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FM4 
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FM5 

(ppb156 )
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(ppb288 )
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(ppb996 )
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K2 0000612/0 000035/0 0000337/0 000128/0 000101/0 0000332/0 
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SSE 9/451 9/320 7/685 5/1 2/6 2/122 

( Ho )1نوع

K2 000209/0 0000867/0 0000619/0 00029/0 000222/0 0000626/0 
qe 6/85 8/149 4/203 6/26 3/42 2/150 
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 2نوع

K2 010539/0 003966/0 002695/0 02498/0 002991/0 008659/0 
qe 5/33 0/50 7/78 4/5 4/16 0/28 
R2 

834/0 744/0 675/0 6215/0 9836/0 2883/0 
SSE 9/7217 9/20530 8/56013 7/660 4/871 7/23285 

Ritchie 

K2 0000622/0 0000353/0 0000335/0 000128/0 000101/0 0000333/0 
qe 7/119 195/4 4/275 3/35 6/54 7/185 
R2 

987/0 996/0 9846/0 9989/0 9978/0 9970/0 
SSE 7/454 1/322 3/689 5/1 2/6 7/122 

Sobkowsk 

K2 0000622/0 0000353/0 0000335/0 000128/0 000101/0 0000333/0 
qe 7/119 195/4 4/275 3/35 6/54 7/185 
R2 

987/0 996/0 9846/0 9989/0 9978/0 9970/0 
SSE 7/454 1/322 3/689 5/1 2/6 7/122 

Blanchard 

K2 0000622/0 0000353/0 0000335/0 000128/0 000101/0 0000333/0 
qe 7/119 195/4 4/275 3/35 6/54 7/185 
R2 

988/0 996/0 9854/0 9990/0 9979/0 9971/0 
SSE 7/454 1/322 3/689 5/1 2/6 7/122 

 3نوع

K2 005074/0 00126/0 000843/0 004755/0 000996/0 002567/0 
qe 6/45 5/77 9/124 5/11 25/9 3/58 
R2 

352/0 3637/0 3474/0 2939/0 5957/0 1826/0 
SSE 1/4519 1/9035 6/22289 1/195 2/248 9/8291 

 4نوع

K2 001323/0 000326/0 000208/0 000836/0 000456/0 000272/0 
qe 6/61 7/108 6/175 2/19 7/33 6/100 
R2 

352/0 3637/0 3474/0 2939/0 5957/0 1826/0 
SSE 6/3168 7/3990 9/8213 6/43 9/93 5/2055 

2FM6



2704121389 

0 50 100 150 200 250
0

5

10

15

20

25

30

35

Time (min)

q
 (

m
ic

ro
 g

r/
g
r)

Experimental

Type 2

Type 3

Type 4

0 50 100 150 200 250
0

5

10

15

20

25

30

35

Time (min)

q
 (

m
ic

ro
 g

r/
g
r)

Experimental

Non Linear

Type 1 (Ho)

Ritchie

Blanchard

SobKow sk and Czerw inski

3FM6

4k2qe

FM2 FM3 FM4FM5FM6FM9

k2 000061200000350000033700001280000101000003320

qe7119419542753356547185

1Ho
k2(%) 1242714768361267119788

qe(%)528323215624622119

2
k2(%) 6171283112307789311940012855226006

qe(%)072474471684969984

Ritchiek2(%) 718080302050

Sobkowskk2(%) 718080302050

Blanchardk2(%) 718080302050

3
k2(%) 78194734999240083611188487637

qe(%)961460654667552668

4
k2(%) 6206278329517455283505719

qe(%)548444236845338845

3

Sobkowsk RitchieBlanchardR
2

SSE

3

SSE

R
2

 

Sobkowsk and Czerwinski1974

Ritchie1977Blanchard et al.1984Ho1995

 

Ritchie

Sobkowsk,Blanchard

 

 (ب (الف



271 

 

R
2

SSE 

 

C

C0

K 

k

k2 

nt

N

n0

Plinearqek2

Pnon linearqek2

ppb

qt

q∞

qe

qi,cal

qi,meas

SSE

t

V

W

α

Bα

θ

REFERENCES 
Bencala, K.E., 1983. Simulation of solute transport in 

mountain pooland-riffle stream with a kinetic 

mass transfer model for sorption, Water Resour. 

Res., 19(3), 732–738. 

Biskup, B. and Subotic, B. 2004. Kinetic analysis of 

the exchange processes between sodium ions 

from zeolite A and cadmium, copper and nickel 

ions from solutions. Sep. Purif. Technol., 37, 17–

31. 

Blanchard, G., Maunaye, M. and Martin, G. 1984. 

Removal of heavy metals from waters by means 

of natural zeolites. Water Res., 18 (12), 1501–

1507. 

