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1 INTRODUCTION 
 

Observations in northern regions of Europe found that the amount of evaporation is only half 
of the annual rainfall. In the future, precipitation is increasing in the northern regions of Europe 
as a consequence of global warming (e.g. EEA, 2012). This phenomenon may generate 
additional costs of operations associated with pumping water out of mine pits and quarries. 
Additionally, these wastewaters may be contaminated by nitrogenous compounds that 
originate from the explosives used to extract the rock material from the bedrock in quarrying 
operations.  

Over-enrichment of the receiving waters by nutrients, such as nitrogen, is of growing concern 
in Finland due to the possibility of the role of nutrients in the eutrophication process. The 
Waterpro project, funded by EU Interreg, aims to address this environmental issue by improved 
management of nutrients originating from agriculture, mining and quarrying operations. The 
Geological Survey of Finland’s (GTK) remit in the project is to develop the estimation and 
management of nitrogen runoffs from aggregate and dimension stone quarries. 

Municipal or industrial wastewater with high loads of nitrogen require thorough treatment before 
they are discharged into aquatic environments. Several technologies are used for the removal 
of nitrogenous compounds, including: biological methods such as nitrification, denitrification 
and also physico-chemical processes such as air stripping, chemical/electrochemical 
oxidation, precipitation, ion exchange, adsorption and reverse osmosis (Jermakka et al. 2015, 
Garbarino et al. 2018).  

Among the currently available treatment methods, the adsorption technique is considered as a 
promising and cost-effective solution, especially as it involves a simple and convenient 
operation that makes it feasible for real scale applications on an industrial scale. Moreover, 
many adsorptive media used in the process have the potential to be regenerated and even 
reused as fertilizers. A good example of such material is NH4+ exchanged clinoptilolite, which 
has proven to be an environmentally friendly slow release fertilizer (Perrin et al. 1998). The 
regeneration and multiple reuse of clinoptilolite were also demonstrated by Piper and Smith 
(1984). It is also worth mentioning that the NH4+ exchanged vermiculite, has been reported to 
be an efficient fertilizer that improves the growth of selected plants (Laiho 2012).  

In this study, the mineral adsorbents comprising either vermiculite or zeolite products 
(purchased from Nanogeo Oy) were used for the treatment of nitrogen-rich wastewater. The 
reason for selecting these materials was their proven high NH4+ adsorption capacities 
(Jermakka et al. 2015) and the possibility of regeneration or recycling of the spent adsorbents. 
The recycling of spent adsorbents depends of the properties of the wastewater.  

The mineralogy and geochemistry of zeolite and vermiculite were studied in the project. The 
adsorption efficiency was determined under different process conditions (pH and temperature) 
in order to assess if the adsorbents are functional in changing nature environmental conditions. 
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The potential for reusage of tested adsorbents as fertilizer was estimated as well. The research 
was partly conducted as a diploma project under the auspices of Savonia University of Applied 
Sciences (Heikkinen 2017) and partly by GTK. 

Originally, the research was planned to test the mineral adsorbents at the pilot sites to provide 
useful instructions of materials utilization for controlling pulse type nitrogen emissions. 
However, during the monitoring campaign in autumn 2016, the weather in Finland was 
exceptional. There was hardly any rain, which was rare for that study location at that time of 
the year. Rainwater is the main factor by which the nitrogen residual originating from the 
blasting is transported to surface waters. Therefore, the piloting tests with the two mineral 
adsorbents were performed in laboratory conditions to avoid weather related problems and 
possible delays in the implementation of the project.  

 

2 MATERIALS AND METHODS 
 

2.1 Adsorptive materials and wastewater samples 
 

Vermiculite and zeolite were purchased from Nanogeo Finland Oy and were used as 
adsorptive materials for the removal of nitrogen from wastewater. The commercial names for 
minerals are GeoTrap A and GeoTrap B for vermiculite and zeolite, respectively. No 
information about material pretreatment was available.  

Nitrogen-rich wastewater was collected from a fertilizer plant and stored in plastic containers 
in a cool room at 8 °C. The initial and final total concentration of metals were measured in an 
accredited laboratory Labtium Oy (Kuopio) using ICP-MS or ICP-OES technique (method 
[095M] and [095P]). Before analysis all samples had been filtered through a filter membrane 
and acidified with nitric acid.  

