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Abstract Characterization of zeolitic tuff from Jabal
Hannoun (HN) and Mukawir (MR) was carried out to
examine the ability of using low-cost natural materials in
domestic wastewater treatment. The grain size between 0.3
and 1 mm (0.3—-1 mm) of the HN and MR has the highest
total zeolite grade (faujasite—phillipsite and phillipsite—
chabazite) and suitable cation exchange capacity. They
were used as fixed-bed ion exchangers and adsorbents. The
zeolitic tuff efficiently removed the organic and nitrogen
compounds, Pb and Zn from the effluent. One bed volume
(1 BV) of the zeolitic tuff is capable to remove up to 95 %
of total organic carbon form 500 BV of the effluent. The
removal percent of total nitrogen by HN and MR is close to
95 and 90 %, respectively. The zeolitic tuff has an excel-
lent efficiency to remove Pb and Zn from the effluent.
1 BV of HN completely cleans Zn and Pb from 680 and
730 BV of the effluent, respectively, whereas 1 BV of MR
is able to clean completely Zn and Pb from 500 and 685
BV of the effluent, respectively. The greater performance

R. A. Al Dwairi (IX)

Natural Resources and Chemical Engineering Department,
Faculty of Engineering, Tafila Technical University,

P.O. Box 179, Tafila 66110, Jordan

e-mail: reyadn@hotmail.com

K. M. Ibrahim

Department of Earth and Environmental Sciences,
Faculty of Natural Resources and Environment,
The Hashemite University, P. O. Box 330101,
Zarqa 13133, Jordan

e-mail: ibrahim@hu.edu.jo

H. N. Khoury

Department of Applied Geology and Environment,
Faculty of Science, University of Jordan,

Amman 11942, Jordan

e-mail: khouryhu@ju.edu.jo

of the HN compared with the MR may be explained by its
higher zeolites grade and presence of faujasite.
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Introduction

Natural zeolites are abundant and low cost resources,
which are crystalline hydrated aluminosilicates of alkali
and alkaline earth cations that consist of infinitely
extending three-dimensional networks of AlO,°~ and
SiO4* tetrahedra, linked by the sharing of all oxygen
atoms. The intracrystalline voids make up 20-50 % of the
total crystal volume of most zeolites (Breck 1974). Many
Zeolites are known to have an affinity for ammonium ion
(Cooney et al. 1999); further, they lose most of bound
water molecules without affecting the integrity of their
molecular structure. They also have an excellent cation
exchange capacity among other naturally occurring pro-
ducts, which enables them to be used as cation exchangers
(Wang and Peng 2010). They frequently display good
selectivity for heavy metal cations, which makes them
valuable for the purification of industrial wastewater
(Colella 1996; Ibrahim et al. 2002; Bedelean et al. 2010).

Zeolites are also excellent adsorbents (Crini 2006;
Rawajfiha et al. 2010), which have uniformly sized pore
opening, channel systems and cages (McCuster and
Baerlocher 2001) throughout the crystal structure. Natu-
rally occurring zeolites are hydrophilic (having an affinity
for polar molecules, such as water) and generally contain
aluminum (US EPA 1999). Due to their high cation
exchange ability as well as to their molecular sieve
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properties, natural zeolites have been widely used as
adsorbents in separation and purification processes in the
past decades (Wang and Peng 2010). Zeolites fascinating
and wonderfully properties, such as their ion-exchange
properties, their sorption capacity, their shape selectivity
and their catalytic activity, are essentially determined by
their structures (McCuster and Baerlocher 2001).

Water scarcity in Jordan is one of the most important
national problems, especially with the huge increase in
population and the increase of demand of water for
domestic, industrial, and agricultural uses (Scott et al.
2001; Salameh and El-Naser 2005).

