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Removal of Direct Red 81 from Aqueous Solution

Using an Acidic Soil Containing Iron (Case Study of Lahijan Soil)
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ABSTRACT: Direct Red 81, a dye widely used in textile industries, is frequently detected dye
in water resources. High costs, the formation of hazardous byproducts, and high energy costs restrict
the use of some removal methods. Therefore, the main objectives of this research are the feasibility
of using soil containing iron as a low cost adsorbent to remove (Direct Red 81) from the aqueous phase
and determining the optimum conditions for maximum removal efficiency. The present study
was conducted at a bench scale. The influence of different parameters including the number of
adsorbents; initial concentration of dye solution and pH at different time intervals on dye removal
efficiency were investigated. The maximum removal rate of dye (84%) occurred in pH=7
in the presence of 1 g soil with the initial dye concentration of 50 mg/L at 30 min reaction time.
Moreover, due to the effect of acidic pH and the iron content of used soil a significant increase
was observed in the rate of Direct Red 81dye removal. In conclusion, using soil containing iron
is an appropriate method for the removal of Direct Red 81 from aqueous solutions.
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INTRODUCTION

Environmental pollution caused by industrial wastes
is very important due to toxicity and danger to human
health and the environment [1-3]. Dyes are one of
the most important pollutants in water sources [4], which
mostly exist in the wastewater from textile, leather,

food processing, dyeing, paper, and paint industries [5, 6].
Azo dyes are aromatic compounds with one or more
groups of -N = N- [7, 8] that are widely used, especially
in the textile industries [9, 10].

These dyes are the most important pollutants in textile
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waste and it is estimated that about 15% of them enter
wastewater during manufacturing and processing
operations [11-13].

Many different methods such as photochemical
oxidation, Nano filtration and Ultrafiltration, Ozonation,
reverse osmosis, chemical coagulation, electrochemical
degradation [14-16], integrated chemical/biological
degradation, and solar photo-Fenton [17-19] are used
for the removal of dye from industrial wastewater. High
costs, the formation of hazardous byproducts and requires
great amount of energy are the limiting factors of these
removal methods [20]. Adsorption process at controlled
conditions is one of the most effective methods for
the removal of recalcitrant organic pollutants from
the aquatic environment [21-23].

One of the most common adsorbents is activated
carbon, but high price and limited availability restrict
its usage. Therefore, many types of research have been conducted
to find an alternative material with low cost; wood, ash,
straw, pug [24], orange skin [25] and rice husk [26] are
some adsorbents.

In recent years, iron powder has been widely used
as a reducing agent in promoting environmental conditions.
Among different pollutants, Azo dyes are easily degraded
by iron powder [5]. In this study, the removal of
Direct Red 81 from aqueous solution by using soil containing
iron is studied under different conditions and optimum
conditions for maximum removal are investigated.

EXPERIMENTAL SECTION
Chemicals and Analytical Method

All chemicals used were of reagent grade and
purchased from Merck (Germany). DR 81 dye
(C29H19NsNa20sS,) with the molecular weight 675.6 g
mole was supplied by Hoechst Company, Germany.
Stock solutions of DR81 were prepared by dissolving
1g of dye in 1 lit of double distilled water.
Spectrophotometer (DR 5000) at the wavelength
of 510 nm was used in this study to determine
Direct Red 81 residual concentration in soil samples
according to the standard method (2120) [27].

Soil physiochemical characteristics

The general physiochemical characteristics of the soil
were determined. Hydrometer was used to determine soil
textures using Guelph method. Other soil characteristics
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such as soil solution pH [28], Organic matter Content (OC) [29],
Cation Exchange Capacity (CEC) [30] and Electrical
Conductivity (EC) [31] were determined.

Soil sampling procedure

Soil samples were collected with a hand-driven soil
auger (soil depths 0- 30 cm) from the rice farm in Lahijan
in Gilan province of Iran, is located in the north of Iran.
The soil sample was transported to the laboratory
in zipped plastic bags and was kept frozen at -20°C until
it was ready for the analysis. The soil samples were
thawed and air-dried at dark in room temperature and
screened through a 2.0 mm sieve for maintaining homogeneity
of soil in order to reduce the variability of adsorption data.
Then, it was put in the oven for 2 hr at 104°C until
constant weight. Afterwards, it was stored in a desiccator
for further analysis. The soil texture in Lahijan rice field was
clay loamy. Soil pH and EC were 5.91 and 1.17 ds/m
respectively. Organic matter Cntent (OC) and CEC in soil
were 95% and 19.3 Cmole(+)/kg soil, respectively. The
native soil characteristics at Lahijan site was Clay loamy,
mixed, thermic Typic Haploudults.