The concentrations of ammonium and nitrate were determined spectrophotometrically (Hach-
Lange DR 2800) using cuvettes tests LCK 303 (measuring range 2-47 mg/l NH4-N) and LCK 
340 (measuring range 5-35 mg/l NO3-N), respectively. Ammonium analysis was carried out 
when samples were diluted with ion exchanged water in a ratio of 1:100 and for nitrate 1:50. 

 

2.2 Mineralogy of adsorbents 
 

The mineralogy of vermiculite and zeolite were analysed in GTK`s mineralogy laboratory using 
a scanning electron microscope (LV-SEM, JEOL JSM5900-LV) combined with an energy 
dispersive spectrometer (EDS, Oxford Instruments) (Fig 1). The mineralogical characterization 
of the samples of fresh materials and spent materials after wastewater treatment entailed the 
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identification and quantification of mineral phases. Preparation were made on coal coated 
glass plates. About 6000-12000 individual mineral particles of each sample were analysed and 
the modal mineralogical composition was determined. The mineral identification is based on 
elemental composition converted from the EDS spectra, whose profiles are then compared 
with the GTK’s internal mineral database as a reference. The EDS analysis is semi quantitative, 
and the results are normalized to 100%.  

 

 

 

Figure 1. Vermiculite (left) and zeolite (right) samples studied by FE-SEM. Photo: Soili Solismaa. 

 

2.3 Geochemistry and grain size of adsorbents 
 

Detailed geochemistry of the untreated zeolite and vermiculite samples were determined in 
order to find out the total concentrations and the corresponding fractions of extractable 
elements. All the geochemical analyses were conducted in an accredited laboratory Labtium 
Oy (Kuopio) and the codes of used methods are given in square brackets. 

The grain size distributions of adsorbents were determined by sedigraph analysis [663S]. The 
untreated adsorbents chemistry was determined by using Aqua Regia extraction [512PM] 
together with ICP- MS MS iCAPQc- and ICP-OES iCAP Duo 6500 analysis (Thermo Fisher 
Scientific). Aqua regia leaching results can be considered here as the total concentration, 
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because both vermiculite and zeolite are aqua regia leachable minerals. Water extractable 
elements of the adsorbents were studied by the water extraction method [206PMR] in 
combination with ICP-OES-MS techniques.  

The C, H and N concentrations of the spent adsorbents were measured by Labtium Oy with an 
in-house combustion method [820L].  

 

2.4 Adsorption tests  
 

Batch adsorption experiments were performed using a jar-tester Flocculator 2000 (Kemira).  

The adsorption tests with vermiculite were conducted in room temperature (20-22 °C) with 4, 
8, 16 and 32 g of material and 800 ml of wastewater (Fig 2). Samples were collected at specific 
time intervals (15 min, 1 h, 2.5 h and 20 h) and analysed for the residual concentration of 
ammonium, nitrate and selected metals. A similar experimental approach was applied to 
determine the performance of zeolite, however different amounts (4, 8, 16 and 20 g) of material 
were used in the tests.  

 

 
Figure 2. Adsorption tests with different amounts of vermiculite. Photo: Tuija Heikkinen. 

We determined the effect of temperature on the efficiency of the adsorption process by batch 
adsorption experiments that were performed at 8-9 °C. These batch experiments were then 
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compared to experiments run at 20-22 °C. The vermiculite and zeolite doses in addition to 
sampling times, were the same as in previous tests conducted in room temperature. 

The influence of pH on nitrogenous compounds removal was analysed by adjusting the initial 
pH of wastewater samples to about 4 and 9 using 2 M sulphuric acid or 2% calcium deionized 
water. A series of experiments were conducted with 16 g of mineral adsorbents that were 
introduced into jars with 800 ml of prepared wastewater sample. 

Tests on vermiculite adsorption were conducted with the initial pH adjusted to 4.08 (jar 1) and 
without adjustment pH of 6.57 (jar 2). Under alkaline conditions, experiments were run with 
initial pH increased from 6.53 to 9.2 using 2% calcium deionized water (jar 3) and from pH 6.59 
to pH 9.2 but without the addition of adsorbent (jar 4). Samples were mixed for 2.5 h and left 
overnight without mixing. The pH was determined immediately after agitators were stopped, 
after 3.5 h and 20 h. 