Draper, N.R and Smith, H. 1998. Applied Regression 

Analysis (3rd Ed.). New York: John Wiley & 

Sons. 

Ho, Y.S.  and McKay, G. 1999. Pseudo-second order 

model for sorption processe. Process Biochem., 

34, 451–465. 

Ho, Y.S. and McKay G. 2000. The kinetics of sorption 

of divalent metal ions onto sphagnum moss peat. 

Water Res., 34, 735–742. 

Ho, Y.S. and McKay, G. 1998. Kinetic model for 

lead(II) sorption on to peat. Adsorpt. Sci. 

Technol., 16, 243–255.

Ho, Y.S. 1995. Adsorption of heavy metals from waste 

streams by peat. Ph. D. Thesis, University of 

Birmingham, U.K. 

Ho, Y.S. 2004. Selection of optimum sorption 

isotherm. Carbon, 42(10), 2115–2116. (Cited in 

Ho 2006 a) 

Ho, Y.S. 2006 a. Second-order kinetic model for the 

sorption of cadmium onto tree fern: A 

comparison of linear and non-linear methods. 

Water Research, 40, 119 – 25. 

Ho, Y.S. 2006 b. Review of second-order models for 

adsorption systems. Journal of Hazardous 

Materials, B136, 681–689. 

Jain C.K. and Ram, D. 1997. Adsorption of metal ions 

on bed sediments. Hydrol. Sci. J., 42(5), 713–

723. 

Jain, C.K. and Sharma, M. K. 2001. Distribution of 

trace metals in the Hindon river system, India. J. 

of hydrology, 253, 81-90. 

Jiang, H., Xu, Y., Zhang, J., Zhang, L. and Han, R. P. 

2007. Pseudo second order kinetic model for the 

biosorption of lead onto waste yeast: A 

comparison of linear and nonlinear methods and 

error analysis. Life Science Journal, 4(4). 

Jonsson, K. and Worman, A. 2001. Effect of sorption 

kinetics on the transport of solutes in streams. the 

science of the total environment, 266, 239-247. 

Jonsson, K., Johansson H. and Worman A. 2004. 

Sorption Behavior and Long-Term Retention of 

Reactive Solutes in the Hyporheic Zone of 

Streams. Journal of Environmental Engineering, 

130(5), 573-584. 

Kinniburgh, D.G. 1986. General purpose adsorption 

isotherms. Environ. Sci. Technol., 20(9), 895–

904. (cited in Ho 2006 a) 

Mahdavi A., Omid, M. H. and Ganjali, M. R. 2008. 

Effect of Bed load Transport on Kinetic Sorption 

in a Circular Flume. Proceeding of international 

conference on fluvial hydraulics, Cesme-Izmir, 

Turkey. 

Mahdavi A., Omid, M. H. and Ganjali, M. R. 2009. 

Experimental study of sorption and transport of 

Cadmium in the presence of bed load. Journal of 

Environmental Studies, 34(48), 1-12 (in Farsi). 

Ritchie, A.G. 1977. Alternative to the Elovich equation 



2724121389 

for the kinetics of adsorption of gases on solids. J. 

Chem. Soc. Faraday Trans. I 73 (10), 1650–1653. 

Roshanfekr A., Kashefipour S.M. and Jafarzadeh N. 

2008. Numerical modeling of heavy metals for 

reverine systems using a new approach to the 

source term in the ADE. J. of Hydroinformatics, 

10.3, 245-255. 

Runkel, R. 1998. One-dimensional transport with 

inflow and storage (OTIS): A solute transport 

model for streams and rivers. U.S. Geologica 

Survey, Water-Resources Investigations Rep., 98-

4018, Denver. 

Sharma, Y.C. 2003. Cr(VI) removal from industrial 

effluents by adsorption on an indigenous low cost 

material. Colloids and Surfaces, 215, 155-167. 

Sharma, Y.C., G.S. Gupta, G. Prasad & D.C. 

Rupainwar, 1990. Use of wollastonite in the 

removal of Ni (II) from aqueous solutions, Water, 

Air and Soil Pollution 49, 69-79. 

Sharma, Y.C., Kaul, S. N. and Weng, C.H. 2007. 

Adsorptive separation of cadmium from aqueous 

solutions and wastewaters by river bed sand. 

Environmental pollution, 150, 251-257. 

Sobkowsk, J. and Czerwinski, A. 1974. Kinetics of 

carbon dioxide adsorption on a platinum 

electrode. J. Electroanal. Chem., 55(3), 391–397. 

Wu, Y., Falconer, R. A. and Lin B. 2005. Modeling 

trace metal concentration distributions in 

estuarine waters. Estuarine, Costal and Shelf 

science, 64, 699-709. 

 


	ZEqnNum349712
	ZEqnNum332494
	ZEqnNum365571
	ZEqnNum361869

