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Abstract
The levels of fluoride in various ground water sources in East Africa are above the
World Health Organization upper limit of 1.5 mg/L. Research on diverse defluoridation technologies has proven that adsorption stands out as an affordable, efficient,
and facile technology. Fish swim bladder-derived porous carbon (FBPC) activated by
KOH and surface oxidized by nitric acid was successfully investigated as an adsorbent for defluoridation at portable water pH. The FBPC was characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-raydiffraction (XRD) and energy dispersive spectroscopy (EDS). Batch methods were
used to study physiochemical parameters viz., initial fluoride concentration, temperature, adsorbate dosage, contact time and pH. Freundlich, Temkin, Langmuir and
Dubinin-Radushkevich isotherms were plotted and analyzed to understand the adsorption process. Bangham, Weber Morris, pseudo first and second-order models
were used to elucidate the kinetics of adsorption. Optimal conditions for fluoride
removal were found to be: pH of 6, FBPC adsorbent dose of 5.0 g/L and contact time
of 50 min. Flouride adsorption followed pseudo second-order kinetic model and
Langmuir isotherm best describes the adsorption process.
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1. Introduction
In response to the widespread geogenic and anthropogenic contamination of water
sources, considerable efforts have been put into the development of water purification
DOI: 10.4236/aces.2016.64044 October 25, 2016
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strategies that can meet the present global drinking water challenges. Ground water
within the East Africa Rift Valley, one of the world’s known high fluoride belt, is contaminated with high fluoride levels beyond the World Health Organization (WHO)
limit of 1.5 mg/L. Values of up to 46 mg/L have been reported in ground drinking water
sources in Northern Tanzania [1]. High levels beyond 10 mg/L lead to crippling fluorosis [2]. Short term exposure to high doses of fluoride can exterminate the kidney function [3]. Also, fluoride inhibits the normal functioning of the brain [3]. Moreover, fluoride has been associated with the increased prevalence of Down’s syndrome and sleep
deprivation [4].
A number of techniques have been reported for the removal of fluoride from water
such as nanofiltration [5], polyaniline modified electrode reactor [6], electrodialysis [7],
Donnan dialysis [8], electrocoagulation [9], reverse osmosis [10], and adsorption [11].
However, these techniques are expensive and require electricity which is not available
in most rural areas [3].
Adsorption has been shown to be cheap and convenient for defluoridation [12]. Adsorbents such as activated alumina [12], bone char [13], regenerated bone char [2],
chitosan [14], fired clay chips [15], fly ash [16], and granular activated carbon coated
with manganese oxides [17] have shown good potential in fluoride removal. Nevertheless, these adsorbents have low fluoride sorption capacity, work at high dosage [18],
operate in low pH [19] which is not suitable for drinking water, and some like bone
char are faced with socio-ethical issues.
In pursuit of an affordable and environmentally benign adsorbent with high fluoride
sorption capacity for water defluoridation, fish swim bladder-derived porous carbon
(FBPC) has been developed in this study. The fish bladder waste was chosen due to its
low cost, newness as a porous carbon precursor and availability given that it is discarded as waste in East African countries. Total annual fish catch in Lake Victoria is
approximately 1 million ton [20] [21]. Taking into account that fish swim-bladder constitutes approximately 2.3% of the total fish weight [22], an annual quantity of 24,405
ton of fish swim bladder is produced within the lake region. The FBPC showed high
fluoride sorption capacity of 1.43 mg/g at very low dosage (5.0 g/L) compared to 0.76
mg/g and 10 g/L for adsorbents previously reported [23].

2. Materials and Methods
2.1. Preparation of Fish Swim Bladder-Derived Porous Carbon
Carbonization: The fish bladders collected from the shores of Lake Victoria, Tanzania
were washed with distilled water and dried for 24 h at 80˚C in the oven, then carbonized between 400˚C and 700˚C in a furnace for 2 h. The resultant carbon was then
suspended in potassium hydroxide (KOH) solution. The mixture was sonicated for 2 h
then dried at 100˚C. The mass ratio of KOH/fish bladder carbon (FBPC) was 1:1, 2:1
and 3:1. Dry KOH/FBPC was then activated between 400˚C and 700˚C for a period of 1
h in a tube furnace under nitrogen [24]. After, the samples were washed with 1 M HCl
and distilled water until neutral pH and dried 60˚C for 24 h. The activated are hereafter
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labeled X-FBPC-1, 2, or 3 as presented in Table 1. X represents the activation temperature, while the numbers represent the KOH to fish bladder ratios. Surface oxidation: 2
g of KOH activated FBPC samples were mixed with 100 mL of concentrated nitric acid
and stirred for 3 h at 120˚C [25]. The samples were then filtered and washed with distilled water till neutral pH, and dried at 100˚C in air. The purpose of surface oxidation
was to introduce active oxygen moieties such as -OH, -COOH, and -O- on the surface
and thus make the carbon materials more hydrophilic [26].

