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FLUORIDE REMOVAL FROM AQUEOUS SOLUTIONS USING SHRIMP 
SHELL WASTE AS A CHEAP BIOSORBENT

Sina Dobaradaran,a,b Iraj Nabipour,c Amir Hossein Mahvi,d,e Mozhgan Keshtkar,f 
Farzaneh Elmi,f Fatemeh Amanollahzade,f Maryam Khorsandf

Bushehr, Iran

SUMMARY: The aim of this study was to determine the efficiency of shrimp shell
waste for the removal of fluoride (F) from aqueous solutions by adsorption, the most
promising treatment technology for this purpose. In a series of batch experiments at
room temperature, the experimental parameters studied were: initial adsorbent dose
(3.2–64 g/L), initial F concentration (2–8 mg/L) while the mass ratio of biosorbant
dose (g/L) to initial F concentration (mg/L) was fixed at 5 ratios in the range 400–8000,
contact time (5–120 min), pH (3–11), and the presence of competing anions
(bicarbonate, nitrate, carbonate, sulfate, and chloride at 200–400 mg/L). We
concluded that shrimp shell waste can be a cheap, effective, and environmentally
friendly adsorbent of F from aqueous solutions.
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INTRODUCTION

Fluoride (F) is widely distributed in the environment and is therefore of special
concern. Besides natural weathering, anthropogenic activities, such as aluminium,
steel, fertilizer, bricks, ceramics, and glass industries as well as nuclear
applications, play an important role in increasing water pollution by F.1-3 F can
cause a wide range of adverse health effects.4-7 In this regard, various studies in
Iran have reported the occurrence of elevated F concentrations in drinking water,
air, fish, tea, and sea as well as in connection with its removal from high F
waters.6-20 Adsorption of F is considered as the most effective treatment method
for F removal from aqueous solutions. Biosorption advantages over conventional
treatment methods include low cost, high efficiency, less sludge production, and
regeneration of biosorbent.21-22 The aim of this study was to determine the
efficiency of shrimp shell waste as a biosorbent in the removal of F from aqueous
solutions.

MATERIALS AND METHODS

The shrimp shell wastes were obtained from local fishery waste along the
Persian Gulf in the Bushehr port coastal area. Shrimp shell wastes were washed
thoroughly with distilled water several times. The washed materials were then
dried in an oven at 60ºC for 2 hours and 40ºC for 20 hr, and then ground and

aFor correspondence: Assistant Professor, The Persian Gulf Marine Biotechnology Research
Centre, Bushehr University of Medical Sciences, Bushehr, Iran, E-mail:
sina_dobaradaran@yahoo.com; bDepartment of Environmental Health Engineering, Faculty of
Health, Bushehr University of Medical Sciences, Bushehr, Iran; cThe Persian Gulf Tropical
Medicine Research Center, Bushehr University of Medical Sciences, Bushehr, Iran;
dDepartment of Environmental Health Engineering, School of Public Health, Tehran University
of Medical Sciences, Tehran, Iran; eCenter for Solid Waste Research, Institute for
Environmental Research, Tehran University of Medical Sciences, Tehran, Iran; fStudent
Research Committee, Bushehr University of Medical Sciences, Bushehr, Iran.



Research report
Fluoride 47(3)253–257
July-September 2014

Fluoride removal by shrimp shell waste
Dobaradaran, Nabipour, Mahvi, Keshtkar, Elmi, Amanollahzade, Khorsand 254254
sieved through a 0.71 mm screen. A stock solution of 100 mg/L F was prepared by
dissolving sodium fluoride (NaF) in ultrapure water. F solutions were prepared at
2, 3, 5, and 8 mg/L concentrations. At each run, 100 mL of F solution with a
specific initial F concentration was agitated at 120 rpm. The effects of five contact
times (5, 10, 25, 60, and 120 min), four initial F concentrations (2, 3, 5, and 8 mg/
L), three different pHs (3, 7, and 11), and different mass ratios of biosorbent to the
F level (five ratios within the range of 400–8000) were investigated in the batch
experiments. The standard SPADNS method was used by using a
Spectrophotometer (model CAM Spec M501) for analysis of the remaining F
concentration in the aqueous solution after each run.

RESULTS AND DISCUSSION

F removal as a function of contact time and adsorbent dose has been studied. In
our study, for an initial F concentration of 8 mg/L, the removal percentage of F
increased with increasing adsorbent dose from 3.2 g/L to 64 g/L but there were no
significant differences in the F removal between adsorbent doses of 48 g/L and 64
g/L (Figure 1). The adsorption rate was fast initially with F removal reaching a
maximum after 15 min and it then decreased with increasing contact time,
especially for lower adsorbent doses which can be due to desorption and a
decrease of the active surface area.

