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a b s t r a c t
The collected volcanic tuff was modified and characterized using X-ray diffraction, scanning elec-
tron microscopy (SEM), and cation exchange capacity (CEC). The sorption behavior of two samples 
of volcanic tuff was determined by a set of parametric batch experiments that were conducted as a 
function of pH, ionic strength (I), and the concentration of selected metals. The particle characteri-
zation revealed that iron oxide coating was successfully applied onto the surface of volcanic tuff and 
showed high CEC (1.02 mol/kg for the natural Kingdom of Saudi Arabia (KSA) volcanic tuff and 
0.81 mol/kg for the modified volcanic tuff), specific surface area, and uniform distribution of iron. 
The SEM illustrated that the concentration of iron varied between the different spectra. The CEC of 
the modified volcanic tuff decreased relative to their nature and was proportional to the concentra-
tion of iron used in the modification process. Applying iron-coating increased the mercury removal 
capacity of the KSA volcanic tuff up to 100%, specifically at the higher initial concentration (IC) of 
Hg (8.76 mg/L) and low I (0.01 M NaNO3). In contrast, for low IC of Hg (0.0876 mg/L) and high I 
(1 M NaNO3), the experiments did not indicate an increase in the sorption process efficiency. More 
experiments with a wider range of pH values, silicate, sulfate, carbonate, and ionic strength are 
needed to fully quantify the dependence of maximum sorption on such factors.
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1. Introduction

The geographic location of the Kingdom of Saudi Arabia 
(KSA) gives its area to have good natural solid resources that 
are rich in minerals having unique physicochemical prop-
erties. These minerals can be used in different engineering 

and industrial applications. Volcanic tuff is used in waste-
water treatment to remove harmful pollutants. This method 
of treatment is based on its cation-exchange behavior, thus 
making this sorbent limited to cation removal. As an exam-
ple, a large amount of volcanic tuff is found in KSA espe-
cially at Jabal Salma and Al Harrah Al Birk, an area in the 
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North West of the country. Several research studies were 
performed to determine the possibility of using volcanic 
tuff in different engineering applications such as a mate-
rial of construction, a raw material in the cement industry, 
a lightweight aggregate, and an adsorbent for removing 
various types of environmental pollutants from wastewater 
[1–4]. Tremendous work was done to develop good technol-
ogies to reduce heavy metals and, thus, a feasible low-cost 
technology is needed to achieve the desired results [5–9]. 
The dominant technologies that are available for remov-
ing heavy metals from wastewaters include electrodialysis, 
membrane processes (e.g., reverse osmosis, ultrafiltration), 
chemical precipitation, adsorption and ion exchange [4–6]. 
According to the literature review, there is a very little and 
limited number of researches that have been performed 
on local KSA volcanic tuff for its potential usage in envi-
ronmental and industrial applications [1–3,8]. Recently, 
volcanic tuff minerals have been used in wastewater treat-
ment as ion exchangers for removing hazardous pollutants 
including radioactive cations (Sr2+, Cs+) and heavy met-
als (Cu2+, Pb2+, and Cd2+). This technology depends on the 
cation exchange behavior in which the dissolved cations 
from wastewater are exchanged with cations on volcanic 
tuff exchange sites [1–3]. Iron oxides have a high adsorption 
capacity for removing several pollutants from wastewater. 
This is thanks to their characteristics such as high surface 
area, surface charge, and high affinity towards metals and 
metalloids. However, when iron oxides are used by them-
selves, they become difficult to remove from the water 
after adsorption and, therefore, need to be placed as a coat-
ing onto particles to give them some mechanical stability 
[6,7]. volcanic tuffs with iron oxide coating showed to be a 
good sorption media for absorbing harmful contaminants 
from wastewater such as heavy metals and polyphenols.

The natural properties, such as high surface area and 
cation exchange capacity (CEC), give good advantages to 
modified volcanic tuffs. In addition, more advantages are 
related to the adsorption properties of iron oxides such as 
great attraction sites for contaminants retention [10–12]. 
This work aims to characterize this mineral by determining 
its chemical composition and physical properties as well as 

evaluating its potential use to remove the mercury that has 
harmful effects from contaminated wastewater.