Tests with zeolite were conducted in a similar manner. In the first experimental run, the pH 
value of the wastewater sample was decreased from 6.47 to 3.80 (jar 5), and the second run 
was performed without pH changes (jar 6). To simulate alkaline conditions, the increase of pH 
value from an initial 6.59 to 9.01 was obtained by using calcium deionized water. Tests were 
performed under controlled experimental conditions with adsorbent addition (jar 7) and without 
(jar 8). In the case of zeolite, all experimental runs were carried out for 5 h and samples were 
left overnight without mixing. As done previously, pH was determined immediately after the 
agitators were stopped, and after 20 h. 

 

3 RESULTS AND DISCUSSION 
 

3.1  The mineralogy of adsorbents 
 

The mineralogy of initial untreated vermiculite and zeolite samples are presented in table 1 and 
2. Vermiculite sample consists mainly of vermiculite (77%), accessory minerals include 
tremolite, diopside, calcite, hornblende, talc and albite. The zeolite sample included two types 
of zeolites clinoptilolite (50%) and mordenite (30%) and notable amounts of quartz (9%). 
Accessory minerals of the zeolite sample are: albite, K-feldspar, plagioclase and biotite. The 
SEM-EDS study of collected solid samples did not reveal nitrogen in mineral lattice or surface 
due to its low concentration and overlapping peaks of titanium. 
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Table 1. The mineralogy of initial untreated vermiculite sample. 

Class Features % total 
features % total area 

Vermiculite 1563 76.81 84.01 
Tremolite 99 4.86 4.92 

Diopside 39 1.92 1.90 

Calcite 35 1.72 1.22 
Mg-Hornblende 31 1.52 1.06 

Mg-biotite 29 1.43 1.49 

Talc 28 1.38 0.89 
Albite 25 1.23 1.48 

Orthopyroxene 10 0.49 0.29 

Fe-Hornblende 9 0.44 0.39 
Quartz 9 0.44 0.13 

Clinozoisite 8 0.39 0.21 

Biotite 8 0.39 0.16 
Cu-mineral 7 0.34 0.43 

Spessartine 6 0.29 0.08 

Goethite 5 0.25 0.06 
Muscovite 4 0.20 0.05 

MgAl-silicate 3 0.15 0.04 

Dolomite 3 0.15 0.14 
Feldspar, mixed 3 0.15 0.13 

Olivine 2 0.10 0.16 

Epidote 2 0.10 0 
Actinolite 2 0.10 0.11 

Metallic Fe 1 0.05 0.10 

Fe silic 1 0.05 0 
Apatite 1 0.05 0.08 
Fe-ox 
(magnetite/hematite) 1 0.05 0.01 

Almandine 1 0.05 0 
K-fsp 1 0.05 0 

Plagioclase 1 0.05 0.01 
 2035 100 100 
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Table 2. The mineralogy of initial untreated zeolite sample 

Class Features % total 
features % total area 

Clinoptilolite 709 50.11 51.13 

Mordenite 420 29.68 30.38 

Quartz 123 8.69 7.22 
Albite 57 4.03 4.36 

K-fsp 39 2.76 3.27 

Biotite 17 1.20 0.82 
Plagioclase 17 1.20 0.50 
Feldspar, 
mixed 16 1.13 1.31 

Gypsum 8 0.57 0.58 
Mg-biotite 3 0.21 0.13 

Muscovite 2 0.14 0.19 

NaCl 1 0.07 0 
Fe silic 1 0.07 0 

Epidote 1 0.07 0.05 

Chlorite 1 0.07 0.07 
 1415 100 100 

 

3.2 Geochemistry and grain size of adsorbents 
 

The water extraction gives the information of the water soluble, physically adsorbed phases, 
e.g. used chemicals (Dold 2003). The amounts of water leachable Na and Cl in the zeolite 
sample were relatively high (Fig 3), hence most probably the zeolite had been pretreated with 
NaCl. NaCl is known to be a pretreatment agent and is frequently used to increase the 
adsorption capacity of zeolite as are other Na or Cl containing salts such as NaOH, CaCl2 etc. 
(Inglezakis 2012). The observed high sulphate content could be due to the leaching of gypsum. 
Moreover, the amounts of releasing S, NO3, Si and Al from zeolite are higher compared to 
vermiculite. 
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Figure 3. Geochemical characterization of untreated zeolite and untreated vermiculite samples  

(extraction with distilled water). 
 
