st ool ol s
Sz 1y 3920 yow D3z Olrae oles glas (2ol L 5
JUl s <238 b il mhaw 53 J 5 55 JUab o plSe
G g5 248 s 5 st (o beo aalllan s (F5) u
dibate Sy Sl eslinal b 5938 o3le o Sl Sapnen
3yp3 sl il clew ploy il (3.5 &g plian
(YY) 0,5 i 2y 05352 W s il 5T

aolp s odls wbe ke eeis il Lol aadlbe s
e il b oS s of Sk oley 5 JenlS i
3,5 I Sl O3l ssle by Jui3l8 Sl was il
Olre & 52d 53 08 Y 53 (IS 508 Clx Ohos ot

) 53 8 V0 ke b ol ol S b saslis Z0) /A

YoA

\Y“\A)ﬁl.g‘r,.. SJL.,..:.T;;; 5,593/ Jame Cliilag )5 i 5 4elidad



Yo4

lsw‘y).g/ ;,l)lia.m}@...;dbgld:u.\w

Z

o J 958 Qi s SIS 5l JT sl 4l

5 (F) 592 208 YU slactlale s Gois s 1l el il
Bl s g sy 3,08 (59 2 &S OLSes 5 (9555 anlllas
25590 ok 3pse 53 29,8 ool (o Gladasme 3l sise 2y
gl chle Gl b lasl s o Ol gl de wsss ol
Sl g 5 (FA) 23U bl 2 53 0 SV BN Sl )
YR)(AY/0) 5,5 g 2818 gy ) oo S Voo il

e et sl §) ey ol 5 5l aalllaa s
2SS b gl b Gl s (b gbleses
gebiingd oo Ll cxzztls ks VU R? 2t e & Jon 5o
1 bl 1S 568 sl (gl VL R? il cle o
533 S I V/ED Sl s K s o+ /909Y i)
BYQRV- IS IYV v PR A (PN U SN PSR V5 s S
ey o3l oy 535 52 S hlScad 5 gl alllan
byt S Dl (238 Wil 2 (Soll i s K oty
2 (YY) s cills 508V Juo b S oy aileny
SLoSnas Bl o 5 S hlSes 5 bl axlbs
ool sab (sloosls laslizal b et ol8auV Olay 5 i
2508 ladis & o (gt Gallas mdidy b Jas
iVl Ol (25 sla g, Sapaes oz 55 (aigs 5 (aSed
55 (FF) 2y 53,8 Gy 5 pbl sy Jd 008 0 2
@b Aol 3 e (505 52 45 bl 50l andllas
ool T 3l 2 lmnaaWT o 4 I 0, b i sk 53
23 Oty 5 glnd Jie 99 4 S 525080V Jus i
2B @l ks ¢ cplnls (il grin gl i
5610V SO s 4 i S S Gl e 25eSY e b
() 5,8 &y s

Sl i olanily (b3 ey ialsdl b L5l amallaa s
V0 a3 a3k s S 558 il b J3l8 i il
PH Jluis U pH alS U ixen 35 slade o ,nden 4dbs

A i 55 28L Gl L5938 (gl i olie O L il

50 oSV b e JBlSz s 2l L Bl LS s
393 Gl b sl s Jlad gl slaas |5 (28l 2053
St ot LA b s 4l o2l Al e JUlS
(PA) 23U 2alS Gl sy US43 555
0+ 5 g > JinlS o 2151 L o5l allan s
2,5 538 Ll 4 g8 o8 Ol plessly G2 Aes TO4 4
4 sdhes Y0 e sl wops i Sosbe
e YO i b ol oS 05 s IFE/VA
ssinn B L ol 5 Ul (2l o ptnn slis
s Ol 59y &S O 5 (il s 3 ng xien
e dops L e il 285 ool 2S5 lS L
© G lea Y0 o 55 il oy ey 5 3L 05
o s 31 (ol sinn T L oS ols & 2PV/¥ olen
Sl dops OhlSn 5 90, adllas s (Y0) 55 szt
iyl el U bl s e iy 4y L o
A6 e 5 (£FO-Y0) 23l 1 2 s SV Y )
Sl o oS3 sl e Ll L (40 spas) ad
Gz 3 (Gt i CLLE G 4 Oy Sl g 5 215
3 e e w5y oule Col il ol O 5wl saslia
Bl e gl S s s ol @l i 4 G
Ol b izse (Y4) s 552 s (gl eatin b b
e 3l st s Sl 1 slacuSs ) clle
i sladsSse s 53 315 (FF) il 2als T i
Sl sl 5 28,8 5 Oals sl s s oS
e o2 & Ll (YY) 0 Jldl snisdols bug Copue
Cir i Gl 3 S it Sl gl (3l o
Ol 35z b nla e 0agr ol s 4 atzees (IS
15 (FA) 8o Colt i s « s (g3 eyl il
LS B wingy S oy 2 &S Olosaie (Grins anlllas
33 st S 5 Cadoli) 3l ot 4 el LS