2. Materials and methods

2.1. Volcanic tuff samples

To study the natural volcanic tuff, three different sam-
ples were collected from different places and characterized 
using different techniques. Scanning electron microscopy 
(SEM) showed that most particles in the volcanic tuff are 
present as an anhedral mass with rare crystal faces or edges. 
The X-ray diffraction (XRD) analysis confirmed that anhedral 
masses contained the clinoptilolite. The Brunauer–Emmett–
Teller surface area analysis showed that volcanic tuff had 
high surface area and high CEC. Trace element analysis indi-
cated that significant concentrations of mercury (189 ppm) 
were naturally present in the volcanic tuff. This result must 
be taken into account regarding batch sorption experiments. 
The main composition of the three samples are presented in 
Table 1.

2.2. Coating methods

To study the possibility of removing mercury from 
wastewater by adsorption, a crashed volcanic tuff was 
prepared in the laboratory and then was coated with iron 
oxide following the same technique previously published 
[18–22]. In such a technique, an iron oxide-coated medium 
is prepared by treating 0.67–0.99 mm volcanic tuff with 
0.5 M ferric nitrate. The sorption was assessed in batch 
tests and the sample was reported to be an effective sorbent 
for metal ions. The SEM analysis revealed that the princi-
pal elements of the dried coated volcanic tuff were Fe and 
Si. Before use, the tuff was pretreated with HCl acid solu-
tion (pH = 1, 2 M) for 24 h, rinsed with deionized water, 
and dried at 100°C for 24 h. A concentrated stock solution 
of 2 M Fe(III) was prepared by adding ultrapure water to 
160.8 g of Fe(NO3) in a 200 mL flask. The stock solution 
was stored in a labeled polypropylene bottle. Thereafter, a 
stock solution of 0.5 M was prepared by dissolving a more 

Table 1
Characteristics of the KSA volcanic tuff [13–17]

Sample #1# Sample #2# Sample #3# Average Standard deviation

SiO2 (%) 42.1 39.3 37.5 38.4 2.3
TiO2 (%) 2.5 2.7 2.6 2.6 0.1
Al2O3 (%) 9.9 9.3 10.0 9.7 0.4
Fe2O3 (%) 11.1 11.4 11.7 11.4 0.3
MnO (%) 0.2 0.2 0.2 0.2 0.0
MgO (%) 9.3 9.1 8.4 8.9 0.5
CaO (%) 10.3 10.7 10.4 10.5 0.2
Na2O3 (%) 2.3 2.9 2.6 2.6 0.3
K2O (%) 3.2 3.7 3.0 3.3 0.4
LOIa (%) 9.1 10.0 13.0 10.7 2.0
SUM (%) 100.1 99.3 99.3 99.6 0.5

aLOI: Loss on ignition.
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concentrated solution, and sodium hydroxide was added 
to the mixture until a pH = 9.5 was reached followed by 
continued mixing for about 15 min.

25 mL of the stock solution was added to the tuff and 
the mixture was placed in a drying oven at 50°C for 4 d. 
Finally, the coated tuff was washed with deionized water 
and dried at 100°C overnight; and, then, it was stored for 
further use.

2.3. Batch experiments

Mercury sorption has been reported to be significantly 
affected by pH and ionic strength (I). This is explained by 
the fact that these factors affect the competition of the ions 
present in the solution with the ions of interest for sorp-
tion sites. In addition, it was shown that the greater I the 
lower the sorption uptake of mercury [23,24]. Other stud-
ies showed that a negative correlation could exist between 
initial metal concentration and fractional sorption uptake 
[14,24]. The mineralogy of the particles, the combination of 
ions of interest, and the initial concentration (IC) of inter-
est metal suggested that the equilibration time in this study 
would differ from the previously conducted studies [19–21].

The experiments were performed as a function of time, 
pH, I, and initial metal concentration at a constant tem-
perature (25°C). The solution of Hg is prepared with high 
purity by dissolving 0.1354 g of mercuric chloride in 75 mL 
of reagent water, adding 10 mL of concentrated nitric acid, 
and adjusting the volume to 100 mL. All chemicals used 
were of analytical grade supplied by Karl Fischer® with 
purity >99%. All vessels and instruments were cleaned 
by soaking in detergent solution, then acid bath and in 
deionized water for at least 24 h.

The levels of the key variables along with the experi-
mental design are represented in Table 2. The experiments 
were duplicated, and each set of samples included a control 
blank solution.