Agua regia leaching results shown in Fig. 4 are considered as the total concentration, because 
both vermiculite and zeolite are aqua regia leachable minerals. However, it can be seen from 
the mineralogical results (table 1 and 2) that small amounts of minerals insoluble to aqua regia, 
like quartz, exist in both samples. 

 
Figure 4. Geochemical characterization of untreated zeolite and untreated vermiculite samples  

(extraction with Aqua regia). 
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The results of grain size analysis are presented in table 3. The grain size of zeolite and 
vermiculite is below 2 mm (61.6% is <1 mm) and 1 mm (53% is <0.5 mm), respectively. 
Vermiculite had a higher number of finer fractions (range 0.063 to 0.5 mm) compared to zeolite. 
A finer particle size of a material enhances the treatment process due to the higher availability 
of surface area for adsorption. However, the production of fine mineral materials may require 
more energy, thus the cost of the material should be taken into consideration during the design 
of the process and its optimisation. 

 

Table 3. The grain size of the adsorbents. 

Sample < 0.063 mm < 0.125 mm < 0.25 mm < 0.5 mm < 1 mm < 2 mm 
  % 
Vermiculite 0.43 0.63 2.54 53.4 99.9 100 
Zeolite 0.06 0.13 0.24 10.4 61.6 100 

 

 

3.3 Adsorption tests 
 

Experimental results of ammonium and selected metals removal by varying levels of 
vermiculite and zeolite treatment, after one and 20 hours of contact time, are given in tables 4 
and 5. It can be seen that both vermiculite and zeolite released Ca, Mg and Ba into the treated 
wastewater. In addition, the release of S and Na was additionally observed for zeolite (table 
5). A substantial difference in removal efficiency was found between vermiculite and zeolite 
and their amounts used in the process. In general, the increase of adsorbent dose and contact 
time (from 1 to 20 h) resulted in a higher percentage removal of ammonium and other elements.  

Vermiculite performed well in the reduction of ammonium concentration (over 53%), 
manganese (up to 51%) and phosphorous (up to 45%) when the highest amount (32 g) of 
vermiculite was used for wastewater treatment. Vermiculite was the most effective in reducing 
the concentration of Zn. After 20 hours, the removal of Zn increased from 80.2% to 93.4% 
when the higher adsorbent dose was applied. Al was successfully removed from wastewater 
as well. However, the efficiency of Al removal gradually decreased from 85.4% to 65.9% and 
90.2% to 70.7% for one hour and 20 hours of treatment, as the amounts of vermiculite 
increased from 4 g to 32 g. This was probably due to a slow release of Al into the treated 
wastewater caused by the higher quantity of vermiculite introduced into the sample.   

Mattila et al. (2012) reported that when using vermiculite it was possible to remove Zn, Co and 
Ni from the metal-rich seepage water, which is in agreement with what we found in our study. 
According to Deer et al. (1971) the cations lying in the vermiculite interlayer can be substituted 
by Mg2+, K+, Na+, Rb+, Ca2+, Ba2+, Cs2+, Li+, H+ or NH4+.  
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Zeolite was very effective in Al removal regardless of the amount of applied material. After one 
hour and 20 hours of the process, an average removal of Al from zeolite reached 85.3% and 
93.4%, respectively. The percentage removal of Zn by 20 g of zeolite was lower by 4.6% 
compared to 32 g of vermiculite, whereas the reduction of ammonium concentration was similar 
(over 53%). Several studies have shown clinoptilolite adsorbing metals in addition to 
ammonium, sodium and calcium. Zamszow et al. (1990) determined the metal selectivity of 
clinoptilolite as follows:  Pb2+>Cd2+>Cs+>Cu2+>Co2+>Cr3+>Zn2+>Ni2+>Hg2+. Sodium has the 
weakest bond in clinoptilolite and for this reason, it is easily exchangeable with cations from a 
solution. 

