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A B S T R A C T   

The removal of nitrogen from wastewaters is of great importance due to the harmful effects of nitrogen in the 
environment. In this study, nitrate removal from two underground mine waters was investigated by strong anion 
exchange resins (Lewatit MonoPlus SR 7 (referred to as SR7, macroporous), Purolite A520E (A520E, macro-
porous), Purolite A300E (A300E, gel)) in continuous-flow columns. Both mine waters had similar nitrate con-
centrations (NO3-N: Mine A 32 mg/l and Mine B 37 mg/l) but contained different levels of chlorides and 
sulphates. Overall, all three resins removed nitrate from real underground mine waters effectively. In both mine 
waters, the earliest breakthrough was registered for resin A300E while resins SR7 and A520E had similar 
breakthrough points. Chloride was identified as a more competitive ion for nitrate than sulphate with resins SR7 
and A520E, as their breakthrough curves shifted from left to right when the water was changed from Mine A 
(higher concentration of Cl-) to Mine B (higher concentration of SO4

2-). Resin A300E showed a somewhat higher 
sulphate uptake than the other two resins, which indicates its lower selectivity. This study provides new insight 
into how selectively nitrate is removed from real underground mine waters by polystyrene resins with different 
trialkyl functional groups and porosity.   

1. Introduction 

Nitrogen ends up in the natural environment through a variety of 
wastewaters such as municipal, agricultural and industrial wastewaters 
[35]. Nitrogen effluents from mines are significant and the nitrogen orig-
inates mainly from the ammonium nitrate-based explosives. Ammonium 
nitrate is readily soluble in water and enters the mine drainage, in which 
nitrate and ammonium are the main nitrogen components. Nitrate causes 
eutrophication in water systems [2] and nitrate-contaminated ground-
waters may cause harmful effects in humans, such as methemoglobinemia 
in infants [9] and cancer [3,4]. The EU Nitrate Directive has set 50 mg/l as 
the threshold value in groundwater. 

Biological methods, such as different types of bioreactors and con-
structed wetlands, have been widely studied and applied for nitrogen 
removal from mining effluents [8,13,15,34], but performance is greatly 
affected by temperature and biological processes are sensitive to 
changes in water quality. In addition, constructed wetlands need a large 
area. On the other hand, the ion exchange method has the ability to 
handle shock loadings, operate under a wide range of temperatures and 
produce water with good quality [18,22]. In the ion exchange process, 
contaminated water is passed through an ion exchange resin bed on 

which the contaminant ions replace the exchangeable ions. The satu-
rated resin can be regenerated and reused multiple times. One signifi-
cant disadvantage of the method is the need to treat the waste 
regenerant. The spent regenerant comprises hundreds of mg/l of 
contaminant ion. However, in the case of nitrate-rich waste, this could 
make nitrate recovery worthwhile. Bioregeneration of nitrate-laden 
resin using denitrifying bacteria has also been proposed [32]. 

Many studies have reported nitrate removal from water using 
different types of anion exchangers, and many of these studies have been 
conducted on synthetic waters (for example [19,20,25,27]), but there 
have also been some studies using real water samples, such as contam-
inated groundwaters ([7]; Iónovo and Živíc, 2013; [21]) and fertiliser 
wastewater [24]. However further research with real wastewaters, 
especially mine waters, is needed to better assess the true selectivity of 
resins. Real mine waters contain many different contaminants depend-
ing on the type of mine, ore and sampling point. In underground mining, 
the usage of explosives is typically more common than in open pit 
mining, and also the proportion of unexploded explosives can be higher 
[16], resulting in high nitrogen concentration levels. In the presence of 
sulphide-bearing minerals, mine waters can be rich in sulphate and 
metals due to oxidation of minerals. It is vital, therefore, to study how 
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the other components of real mining waters affect nitrate removal by ion 
exchange. 