Khirbet es Samra is the largest wastewater treatment
plant in Jordan. The treatment plant is composed of three
types of ponds: two anaerobic and four facultative ponds,
which empty into four maturation ponds (Al Kharabsheh
1999). The sewage treatment plants aim at getting rid of
chemicals and organic pollutants so that the treated effluent
can be safely disposes off into surface water resources
(lakes and dams), used in agriculture and industry, or used
to recharge the groundwater without affecting its quality.
The treated effluent (TE) of Khirbet es Samra plant is
discharged to Wadi Dhuleil, which joins Zarqa River and
reaches King Talal Dam, after traveling about 40 km (Al
Kharabsheh 1999). The TE is stored at the dam for a period
of 4 months during winter.

Treated effluent disposed from any treatment plant
usually contains both organic and inorganic (heavy metals)
pollutants. According to Al Kharabsheh (1999), the aver-
age COD and BOD content of the TE is 288 and 270 mg/L,
respectively. These pollutants affect surface and ground-
water (Al Kharabsheh 1999).

Total organic carbon (TOC) is the amount of carbon
bound in an organic compound and is often used as a non-
specific indicator of water quality. Since the early 1970s,
TOC has been recognized as an analytic technique to
measure water quality during the drinking water purifica-
tion process. TOC in source waters comes from decaying
natural organic matter (NOM) and from synthetic sources.
Humic acid, fulvic acid, amines, and urea are types of
NOM. Detergents, pesticides, fertilizers, herbicides,
industrial chemicals, and chlorinated organics are examples
of synthetic sources (Hendricks 2010).

The Jordanian Standard 893/2006 issued by the Jorda-
nian Institution for Standards and Metrology (JISM) for
“Reclaimed Domestic Wastewater (RDW)” has been set to
specify the conditions that the RDW discharged from
wastewater treatment plants should comply with, in order
to be discharged or used (Uleimat 2011). The standard
according to Seder and Abdel-Jabbar (2011) has three
primary components: (a) reclaimed water discharged to
streams, wadis or water bodies, (b) reclaimed water for
reuse, and (c) allowable limit for properties and criteria for
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use in artificial recharge for ground water. It is not per-
mitted to dilute by mixing reclaimed water before being
discharged from wastewater treatment plants with pure
water intentionally to comply with the requirements set in
this standard. And it is prohibited to use it for irrigating
vegetables that are eaten uncooked (Uleimat 2011).
According to the standards, official and specialized con-
cerned parties must always work towards improving the
effluent quality to levels, may be, exceeding those pre-
sented in this standard to ideally use the reclaimed water
and protect the environment.

Many methods have been adopted to remove organic
matter substances from water resources: coagulation/floc-
culation separation, ion exchange, adsorption by activated
carbon and membrane filtration (Hendricks 2010). Among
these methods, adsorption is regarded as a promising
method for the removal of these substances. So, it is very
necessary and significant to explore new adsorbents with
high adsorption capacity and efficiency to remove organic
matter from water. The presence of abundant natural zeo-
lites of high quality, mainly those of faujasite and phil-
lipsite in Jordan, has initiated great interest in the
utilization of these zeolites in water treatment. Several
investigations were carried out to use natural zeolites as ion
exchangeable material such as Ibrahim (1996); Al Dwairi
(2007, 2009); Ibrahim and Jbara (2009); Hussein (2010);
Al-Rawajfeh et al. (2011); Al Dwairi and Al-Rawajfeh
(2012); Taamneh and Al Dwairi (2013).

The idea of treating lead- and zinc-contaminated solu-
tions with natural zeolite has recently shown good promise
and has been proposed as an alternative to active carbon
(Sublet et al. 2003). Zeolite minerals such as clinoptilolite,
phillipsite, faujasite and chabazite have been investigated
as a potential agent to treat heavy metal-contaminated
wastewater, especially in the case of Pb and Zn (Hendricks
2010; Al Ebaisat 2011; Ibrahim 2001; Salem and Akbari
Sene 2011).