It is necessary to add, that the ammonium concentration was determined using LCK 303 
cuvette tests with the range 2-47 mg/l NH4+-N. The concentration of ammonium remaining in 
several wastewater samples after 20 hours of treatment using higher adsorbent dose was 
below 2 mg/l (over 53% of reduction), therefore in these cases a precise determination of 
ammonium concentration was not possible with this method.    

 

Table 4. Ammonium and metal content in untreated and treated wastewater for different amounts of vermiculite. 
Metals concentration are measured by ICP technique (Labtium Oy, method [095M] and [095P]). Ammonium 
concentration was measured spectrophotometrically from the diluted wastewater (1:100), using cuvette tests 
(LCK 303, detection limit 2mg/l). After the measurement the ammonium results were multiplied by 100 to show 
the original wastewater concentration.  

 NH4+ Al Ba Ca K Mg Mn P S Zn 

    mg/l       

Detection limit 2 0.2 0.02 0.5 0.5 0.1 0.02 0.1 0.1 0.02 

Untreated wastewater  427 2.1 <0.02 213 77.2 45.2 1.77 8.1 165 1.63 

4 g of vermiculite, 1 h 406 0.3 0.05 250 76.6 50.2 1.71 8.2 196 1.32 

4 g of vermiculite, 20 h 353 0.2 0.08 290 77.4 59.8 1.62 5.9 179 0.36 

8 g of vermiculite, 1 h 365 0.4 0.10 291 75.3 55.1 1.64 8.0 196 1.18 

8 g of vermiculite, 20 h 274 0.3 0.15 352 74.2 71.2 1.47 5.7 177 0.28 

16 g of vermiculite, 1 h 314 0.6 0.19 348 71.7 61.9 1.53 7.8 193 1.05 

16 g of vermiculite, 20 h 205 0.5 0.29 451 69.5 93.5 1.23 5.5 177 0.21 

32 g of vermiculite, 1 h 229 0.7 0.34 464 66.6 75.7 1.37 7.6 195 0.77 

32 g of vermiculite, 20 h 200 0.6 0.45 583 60.0 125.0 0.87 5.0 176 0.12 
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Table 5. Ammonium and metal content in untreated and treated wastewater for different amounts of zeolite. 
Metals concentration measured by ICP technique (Labtium Oy,method [095M] and [095P. Ammonium 
concentration was measured spectrophotometrically from the diluted wastewater (1:100), using cuvette tests 
(LCK 303, detection limit 2mg/l). After the measurement the ammonium results were multiplied by 100 to show 
the original wastewater concentration. 

 NH4+ Al Ba Ca K Mg Mn Na P S Zn 

     mg/l       

Detection limit 2 0.2 0.02 0.5 0.5 0.1 0.02 0.5 0.1 0.1 0.02 

Untreated wastewater  427 3.4 <0.02 186 70.6 42.7 1.57 20.9 7.5 170 1.79 

4 g of zeolite, 1 h 430 0.5 0.02 196 69.6 43.4 1.54 107 4.8 174 1.19 

4 g of zeolite, 20 h 401 0.3 0.09 212 69.5 45.4 1.47 131 4.3 173 0.54 

8 g of zeolite, 1 h 356 0.5 0.04 200 65.6 43.9 1.49 183 4.9 175 1.15 

8 g of zeolite, 20 h 349 0.2 0.10 227 63.9 47.3 1.39 225 4.4 174 0.40 

16 g of zeolite, 1 h 256 0.5 0.06 206 58.5 44.5 1.42 316 4.8 175 1.01 

16 g of zeolite, 20 h 221 0.2 0.07 244 52.3 48.8 1.22 385 4.5 178 0.28 

20 g of zeolite, 1 h 248 0.5 0.06 212 54.8 45.2 1.40 381 4.9 177 0.97 

20 g of zeolite, 20 h 200 0.2 0.06 244 47.2 49.1 1.14 453 4.7 177 0.20 

 

