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Abstract

Bentonite clay minerals belonging to the smectite group have a wide range of chemical and indus-
trial uses. The structure and chemical composition, exchangeable ion type and small crystal size of
smectite are responsible for several properties, including a large chemically active surface area and
a high cation exchange capacity. A wastewater treatment using bentonite from Milos island, Greece,
was investigated. Raw wastewater sample (influent) from the wastewater treatment plant (WTP) of
the city of Kilkis, Northern Greece was treated using bentonite in conjunction with chemical coag-
ulants (polyaluminium chloride-PAC and cationic polyelectrolyte), in batch type experiments. The
removal of suspended solids (SS), chemical oxygen demand (COD), nitrate ion, ammonium ion,
phosphate ion, and toxic metals were evaluated. The treatment gave overflowed clear water im-
proved concerning the quality parameters. The bentonite adding prior to flocculation resulted in
effective removal of heavy metals such as chromium and copper. Additionally, the bentonite removed
nitrogen compounds with relatively high efficiency, while the clay presence highly improved the
COD removal. The quality parameters after treatment were improved fulfilling the requirements for
disposition as downstream, irrigation, swimming and fish waters.

Keywords: wastewater treatment, bentonite, influent, chemical coagulants.

1. Introduction

Due to the rapid development in technology and urbanization, increasing amounts of industrial, agri-
cultural, and domestic wastes are discharged to receiving waters. Generally, they are discharged to
the nearest water sources such as rivers, lakes and seas. Wastewater treatment plants (WTPs) are ex-
pected to control the quality of the municipal wastewater (including industrial hazardous wastes) be-
fore being discharged into the nearby water sources (Chen et al., 2002).

The need for water re-use has made the effluents from municipal WTPs to be considered as a valu-
able resource and integrated into the available water supply. The effluents from these plants, how-
ever, usually contain some impurities, such as suspended matter, residues of stable organic materials,
and refractory matter, which can cause undesirable colour, taste, and odour. Besides they contain nu-
trients such as phosphates and nitrogenous materials that cause eutrophication in receiving waters.
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Table 1. Chemical and mineralogical composition of bentonite with specific surface area and cation
exchange capacity value.

Sample | SiO; | ALO; | TiO; | MnO | Fe,Ost | MgO | CaO | Na,O | K;0 | P,Os | LOI
5875 | 17.09 | 0.62 | 0.035 | 4.00 | 3.52 | 3.56 | 095 | 0.75 | 0.08 | 10.72
Ba Co Cr Cu Ni Pb Rb Sr Zn
(ng/e) | (ng/g) | (ng/e) | (ng/g) | (ng/g) | (ng/e) | (ng/e) | (ng/e) | (ng/g)
Bentonite 386 22 23 26 - - 49 95 42
(mg]alf;:l(lj}Og) (Elszg) Mineralogical Composition
104.35 66.41 Smectite, Calcite, Amorphous, Mica (tr), Pyrite (tr)

Flocculation and adsorption are typical examples of treatment processes. Recently, low cost mate-
rials, including rice-husk, maple sawdust, soya cake, coal ash, peat and bone char, have been in-
vestigated as adsorbents for wastewater treatment (Ahsan et al., 2001; Daneshvar et al., 2002;
Ringqvist et al., 2002; Daifullah et al., 2003; Yu et al., 2003; Kirk et al., 2003). Additionally, the pu-
rification of industrial and urban wastewaters using a HEU-type zeolite (clinoptilolite) has been suc-
cessfully applied (Filippidis et al., 2008a, Filippidis et al.,2008b).

Clay minerals have great potential as inexpensive and efficient adsorbents for wastewater treatment
due to their large reserves, chemical and mechanical stability, high specific surface area, and struc-
tural properties. Part of the organic matter present in the effluent may be adsorbed on clay minerals,
which have a large active surface area available for adsorption, especially for compounds contain-
ing amines, amides, and polysaccharides (Greenland, 1965). In this way, the adsorbed complex will
cause removal of various compounds from the liquid during a flocculation step.