Data regarding the physiochemical properties of the
soil showed that the Organic matter Content (OC) of the
soil was high. Therefore, the effect of organic matter
on adsorption was also high. Regarding the soil texture,
it should be noted that the clay content has a large effect
on adsorption. The effect of clay content on adsorption
was between medium to high. The soil pH was acidic and
the iron content in the soil was 36.5 mg/kg soil.

Adsorption experiments

This study was conducted on a laboratory scale.
Al the tests were performed at room temperature and normal
pressure. The number of samples was determined; with
one factor at the time method.

The studied parameters were pH (3, 7, and 11), initial
dye concentration (10, 30, 50, 100, and 150, (mg/L)),
and amount of soil (0.5, 1, 1.5, and 2 (mg/L)) at different
reaction times (30, 60, and 90 min). The optimal
conditions were determined according to the maximum
dye removal efficiency. At first, pH was optimized by
changing it. Then considering the optimal pH, the dye
concentration, soil weight, and time were optimized. pH
of the solutions were adjusted to the desired values using
HCI and NaOH.
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100 mL of dye solution was added to the soil sample
and shaken in a reciprocal shaker (250 rpm). The samples
were centrifuged at 300 rpm for 10 min and then filtered
through whatman filter paper. After filtration, the residual
dye concentrations were collected and transferred to
a 15 mL glass vial and stored in a refrigerator prior to
spectrophotometric analysis. Dye recovery percent
from soil with this method of extraction was 98%.

Adsorption of dye was calculated using the following
equation.

%R:(CI_Cf)

%100 (1)

Where R is % of dye removal

Ci (mg/qg) is the initial dye concentrations

Ct(mg/q) is the residual dye concentrations

The effects of different parameters (pH, initial dye
concentration, amount of soil, and reaction time) on the
reduction rate of dye were determined at three
replications. All the data were presented based on mean.

RESULT AND DISCUSSION

In this study, the effects of pH, initial dye concentration,
adsorbent dosage, and contact time were studied in order to
optimize each parameter for maximum removals.
The results of adsorption and percentage of removal
at different pH levels, amount of soil, dye concentration,
and shaking times are shown in Figs. 1-4.

Effect of pH

pH value of the dye solution plays an important role
in the adsorption process, particularly adsorption
capacity [1, 19]. In Fig. 1, it is seen that absorption
efficiencies increased from pH 3 to pH 7 and then
declined with further increase in pH. The maximum
equilibrium uptake value was found to be 84% at pH 7.

The Direct Red adsorption by soil containing iron
was significantly affected by the pH range of 6-7.
The pH of the system influenced the adsorption rate due
to its influence on the surface properties of the adsorbent
and ionization of the adsorbate molecule [25]. Therefore,
the interaction between a dye and absorbent is mainly
affected by the ionization states of the functional groups
on both dye molecule and absorbent surface [21].

At higher pH (>7), increased pH value (basic
condition) led to the increasing number of negatively
charged sites and decreased the number of positively
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charged sites. A negatively charged surface site on the
soil is not favorable for the adsorption of anionic DR
molecules due to the electrostatic repulsion [5, 25].
Similar results have been observed for the adsorption
of Direct Blue 71 from aqueous solution by wheat shells [5].

Effect of dye concentration

To study the influence of initial dye concentration
on the degradation rate, the experiments were carried out
at different dye concentrations (10, 30, 50, 100, and 150 mg/L)
at pH 7 and 1 g of soil for 30 min.