The main objective of this project is to use the zeolitic
tuff as an ion exchanger and sorbent with very little
preparation costs. Therefore, the removal of organic pol-
lutants can be achieved by column or batch methods using
zeolites as adsorbents. The former can be achieved using a
column filled with a bed of known volume of the zeolitic
tuff. Batch method is carried out by adding a weighted
quantity of zeolitic tuff to a known volume of TE. The
zeolitic tuff and TE are mixed until a condition of equi-
librium is reached for exchange reaction.

Materials and methods

Two zeolite tuff samples were selected to be investigated
and evaluated in the treatment of real pre-treated domestic
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wastewater. The samples were collected from: Jabal Han-
noun (HN) and Mukawir (MR) (Fig. 1). 25 samples were
collected from each location. The pre-treated wastewater
was obtained from the effluents of Khirbet es Samra
wastewater treatment plant.

The HN is gray faujasite—phillipsite tuff, whereas the
MR is reddish brown phillipsite—chabazite tuff. The zeolite
tuff is poorly cemented and easily disintegrated; therefore
size classification was carried out for the samples out
without grinding. Size classification is used as a tool for
zeolites grade (Ibrahim and Inglethorpe 1996). The grain
size ranges between 0.3 and 1 mm was selected because it
contains highest zeolite grade. The samples were subjected
to characterization following the procedures described in
Al Dwairi (2007). Zeolite grade was calculated using X-ray
diffraction techniques as recommended by Ibrahim and
Inglethorpe (1996). The physical properties were evaluated
including attrition resistance test and acid solubility as
described in Ibrahim (1996). Cation exchange capacity
(CEC) was determined following Mercer and Ames (1978).

The chemical composition of the rock samples and the TE
were determined using the Atomic Absorption
Spectrometer.

The TE from Khirbet es Samra wastewater treatment
plant was used after filtering the suspended solids. Con-
centration of the organic matter and nitrogen content was
determined as total organic carbon (TOC) and total nitro-
gen (TN) using Shimadzu TOC-VCPN instrument. The
TOC content of the analyzed samples were measured by
indirect methods by calculating the difference between the
total carbon (TC) and the inorganic carbon (IC) using
Shematsu TOC-VCPN instrument. The system includes an
autosampler ASI-V and an NDIR detector. Concentration
of the trace elements was determined using an ICP-Ms
model Optima Perkin Elemer-3000 based the labs of the
Water Authority of Jordan. Water analyses were carried out
following the methods described in the Standard Methods
for the Examination of Water and Wastewater (2012).

The grain size (0.3-1 mm) was used in the column
experiments, with no pre-chemical treatment. The column
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Table 1 Chemical composition of the different zeolitic tuff fractions

from Jabal Hannoun and Mukawir

Zeolite Hannoun (HN) Mukawir (MR)
minerals

Bulk —1 4+ 0.3 mm Bulk —1 + 0.3 mm

sample sample

Faujasite, phillipsite Phillipsite, chabazite
Total Zeolite 45° 65 40° 50°

grade (wt%)
Chemical analysis (Wt%)

SiO, 43.50  40.05 40.35 3941
Al,O3 14.82  16.23 10.67 12.32
Fe,03 11.78 8.30 1275 875
MgO 9.95 6.70 754 423
CaO 4.89 445 11.28  8.52
Na,O 4.58 3.84 5.86 499
K,O 1.65 2.77 305 333
TiO, 322 2.61 2.81 1.27
LOI 5.19  14.50 5.74 16.31
Total 99.58  99.45 100.05 99.13

Attrition 5.5 4.5
resistance
(wt%)

Packed-bed 1.0 1.0
density (g/cm3)

CEC (meq/g) 2.3 2.2

% From (Ibrahim 1996)
® From (Ghrir 1998)

experiments were operated under fixed conditions. The
fixed zeolitic bed worked as an adsorbent and ion
exchanger material (Treybal 1980). Twenty-one to twenty-
five effluent water samples were collected from the col-
umns at 10, 20, 30, 40, 60, 80, 100, 150, 200, 300, 400,
500, 600, 800, 1,000 ml, etc. The column experiment
results were presented using breakthrough curves
(S) (Treybal 1980).

