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افزایش نشان داد. اصلاح کردن جاذب باعث می شود دُز کمتری از 

آن مصرف شود که منجر به کاهش تولید لجن می شود.

تشکر و قدردانی

این مقاله حاصل بخشی از طرح تحقیقاتی مصوب دانشگاه علوم 
پزشکی سبزوار به شماره 391040415 است. این پژوهش با حمایت 
مالی معاونت پژوهشی دانشگاه علوم پزشکی سبزوار اجرا شده است. 
بدین وسیله از معاونت محترم پژوهشی دانشگاه و کارشناس مجموعه 

آزمایشگاهی بهداشت محیط تقدیر و تشکر می شود.



617

مهر و آبان 1395 . دوره 23 . شماره 4

[15] Angın D, Altintig E, Köse TE. Influence of process parameters 
on the surface and chemical properties of activated carbon ob-
tained from biochar by chemical activation. Bioresource Technol-
ogy. 2013; 148:542–49. doi: 10.1016/j.biortech.2013.08.164

[16] Ucar S, Erdem M, Tay T, Karagoz S. Preparation and characteri-
zation of activated carbon produced from pomegranate seeds by 
ZnCl activation. Applied Surface Science. 2009; 255(21):8890–96. 
doi: 10.1016/j.apsusc.2009.06.080

[17] Gholami H, Gholami M, Gholizadeh A, Rastegar A. [Use of or-
ange mesocarp ash for removal of direct black 22 dye from aque-
ous solution (Persian)]. Journal of North Khorasan University of 
Medical Sciences. 2012; 4(1):45-55. 

[18] Ranjana D, Talat M, Hasan SH. Biosorption of arsenic from 
aqueous solution using agricultural residue ‘rice polish’. Journal 
of Hazardous Materials. 2009; 166(2-3):1050-059. doi: 10.1016/j.
jhazmat.2008.12.013

[19] Ponnusami V, Krithika V, Madhuram R, Srivastava SN. Bi-
osorptionofreactive dye using acid-treated rice husk: Factorial de-
sign analysis. Journal of Hazardous Materials. 2007; 142(1-2):397–
403. doi: 10.1016/j.jhazmat.2006.08.040

[20] Zafar MN, Nadeem R, Hanif MA. Biosorption of nickel from 
protonated rice bran. Journal of Hazardous Materials. 2007; 143(1-
2):478–485. doi: 10.1016/j.jhazmat.2006.09.055

[21] Kermani M, Gholami M, Gholizade A, Farzadkia M, Esrafili A. 
[Effectiveness of rice husk ash in removal of phenolic compounds 
from aqueous solutions, equilibrium and kinetics studies (Per-
sian)]. Iranian Journal of Health & Environment. 2012; 5(2):107-20. 

[22] Khosravi R, Fazlzadeh M, Samadi Z, Mostafavi H, Taghizadeh 
A, Dorri H. [Investigation of phenol adsorption from aqueous so-
lution by carbonized service bark and modified carbonized service 
bark by ZnO (Persian)]. Journal of Health. 2013; 4(1):21-30. 

[23] American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Water Environ-
ment Federation. Standard Methods for the Examination of Wa-
ter and Wastewater. 20th ed. Washington, D.C.: American Public 
Health Association; 2005. 

[24] Agarwal B, Balomajumder C, Thakur BK, HuangY. Simul-
taneous co-adsorptive removal of phenol and cyanide from bi-
nary solution using granular activated carbon Bhumica Agarwal. 
Chemical Engineering Journal. 2013; 228:28–35. doi: 10.1016/j.
cej.2013.05.030

[25] Langmuir I. The adsorption of gases on plane surfaces of glass, 
mica and platinum. Journal of the American Chemical Society. 
1918; 40(9):1361–403. doi: 10.1021/ja02242a004

[26] El-Naas M, Al-Zuhair S, Abu Alhaij M. Removal of phenol 
from petroleum refinery wastewater through adsorption on 
date-pit activated carbon. Chemical Engineering Journal. 2010; 
162(3):997–1005. doi: 10.1016/j.cej.2010.07.007

[27] Sarı A, Tuzen M, Uluözlü ÖD , Soylak M. Bio sorption of Pb (II) 
and Ni (II) from aqueous solution by lichen Cladoniafurcata bio-
mass. Biochemical Engineering Journal. 2007; 37(2):151–58. doi: 
10.1016/j.bej.2007.04.007