Samples were dried, sieved through a 0.25 mm sieve, 
and stored in a desiccator. After that, the tuff was introduced 
into 250 mL polypropylene bottles, the metal of interest was 
added to the reactors, and the timer was started. At differ-
ent times, an amount of the sample was collected, filtered 
using 0.25 mm syringe filters. The filtrate was collected 
into test tubes, the supernatant was controlled, and the pH 
was adjusted if needed with 70% HNO3. The analysis of the 
residual mercury was conducted at the SGS Laboratories 
(Tunisia) using graphite furnace Atomic Absorption 
Spectrometry.

3. Results and discussion

3.1. Sample characterization

The sorption process depends on particle properties 
such as porosity, specific surface area, pore size distribution, 
morphology, and CEC. Therefore, these properties should 
be examined to correctly evaluate the sorption potential 
of the two types of volcanic tuffs. The uniformity of iron 
oxide coating and the effect of the iron concentration on the 
modified surfaces were examined to confirm that coating 
application was successful [14–17].

3.1.1. Particle morphology

SEM images have high special resolution and a large 
depth of field [25,26]. They are used in geological applica-
tions for imaging and are useful for judging the surface 
structure and for examination of the surface characteristics 
of the sample. In this project, photomicrography of the exte-
rior surface was obtained by SEM (Keysight Technologies, 
U9320A 8500) and images were taken at 1,000×. Distribution 
and intensity were determined by comparing the images of 
coated and uncoated volcanic tuff, accompanied by ener-
gy-dispersive X-ray (EDS) readings (Tables 3 and 4).

Table 2
Summary of the range and levels of the key selected variables

Variable Number Values/Types

Type of sorbent 2 KSA volcanic tuff and modified volcanic tuff
Type of sorbate 1 Mercury (Hg)
Sorbate initial concentration (IC) 2 IC = 0.0876 and IC = 8.76 mg/L
Ionic strength (I) 2 I = 0.01 M NaNO3 and I = 1 M NaNO3

pH 3 4, 7, and 9
Sampling times (t) 5 1, 60, 120, 180, and 240 h

Table 3
Composition of the KSA volcanic tuff

Test O (%) Al (%) Si (%) K (%) Fe (%)

1 46.51 5.03 40.85 4.21 0
2 33.99 7.35 50.75 5.17 0
3 51.04 4.92 38.04 2.67 0
Mean 43.85 5.77 43.21 4.02 0
Standard deviation 8.83 1.37 6.68 1.26 0

Table 4
Composition of the modified volcanic tuff

Test O (%) Si (%) K (%) Fe (%)

1 50.85 20.30 2.49 23.51
2 55.83 10.09 1.14 2.01
3 21.67 38.45 15.84 24.04
Mean 42.78 22.95 6.49 16.52
Standard deviation 18.45 14.36 8.12 11.03
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The major elements of the natural volcanic tuff are 
silicon, oxygen, aluminum, and potassium, while iron was 
not detected. The iron content of the tuff modified with 
0.5 M ferric nitrate ranged from 2% to 24%, with an average 
of 13% (Table 4). The modified tuff has a high amount of 
iron while the raw has no iron content due to the Coating 
Method used.

Fig. 1 reveals that the modified volcanic tuff surfaces are 
evidently occupied by iron oxide. Such a modification was 
formed during the coating process.

The compositional spectra for coated modified sam-
ples showed uniform distribution of the iron on the sur-
face. These results were obtained for three different areas 
on the sample surface. In addition, the spectra revealed the 
absence of iron in the KSA volcanic tuff (Table 3).

The compositional trends are further evident in the 
color modification of volcanic tuff in response to iron coat-
ing, which changed from light gray to yellow. According 
to the diagnostic criteria of iron oxide minerals, samples 
with red coloring indicate the presence of hematite, and 
samples with brown-red and yellow coloring indicate the 
presence of goethite. Furthermore, the color intensity is 

proportional to the amount of iron oxide applied onto vol-
canic tuff: natural volcanic tuff (SVT) (none) < modified 
volcanic tuff (MVT) (SVT treated with 0.5 M ferric nitrate).

3.1.2. Mineral composition

The presence of the minerals within the adsorbent and to 
know the form of iron on the surface of coated particles can 
be investigated by using the XRD technique. In this study, 
the mineralogic and crystallographic analysis of the volcanic 
tuff was determined using XRD (Thermo Scientific, ARLTM 
X’TRA) at the SGS Laboratories (Tunisia). Before the analy-
sis, the samples were dried overnight in the oven at 100°C 
and stored in the desiccator to prevent hydration of the 
samples. The obtained results are presented in Figs. 2 and 3.