In the batch experiments, the grain size (0.3—1 mm) was
grinded using agate mortar to get a powdered zeolite. A
fixed weight (0.5 g) of zeolitic tuff was mixed with 100 ml
of TE in a 250-ml volumetric flask, followed by shacking
using orbital shaker for a selected time (1, 4, 8, 12, and
24 h). The solution thereafter was filtered for analyses.

Results and discussion
Characterization
The grain fraction size (0.3—1 mm) was selected because it

exhibits highest zeolite grade between 50 and 65 % and
suitable physical properties (Table 1) (Ibrahim 1996).
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Fig. 2 Scanning electron micrograph of the, a phillipsite and
b faujasite (Ibrahim 1996)

Scanning electron micrographs of the studied zeolite
samples is shown in Fig. 2a, b.

The chemical composition of the bulk and the grain size
(0.3-1 mm) from the HN and MR is presented in Table 1
which reveals that the HN is characterized by higher SiO,
and Al,O3 content compared with the MR but have lower
K,O content. MR displays very high CaO content up to
11.51 %, such percentage is related to the presence of
secondary calcite in the sample. The great difference in the
chemistry of the bulk samples and the size fractions
(0.3—-1 mm) is due to the fact that bulk samples contain
abundant olivine, pyroxene and sideromelane which are
Mg-Fe rich phases with no or very LOI %. The ferro-
magnesian phases are minor in the grain size (0.3—1 mm)
but have abundant LOI %.
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Table 3 Operation conditions of the column

Flow rate 50 mL/min
Column diameter 11.3 mm
Column length 100 cm

Media
Bed length (BL)

Zeolitic tuff (—1 4+ 0.3 mm)
40 cm

function of pH

Table 2 Chemical characteristics of the treated water effluent from

Khirbet es Samra

Component Concentration
EC (ps/cm) 2,500
pH 74
SAR 5.40
NH, (mg/L) 115
NOj; (mg/L) 23
Total Nitrogen (mg/L) 194
Total PO4 (mg/L) 12
TOC (mg/L) 54
BOD? (mg/L) 275
COD? (mg/L) 280
Na (mg/L) 265
Ca (mg/L) 85
Pb (mg/L) 1.18
Zn (mg/L) 1.86
Ni (mg/L) 0.05
Cr (mg/L) 0.02
Mn (mg/L) 0.06

? From (Al Kharabsheh 1999)

Table 1 shows that the grain size between 0.3 and 1 mm
is characterized by higher Al,O3, K,O and LOI content.
Meanwhile, it exhibits lower Fe,O5;, MgO and TiO, con-
tent compared with the bulk samples. This is most probably
due to the higher zeolites percent in this size fraction rather
than the bulk samples.

The resistance of the geological material to aggressive
environment is emphasized as attrition resistance and sta-
bility under acid environment. The weight percentage of
the fine particles that result from the sized zeolite after
backwashing in aqueous solution represents the attrition
resistance (Ghrir 1998). The results of attrition resistance
test of the HN and MR are 5.5 and 4.5 %, respectively as
listed in Table 1, which also shows value of the packed-bed
density (about 1.0 g/cm®). The Na-CEC of the HN is

Bed volume (BV) 40 cm®
Weight 40 g
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Fig. 4 Breakthrough curves of TOC using a fixed bed of HN and MR
zeolitic tuff

1.54 meq/g, whereas the CEC of the MR is 1.39 meq/g
(Table 1).

The stability of the HN and MR under acid environment
is acceptable. In detail, at pH 5 the HN and MR resist the
acidic attack in the first 5 h, and then the zeolites structure
starts to collapse, so they lose part of their crystallinity as
indicated by X-ray diffraction. The residual crystallinity
after 24 h is higher than 95 % for both samples. At pH 3,
both samples lose about 75-80 % of their crystallinity
(Fig. 3).