As shown in Fig. 2, at contact time 30 min, when
the dye concentration was changed from 10 to 50,
the removal percentage increased, however, removal
efficiency decreased from 50 to 150 mg/L. The maximum
adsorption (84 %) was obtained at the dye concentration
of 50 mg/L. The percentage removal of DR81 dye was
swift at the beginning of the adsorption process and then
declined. The adsorption capacity increased when the
initial dye concentration increased from 10 to 50 mg/L.
It is also shown in Fig. 2 that the percentage removal of DR
81 dye decreased from 84% to 15% as dye concentrations
increased from 50 to 150 mg/L. This result showed that,
as more sites in the soil were filled, it became
increasingly difficult for the dye molecules to find
a vacant site [21].

Similar results [24] and inverse results [1] have been
reported in the literature.

Effect of the soil amount as absorbent

Adsorption of DR 81 on soil was studied by changing
the quantity of soil as adsorbent (0.5, 1, 1.5, and 2 g)
in the test solution while keeping pH (7) and initial DR 81
concentration (50 mg/L) constant at contact times
for 30 min (Fig. 3).

As displayed in Fig. 3, when the amount of soil
increased from 0.5 to 1 g, the removal rate increased from
12% to 84%; afterwards, the removal efficiency
decreased by increasing the amount of soil. Although an
increase in removal rate was observed at 2 g of soil,
however, it was not significant. So, the maximum
adsorption (84 %) was seen at 1 g of soil after 30 min
contact at pH =7 at the dye concentration of 50 mg/L.

At first, an increase in the adsorption with adsorbent
dose can be attributed to increased soil surface area and
availability of more adsorption sites [22]; but afterwards,
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Fig. 1: Removal efficiency of dye from aqueous solution at
different pH (dye concentration = 50 mg/L, amount of soil= 1

g, contact time = 30 min).
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Fig. 2: Removal efficiency of dye from aqueous solution at
different dye concentrations (pH =7, amount of soil= 1 g,
contact time = 30 min).

the amount of adsorbed DR 81 decreased due to the fact that
fixed dye concentration (50 mg/L) led to the unsaturated
active sites on the adsorbate surface and increase in the
adsorbate concentrations caused particle aggregation [16].
Similar results were observed in Gulnaz's research [16].

Effect of contact time

Fig. 4 shows the percentage removal of DR81 at
different contact times ranging from 30 to 120 min.
According to Fig. 4, as contact time increased, the removal
rate decreased. The maximum removal efficiency (84%)
was observed in the 30" min and, thereafter, the rate of
adsorption decreased. Rapid adsorption at the initial contact
time can be explained by the availability of a positively
charged surface of adsorbent that led to the fast electrostatic
attraction of the anionic DR81 from the solution [11, 25].
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Fig. 3: Removal efficiency of dye from aqueous solution at
different amounts of soil (pH =7, dye concentration= 50 mg/L,
contact time = 30 min).
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Fig. 4: Removal efficiency of dye from aqueous solution
at different contact times (pH =7, dye concentration= 50mg/L,
amount of soil =1 g).

Removal efficiency first increased in the 30" min and
then started to decrease with increasing shaking time.
The decrease in removal rate for dye might be attributed
to the degrading buffer ability in the soil with pH 7,
which desorbed the bulky dye molecules and only allows
small solvent molecules to enter the soil [23].

Similar [23] and inverse [24, 25] results have been reported
in other works.

CONCLUSIONS

Among the various materials that are low cost
and easily available, soil containing iron has good properties
for adsorption. Experimental data showed that adsorption
depended on pH, adsorbent mass, initial dye concentration,
and contact time, thus, removal of dye was decreased
with increasing reaction time. The optimal conditions
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for the removal of dye in the aqueous phase using soil containing
iron were as follows: pH= 7, initial dye concentration=50 mg/L,
soil amount=1 g and reaction time=30 min, respectively.
The economical aspects were considered for selecting
the optimal conditions. Therefore, adsorption process using
soil is an efficient, reliable, flexible, and cost-effective
method for removing Direct Red 81 dye from industrial
wastewater.

Nomenclatures

DR 81 Direct Red 81
ocC Organic matter Content
CEC Cation-Exchange Capacity
EC Electrical Conductivity
Min Minute

Acknowledgements

The authors would like to thank the deputy of
research and technology of Shiraz University of Medical
Sciences for supporting the research project 9203.
The authors would like to thank the Research Consulting
Center (RCC) for their assistant in editing this article.