el Gl S (b mlale 2l b et oLl b i



ks, S oley s ol oa ly slassls g Waosls iy s L
Sl (S S (b b i cﬁLA slas 655, uizmen
S o 35 S b i i il

Sy S

ST s Sl 5 wilony suSCiingts Conlyy 51 aimsg s
S oxStngt A 5 (58dyy5) olpiol oy el
L8 5kmzl 5o 5 s, ool 5o S L 4 Sl 3555 S
D yen SSES 5 S ragly onl el (s DUl 0ol

References

1. Dehghani F, Rahnamaie R, Malakoti Mj, Saadat S.
Investigating the ratio of calcium to magnesium ratio in
some irrigation water in the country. Journal of Water
Research in Agriculture. 2012; 1, 1-13. [Persian].

2. Taghvaiepoor A. Water Analysis, Vol. 1. 2015; Arak University
Press. [Persian].

3. Shashwat SB, Miland VJ, Radha V). Treatment of Qil Spill
by Sorption Technique Fatty Acid GrafteSawdust. J.
Chemosphere. 2006; 64, 1026-1031.

4. Hansen E, Rodrigues MAS, de Aquim PM. Wastewater reuse
in a cascade based system of a petrochemical industry
for the replacement of losses in cooling towers. J Environ
Manag. 2016; 181(2), 157-62.

5. Geetha SJ, Banat IM, Joshi SJ. Biosurfactants: Production and
potential applications in microbial enhanced oil recovery
(MEOR). Biocatalysis and Agricultural
2018; 1(14), 23-32.

6. Neelanchery R, Jih-Gaw L. Current status of microwave

Biotechnology.

application in waste water treatment- A review, J.Chemical
Engineering. 2011; 166, 797-813.

7. Klan P, Varik M, Non-catalytic remediation of aqueous
solution by microwave-assisted photolysis in the presence
of H202, J. Photochem, Photobiol. 2006; 177, 24-33.

8. Kuhns DB, Hsu AP, Sun D, Lau K, Fink D, Griffith P, Huang
DW, Priel DA, Mendez L, Kreuzburg S. and Zerbe CS. NCF1
(p47phox)—deficient chronic granulomatous disease:
comprehensive genetic and flow cytometric analysis.
Blood advances. 2019; 22, 3(2); 136-47.

9. Tashiaki M. and Takashi N, Activated carbon filter treatment
of laundry waste water in nuclear power plants and filter
recovery by heating vacuum. J. Carbon. 2000; 38(5), 709-
714,

10.Balla W, Essadki A, Gourich B, Dassaa A, Chenik H, Azzi M.

J3938 M—‘;’m (st ol b JeialS sl 6L”r.’=’ ek
b aoile ke b el s pmizon 23l bl i s
e sl b2l (2l Ol plsen o3l Ol 0158
oS 5leslazl b J:j})‘@ Qi S ul jakie Ll 6\.&05‘.@
u’:.lf 9 oS C«iLga BE .J.;SL;A S92 G:.J.bjjﬁ JM )‘ U’LJS 9

bl Szt ng-; 3l J:jj)@ cd s csﬂm-.’ Lsibls

SO ol

Electrocoagulation/electroflotation of reactive, disperse
and mixture dyes in an externalloop airlift reactor. Journal
of hazardous materials. 2010; 184(1), 710-716.

11.Bande RM, Prasad B, Mishra |, Wasewar KL. Qil field effluent
water treatment for safe disposal by electroflotation.
Chemical Engineering Journal. 2008; 137(3), 503-509.

12. Chavan A and Mukheriji S. Treatment of hydrocarbon-rich
wastewater using oil degrading bacteria and phototrophic
microorganisms in rotating biological contactor: E_ect of
N:P ratio, Journal of Hazardous Materials. 2008; 154(1-3),
63-72.