The selectivity for nitrate removal can be improved by having larger 
functional groups in the resin, for example triethylamine instead of 
trimethylamine. Nur et al. [25] have found that the macroporous strong 
base anion (SBA) exchange resin Purolite A520E (triethylamine groups) 
had a higher nitrate removal efficiency compared to Purolite A500P 
(trimethylamine groups), Purolite FerrIX A33E (containing hydrous iron 
oxide nanoparticles) and Dowex 21k (trimethylamine groups) resins in 
synthetic nitrate solutions. Purolite A520E has also been proved to be 
selective for nitrate in the presence of phosphate in synthetic membrane 
bio-reactor effluent [17], while another study has shown that chloride 
and sulphate ions influenced the breakthrough capacity of the Purolite 
A520E resin for nitrate in synthetic solutions [27]. In contaminated 
groundwater containing nitrate, sulphate and phosphate, a 
nitrate-selective macroporous resin (PA 202 Pureresin) had a higher 
capacity for nitrate than a non-selective macroporous resin, while sul-
phate was also removed but phosphate was not [23]. In a study by Primo 
et al. [26], Purolite A300 (dimethylethanol ammonium group) achieved 
higher nitrate removal capacity than Purolite A520E in synthetic solu-
tions. The reported studies discussed above have demonstrated good 
selectivity for nitrate when using nitrate-selective resins in real waste-
waters except that there is lack of data regarding mine waters. 

The main objective of this study is to evaluate the performance of 
anion exchange resins in the selective removal of nitrate from two un-
derground mine waters with neutral to weakly alkaline pH values, one 
having high chloride concentration and the other having high sulphate 
concentration. Two nitrate-selective macroporous polystyrene resins 
(Lewatit MonoPlus SR 7 and Purolite A520E) and one gel-type poly-
styrene resin (Purolite A300E) were selected for this study. Nitrate 
breakthrough curves were determined in continuous fixed-bed columns, 
and the effect of the main competing ions is discussed in this paper. The 
experimental data were fitted using the Thomas and Yoon-Nelson 
models. This study provides new insight into how nitrate-selective 
polystyrene resins with different trialkyl functional groups and 
porosity work in real underground mine waters. 

2. Materials and Methods 

2.1. Chemicals 

Three strong anion exchange resins were used in this study and were 
selected according to the suppliers’ recommendations. Their physical 
and chemical characteristics, as reported by the suppliers, are given in  
Table 1. The regenerant solution was prepared by dissolving 100 g of 
NaCl (VWR) in 1000 ml of Milli-Q ultrapure water (Merck Millipore). 

2.2. Mine waters 

The mine waters were sampled from two different underground 
mines (Mine A and Mine B) and stored in a cold room before use. The pH 
of Mine A water was 7.0, and that of Mine B was 8.1. Mine A water had 
higher conductivity than Mine B water (Table 2). Both mine waters had 
similar total nitrogen concentrations: 36 mg/l for Mine A and 38 mg/l 

Table 1 
Characteristics of ion exchange resins as reported by the suppliers.  

Parameters Lewatit MonoPlus SR 7 (SR7) Purolite A520E (A520E) Purolite A300E (A300E) 

Supplier LANXESS Purolite Purolite 
Polymer structure Macroporous polystyrene Macroporous polystyrene Gel polystyrene 
Appearance White opaque Spherical beads Spherical beads 
Functional group Quaternary amine Quaternary Ammonium Type II Quaternary Ammonium 
Ionic form Cl- Cl- Cl- 

Total capacity (min.) 0.6 eq/ l 0.9 eq/ l (Cl- form) 1.4 eq/ l (Cl- form) 
Bulk density / Shipping weight 630 g/l ( ± 5 %) 

(bulk density) 
675–705 g/l 
(shipping weight) 

685–720 g/l 
(shipping weight) 

Size 570–670 µm 
(mean bead size) 

300–1200 µm 
(particle size range) 

300–1200 µm 
(particle size range) 

Temperature limit (max.) 80 ◦C 100 ◦C (Cl- form) 85 ◦C (Cl- form) 
35 ◦C (OH- form) 

Uniformity coefficient (max.) 1.1 1.7 1.7 
Principal applications Nitrate Nitrate Demineralization 

Alkalinity 
Uranium 
Nitrate 
Sulphate  

Table 2 
Characteristics of mine waters.  