Received : Sep. 2, 2017 ; Accepted : Mar. 12, 2018

REFERENCES

[1] Yilmaz A.E., Boncukcuoglu R., Kocakerim M.,
Karakas I.H., Waste utilization: The Removal of
Textile Dye (Bomaplex Red CR-L) from Aqueous
Solution on Sludge Waste from Electrocoagulation
as Adsorbent, Desalination, 277:1 56-163 (2011).

[2] Tang X., Li Y., Chen R., Min F., Yang J., Dong Y.,
Evaluation and Modeling of Methyl Green Adsorption
from Aqueous Solutions Using Loofah Fibers,
Korean J. Chem. Eng., 32: 125-131 (2015).

[3] Dehghani M., Ansari Shiri M., Shahsavani S.,
Shamsedini N., Nozari M., Removal of Direct
Red 81 Dye from Aqueous Solution Using Neutral
Soil Containing Copper, Desalination and Water
Treatment, 86: 213-220 (2017).

[4] Arami M., Yousefi Limaee N., Mahmoodi N.M.,
Salman Tabrizi N., Equilibrium and Kinetics Studies
for the Adsorption of Direct and Acid Dyes from
Aqueous Solution by Soy Meal Hull, Journal of
Hazardous Materials. B, 135: 171-179 (2006).

Research Article

Removal of Direct Red 81 from Aqueous Solution ...

Vol. 38, No. 2, 2019

[5] Bulut Y., G"oz ubenli N., Aydin H., Equilibrium and
Kinetics Studies for Adsorption of Direct Blue 71
from Aqueous Solution by Wheat Shells, Journal of
Hazardous Materials, 144: 300-306 (2007).

[6] Gomathi Devi L., Girish Kumar S., Mohan Reddy K.,
Munikrishnappa C., Photo Degradation of Methyl
Orange an Azo Dye by Advanced Fenton Process
Using Zero Valent Metallic Iron: Influence of
Various Reaction Parameters and its Degradation
Mechanism, Journal of Hazardous Materials, 164:
459-467 (2009).

[7] Tee H-Ch., Lim P-E., Seng Ch-E., Nawi M.A.M.,
Adnan R., Enhancement of Azo Dye Acid Orange 7
Removal in  Newly Developed Horizontal
Subsurface-Flow Constructed Wetland, Journal of
Environmental Management, 147: 349-355 (2015).

[8] Bahmani P., Rezaei Kalantary R., Esrafili A.,
Gholami M., Jonidi Jafari A., Evaluation of Fenton
Oxidation Process Coupled with Biological
Treatment for the Removal of Reactive Black 5 from
Agqueous Solution, Journal of Environmental Health
Sciences & Engineering, 11: 1-9 (2013).

[9] Aleboyeh A., Olya M.E., Aleboyeh H., Electrical
Energy Eetermination for an Azo Dye Decolorization
and Mineralization by UV/H;O, Advanced
Oxidation Process, Chemical Engineering J., 137:
518-524 (2008).

[10] Zatloukalova K., Obalova L., Ko¢i K., Capek L.,
Matéj Z., Snajdhaufova H., Photocatalytic
Degradation of Endocrine Disruptor Compounds
in Water over Immobilized TiO2 Photocatalysts,
Iran. J. Chem. Chem. Eng. (IJCCE), 36(2):29-38(2017).

[11] Khaled A., Nemr A.E., El-Sikaily A., Abdelwahab O.,
Treatment of Artificial Textile Dye Effluent
Containing Direct Yellow 12 by Orange Peel
Carbon, Desalination, 238: 210-232 (2009).

[12] Ay F., Catalkaya E.C., Kargi F., A statistical
Experiment Design Approach for Advanced
Oxidation of Direct Red Azo-Dye by Photo-Fenton
Treatment, Journal of Hazardous Materials, 162:
230-236 (2009).

[13] Sponza D.T., Isik M., Toxicity and Intermediates of
C.l. Direct Red 28 Dye Through Sequential
Anaerobic/Aerobic Treatment, Process Biochemistry,
40: 2735-2744 (2005).