In the present study raw bentonite samples from Milos island were used in combination with chem-
ical coagulants in the treatment of municipal wastewater. Bentonite is a natural clay formation con-
sisting mainly of montmorillonite which belongs to the 2:1 smectite clay mineral group. The basic
structural unit is composed of two tetrahedrally coordinated sheets of silicon ions surrounding a
sandwiched octahedrally coordinated sheet of aluminum ions. The isomorphous substitution of AI**
for Si** in the tetrahedral layer and Mg?* for AI** in the octahedral layer results in a net negative sur-
face charge on the clay (Luckham and Rossi, 1999). Compared with other clay types, it has excel-
lent sorption properties and possesses sorption sites available within its interlayer space as well as
on the outer surface and edges (Tabak et al., 2007).

2. Materials and Methods
2.1 Characterization of bentonite

The raw bentonite was kindly provided by the S&B Industrial Minerals S.A., Milos island, Greece.
The sample was air-dried, ground and sieved. The <63um particle size fraction was used in the ex-
periments. The chemical composition of bentonite was determined by AAS (Perkin Elmer 901A).
X-ray diffraction (XRD) analysis of the sample was carried out with a Philips PW 1710 diffrac-
tometer using CuKa. radiation, in the 20 angle range from 3° to 63°. The cation exchange capacity
(CEC) and specific surface area (SSA) were obtained by the ammonium acetate method (Alexiades
and Jackson, 1966) and multipoint BET N, adsorption method. The mineralogical and chemical
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Fig. 1: X-ray diffraction pattern of bentonite sample (A: Amorphous, C: Calcite, M:Mica, Sm: Smectite, Py:
Pyrite).

compositions of the bentonite are presented in Table 1. The X-ray diffraction pattern of the ben-
tonite sample is shown in Figure 1.

2.2 Sampling the wastewater samples

The raw wastewater samples (influent) were obtained from the wastewater treatment plant (WTP)
of the city of Kilkis. The WTP serves about 26,000 residents by treating daily 7,500-10,000 m?* of
municipal wastewaters. About 5-10% of the total flow is contributed by small enterprises. The treat-
ment process includes screening, grit removal, primary sedimentation with the use of chemical co-
agulants (polyaluminium chloride-PAC and cationic polyelectrolyte), conventional activated sludge
treatment, and effluent disinfection with UV-radiation. The quality of the influent is presented in
Table 2.

2.3 Treatment Procedure

Municipal wastewaters were treated with bentonitic clay at room temperature, in batch type exper-
iments. The treatment process proceeded with rapid mixing of 300ml raw wastewater samples with
7.5g of bentonite at 400 rpm for 60 min, slow mixing of 40 rpm for 30 min and then standstill for
20 min. Polyaluminium chloride (PAC) and cationic polyelectrolyte were added as coagulant aids
during the slow mixing step. For comparison reasons the same process was conducted without the
addition of the bentonite. The bentonite amount (7,5g) added was chosen as the optimum (with the
higher removal percentage) after experimental trials with various amounts of this material. The su-
pernatant was filtered through 0.45um and analyzed. All the essays were conducted in triplicate and
only mean values are presented.
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Table 2. Quality of the raw wastewater (influent) from the Kilkis wastewater treatment plant.