Parameters Unit Mine A Mine B 

pH – 7.0 8.1 
Conductivity ms/cm 3.18 2.33 
Turbidity NTU 13 225 
Al μg/l 52 1400 
As μg/l 2.2 75 
B μg/l 130 260 
Ba μg/l 250 160 
Be μg/l < 0.25 < 5 
Ca mg/l 170 240 
Cd μg/l < 0.05 < 1 
Co μg/l 0.52 3.9 
Cr μg/l 2.7 6.1 
Cu μg/l 5.0 12 
Fe μg/l < 12.5 3800 
Hg μg/l 0.14 < 2 
K mg/l 69 44 
Mg mg/l 52 70 
Mn μg/l 1.4 220 
Mo μg/l 29 42 
Na mg/l 410 200 
Ni μg/l 18 26 
P mg/l – 0.067 
Pb μg/l 0.13 < 2 
Si mg/l 4.9 8.1 
S mg/l – 360 
Sb μg/l 0.67 96 
Se μg/l < 1 < 20 
Sn μg/l < 0.25 < 5 
Sr μg/l 5000 3300 
Tl μg/l < 0.05 < 1 
U μg/l 1.3 < 1 
V μg/l 3.0 8.6 
Zn μg/l 6.1 770 
Tot-N mg/l 36 38 
NO3-N mg/l 32 37 
NO2-N μg/l 32 < 10 
NH4-N μg/l < 5 190 
F- mg/l 0.24 < 0.5 
SO4

2- mg/l 170 1100 
PO4-P μg/l < 2 53 
Cl- mg/l 890 220  
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for Mine B, and most of the nitrogen was in nitrate form. The main 
difference between the two mine waters was in their sulphate and 
chloride concentrations. Mine A water had a higher chloride concen-
tration (890 mg/l; 25.1 meq/l) than Mine B water (220 mg/l; 6.2 meq/ 
l), while the sulphate concentration was lower in Mine A water (170 mg/ 
l; 3.5 meq/l) than in Mine B water (1100 mg/l; 22.9 meq/l). The chlo-
ride and sulphate equivalent concentrations were 11.0 and 1.6 times the 
nitrate concentration in Mine A water, and 2.3 and 8.7 times the nitrate 
concentration in Mine B water, respectively. In addition, Mine A water 
had a clearly higher amount of sodium and strontium, whereas Mine B 
water had some higher concentrations of aluminium, iron, antimony and 
zinc (Table 2). The effect of anionic metal complexes on ion exchange 
processes was assumed to be very small due to the low concentrations of 
the metals in both mine waters. 

2.3. Fixed-bed column experiments 

The column experiments were performed in duplicate at room tem-
perature (21 ◦C). First, the columns (30 cm length, 19 mm inner diam-
eter) were packed at the bottom with quartz (size 0.5–1 mm) to a height 
of 12 cm. Then 5 g of resin was weighed and added to the middle part of 
the column. Above the resin, a quartz layer (9 cm in height) was added. 
The bed height of wet resin in the column was 3.5 cm (bed volume (BV) 
of 9.92 ml). The mine water (2000–2800 ml) was pumped from the 
bottom of the column at a flow rate of 3.33 ml/min using a Gilson 
peristaltic pump (empty bed contact time 3 min). The effluent (column 
outflow) was collected in 100 ml fractions at an average time interval of 
30 min. After the ion exchange stage, 100 ml of Milli-Q water was used 
to rinse the column bed. Then, the resins were regenerated by passing 
1000–1100 ml of 10 % NaCl solution (flow rate 3.33 ml/min) through 
the column bed, and 100 ml fractions were collected for analysis. 