2.2. Materials Characterization and Fluoride Removal Studies
Materials characterization: Scanning Electron Microscope (SEM) Model S-4800; Transmission electron microscope (TEM) JEOL 2010; Quantochrome Autosorb iQ2 gas
sorption analyzer; and X-Ray Diffractometer (XRD), Rigaku Ultima IV system with Cu
K-alpha radiation were used to characterize the carbon samples. Batch fluoride removal

experiments: Fluoride Stock solution of 100 mg/L was prepared by dissolving anhydrous sodium fluoride in distilled water. 200 mL working/test solutions with minimum
fluoride concentration of 1.5 mg/L and maximum concentration of 13.5 mg/L were
prepared from stock solution. 50 mL of the test solutions were then pipette into separate conical flasks and varying amounts of adsorbent (1 to 7 g) were added. The adsorbate-adsorbent mixtures were then agitated for 10 to 70 min, at room temperature and
at 30˚C, 40˚C, 50˚C, and 60˚C using a hot plate equipped with magnetic stirrer. Upon
the lapse of the desired contact time, the adsorbents were filtered using filter paper
(Whatman No.42). Total ionic strength adjustment buffer (TISAB) was prepared according to the procedure outlined in ASTM D 1179. TISAB was used since it enhances
the precision of fluoride readings by concealing chemical interferences such as those of
OH-species in the test solution [17]. 5 mL of the filtrate and 5 mL of TISAB solution
were pipette into a plastic beaker. The resultant solution was mixed thoroughly and
then Mettler Toledo ion selective electrode was used to quantify the residual fluoride
ions [27]. Analytical grade reagents from lobachemie we used in this study.

Percent fluoride removal analysis: The percentage of fluoride removed and total
amount adsorbed (mg/g) was calculated using Equations (1) and (2), respectively [24].

%R
=

( Ci − Ce ) × 100

(1)

Ci

qe =

Ci − Ce
m

(2)

Table 1. Temperatures and KOH ratios for FBPC synthesis.
C:KOH
1:1
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Temperature (˚C)
400

500

600

700

400-FBPC-1

500-FBPC-1

600-FBPC-1

700-FBPC-1

1:2

400-FBPC-2

500-FBPC-2

600-FBPC-2

700-FBPC-2

1:3

400-FBPC-3

500-FBPC-3

600-FBPC-3

700-FBPC-3
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The initial concentration, equilibrium concentration, amount adsorbed and mass are
denoted as Ci, Ce, qe and m, respectively.

3. Results and Discussion
3.1. Materials Characterization
Results for sample 600-FBPC-3 which demonstrated optimal defluoridation performance are discussed below. Figure 1(a) is an image of the fish swim bladder precursor.
SEM was used to obtain topographical and morphological information for FBPC. SEM
micrographs in Figure 1(b) show the surface and cross-sectional morphology of FBPC
before chemical activation. Figures 1(c)-(d) shows the surface and cross-sectional
morphology of FBPC after chemical activation with various magnifications. The micrographs show that chemical activation with KOH creates an extensive network of
randomly distributed nanoscale pores that contribute to the increased surface area of
the material compared to unactivated carbon [28]. TEM was employed for further
morphological and crystal structure studies. The TEM image in Figure 1(e) further
corroborates SEM results by showing porous microstructure which is highly disordered. The XRD pattern in Figure 1(f) shows two peaks at ~23˚ and ~43˚2-θ. This diffraction pattern is consistent with amorphous graphitic carbon [29]. The BET surface
area of the unactivated fish swim bladder carbon materials was found to be 13.88 m2/g.
Adsorption/desorption and pore size distribution graphs are in the supporting information 1. Upon activation with KOH, surface area increased to 210.78 m2/g for 600-

Figure 1. (a) Optical image of dried fish swim bladder precursor, (b) SEM image of unactivated 600-FBC, (c) SEM images of 600-FBPC-3,
(d) Pores on 600-FBC-3 due to activation, (e) TEM image of 600-FBPC-3 and (f) XRD diffraction pattern of 600-FBPC-3.
503
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FBPC-3. Pore size distribution centered at 2.42 nm was obtained, with mesopores (2 50 nm) occupying most of the pore volume.