111


https://www.sciencedirect.com/science/article/pii/S0011916411003419
https://www.sciencedirect.com/science/article/pii/S0011916411003419
https://www.sciencedirect.com/science/article/pii/S0011916411003419
https://www.sciencedirect.com/science/article/pii/S0011916411003419
https://link.springer.com/article/10.1007%2Fs11814-014-0191-3
https://link.springer.com/article/10.1007%2Fs11814-014-0191-3
https://www.researchgate.net/publication/320475013_Removal_of_Direct_Red_81_dye_from_aqueous_solution_using_neutral_soil_containing_copper
https://www.researchgate.net/publication/320475013_Removal_of_Direct_Red_81_dye_from_aqueous_solution_using_neutral_soil_containing_copper
https://www.researchgate.net/publication/320475013_Removal_of_Direct_Red_81_dye_from_aqueous_solution_using_neutral_soil_containing_copper
https://www.sciencedirect.com/science/article/pii/S0304389405007521
https://www.sciencedirect.com/science/article/pii/S0304389405007521
https://www.sciencedirect.com/science/article/pii/S0304389405007521
https://www.sciencedirect.com/science/article/pii/S0304389406012180
https://www.sciencedirect.com/science/article/pii/S0304389406012180
https://www.sciencedirect.com/science/article/pii/S0304389406012180
https://www.ncbi.nlm.nih.gov/pubmed/18805635
https://www.ncbi.nlm.nih.gov/pubmed/18805635
https://www.ncbi.nlm.nih.gov/pubmed/18805635
https://www.ncbi.nlm.nih.gov/pubmed/18805635
https://www.ncbi.nlm.nih.gov/pubmed/18805635
https://www.ncbi.nlm.nih.gov/pubmed/25284799
https://www.ncbi.nlm.nih.gov/pubmed/25284799
https://www.ncbi.nlm.nih.gov/pubmed/25284799
https://www.ncbi.nlm.nih.gov/pubmed/24499597
https://www.ncbi.nlm.nih.gov/pubmed/24499597
https://www.ncbi.nlm.nih.gov/pubmed/24499597
https://www.ncbi.nlm.nih.gov/pubmed/24499597
https://www.sciencedirect.com/science/article/pii/S1385894707003488
https://www.sciencedirect.com/science/article/pii/S1385894707003488
https://www.sciencedirect.com/science/article/pii/S1385894707003488
https://www.sciencedirect.com/science/article/pii/S1385894707003488
http://www.ijcce.ac.ir/article_26694.html
http://www.ijcce.ac.ir/article_26694.html
http://www.ijcce.ac.ir/article_26694.html
https://www.sciencedirect.com/science/article/pii/S0011916408007558
https://www.sciencedirect.com/science/article/pii/S0011916408007558
https://www.sciencedirect.com/science/article/pii/S0011916408007558
https://www.sciencedirect.com/science/article/pii/S0304389408007140
https://www.sciencedirect.com/science/article/pii/S0304389408007140
https://www.sciencedirect.com/science/article/pii/S0304389408007140
https://www.sciencedirect.com/science/article/pii/S0304389408007140
https://www.sciencedirect.com/science/article/pii/S0032959205000361
https://www.sciencedirect.com/science/article/pii/S0032959205000361
https://www.sciencedirect.com/science/article/pii/S0032959205000361

Iran. J. Chem. Chem. Eng.

[14] Dehghani M., Shabestari R., Anushiravani A,
Shamsedini N., Application of Electrocoagulation
Process for Reactive Red 198 Dye Removal from
the Aqueous Solution, Iranian Journal of Health
Sciences, 2: 1-9 (2014).

[15] Dehghani M., et al. Optimization of the Parameters
Influencing the Photo-Fenton Process for the
Decolorization of Reactive Red 198 (RR198),
Jundishapur J Health Sci., 7: 28243 (2015).

[16] Gulnaz O., Sahmurova A., Kama S., Removal of
Reactive Red 198 from Aqueous Solution
by Potamogeton Crispus, Chemical Engineering J.,
174: 579-585 (2011).

[17] Mehmood A., Bano Sh., Fahim A., Parveen R.,
Khurshid Sh., Efficient Removal of Crystal
Violet and Eosin B from Aqueous Solution
Using Syzygium Cumini Leaves: A Comparative
Study of Acidic and Basic Dyes on a Single
Adsorbent, Korean J. Chem. Eng., 32: 882-895
(2015).