The breakthrough curve was obtained by plotting average Ct/C0 
value (from two replicate columns) as a function of bed volume, where 
Ct is the outlet nitrate concentration (mg/l) at a time of t and C0 is the 
inlet nitrate concentration (mg/l). The breakthrough time (tb) was 
considered to be reached when the Ct was approx. 5 % of the C0 (i.e. Ct 
/C0 = 0.05). The saturation capacity (qs, mg/g) of the resins was 
calculated using the following equation: 

qs =

∑
C0Vt −

∑
CtVt

m
(1)  

where Vt is the volume of the collected fraction (l) and m is the mass of 
the resin (g). The Thomas (Eq. 2) [29] and Yoon-Nelson (Eq. 3) [33] 
models were used to predict the column sorption process: 

Ct

C0
=

1
1 + exp(KTH × q × m

Q − KTH × C0 × t)
(2)  

Ct

C0
=

1
1 + exp(KYN(τ − t))

(3)  

where KTH is the Thomas rate constant (ml/(min × mg)); q is the 
maximum uptake capacity (mg/g); m is the mass of the resin in the 
column (g); Q is the flow rate of the solution (l/min), KYN is the Yoon - 
Nelson rate constant (1/min); and τ is the time at which the outflow 
concentration is half of the inflow concentration (min). All data were 
fitted in non-linear form. The Thomas model is based on second-order 
reaction kinetics and the assumption of the Langmuir isotherm, 
neglecting the axial dispersion [1]. The Yoon-Nelson model assumes 
that the rate of decrease in the probability of adsorption for each 
adsorbate molecule is proportional to the probability of adsorbate 
breakthrough on the adsorbent [1]. 

The coefficient of determination (R2) was used to assess the goodness 
of fit of the breakthrough data and the χ2 test (chi-square) was used to 

confirm the reliability of the results. The χ2 values were calculated as 
follows (Eq. 4): 

χ2 =
∑

(
Ct
C0

−
Ct, calc
C0, calc

)2

Ct
C0

(4)  

2.4. Analyses 

X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) 
were used for the characterization of fresh resins. The XPS spectra were 
recorded with a ThermoFisher Scientific ESCALAB 250Xi spectrometer 
(Waltham, U.S.) using monochromatic Al Kα radiation (1486.6 eV). 

The pH and conductivity of the water samples were measured using 
pHenomenal pH 1000 L (VWR) and Mettler Toledo meters. The turbidity 
of the water samples was measured with a Hach 2100Q portable 
turbidity meter. Total nitrogen (Tot-N), nitrate nitrogen (NO3-N), nitrite 
nitrogen (NO2-N), ammonium nitrogen (NH4-N) and phosphate phos-
phorus (PO4-P) were measured by flow analysis using standard methods 
(SFS-EN ISO 11905–1:1998, SFS-EN ISO 13395:1997, SFS-EN ISO 
11732:2005, SFS-EN ISO 15681–2:2005). The elements were measured 
using inductively coupled plasma mass spectrometry (ICP-MS) (SFS-EN 
ISO 17294–2:2016, SFS-EN ISO11885:2009). Sulphate (SO4

2-), fluoride 
(F-) and chloride (Cl-) were measured by ion chromatography (based on 
SFS-EN ISO 10304–1:2009). 

Fig. 1. C1s high-resolution XPS spectra of a) SR7, b) A520E, c) A300E.  
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3. Results and discussion 

3.1. Characteristics of ion exchange resins 

Since the mine waters contained significant concentrations of either 
sulphate or chloride, two nitrate-selective macroporous polystyrene 
resins, SR7 and A520E, were selected for this study. For comparison, a 
gel-type polystyrene resin, A300E, was included in the study because it 
has been recommended for many applications (Table 1), including 

nitrate removal in waters with low sulphate concentrations (Table 1). 
The main differences between the selected strong anion exchange resins 
lie in their porosity and functional groups. Macroporous resins have a 
pore size of about 100 nm and gel-type resins have a pore size of only 
about 1 nm [28]. The length of the trialkyl group of the resins’ func-
tional group determines the resin’s selectivity towards different ions (see 
below). In addition, SR7 resin beads have high monodispersity (uni-
formity coefficient max. 1.1), while the A520E and A300E resins have 
wide bead size distributions. Monodisperse resins tend to have better 
kinetics and more efficient backwashing [28]. 