Constituents Units (Rawl%lzl;f:; o
Temperature °C 23.6
pH 8.71
Conductivity uS/em 1487
Colour Pt/Co 2375
TSS mg/L 360
COD mg/L 742
NO,-N mg/L 142
NO,N mg/L 0.043
NH,-N mg/L 138.50
PO*> mg/L 477
Cria mg/L 0.05
Cu mg/L 0.30
Mn mg/L 0.241
Ni mg/L 0.281
Zn mg/L 0.67

TSS: Total Suspended Solids, COD: Chemical Oxygen Demand

2.4 Analytical Methods

Electrical conductivity and pH were measured with an electrode (CDM210, Radiometer, Copen-
hagen) and a combination electrode, respectively, at 25°C. The concentration of total suspended
solids was determined by immediately filtering the samples through a 0.45 micron filter paper. The
filters were weighed before the filtration and subsequently dried and weighed again after the filtra-
tion to determine the concentration of suspended solids Analysis of colour, phosphate (PO,*), am-
monia (NH,*), nitrate (NO5’), nitrite (NO,), and the metals Cr(total), Cu®*, Mn>* and Ni** were
performed using a HACH DR/2000 spectrophotometer.

3. Results and Discussion

The use of bentonite in conjunction with chemical coagulants in the treatment of municipal waste-
waters was investigated. The results are presented in Table 3 and Figure 1. The treated wastewaters
resulted in clear overflowed waters, free of odours and highly improved quality parameters.

Treatment of the municipal sewages with pH 8.71 resulted in a decrease of pH value to 6.72 and 6.61
with and without the addition of bentonite in the process, respectively.

Reduction of suspended solids (SS) plays a significant role in modern wastewater treatment, since the
SS serves as an adsorbent for heavy metals and polychlorinated biphenyls (PCBs) (Rosenwinkel et
al.,2001). Total suspended solids were effectively removed (99%) with no bentonite addition, due to
flocculation. The bentonite added in the process made no significant difference in the TSS removal.
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Table 3. Quality of the wastewaters after the treatment with and without the addition of bentonite.

Treatment Treatment
Without Bentonite With Bentonite
Constituents Treated +% Treated +% +% Difference
Wastewater Wastewater With the
Bentonite
Addition
pH 6.61+0.1 2411 6.72+02 2285 +13
EC (uS/cm) 1929 +£3 -29.712 2050 £2 -37.86 +8.1
Colour (Pt/Co) 32+05 -98.65 6+0.1 -99.75 +1.10
TSS (mg/L) 3+0.1 99.17 1+0.1 99.72 +0.56
COD (mg/L) 250+2 -66.31 1462 -80.32 +14.02
NO,-N (mg/L) 540+0.05 -61.97 1.90 £0.02 -86.62 +24.65
NO,-N (mg/L) 0.018 £0.007 -58.14 0.010 £0.003 -76.74 +18.60
NH,-N (mg/L) 126.20 £0.05 -30.01 8240 +0.08 -54.30 +24.29
PO4*(mg/L) 044 +0.01 -90.78 0.39+0.01 91.82 +1.05
Cr,,, (mg/L) 0.02+001 -60.00 001001 -80 +20
Cu (mg/L) 0.11+£001 -63.33 007001 -16.67 +13.33
Mn (mg/L) 0.041 £0.005 -82.99 0.037 £0.005 -84.65 +1.66
Ni (mg/L) 0 -100 0 -100 0
Zn (mg/L) 021+0.03 -68.66 0.50£0.03 2537 4328

Each value is the mean of three readings + standard deviation.

The discharge of untreated wastewater containing high levels of organic pollutants into river water
affects the suitability of river water for human use and it stimulates the growth of algae and aquatic
plants (Kuroda et al., 1997). Hence, various treatment methodologies have been used for the re-
moval of organic load from wastewater. Most of them are complicated and time-consuming, except
for adsorption methods, which are of low cost and easy to use. A COD removal of about 66% oc-
curs as a result of the treatment with no clay added, due to flocculation. The presence of bentonite
notably improves the removal of COD. Almost 80% of the total COD can be removed by treating
with chemical coagulants after the addition of clay. The bentonite alone, when added to the influent
removed 14% of the total COD. The more efficient removal of COD by bentonite is related to the
effective adsorption of organic matter in the large surface area of the clay (Greenland, 1965).