3.2. Influence of Physicochemical Parameters on Fluoride Removal
3.2.1. Effect of Adsorbent Dose
The effect of the adsorbent amount on the efficiency of fluoride removal was studied by
varying the dose of adsorbent from 1.0 to 7.0 g/L, with a test solution of 5.5 mg/L of
fluoride ions concentration, contact time of 50 min, at room temperature. The results
are presented in Figure 2(c), along those of 600-FBPC-1 and 600-FBPC-2. The percent
fluoride removal was found to increase with the adsorbent amount up to an optimal
dosage of 5.0 g/L beyond which there was no significant increase. All prepared samples
follow this trend and sample 600-FBPC-3 offers optimal fluoride removal efficiency.
This can be attributed to the overlaying of adsorption active sites and the decline in
productive surface area at higher doses (>5.0 g/L) which cause particles to conglomerate [30]. Better performance of 600-FBPC-3 compared to 600-FBPC-2 and 600FBPC-1 may be attributed to the increased porosity brought about by a higher KOH to
carbon ratio.
3.2.2. Effect of pH
To evaluate the effect of hydrogen ions on the removal of fluoride ions, the pH was varied between 2 and 10; and test solution of 5.5 mg/L fluoride ions, dose of 5.0 g/L, contact time of 50 min and at room temperature were used. The pH was adjusted by 0.1 M
HCl and or 0.1 M NaOH. The pH results for 600-FBPC-3, 600-FBPC-2, and 600-FBPC-1

Figure 2. Effect of different parameters on fluoride removal efficiency (% R), (a) contact time, (b) pH, (c) dose, (d) initial adsorbate concentration, (e) temperature, and (f) Thermodynamics of fluoride adsorption on FBPC.
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are given in Figure 2(b). Percent fluoride removal increased with increase in pH up to
pH of 6 after which it decreased monotonically with increase in pH. This phenomenon
could be explained from point of zero charge (PZC) standpoint. PZC was derived from
experimental setup done according to the procedure outlined by [31]. A value of pH 8.9
was obtained, which is within the range of PZC values reported for carbon-rich materials [32]. The optimal defluoridation pH for FBPC is 6. At a pH less than the PZC, the
net charge on the surface of FBPC is positive due to the presence of abundant H+ ions.
This therefore favors adsorption of fluoride ions through coulombic attraction [24]. At
very low pH values fluoride ion adsorption is unfavorable since fluoride ions convert to
neutral hydrogen fluoride (HF has a pKa of 3.18) which hinders anion exchange. Deprotonation of fluoride adsorption sites occurs at high pH values, reducing the amount
of fluoride adsorbed [33]. Moreover, an increased competition for binding sites between OH− and F-at basic pH lowers the quantity of fluoride adsorbed [17].
3.2.3. Effect of Contact Time
Contact time was varied between 10 and 70 min, at room temperature, fluoride concentration of 5.5 mg/L, and pH of 6. An increase in contact time from 10 to 50 min was
found to afford an increase in percent fluoride removal from 33% to 71%. Extending
the contact time led to a drop in boundary layer resistance to mass transfer and increased the solution’s ion mobility [34]. Beyond 50 min, the rate of fluoride adsorption
plateaus. This was attributed to the fact that in the beginning, there were many adsorption sites available which gradually decrease in number with increase in contact time as
more fluoride got adsorbed on the FBPC. From graph in Figure 2(a), it can be seen that
600-FBPC-3 exhibited relatively higher percent fluoride removal (71.3%) than 600FBPC-1 (67.6%) and better sorption capacity at similar contact time as a result of higher porosity.
3.2.4. Effect of Initial Concentration
To study the effect of initial fluoride ion concentration on percent removal efficiency,
experiments were conducted by varying the initial concentration between 1.5 and 13.5
mg/L, at room temperature, contact time of 50 min, pH of 6, and FBPC dose of 5.0 g/L.
From Figure 2(d), maximum removal efficiencies of 83%, 80.1%, and 78.6% for 600FBPC-3, 600-FBPC-2, and 600-FBPC-1, correspondingly, were observed with an initial
concentration of 1.5 mg/L. On the contrary, 600-FBPC-3, 600-FBPC-2, and 600-FBPC1 afforded percent removal of 49%, 50% and 53%, respectively; at 13.5 mg/L initial
concentration of fluoride ions and the large quantity of adsorbate molecules present at
higher initial concentrations, led to a decline in the total number of binding sites available for adsorption [35].
3.2.5. Effect of Temperature
To study the effect of temperature on fluoride adsorption, experiments were carried out
at room temperature (25˚C ± 3˚C), 30˚C, 40˚C, 50˚C, and 60˚C, pH of 6, adsorbent
dose of 5.0 g/L and fluoride concentration of 5.5 mg/L. Fluoride removal decreased
with temperature for the un-activated FBPC, Figure 2(e). This was probably due de505
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sorption of fluoride ions due to lack of strong surface active sites. Unlike un-activated
carbon, activated FBPC samples showed marginal increase in removal efficiency (% R)
with temperature, Figure 2(e). This was due to the increased fluoride ions mobility
leading to enhanced ions diffusion into the porous network of the adsorbent. Thermodynamics of fluoride adsorption which further corroborates temperature effect results
is presented in Figure 2(f). Gibbs free energy, change in entropy and change in enthalpy are calculated using the following equations:

∆G =− RT ln K c
ln K
=
c

∆S ∆H  1 
−
 ;
R
R T 

∆G =∆H − T ∆S

(3)
(4)
(5)

where Kc = Ca/Ce and Ca is the fluoride concentration in the adsorbent at equilibrium;

Ce is the fluoride concentration in solution at equilibrium. ∆G is the change in Gibbs
free energy, R is the gas constant (8.314 J/molK) and T is temperature in Kelvin.
Change in enthalpy (∆H) in our study was +4.80 kJ/mol. This was indicative of an endothermic process. Since ∆H was within the range of 1 to 8 kJ/mol, the adsorption occurred mainly through physiosorption [36]. Values of Gibbs free energy (∆G) were
found to be negative. This confirmed the feasibility and spontaneity of the adsorption
process. Change in entropy (∆S) which quantifies the amount of energy of atoms and
molecules spread out in adsorption process, had a positive value, indicating that the
adsorbent had a strong affinity for fluoride ions [37].

3.3. Adsorption Isotherm Study
Adsorption isotherms show the correlation between the amount of adsorbate and its
concentration at equilibrium at constant temperature [23]. In our work, Langmuir,
Freundlich, Dubinin-Radushkevich, and Temkin adsorption isotherms were used to
elucidate the adsorption phenomenon.
3.3.1. Freundlich Isotherm
1
Isotherm equation: log=
( qe ) log k f +   log Ce
n

where qe (mg/g) is the amount of fluoride adsorbed per unit mass of adsorbent, Ce
(mg/L) is the equilibrium/final fluoride concentration, 1/n is the adsorption intensity,
and Kf is the adsorption capacity. Values of 1/n and Kf are 0.553 and 0.581, respectively.
A plot of log(qe) versus log(Ce) in Figure 3(a), gave a straight line. This establishes the
suitability of Freundlich isotherm which confirm the diversity of fluoride adsorption
sites [38].
3.3.2. Langmuir Isotherm
Ce  aL
Isotherm equation:
=

qe  K L


1
 Ce +
K

L

Langmuir constant KL (L/mg) is connected to free energy of adsorption [39], while ɑL
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Figure 3. (a) Freundlich adsorption isotherm, (b) Langmuir adsorption isotherm, (c) Temkin adsorption isotherm, (d) Dubinin-Radushkevich adsorption isotherm, (e) Bangham’s pore diffusion model, and (f) Weber Morris diffusion model.

is a Langmuir constant related to capacity of adsorption. ɑL and kL can be calculated
from the slope and intercept, respectively. The dimensionless parameter RL, which defines the essential features of Langmuir isotherm can be expressed as follows:
=
RL 1 (1 + aL Ci )