13. Kuyukina MS, Ivshina IR, Serebrennikova MK, Krivorutchko
AB, Podorozhko EA, Ivanov RV and Lozinsky VI. Petroleum-
contaminated water treatment in a uidized-bed bioreactor
with immobilized Rhodococcus cells, Int. Biodeterioration
Biodegrad. 2009; 63(4), 427-432.

14. Rahman MM. and Al-Malack MH. Performance of a
crossow membrane bioreactor (CF-MBR) when treating
re_nery wastewater, Desalination. 2006; 191(1-3), 16- 26.

15. El-Naas MH, Al-Zuhair S and Abu Alhaija M. Removal of
phenol from petroleum re_nery wastewater through
adsorption on date-pit activated carbon, Journal of
Hazardous Materials. 2010; 162(3), 997-1005.

16. Isil Gurten I, Ozmak M, Yagmur E and Aktas Z. Preparation
and characterization of activated carbon from waste tea
using K2CO3, Biomass and Bioenergy. 2012; 37, 73-81.

17. Purnomo CW, Salim Cand Hinode H. E_ect of the activation
method on the properties and adsorption behavior of
bagasse y ash-based activated carbon, Fuel Processing
Technology. 2012; 102, 132-139.

18. Adebajo MO, Frost RL, Kloprogge JT, Carmody O, Kokot S.
Porous materials for oil spill cleanup: A review of synthesis
and absorbing properties. J. of Porous Materials. 2003; 10,

—
o
.

\Y“\A)ﬁl.g‘r,.. SJL.,..:.T;;; 5,593/ Jame Cliilag )5 i 5 4elidad



Y9

lsw‘y).g/ ;,l)lia.m}@...;dbgld:u.\w

Z

o J 958 Qi s SIS 5l JT sl 4l

159-170.

19. Annunciado TR, Sydenstricker THD, Amico SC. Experimental

20.

21.

investigation of various vegetable fibers as sorbent
materials for oil spills. Marine Pollution Bulletin. 2005; 50,
1340-1346.
Ahmad AL, Sumathi S, Hameed BH. Adsorption of residue
oil from palm oil mill effluent using powder and flake
chitosan: Equilibrium and kinetic studies, Water Research.
2005; 39, 2483—-2494.

Genieva S, Turmanova SC, Dimitrova A, Vlaev L,
Characterization of Rice Husks and the Products of Its
Thermal Degradation in Air or Nitrogen Atmosphere, J.
Therm. Anal. Calorim. 2008; 93(2), 387-396.

22.AnbiaM.and MoradiS.E. Adsorption of naphthalenederived

23.

24,

25.

26.

27.

28.

29.

30.

compounds from water by chemically oxidized nanoporous
carbon, Chemical Engineering Journal. 2009; 148(2-3),
452-458.

Khosravi R, Eslami H, Zarei A, Heidari M, Baghani AN, Safavi
N, Mokammel A, Fazlzadeh M. and Adhami S. Comparative
evaluation of nitrate adsorption from aqueous solutions
using green and red local montmorillonite adsorbents.
Desalination and Water Treatment. 2018; 116, 119-28.
Qasemi M, Zarei A, Afsharnia M, Salehi R, Allahdadi M.
and Farhang M. Data on cadmium removal from synthetic
aqueous solution using garbage ash. Data in brief. 2018;

1(20), 1115-1123.

Qasemi M, Afsharnia M, Zarei A, Najafpoor AA, Salari S.
and Shams M. Phenol removal from aqueous solution
using Citrullus colocynthis waste ash. Data in brief. 2018;

1(18), 620-8.

Dehghani MH, Zarei A, Mesdaghinia A, Nabizadeh R,
Alimohammadi M, Afsharnia M. and McKay G. Production
and application of a treated bentonite—chitosan composite
for the efficient removal of humic acid from aqueous
solution. Chemical Engineering Research and Design.
2018; 1(140), 102-115.

Markovska |, Lyubchev L, A Study on the Thermal
Destruction of Rice Husk in Air and Nitrogen Atmosphere,
J. Therm. Anal. Calorim. 2007; 89(3), 809-814.

Vlaev L, Petkov P, Dimitrov A, Genieva S, Cleanup of Water
Polluted with Crude Oil or Diesel Fuel Using Rice Husks
Ash, J. Taiwan Inst. Chem. Eng. 2011; 42(6), 957-964.

Ibrahim S, Wang S, Ang HM, Removal of Emulsified Qil
from Oily Wastewater Using Agricultural Waste Barley
Straw, Biochem. Eng. J. 2010; 49(1), 78-83.