The KSA volcanic tuff is composed primarily of clinop-
tilolite (36%) and feldspar (64%). However, the spectra of 
modified volcanic tuff contained a peak in iron correspond-
ing to the formation of hematite (9%) during the coating pro-
cess at high temperatures. These results are consistent with 
those of previous studies, which reported the formation of 
hematite on the surface of modified volcanic tuff [22–26].

 
Fig. 1. Scanning electron microscopy (SEM) micrographs of natural volcanic tuff (SVT) and coated volcanic tuff (MVT), 1,000 × mag-
nification.

 
Fig. 2. The X-ray diffraction (XRD) of the KSA volcanic tuff.
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3.1.3. Cation exchange capacity

The ability of a mineral to exchange one type of cation 
with another is called CEC. This property is a measure of the 
quantity of the readily exchangeable cations per unit weight 
neutralizing negative charge and is commonly expressed in 
moles per kg (mol/kg). The different procedures of the mea-
surements method, as well as the condition of the experi-
ments, can affect the CEC results [1,14–16]. Therefore, in the 
present study, the determination of CEC was performed at 
the SGS Laboratories (Tunisia) using a method employed 
by Burt [27]. According to this method, the exchange sites 
were saturated with an index cation (NH4

+) by leaching 
the samples using 1N NH4OAc and a vacuum extractor. 
The extract was weighed and saved for analysis. Then, eth-
anol was used to rinse NH4

+ saturated samples to remove 
the fraction not adsorbed. The sample was then rinsed with 
2M KCl, and the leachate was analyzed calorimetrically to 
determine the adsorbed amount of NH4

+ [28–30]. The anal-
ysis was performed in duplicates and the average was 
reported as CEC equal to 1.02 mol/kg for the natural KSA 
volcanic tuff and 0.81 mol/kg for the modified volcanic tuff. 
For the same experimental conditions, the CEC found in 
the literature is 1.39 mol/kg [15–19]. The decrease in CEC 
values is proportional to the concentration of iron applied 
onto tuff: SVT (none) < MVT (with 0.5 M ferric nitrate). 
Linking SEM to the EDS results, it can be said that iron 
oxide mineral growth effectively reduced the number of 
cation-exchange sites. The obtained results were compared 
to those of previous studies performed by Alsawalha et al. 
[17], where the CEC of natural volcanic tuff for the same 
particle size was reported to be 1.40 mol/kg.

3.2. Sorption uptake of mercury

In order to evaluate the mercury removal capacity of the 
modified volcanic tuff, batch experiments were performed 
as a function of deferent parameters; time, I, acidity, and 
initial metal concentration. The difference between the ini-
tial and the final metal concentrations in the supernatant 

was used to determine the sorption uptake. It is expressed 
as a percentage of the original metal concentration. Before 
the calculation, all concentrations were adjusted according 
to corrected blanks and calculated based on the average of 
duplicates experiments.

The residual metal ions of Hg at time t (qt, mg/g) were 
calculated using the following equation [31].

q
C C V
mt

i t�
�� �

�100  (1)

where Ci and Ct are is the initial concentration (mg/L) and 
the residual concentration at time t (mg/L) respectively, V is 
the volume of industrial wastewater (L) and m is the weight 
of adsorbent (g).

3.2.1. Effect of time

Fig. 4 shows the sorption of mercury as a function of 
time for KSA tuff and modified volcanic tuff at a low IC 
of Hg (0.0876 mg/L) and higher I (1 M). The residual con-
centration dropped below the limit detection of the instru-
ment (0.03 mg/L) showing maximum sorption of more than 
40% for the two samples. The concentrations increased 
over the experiment, suggesting that mercury was leached 
from the volcanic tuff.

Fig. 5 illustrates that at a higher IC of Hg (8.76 mg/L) and 
low I (0.01 M) the maximum sorption of 100% was reached 
within 120 h. However, at high I (1 M), there was very little 
to no sorption throughout the experiment as presented in 
Fig. 6.