The value of RL indicates the shape of Langmuir isotherm to be either unfavourable
(RL > 1), linear (RL = 1), irreversible (RL = 0) or favourable (0 < RL < 1) (27). Moreover,
a smaller RL value indicates a highly favourable adsorption [40]. A plot of Ce/qe versus

Ce is shown in Figure 3(b). Calculated RL value was 0.26 which is within the favourable
range. The correlation coefficients (R2) of Freundlich and Langmuir isotherm models
were 0.98 and 0.99, respectively. Therefore, Langmuir isotherm model was more ideal
than Freundlich isotherm in analyzing the adsorption phenomena in our study. High

R2 values for Langmuir isotherm suggests a finite number of even adsorption sites and
the lack of lateral interactions [38].
3.3.3. Temkin Isotherm
Isotherm equation:
=
qe B ln Ce + B ln A where B = RT b .
A factor associated with heat of sorption B has a value of 0.386 J/mol and A is an
isotherm constant with a value of 6.117 L/g. A plot of qe versus In Ce is depicted in Figure 3(c). This isotherm is suitable in describing middle-range ion concentrations [41].
3.3.4. Dubinin-Radushkevich (D-R) Isotherm
Isotherm equation: ln qe =
− βε 2 + ln Qm
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where
=
ε RT ln (1 + 1 Ce ) , β is a constant related to energy, E = 1 2 β and Qm
(mol/g) is the D-R monolayer adsorption capacity. ε is Polanyi potential and T is
temperature. D-R isotherm plot is depicted in Figure 3(d). Calculated value of D-R free
energy (E) was 2.162 kJ/mol. When E < 8 kJ/mol, physiosorption is preeminent over
chemisorption and ion exchange [42]. Physiosorption is a result of weak forces i.e. Van
der Waals forces between the adsorbate and adsorbent.

3.4. Kinetic Study of Adsorption
Kinetics of adsorption characterizes the time for adsorption and rate of solute uptake.
To better understand the kinetics of fluoride adsorption in this study, the following kinetic models were analyzed: Bangham’s pore diffusion model, Weber and Morris intra-particle diffusion model, pseudo first-order, and pseudo second-order model.
3.4.1. Bangham’s Pore Diffusion
Model equation: log log ( Ci Ci =
− qt m )  log ( ko 2.303V ) + a log ( t )

where ko is a constant for the Bangham’s pore diffusion rate and α is a constant. A plot

of log log ( Ci Ci − qt m )  versus log(t) at contact time ranging from 10 to 70 min is
presented in Figure 3(e). The data points are not linear, implying that adsorption is not

limited by pore diffusion [35]. Bangham’s slope with values approximating 0.6 - 0.7
correspond to diffusion processes, while values less than 0.5 indicate chemisorptions
[43]. The slope has a value of 0.588, thus validating Dubinin-Radushkevich’s results
that confirmed adsorption largely occurs through physiosorption.
3.4.2. Weber-Morris Intraparticle Diffusion Model
qt kip t1 2 + C.
Model equation:=
Weber and Morris diffusion rate constant kip value is derived from the slope in the
plot of (qt) versus t1/2. The diffusion model plot is displayed in Figure 3(f). A plot of the
first three linear points gave a value of 0.156 mg/g min1/2 for kip. Since the line passes
across the origin intra-particle diffusion is the rate controlling step [39]. At the beginning there is a higher rate of adsorption then later it changes to rather low to constant
adsorption. This can be explained by the freely accessible external adsorption sites
(macropores) at the start [44], which facilitate boundary layer diffusion [33]. This
model has two major drawbacks: adsorbent particles should have a constant size and
the equilibrium between the adsorbate and adsorbent must obey Henry’s law [45].
3.4.3. Pseudo First Order and Second Order Model
First-order model equation: log ( qe − qt )= log qe − ki t 2.302 and

=
t qt 1 k2 qe2 − (1 qe ) t is second-order model equation. Value of first-order rate con-

stant ki was 0.101 from the slope of log ( qe − qt ) versus t in Figure 4(a). R2 values
close to one (0.959) indicate that adsorption favors physiosorption over chemisorption.
A plot of t/qt versus t in Figure 4(b) yielded a plot with a straight line, confirming the
suitability of pseudo second order model. Value of second-order rate constant k2 was
0.081 as determined from the graph intercept. Initial adsorption rate ( k2 qe2 ) was 0.074.
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Figure 4. Kinetic order models, (a) Pseudo first order, (b) Pseudo second order.