Ong ST, Lee CK, Zainal Z, Removal of basic and reactive
dyes using ethylenediamine modified rice hull. Bioresour
Technol. 2007; 15, 2792-2799.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Banat FA, Al-Bashir B, Al-Asheh S, Hayalneh O. Adsorption
of phenol by bentonite. Environ Pollut. 2000; 107, 391-
398.

Varghese S, Vinod VP, Kinetic and equilibrium
charactrerization of phenols adsorpton onto a novel
activated carbom in water treatment. Indian J Chem
Technol. 2004; 11, 825-833.

Abolhasani MH, Pirestani N, Amini H. Study on the efficacy
of mineral wool wastes in adsorption of waterborne oil
contamination (Kerosene). Iranian Journal of Research in
Environmental Health.Winter 2018;3 (4) : 300-311.

SAH, G, H, A, B.ROPHFORWUNA: IAKS. Sharif Scientific
Journal 2015; 31.2(3.2): 41-48.

Piristani N, Abolhasani MH, Amin Javaheri FS. Investigating
the use of straw in removing oil pollution from water.
Journal of Environmental and Water Engineering 2017;
4(1):12-22.

Behnoud R, Jafarzadeh Haghighifard N, Anvaripour B,
Frosty M. Laboratory study of the ability of some natural
plants as absorbent for oil spots. International Conference
on Qil, Gas, Petrochemical and Power Plant. Tir 1391.
Tehran. Iran.

Mokhtari Hosseini ZB, Taktom Shenavaie Z, SalehAbadi Kh.
Removal of Hydrocarbon from Sludge of Diesel Storage
Tanks by Semnan Zeolite. journal of Petroleum Research
2016; 26(88): 112-122.

Ghasemi Z, Younesi H, Zaynati Zadeh AA. Efficiency of
Photocatalyst of Titanium Nitoxide Stabilized on Fe-ZSM-5
Zeolite in Removal of Organic Pollutants of Oil Refinery
Waste. Journal of Water and wastewater 2016; 27(2): 23-
33.

Razavi Z, Mirghfari N. Application of crude rice crust in
the removal of crude from aqueous media. Journal of
Chemistry and Chemical Engineering of Iran 2013, 35(1):
13-23.

JafariMansourian H, Mahvi AH, JanidjiJafari A and
Malakotian M. Efficiency of the pod of acaciaurotilysis
plant as an inexpensive and accessible absorbent for
phenol removal. Water and Wastewater Journal 2015; 2:
124-132.

Nikkhah AA, Ziluie H, Keshavarz AR. Effect of Structural
Correction of Polyurethane Foam with Activated Carbon
on Absorption of Oil Pollutants from Water. journal of
water and Wastewater 2016; 27(2): 84-93.

Chowdhury AK, Sarkar AD, Bandyopadhyay A. Rice Husk
Ash as a Low Cost Adsorbent for the Removal of Methylene
Blue and Congo Red in Aqueous Phases, Clean—Soil, Air,
Water. 2009; 37(7), 581-591.



43.

44.

45.

Proctor A, Clark P, Parker C. Rice hull ash adsorbent

performance under commercial soy oil bleaching
conditions, Journal of the American Oil Chemists’ Society.
1995; 72(4), 459-462.

Haussard M, Gaballah I, Kanari N, De Donato P, Barres
O, Villieras F. Separation of Hydrocarbons and Lipid from
Water Using Treated Bark, Water Res. 2003; 37(2), 362-
374.

Husseien M, Amer A, El-Maghraby A. Taha N. Availability

of Barley Straw Application on Qil Spill Clean up, Int. J.

46.

47.

Environ. Sci. Technol. 2009; 6(1), 123-130.

Igansi AV, Engelmann J, Litke SF, Porto FB, Pinto LA. and
Cadaval Jr TR. Isotherms, kinetics, and thermodynamic
studies for adsorption of pigments and oxidation products
in oil bleaching from catfish waste. Chemical Engineering
Communications. 2019; 9, 1-5.

Lim TT, Huang X. Evaluation of Kapok (Ceiba pentandra
(L.) Gaertn.) as a Natural Hollow Hydrophobic-Oleophilic
Fibrous Sorbent for Qil Spill Cleanup, Chemosphere. 2007;
66(5), 955-963.

Yy

W“\A)ﬁg.r,ﬂ EJL,..:.T;;; 5,593/ Jame Cliilag )5 i 5 4elidad



	000
	001
	002
	003
	004
	005
	006
	007