3.2.2. Effects of ionic strength (I) and pH

Batch sorption experiments with two I (0.01 M NaNO3 
and 1 M NaNO3) are performed to demonstrate the iron 
coating effect on the removal of mercury from wastewater. 
Figs. 7 and 8 show that the sorption behavior for the two 
types of volcanic tuffs at both ICs and low I appears to be 

 

Fig. 3. The X-ray diffraction (XRD) of the modified volcanic tuff.
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pH-independent. This may suggest that despite modifi-
cation, the sorption of Hg ions is highly dependent on the 
concentration of competing electrolyte ions due to the 
nature of complexes formed by Hg and the volcanic tuff.

Fig. 7 shows that at a higher IC of Hg (8.76 mg/L) and 
low I (0.01 M NaNO3) both modified and KSA tuffs removed 
up to 100% of Hg from the wastewater. However, at higher 
I (1 M NaNO3) both sorbents showed no sorption due to 

Fig. 5. Sorption of Hg as a function of time for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), IC = 8.76 mg/L, I = 0.01 M 
NaNO3.

Fig. 4. Sorption of Hg as a function of time for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), IC = 0.0876 mg/L, I = 1 M 
NaNO3.
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the competition of mercury with sodium ions. As I was 
increased by the addition of sodium nitrate (NaNO3), the 
number of sodium ions increased, thus more effectively 
competing with mercury ions.

The interaction between the cations and the surface can 
be chemically by sharing electrons or physically through 

the Van der Waals forces. Therefore, cations can associ-
ate with a surface by forming internal or external com-
plexes depending on whether a cation forms a chemical 
bond with an electron-donating oxygen ion on the sur-
face or a cation of opposite charge approaches the surface 
group within a critical distance. External complexes require 

 
Fig. 7. Sorption of Hg as a function of pH for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), IC = 8.76 mg/L.

Fig. 6. Sorption of Hg as a function of time for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), IC = 8.76 mg/L, I = 1 M 
NaNO3.
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electrostatic bonding mechanisms and therefore are weaker 
than internal complexes. The dependence of sorption on 
the concentration of electrolyte suggests that Hg forms 
external complexes with the surface groups of volcanic  
tuffs [18–21].

The sorption of mercury into the modified volcanic 
tuff with iron can be explained as a result due to sorption 
of Hg ions onto Fe-sites with the formation of internal com-
plexes and the competition between mercury with sodium in 
the surface iron coated [17–19].

3.2.3. Effect of initial metal concentration

Several publications indicate that a decrease in the con-
centration of Hg should increase the fractional sorption 
uptake [6–8]. However, the results obtained in this study 
did not reveal this trend. In fact, experiments performed 
at low I (0.01 M) and low IC of Hg (0.0876 mg/L) revealed 
negative sorption, indicating that there was actually more 
Hg in the solution that was added at the beginning of the 
experiment. KSA volcanic tuff contains about 189 mg/kg of 
Hg, suggesting that prior to injection the reactors contained 
up to 0.14 mg. Increasing the IC of Hg over the course of 
batch experiments suggests that ions naturally occurring in 
volcanic tuff were exchanged with sodium ions present in 
the solution.

Fig. 9 illustrates that at low I (0.01 M) and high IC of Hg 
(8.76 mg/L), the sorption behavior is similar for both types 
of volcanic tuffs and exhibit sorption close to 0%. The anal-
ysis of the filtrate with low I and low concentration of Hg 
(IC = 0.0876 mg/L) revealed that Hg ion concentration was 
below the detection limit of 0.03 mg/L, resulting in fractional 
sorption uptake of at least 66%. Previous studies, with the 
same concentration and similar initial metal concentra-
tion (2.5 mg/L), reported fractional sorption uptake greater 
than 95% [22–24].

The obtained results for high I (1M NaNO3) are presented 
in Fig. 10. The experiments did not indicate an increase in 
the sorption efficiency with low IC (0.0876 mg/L) and show 
sorption uptakes of 100% for high IC of Hg (8.76 mg/L).

3.3. Sorption isotherm models

Several isotherm models are available to describe this 
equilibrium sorption distribution. Two of these isotherm 
equations were adopted in this study.

The Langmuir sorption isotherm is used to estimate 
the maximum adsorption capacity corresponding to com-
plete monolayer coverage on the adsorbent surface and is 
expressed by the following linearized form [31]:

1 1 1
q q K C qe L e

� � � �max max

 (2)

where qe is the amount of adsorbate adsorbed per unit 
weight of adsorbent (mg/g), Ce is the equilibrium concentra-
tion in mg/l, KL (L/mg) is a constant related to the adsorp-
tion/ desorption energy and qmax is the maximum sorption 
upon complete saturation of the biomass surface (mg/g).