 Jamode et al. found F removal from water using fresh leaves of trees increased
from 20 to 85 percent with increasing adsorbent doses from 0.5 to 12 g/L.23

Mahramanlioglu et al. and Rani et al. reported similar results in the defluoridation
of aqueous solutions with increasing adsorbent doses.24-25 We found that, at a
fixed mass ratio of biosorbent to initial F concentration, the efficiency of F
removal increased when the initial F concentration was increased (Figure 2). By
increasing the F concentration from 2 to 8 mg/L, the removal efficiency increased
from 33 to 81 percent. In contrast, Jamode et al. and Mahramanlioglu et al., using
different adsorbents, reported lower adsorption rates at higher initial F
concentrations.23-24 Our study found that for the removal of F from aqueous

Figure 1. F adsorption as a function of adsorbent dose (initial F concentration = 8 mg/L).

      0         20       40       60      80       100    120

                                     Time (min)

100
  90
  80
  70
  60
  50
  40
  30
  20
  10
  0

Removal 
efficiency 
(%)   3.2 g/L

  8 g/L
16 g/L
48 g/L
64 g/L

Initial adsorbent 
dose



Research report
Fluoride 47(3)253–257
July-September 2014

Fluoride removal by shrimp shell waste
Dobaradaran, Nabipour, Mahvi, Keshtkar, Elmi, Amanollahzade, Khorsand 255255
solutions, shrimp shell waste had a higher adsorption capacity than that reported
for other adsorbents.23-24

Our study found that for the removal of F from aqueous solutions, shrimp shell
waste had a higher adsorption capacity than that reported for other adsorbents.23-24

The removal efficiency for F adsorption by shrimp shell waste increased as the
pH increased from 3 to 11 (Figure 3). 

Similarly, Shams et al. found that granular ferric hydroxide (GFH) was most
efficient in removing F at the highest pH studied (pH 8).15 Gupta et al. examined F
removal with waste carbon slurry at pH values ranging from 2 to 12 and observed
that the highest F removal efficiency occurred at pH 8. 26 However, Kermer et
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Figure 2. F adsorption, using a fixed mass ratio of biosorbent to initial F concentration, as a
function of initial F concentration. 
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Figure 3. Effect of pH on F removal by shrimp shell waste (biosorbent dose = 3.2 g/L, initial F
concentration = 8 mg/L).
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al.27 and Nigussie et al.28 reported that pH had no effect on F removal by waste
residues from waste mud and alum manufacturing process, respectively. 

The presence of competing anions, including HCO3
–, NO3

–, Cl–, CO3
2–, and

SO4
2–, at 200 and 400 mg/L levels, had no significant effect on F adsorption by the

biosorbent (Figure 4).

In this study, we found that shrimp shell waste was effective in removing F from
aqueous solutions. Our results showed that increasing the contact time did not
have a significant effect on the adsorption rate but that the removal efficiency
increased with increasing the adsorbent dose. When the mass ratio of the dose of
biosorbent to the initial F level was fixed, the F removal efficiency also increased
with increasing the initial F concentration. Shrimp shell waste exhibited a high
defluoridation efficiency and most of the adsorption occurred within a few
minutes of contact time. The adsorbent applied in this study, shrimp shell waste,
was easy to source and inexpensive. Finally, it should be noted that shrimp shell
waste can be used as an environmentally friendly, effective, and cheap adsorbent
for the removal of F from aqueous solutions, especially from industrial
wastewaters.

ACKNOWLEDGMENTS

The authors are grateful to the Bushehr University of Medical Sciences for their
financial support.

REFERENCES
1 Toma S, Kreidman J, Vedina O, Veliksar S. Some observations on fluoride problems in the

Moldova Republic. Fluoride 1999;32(2):67-70.
2 Jezierska-Madziar M, Pińskwar P, Przybył A. Reduction in fluoride levels in the old Warta

reservoir near Luboń, Poland. Fluoride 2001;34(1):51-4.
3  Morra P, Lisi R, Spadoni G, Maschio G. The assessment of human health impact caused

by industrial and civil activities in the Pace Valley of Messina. Sci Total Environ
2009;407(12):3712-20.

      0                  100                 200                300                400

                               Anion concentration (mg/L)

100
  90
  80
  70
  60
  50
  40
  30
  20
  10
    0

Removal 
efficiency
(%) Bicarbonate

Nitrate

Carbonate

Sulfate

Chloride

Competing 
anion         

Figure 4. Effect of competing anions (concentrations of 200 and 400 mg/L) on F adsorption
onto biosorbent (initial F concentration = 8 mg/L, biosorbent dose = 8 g/L, contact time = 5 min).
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