The presence of excess nitrogen and its compounds has a negative impact on the environment. Ni-
trogenous compounds play an important role in water pollution and it is well known that they cause
serious diseases (Balci and Dingel, 2002). Therefore, the control of them in water has vital impor-
tance. In the treatment process without the bentonite, the removal efficiencies of nitrate, nitride and
ammonium ion from the wastewater, were relatively low (30-62%). Bentonite adding prior to floc-
culation highly improved the removal of the nitrogen compounds. The bentonite itself removes 25%
of nitrate ion, 19% of nitride ion and 24% of ammonium ion. Consequently, nitrogen compounds are
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Fig. 2: Removal percentage of influent constituents with and without the presence of bentonite in the treatment
process.

effectively removed by the bentonitic clay. NO; and NO, ions were basically removed by ion ex-
change or by physical adsorption, while NH," ions were removed by cation exchange processes
after bentonite addition (Grimshaw and Harland, 1975; Ahsan et al., 2001).

Phosphorus is a critical nutrient for many biological systems, including the production of food. In a
soluble form, phosphate has good surfactant properties and is used extensively in cleaners, detergents
and washing soaps. During its widespread commercial use, its ability to stimulate the growth of
algae in water systems has become very apparent. Therefore, the amounts of phosphate in domes-
tic and industrial wastewaters need to be controlled using the either chemical or biological tech-
niques (Galarneau and Gehr, 1997; Kirk et al., 2003). The chemical coagulants used in the treatment
process showed high efficiencies for removal of phosphate ion. The bentonite addition in the treat-
ment resulted in a slight difference (~1%) in the phosphate ion removal.

Chromium, copper, manganese, nickel and zinc are commonly known toxic heavy metals and tend
to concentrate in environmental systems and in humans. Therefore, the effect of bentonite in con-
junction with chemical coagulants in the removal of these heavy metals in wastewater treatment
was investigated, as presented in Table 3 and Figure 1. The heavy metal removal efficiencies are rel-
atively high (60-100%) for the treatment with no bentonite added. The bentonite addition shows a
slight difference in the removal of chromium (20%), copper (13%) and manganese (1.7%). Contrary,
the clay addition showed an increase in the zinc concentration in the treated wastewater. However,
this increase can be attributed to the exchangeable Zn cation hosted in the bentonitic clay (Table 2).
Therefore, for the concentrations of heavy metals tested (<1mg/L), the bentonite addition seems to
be effective only for the removal of chromium and copper.

The notable effect of bentonitic clay in improving removal of the various components from the in-
fluent can be explained by several mechanisms. This hydrophobic colloid, having a large available
surface area, adsorbs the products of the reaction between the chemical coagulants like cationic
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polyelectrolyte and anionic components of the influent. The clay particles serve as nuclea for floc-
culation, resulting in formation of large, rapid settling flocs. Therefore, reaction products that were
finely dispersed and could not be made to settle after flocculation (but would be separated by cen-
trifuging) did indeed settle from the suspension in the presence of clay. This means that the main task
of the clay is to aid in the settling of the suspended solids. It must also be remind that the clay added
to the effluent is in a coagulative state, because of the ionic strength and the high Ca®* concentration
in the latter. The clay suspension approaches instability and it can easily be flocculated (Rebhun et
al., 1969).

4. Conclusions

The use of bentonite in combination with chemical coagulants for the removal of TSS, COD, nitro-
gen compounds (NO5", NO,, NH,*), phosphate ion and toxic metals in the treatment of municipal
wastewaters was investigated. Treatment resulted to clear overflowed waters, free of odours. The
quality parameters of the overflowed water were improved. Bentonite adding prior to flocculation
was effective for removal of COD, nitrogen compounds and selected heavy metals such as chromium
and copper. The quality parameters in the treated wastewaters are fulfilling the requirements for dis-
position as downstream, irrigation, swimming and fish waters (Andreadakis et al., 2003; EPA, 2004).
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