Chemical characteristics of the treated effluent (TE)
from Khirbet es Samra is presented in Table 2. The pre-
sence of the organic pollutants in the TE is marked by the
presence of 275 mg/L BOD and 54 mg/LL TOC. Nitrogen
occurs as NO3 and NHy. In addition to the presence of Na
and Ca as competing ions, the TE contains about Pb, Zn, Ni
and Cr.

Removal of organic pollutants

The operation condition of the column experiments are
tabulated in Table 3. The results of the fixed-bed adsorp-
tion experiment using the MR and HN are illustrated in
Fig. 4, which emphasizes the excellent performance of the
two samples to remove the organic content from the TE.
The TOC content in the original TE sample (Cyp) is 54 mg/
L as shown in Table 2. The breakthrough curves of the
experiments exhibit typical S shape as shown in Fig. 4.
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Fig. 5 Percentage removal of TOC using a fixed bed of HN and MR
zeolitic tuff

About 98 % of the TOC value was removed from the TE
before reaching the breakthrough point at 500 BV (1
BV =40 cm3, Table 3), where the TOC value of this
effluent is <0.01 mg/L. The exhausting point was reached
using the MR and HN at about 800 and 780 BV, respec-
tively. This indicates that both zeolitic tuff materials have
almost similar behavior although they hold different zeo-
lites type and grade (Table 1).

In batch experiments, a 0.5 g of the HN and MR was
contacted with 100 ml of the TE at variable contact time.
The results in Fig. 5, indicating that the two zeolitic tuff
samples exhibit same trend in the removal of TOC. The
figure shows that the TOC removal is a fast process and
proportionally increases with the increase of contact time
in the first 8 h. The removal efficiency decreases thereafter.
In detail, the MR and HN samples are able to remove about
55 % of the TOC in the first hour of contact time and about
65 % after 8 h. The samples continue to remove the
organic matter with the increase of the contact time
between 8 and 24 h, but with a very slow rate (Fig. 5).

Removal of nitrogen

Total Nitrogen (TN) is the sum of nitrate—nitrogen (NO3—
N), nitrite—nitrogen (NO,—N), ammonia—nitrogen (NH;-N)
and organically bonded nitrogen. TN is sometimes regu-
lated as an effluent parameter for municipal and industrial
wastewater treatment plants (Stenholm et al. 2009). Fauj-
asite, phillipsite and chabazite have a great affinity to
exchange ammonia—nitrogen from wastewater (Ibrahim
1996).

With regards to the removal of total nitrogen from the
TE using a fixed-bed of MR and HN zeolitic tuff, the
results are displayed in Fig. 6 which reveals the efficiency
of the two samples in the removal of the total nitrogen. As
shown in Table 2, the C, of total nitrogen in the original
TE sample is equal to 194 mg/L. Table 2 indicates that
most of the total nitrogen in the TE is related to the
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Fig. 6 Breakthrough curves of total nitrogen using a fixed bed of HN
and MR zeolitic tuff
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Fig. 7 Breakthrough curves of total Zn using a fixed bed of HN and
MR zeolitic tuff

presence of NH,. Using the HN sample, the concentration
of total nitrogen was <5 mg/L in the early collected
effluent at BV = 2 and continue to be <10 mg/L at the
breakthrough point (BV = 45). This indicates a removal
percent is close to 95 %. The MR sample achieves slightly
lower removal percent equal to 90 % before reaching the
breakthrough point at 40 BV. The exhausting point was
reached using the MR and HN at about 78 and 100 BV,
respectively. The slight higher performance of HN in the
removal of total nitrogen compared with MR is attributed
the presence of faujasite in the HN sample. It is well
demonstrated by Ibrahim (1996, 2001) that the efficiency
of faujasite to remove ammonia—nitrogen (NH3z—N) from
water is higher than the efficiency of phillipsite and
chabazite.

Removal of heavy metals
Zine (Zn?)