The Freundlich sorption isotherm is one of the most 
widely used mathematical descriptions and gives an 
expression encompassing the surface heterogeneity and the 
exponential distribution of active sites and their energies. 
The linearized form of the Freundlich isotherm is [31]:

log log logq K
n

Ce F e� �
1  (3)

where qe is the amount of adsorbate adsorbed per unit weight 
of adsorbent (mg/g), Ce is the equilibrium concentration in 

 
Fig. 8. Sorption of Hg as a function of pH for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), IC = 0.0876 mg/L.
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mg/l, KF is a parameter related to the temperature (mg/g  
(L/mg)1/n), and “n” is a characteristic constant for the 
adsorption process.

The experimental data is then fitted into the above 
equations for linearization by plotting 1/qe and logqe against 
Ce. After each adsorption, the residual metal ions of Hg at 
time t (qt, mg/g) were calculated using Eq. (1).

Six mixed solutions with concentrations 25, 50, 75, 
100, 150 and 150 mg/L of Hg are made by proper dilution 

of stock solution. The pH was adjusted and maintained at 
7 throughout the experiment. 25 mL of the prepared sam-
ples were poured into six flasks. 10 g of the adsorbent was 
introduced to each flask and was agitated. Thereafter the 
concentrations of Hg were determined, the equilibrium data 
obtained from this experiment were observed to fit with 
Langmuir and Freundlich isotherm models.

Plotting 1/qe against 1/Ce for both types of volcanic tuff 
as shown in Fig. 11 indicates that the equilibrium data 

 
Fig. 9. Sorption of Hg as a function of metal concentration for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), I = 0.01 M 
as NaNO3.

 

Fig. 10. Sorption of Hg as a function of metal concentration for KSA volcanic tuff (SVT) and modified volcanic tuff (MVT), I = 1 M as 
NaNO3.
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follows the Langmuir model. The correlation between logqe 
and logCe is presented in Fig. 12 and the adsorption of mer-
cury ions onto the adsorbents gave a straight line indicates 
good adsorption and that the equilibrium data follows 
the Freundlich model.

Langmuir and Freundlich parameters and correlation 
coefficient square R2 are presented in Table 5, showing 
that the experimental data deviate more in the case of the 
Freundlich model than the Langmuir model for the studied 
adsorbents. The removal of Hg by SVT and MVT is better 
described by the Langmuir isotherm.

 

Fig. 11. Removal of mercury ions (Hg2+) by natural volcanic tuff (SVT) and modified volcanic tuff (MVT) fitted to Langmuir isotherm.

 

Fig. 12. Removal of mercury ions (Hg2+) by natural volcanic tuff (SVT) and modified volcanic tuff (MVT) fitted to Freundlich isotherm.
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4. Conclusion

In this study, the natural and modified volcanic tuffs 
were characterized by determining particle size, CEC, spe-
cific surface area, particle mineralogy, and the distribution 
of the coating of iron oxide.

Particle characterization revealed that iron oxide coat-
ing was successfully applied onto the surface of volcanic 
tuff and showed high CEC, specific surface area, and uni-
form distribution of iron. The SEM showed that iron oxide 
coating was distributed throughout the surface in clusters 
and the concentration of iron varied between the different 
spectra. CEC of the modified volcanic tuff decreased rela-
tively to natural volcanic tuff and was proportional to the 
concentration of iron used in the modification process.

The sorption capacity of the two samples of volcanic 
tuff was determined by a set of parametric batch experi-
ments, which were performed as a function of pH, I, and the 
concentration of selected metals.

Sorption studies revealed that the application of 
iron-coating increased the mercury removal capacity of KSA 
volcanic tuff up to 100%, specifically in the higher IC of Hg 
(8.76 mg/L) and low I (0.01 M NaNO3). In contrast, for low 
IC of Hg (0.0876 mg/L) and high I (1 M NaNO3), the exper-
iments did not indicate an increase in the sorption process.

Further investigation is needed to evaluate the compe-
tition between cations and anions for sorption sites on iron 
oxide-coated volcanic tuff. Additional batch experiments 
with a wider range of pH values, silicate, sulfate, carbon-
ate, and ionic strength are needed to fully quantify the 
dependence of maximum sorption on these variables and to 
understand the competitive on Hg removal by iron-coated 
volcanic tuff.
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