The results in table 6 show the proportions of nitrogen (expressed in %) adsorbed onto 
vermiculite and zeolite surfaces during the treatments of nitrogen-rich wastewater. A typical 
pattern was obtained, i.e. the higher mass of adsorbate adsorbed by the smaller amount of 
used adsorbent. Application of higher dose of vermiculite (range 4 g to 32 g) and zeolite (4 g 
to 20 g), resulted in decreasing percentage of absorbed nitrogen (range 1.17% to 0.99%) and 
(range 1.68% to 1.18%), respectively. 
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Table 6. Amounts expressed as percentages of nitrogen bound to 1g of vermiculite and zeolite [820L] 
adsorbents 

Parameter, unit N, % N, % 

adsorbent Vermiculite Zeolite 

Detection limit 0.02 0.02 

Untreated adsorbent <0.02 <0.02 

4 g at 1 h 0.98 1.13 

4 g at 20 h 1.17 1.68 

8 g at 1 h 0.85 1.08 

8 g at 20 h 1.18 1.53 

16 g at 1 h 0.68 1.05 

16 g at 20 h 0.99 1.29 

20 g at 1 h - 0.93 

20 g at 20 h - 1.18 

32 g at 1 h 0.46 - 

32 g at 20 h 0.69 - 
 

Comparison of removal of ammonium from wastewater at 8-9 °C and 20-22 °C by varying 
quantities of vermiculite and zeolite at various time intervals is shown in Figures 6 and 7. As 
previously found, the removal efficiency increases upon increasing the treatment time and 
adsorbent dose. It was observed that the performance of vermiculite and zeolite in the 
reduction of ammonium concentration in wastewater was temperature dependent. Basically, 
higher temperatures favoured adsorption of ammonium onto vermiculite, whereas it affected 
the efficiency of zeolite. When the treatment process was performed at a lower temperature, 
better results were obtained for zeolite. However, differences in adsorption efficiency at 
temperatures of 8-9 °C and 20-22 °C were more significant when less zeolite was used for the 
treatment. After 20 hours of the process with 4 g and 8 g of material, the removal of ammonium 
increased 15% and 9%, respectively as the wastewater temperature decreased. For 16 g and 
20 g of adsorbent, there were no changes in process efficiency or the changes were negligible. 
The similar pattern was observed for 32 g of vermiculite (Fig. 6). 
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Figure 6. Effect of temperature on the removal of ammonium from wastewater by different amounts of 
vermiculite (detection limit of LCK 303 is 2 mg/l what corresponds to 53% of ammonium removal).  

 

 

Figure 7. Effect of temperature on the removal of ammonium from wastewater by varying amounts of zeolite 
(detection limit of LCK 303 is 2 mg/l what corresponds to 53% of ammonium removal). 

 

Table 6 and 7 show the dependence of pH variation under experimental conditions 
(experimental runs with or without adjusted pH and adsorbent addition). Under acidic 
conditions (pH 4), the pH value increased with increasing mixing time from 4.08 to 5.99 and 
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from 3.80 to 5.73, when vermiculite and zeolite were added into treated wastewater. In tests 
conducted with natural pH (jar 2 and 6) similar changes were recorded. Under alkaline 
conditions (pH 9), the change of pH was different, i.e. the pH value decreased with time, 
regardless the type of adsorbent used. In experimental runs carried at pH 9 without vermiculite 
and zeolite, decreasing of pH value of wastewater sample was also observed. 

 

Table 6. Changes of pH value test with vermiculite  

Time pH4 + vermi 
(jar 1) 

nat.pH + vermi 
(jar 2) 

pH9 + vermin 
(jar 3) 

pH9 without vermin 
(jar 4) 

Start 4.08 6.57 9.20 9.20 
2.5 h 5.86 7.14 8.91 8.81 
3.5 h 6.44 7.19 8.95 8.84 
20 h 5.99 7.16 8.92 8.82 

 

 

Table 7. Changes of pH value test with zeolite  

Time pH4 + zeolite 
(jar 5) 

nat.pH + zeolite         
(jar 6) 

pH9 + zeolite 
(jar 7) 

pH9 without zeolite 
(jar 8) 

Start 3.80 6.59 9.00 9.00 
5 h 5.41 7.23 8.88 8.71 
20 h 5.73 7.20 8.48 8.46 

 