[28] Suresh S, Srivastava VC, Mishra IM. Adsorptive removal of 
phenol from binary aqueous solution with aniline and4-nitrophe-
nol by granula activated carbon. Chemical Engineering Journal. 
2011; 171:997–1003. doi: 10.1016/j.cej.2011.04.050

[29] Rahmani Sani A, Alahabadi A, Rezai Gezal Abad Z, Rastegar 
A, Khamirchi R. [Investigation of the effects of commercial acti-
vated carbon and NH4Cl-induced activated carbon on aniline re-
moval from aqueous solutions: an equilibrium and kinetic study 
(Persian)]. Journal of Sabzevar University of Medical Sciences. 
2015; 21(6):1090-102.

[30] Gholizadeh A, Kermani M, Gholami M, Farzadkia M. Kinetic 
and isotherm studies of adsorption and biosorption processes 
in the removal of phenolic compounds from aqueous solutions: 
comparative study. Journal of Environmental Health Science and 
Engineering. 2013; 29:1-10. doi: 10.1186/2052-336x-11-29

[31] Lin S, Juang R. Adsorption of phenol and its derivates from 
water using synthetic resins and low-cost natural adsorbents: a 
review. Journal of Environmental Management. 2009; 90(3):1336–
349. doi: 10.1016/j.jenvman.2008.09.003

[32] Dash RR, Balomajumder C, Kumar A, Removal of cyanide from 
water and wastewater using granular activated carbon. Chemi-
cal Engineering Journal. 2009; 146(3):408–413. doi: 10.1016/j.
cej.2008.06.021

[33] Valente Nabais GM, Gomes Suhas JA, Carrott PJM ,Laginhas 
C, Roman S. Phenol removal onto novel activated carbons made 
from lingo cellulosic pre-cursors: Influence of surface proper-
ties. Journal of Hazardous Materials. 2009; 167(1-3):904–10. doi: 
10.1016/j.jhazmat.2009.01.075

[34] Kuo CY, Wu CH, Wu JY. Adsorption of direct dyes from 
aqueous solutions by carbon nanotubes: determination of equi-
librium, kinetics and thermody-namics parameters. Journal of 
Colloid and Interface Science. 2008; 327(2):308–15. doi: 10.1016/j.
jcis.2008.08.038

[35] Rodriguesa LA, Silva M, Mendesc M, Reis Coutinho A, Thim 
GP. Phenol removal from aqueous solution by activated carbon 
produced from avocado kernel seeds. Chemical Engineering 
Journal. 2011; 174(1):49–57. doi: 10.1016/j.cej.2011.08.027

[36] Tu W, Lin YP, Bai R. Removal of phenol in aqueous solutions 
by novel buoyant composite photo catalysts and the kinetics. 
Separation & Purification Technology. 2013; 115:180–89. doi: 
10.1016/j.seppur.2013.05.009

[37] Pirsaheb M, Rezaib Z, Mansouri AM, Rastegard A, Ala-
habadi A, Rahmani Sani A, et al. Preparation of the activated 
carbon from India shrub wood and their application for meth-
ylene blue removal: Modeling and optimization. Journal of 
Desalination & Water Treatment. 2015; 57(13):5888-902. doi: 
10.1080/19443994.2015.1008581

[38] Bayramoğlu G, Arıca MY. Enzymatic removal of phenol and 
p-chlorophenol in enzyme reactor: horseradish peroxidase immo-
bilized on magnetic beads. Journal of Hazardous Materials. 2008; 
156(1-3):148-55. doi: 10.1016/j.jhazmat.2007.12.008

[39] Din AT, Hameed BH, Ahmad AL. Batch adsorption of phenol 
onto physiochemical-activated coconut shell. Journal of Haz-
ardous Materials. 2009; 161(2-3):1522-529. doi: 10.1016/j.jhaz-
mat.2008.05.009 

[40] Chena YD, Huang MJ, Huang B, Chen XR. Mesoporous ac-
tivated carbon from inherently potassium-rich pokeweed by 
in situ self-activation and its use for phenol removal. Journal of 
Analytical & Applied Pyrolysis. 2012; 98:159–65. doi: 10.1016/j.
jaap.2012.09.011

مقایسه کارایی خاکستر سبوس برنج خام و اصلاح شده در حذف فنل از محلول های آبی: مطالعات سینتیک و ایزوترمی و ترمودینامیک 