This model replicated the adsorption phenomena predicted by intra-particle diffusion
model for adsorbents composed of uniform and spherical particles. The high R2 value
in second order model indicates that there is some degree of chemisorption in the adsorption process.
In this study Langmuir isotherm and pseudo second-order best described the adsorption process. Freundlich, Temkin, Langmuir and Dubinin-Radushkevich adsorption isotherms yielded the following correlation coefficient values: 0.98, 0.992, 0.979,
and 0.896, respectively. On the other hand, Weber-Morris, Bangham’s pore diffusion
model, pseudo first-order, and pseudo second order gave 0.820, 0.903, 0.959, and 0.987,
respectively as the correlation coefficient values. R2 values closest to unity confirm the
suitability of a particular isotherm and kinetic model in describing the adsorption phenomena.
Furthermore, the performance of the prepared adsorbent (FBPC) was compared with
other adsorbents reported in literature. The comparison was based on physicochemical
parameters such as pH, adsorbent dose, initial concentration, amount adsorbed, percentage removal, and contact time. The results are presented in Table 2. From the table, it can be deduced that FBPC is a more ideal adsorbent than regenerated bone char,
granular AC and AC from bagasse, wheat straw and saw dust in terms of percentage
removal of fluoride, surface area, residence time and optimal pH. The optimal pH for
defluoridation by KMnO4 modified carbon derived from rice straw is 2, making it
non-ideal for drinking water applications.
Optimal contact time of FBPC is comparable to that of immobilized activated alumina, regenerated bone char and AC from bagasse, saw dust and wheat straw. AC from
Zircon impregnated coconut shell, banana peel and Eichhorniacrassipes require long
contact time (12 h and beyond) which is not ideal for immediate applications. The
shortcomings of the above mentioned materials give FBPC an edge in defluoridation
use.

4. Conclusion
Novel fish swim bladder-derived adsorbent materials for water defluoridation have
been successfully prepared. Optimal conditions for defluoridation were found to be pH
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Table 2. Comparison of FBPC materials with other adsorbents reported in the literature.
Ci

Qe

No.

Adsorbent

pH

Dose
(g/l)

(mg/l)

1

Granular AC coated with
MnO2

5.2

5.0

10 - 30

-

2.24

150

[17]

2

Immobilized activated
Alumina & Activated
carbon

7

10.0

0.5 - 12

95
84

0.76
0.47

60
90

[23]

3

Granular AC &
Domestic sewage sludge

7

4.0
3.0

5.0

70
82

-

120
120

[46]

3

KMnO4 modified
AC from rice

2

2.5

5 - 20

˃70

15.9

180

[19]

4

Regenerated bone char

-

6 - 25

21.26

70.64

0.75

60

[2]

5

Bagasse AC,
Saw dust AC &
Wheat straw AC

6

4.0

5.0

56.4
49.3
40.2

1.15
1.73
1.93

60

[47]

6

Eichhornia Crassipes AC

5.5

10 - 40

2 - 25

98.28

0.52 - 1.54

1440

[48]

7

Zircon impregnated
coconut shell AC

4

10.0

10.0

˃90

0.9 - 0.99

720

[49]

8

Banana peel AC &
Coffee husk AC

2

96.0
72.0

5

80 - 84

0.18
0.14

780
180

[18]

9

Fish Swim Bladder
Carbon

6

5.0

1.5 - 13.5

82.7

1.43

50

%R

(mg/g)

Contact time
Ref.
(min)

of 6, FBPC dose of 5.0 g/L, and a contact time of 50 min. Adsorption process best fitted
Langmuir isotherm model. Correlation coefficient value for Langmuir (0.99) was higher
than for other isotherm models, thus confirming a monolayer adsorption [24]. Freundlich isotherm (R2 = 0.98) indicated that the adsorbent surface was heterogeneous. Kinetic investigation of the defluoridation process showed that the adsorption process
followed pseudo second-order model. Peak removal efficiency of 82.7% was observed at
1.5 mg/L adsorbate concentration. Largest amount adsorbed was 1.43 mg/g at 13.5
mg/L initial concentration.
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