Removal of Zn™ (C, = 1.86 mg/L) from the TE sample is
presented in Fig. 7 using HN and MR zeolitic tuff. The
removal process reflects the high efficiency of HN zeolitic
tuff. Presence of an uncompleted S curve indicates that the
experiment was not finished. The breakthrough point
occurs at BV = 680 and the exhaustion point occurs at
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Fig. 8 Breakthrough curves of Pb using a fixed bed of HN and MR
zeolitic tuff

BV = 1,150. MR zeolitic tuff also exhibits high efficiency
with breakthrough point at BV = 500 and the exhaustion
point at 890 BV. It is obvious from Fig. 7 that the effi-
ciency of HN zeolitic tuff is higher than the efficiency of
MR. This result is due to the higher zeolites grade in HN
(65 %) compared to MR (50 %) (See Bedelean et al.
2010). Also, it might be related to the presence of faujasite
which has both an experimental and calculated surface area
ranging between 903 and 1132 m%/g (Yates 1968).

Lead (Pb*?)

The initial concentration of Pb*? is 1.18 mg/L (Table 2).
The percentage removal is represented by the breakthrough
curve as shown in Fig. 8 for HN and MR zeolitic tuff,
which indicates that the breakthrough point of HN zeolitic
tuff occurs at BV = 730 and the exhaustion point occurs at
BV = 1,220. Figure 8 shows also that the breakthrough
point for MR zeolitic tuff occurs at BV = 685 and the
exhaustion point occurs at BV = 1,140.

It was indicated by Salem and Akbari Sene (2011) that
the removal efficiency of Pb from effluents is proportional
to surface area and cation exchange capacity of the sorbent.
Faujasite removes more lead than phillipsite and chabazite
in the same chemical condition (Ibrahim 1996). In this way
the percent removal of Pb increases with the increment of
contact time; pH of suspension and amount of adsorbents
(Salem and Akbari Sene 2011).

Conclusion

The physical and chemical characterization of the Jorda-
nian zeolitic tuff from Jabal Hannoun and Mukawir show
that they have high zeolitic grade, high attrition resistance,
backed-bed densities, good permeability and high resis-
tance to aggressive environment. The results enable both
zeolitic tuffs to be used as exchanger media in domestic
wastewater treatment.

The grain size (0.3—-1 mm) of HN and MR zeolitic tuff
has the highest total zeolitic grade (faujasite—phillipsite and
phillipsite—chabazite between 65 and 50 %, respectively),
high cation exchange capacity, suitable attrition resistance
and high packed-bed density. These characteristics are
important for using zeolitic tuff as fixed-bed ion exchanger.
Jabal Hannoun and Mukawir zeolitic tuff are stable at pH
5. They lose (3 %) and (5 %) of there crystallinity after the
attack by acid for 24 h.

The Jordanian zeolitic tuff from Jabal Hannoun and
Mukawir are suitable for the purification of treated effluent
from wastewater treatment plants. They efficiently
removed the organic and nitrogen compounds as well as Pb
and Zn from the effluent. It was shown that 1 BV of the
zeolitic tuff is capable to purify the polluted water and
remove up to 95 % the organic pollutant (TOC) form 500
BV of the effluent. The removal percent of total nitrogen
by HN and MR, prior to reaching the breakthrough point at
45 and 40 BV, is close to 95 and 90 %, respectively. The
zeolitic tuff (HN and MR) has an excellent efficiency to
remove Pb and Zn from the effluent. One BV of HN will
completely clean Zn and Pb from 680 and 730 BV of the
effluent, respectively, whereas 1 BV of MR will com-
pletely clean Zn and Pb from 500 and 685 BV of the
effluent, respectively, in the presence of competing cations
(Na and Ca).

The greater performance of Jabal Hannoun samples
compared with Mukawir sample may be explained by its
higher grade of total zeolites and the presence of faujasite.
This is in agreement with conclusions made by Ibrahim
(2001). It was indicated that faujasite containing zeolitic
tuff is always more efficient in removing heavy metals and
ammonium from water than non-faujasite containing zeo-
litic tuff (Ibrahim 1996, 2001, 2002).
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