Under experimental pH conditions (pH 4-9), there were no major changes in the adsorption of 
selected metals, which can be considered as an advantage attributed to the tested adsorbents 
with respect to their possible application as a fertilizer. Based on the obtained results (table 8), 
it can be seen that the performance of both adsorbents was slightly better at pH 9, with the 
exception of Ca and Mg removal. However, Kuokkanen et al. (2016) reported that at pH 10 the 
adsorption abilities for eight tested clay-based adsorbents decreased significantly, therefore 
the performance of vermiculite and zeolite at such a high pH value should be verified before 
any filed application.  
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Table 8. Metal content in untreated wastewater and treated with vermiculite and zeolite at varying pH values 

 Al Ba Ca K Mg Mn P S Zn Na 

   mg/l        

Untreated wastewater 2.1 <0.02 213 77.2 45.2 1.77 8.1 165 1.63 - 

16 g of vermiculite, pH 4 2.7 0.33 394 74.2 72.7 1.63 9.8 219 1.62 - 

16 g of vermiculite, pH 9 0.5 0.29 436 71.3 75.3 1.15 5.5 194 <0.02 - 

Untreated wastewater 3.4 0.007 186 70.6 42.7 1.57 7.5 170 1.79 20.9 

16 g of zeolite, pH 4 4.1 0.12 220 57.6 45.3 1.47 7.7 196 1.63 342 

16 g of zeolite, pH 9  0.2 0.07 313 52.6 41.0 0.56 0.5 171 <0.02 319 

 

The removal of ammonium by vermiculite and zeolite at various pHs of treated wastewater 
samples is shown in Figures 8 and 9. It was found that pH changes have a minor effect on 
ammonium adsorption onto both materials. Within the range of tested pH values, the 
percentage removal for zeolite and vermiculite after 20 h contact reached 39-42% and 63-64%, 
respectively. At the beginning of the process (15 min), more significant differences in 
ammonium adsorption between pH 4, natural pH and pH 9 were recorded. 

 

 

Figure 8. Effect of pH on the removal of ammonium from wastewater by 16 g of vermiculite. 
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Figure 9. Effect of pH on the removal of ammonium from wastewater by 16 g of zeolite (detection limit of LCK 

303 is 2 mg/l what corresponds to 53% of ammonium removal). 
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4 CONCLUSIONS 
 

The presented experiments were conducted to assess the feasibility of using the minerals, 
vermiculite and zeolite, for the treatment of nitrogen-rich wastewater.  

The geochemical and mineralogical characterization of the mineral materials was 
accomplished before the adsorption experiments. The analysed vermiculite sample includes 
multiple mineral phases including: tremolite, diopside, calcite, hornblende, albite and of course 
vermiculite. Mineralogical results showed that zeolite samples consist mainly of zeolite 
minerals clinoptilolite and mordenite, but quartz, K-feldspar and plagioclase were also 
identified. The small amount of gypsum detected might be the reason for the water soluble 
SO42- in zeolite samples. SEM analysis of the solid samples collected from N-rich wastewater 
did not show nitrogen in mineral lattice or surface due to its low content and overlapping peaks 
of titanium, but geochemical analyses revealed the N content of those samples. 

The higher applied dose of adsorbent and longer mixing time improved the removal of 
ammonium from wastewater. The performance of both adsorbents in the reduction of 
ammonium concentration was temperature dependent. Higher temperature (20-22 °C) 
favoured adsorption of ammonium onto vermiculite, whereas lower temperature (8-9 °C) 
enhanced its removal by zeolite, especially for lower amounts of material used for wastewater 
treatment. However, the differences in adsorption efficiency conducted at 8-9 °C and 20-22 °C 
for the higher treatment doses of vermiculite and zeolite (16-32 g) were negligible. Under 
experimental conditions, the pH changes from about 4 to 9 have a minor effect on ammonium 
adsorption onto vermiculite and zeolite that confirms adsorbents feasibility for application in the 
field conditions.  

Zeolite seems to have better ammonium reduction ability in comparison to vermiculite, however 
high amounts of water leachable Na from the zeolite sample makes this material less suitable 
for field applications. Vermiculite could be reused as a nitrogen fertilizer after it has been used 
for ammonium adsorption: for example in forest lands. Both mineral materials adsorbed 
unwanted metals including Zn, Al, and Mn. However, the low concentrations of metals in the 
wastewater should not prevent the utilization of spent adsorbents as fertilizers in practice.  
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