[18] Dehvari M., Ehrampoush M.H., Ghaneian M.T.,
Jamshidi B., Abatabaee M., Adsorption Kinetics
and Equilibrium Studies of Reactive Red 198 Dye
by Cuttlefish Bone Powder, Iran. J. Chem. Chem.
Eng. (IJCCE), 36(2): 143-151(2017).

[19] Dehghani M., Nasseri S., Hashemi H., Study of
the Bioremediation of Atrazine under Variable
Carbon and Nitrogen Sources by Mixed Bacterial
Consortium Isolated from Corn Field Soil in Fars
Province of Iran, J Environ Public Health, Article
ID 973165 (2013).

[20] Sureshkumar M.V., Namasivayam C., Adsorption
Behavior of Direct Red 12B and Rhodamine B from
Water onto Surfactant-Modified Coconut Coir pith,
Colloids and Surfaces A: Physicochem. Eng., 317:
277-283 (2008).

[21] Bayramo glu G., Yakup Arica M., Biosorption of
Benzidine Based Textile Dyes “Direct Blue 1 and
Direct Red 128” Using Native and Heat-Treated
Biomass of Trametes Versicolor, Journal of
Hazardous Materials, 143: 135-143 (2007).

[22] Brusseau M.L., Rao P.S.C., Robert W,
Gillham R.W., Sorption nonideality During Organic
Contaminant Transport in Porous Media, Critical
Reviews in Environmental Control, 19: 33-99
(1989) .

112

Shahsavani S. et al.

Vol. 38, No. 2, 2019

[23] Saleem M., Pirzada T., Qadeer R., Sorption of Acid
Violet 17 and Direct Red 80 Dyes on Cotton Fiber
from Aqueous Solutions, Colloids and Surfaces A:
Physicochem. Eng., 292: 246-250 (2007).

[24] Doulati Ardejani F., Badii K.h., Yousefi Limaee N.,
Shafaei S.Z., Mirhabibi A.R., Adsorption of Direct
Red 80 Dye from Aqueous Solution onto Almond
Shells: Effect of pH, Initial Concentration and Shell
Type, Journal of Hazardous Materials, 151: 730-
737 (2008).

[25] Nemr A.E., Abdelwahab O., El-Sikaily A,
Khaled K.h., Removal of Direct Blue-86 from
Aqueous Solution by New Activated Carbon
Developed from Orange Peel, Journal of Hazardous
Materials, 161: 102-110 (2009).

[26] Mishra S.P., Adsorption—-Desorption of Heavy Metal
lons, Current Science, 107:601-612 (2014).

[27] American Public Health Association, "Standards
Methods for the Examination of Water and
Wastewaters”, 20th ed. Washington DC, American
Public Health Association, (2005).

[28] Thomas G.W., Soil pH and Soil Acidity, in:
"Methods of Soil Analysis" (ed. Sparks, D. L.)
SSSA Book Series: 457-490 (1996).

[29] Darrel W.N., Nelson L.E., Total Carbon, Organic
Carbon, and Organic Matter, In "Methods of Soil
Analysis™ (ed. Sparks, D. L.) SSSA Book Series 5:
982-99 (1996).

[30] Summer M.E. and Miller W.P., Cation Exchange
Capacity and Exchange Coefficient, In "Methods of
Soil Analysis" (ed. Sparks, D. L.) SSSA Book Series 5:
1205- 1230 (1996).

[31] Rhoades J.D., Salinity Electrical Conductivity and
Total Dissolved Solids. In "Methods of Soil
Analysis" (ed. Sparks, D. L.) SSSA Book Series 5:
417- 436 (1996).

Research Article


http://jhs.mazums.ac.ir/browse.php?a_id=165&sid=1&slc_lang=en
http://jhs.mazums.ac.ir/browse.php?a_id=165&sid=1&slc_lang=en
http://jhs.mazums.ac.ir/browse.php?a_id=165&sid=1&slc_lang=en
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=471604
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=471604
http://www.sid.ir/En/Journal/ViewPaper.aspx?ID=471604
https://www.sciencedirect.com/science/article/pii/S1385894711011193
https://www.sciencedirect.com/science/article/pii/S1385894711011193
https://www.sciencedirect.com/science/article/pii/S1385894711011193
https://link.springer.com/article/10.1007/s11814-014-0308-8
https://link.springer.com/article/10.1007/s11814-014-0308-8
https://link.springer.com/article/10.1007/s11814-014-0308-8
https://link.springer.com/article/10.1007/s11814-014-0308-8
https://link.springer.com/article/10.1007/s11814-014-0308-8
http://www.ijcce.ac.ir/article_26703.html
http://www.ijcce.ac.ir/article_26703.html
http://www.ijcce.ac.ir/article_26703.html
https://www.hindawi.com/journals/jeph/2013/973165/
https://www.hindawi.com/journals/jeph/2013/973165/
https://www.hindawi.com/journals/jeph/2013/973165/
https://www.hindawi.com/journals/jeph/2013/973165/
https://www.hindawi.com/journals/jeph/2013/973165/
https://www.researchgate.net/publication/223403606_Adsorption_Behavior_of_Direct_Red_12B_and_Rhodamine_B_From_Water_Onto_Surfactant-Modified_Coconut_Coir_Pith
https://www.researchgate.net/publication/223403606_Adsorption_Behavior_of_Direct_Red_12B_and_Rhodamine_B_From_Water_Onto_Surfactant-Modified_Coconut_Coir_Pith
https://www.researchgate.net/publication/223403606_Adsorption_Behavior_of_Direct_Red_12B_and_Rhodamine_B_From_Water_Onto_Surfactant-Modified_Coconut_Coir_Pith
https://www.researchgate.net/publication/223403606_Adsorption_Behavior_of_Direct_Red_12B_and_Rhodamine_B_From_Water_Onto_Surfactant-Modified_Coconut_Coir_Pith
https://www.sciencedirect.com/science/article/pii/S0304389406010466
https://www.sciencedirect.com/science/article/pii/S0304389406010466
https://www.sciencedirect.com/science/article/pii/S0304389406010466
https://www.sciencedirect.com/science/article/pii/S0304389406010466
https://www.tandfonline.com/author/Brusseau%2C+Mark+L
https://www.tandfonline.com/author/Rao%2C+PSC
https://www.tandfonline.com/author/Gillham%2C+Robert+W
https://www.tandfonline.com/author/Gillham%2C+Robert+W
https://www.tandfonline.com/toc/best19/current
https://www.tandfonline.com/toc/best19/current
https://www.tandfonline.com/toc/best19/current
https://www.researchgate.net/publication/233529126_Sorption_of_acid_violet_17_and_direct_red_80_dyes_on_cotton_fiber_from_aqueous_solutions
https://www.researchgate.net/publication/233529126_Sorption_of_acid_violet_17_and_direct_red_80_dyes_on_cotton_fiber_from_aqueous_solutions
https://www.researchgate.net/publication/233529126_Sorption_of_acid_violet_17_and_direct_red_80_dyes_on_cotton_fiber_from_aqueous_solutions
https://www.researchgate.net/publication/233529126_Sorption_of_acid_violet_17_and_direct_red_80_dyes_on_cotton_fiber_from_aqueous_solutions
https://www.ncbi.nlm.nih.gov/pubmed/17656016
https://www.ncbi.nlm.nih.gov/pubmed/17656016
https://www.ncbi.nlm.nih.gov/pubmed/17656016
https://www.ncbi.nlm.nih.gov/pubmed/17656016
https://www.sciencedirect.com/science/article/pii/S0304389408004408
https://www.sciencedirect.com/science/article/pii/S0304389408004408
https://www.sciencedirect.com/science/article/pii/S0304389408004408
https://www.researchgate.net/publication/286159408_Adsorption-desorption_of_heavy_metal_ions
https://www.researchgate.net/publication/286159408_Adsorption-desorption_of_heavy_metal_ions
https://www.mwa.co.th/download/file_upload/SMWW_1000-3000.pdf
https://www.mwa.co.th/download/file_upload/SMWW_1000-3000.pdf
https://www.mwa.co.th/download/file_upload/SMWW_1000-3000.pdf
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ
https://books.google.com/books/about/Methods_of_Soil_Analysis.html?id=IpSuNAEACAAJ