XPS characterization was performed on the fresh resins to investigate 
the difference in the chemical compositions. The XPS wide survey 
spectra (data not shown) showed that all resins were composed mainly 
of carbon, oxygen, nitrogen and chlorine. Chlorine was detected since 
the used resins were in the Cl- form. Small amount of magnesium was 
also detected in all three resin samples, while minor amounts of Si, S, Na 
and Al were detected only in the SR7 and A520E. 

The C1s high-resolution XPS spectrum of each resin is shown in  
Fig. 1. The C1s peaks were fitted into three components centred at 
284.5–284.7 eV, 286.0–286.1 eV and 287.7–287.9 eV, and were 
assigned to C=C/C–H/C–C (C1), C–N/C–O (C2) and C=O (C3) func-
tional groups, respectively. The C1s spectra showed some small changes 
in the relative proportions of the different components. The proportion 
of C1 component (70.5 %) was the highest and the proportion of C2 
component (27.0 %) was the lowest with the SR7 resin. This may be the 
result of longer chain length of the trialkyl functional group in SR7. It 
has been reported that SR7 has tripropylamine as a functional group 
[30], while the resin A520E has a triethylamine functional group [25] 
and the A300E resin has a dimethylethanol ammonium group [26]. Due 
to the longer carbon chain in the functional group, the proportion of C–C 
bonds is higher. In case of A520E and A300E, there were no significant 
differences in the proportions of C1 and C2 components (C1 ~60–62 % 
and C2 ~35 %). 

3.2. Fixed-bed column studies 

3.2.1. Effect of resin and mine water on nitrate breakthrough curves 
The nitrate breakthrough curves for all the resins in both mine waters 

are given in Fig. 2. In Mine A water, resin A300E provided a clearly 
earlier nitrate breakthrough (~40 BV, Ct /C0 = 0.05) than resins A520E 
and SR7 (~60–71 BV). The plateau of Ct/C0 occurred after 130 BV. In 
Mine B water, the earliest breakthrough was also registered for resin 
A300E (~20–30 BV). In the case of A520E and SR7, the breakthrough 
took place after treating at ~71–91 BV. The plateau of Ct/C0 varied more 
in the case of Mine B water as it occurred after 100 BV with A300E, after 
180 BV with SR7 and after 210 BV with A520E. The difference in pH 
values of the mine waters (Mine A water pH 7.0; Mine B water pH 8.1) 
was assumed to have no effect on the sorption of nitrate since the 
functional groups and major anions (nitrate, sulphate and chloride) 
remained unchanged. 

In Mine A water, the breakthrough curve of SR7 was the steepest, but 

Fig. 2. Experimental breakthrough curves of nitrate and curves predicted by 
the Thomas model: a) SR7, b) A520E, c) A300E. Error bars represent the de-
viation of two replicate columns. 

Table 3 
Saturation capacity and the Thomas and Yoon-Nelson model parameters.  

Parameters  Mine A Mine B  

SR7 A520E A300E SR7 A520E A300E 
Capacity qs (mg/g) 5.3 7.0 5.2 6.3 10.2 3.7 
Thomas       
KTH (ml/(min*mg)) 0.934 0.489 0.484 0.915 0.384 0.954 
q (mg/g) 5.684 7.441 4.992 6.327 10.327 3.583 
R2 0.994 0.994 0.763 0.994 0.997 0.966 
χ2 0.040 0.097 1.306 1.654 0.074 0.123 
Yoon-Nelson       
KYN (1/min) 0.030 0.047 0.015 0.022 0.014 0.025 
τ (min) 266.712 117.285 234.246 395.849 419.062 206.889 
R2 0.994 0.994 0.763 0.994 0.997 0.966 
χ2 0.040 0.097 1.306 1.654 0.074 0.123  
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then in Mine B water showed a less steep, proportionate pattern. The 
breakthrough curve of A300E was slightly steeper than with the other 
resins in Mine B water. The breakthrough curves of SR7 (Fig. 2a) shifted 
significantly from left to right when the water was changed to Mine B 
water, which indicates that its nitrate removal efficiency is strongly 
dependent on the water matrix. However, a similar obvious change was 
not observed with the A300E resin (Fig. 2c), whereas resin A520E 

showed a slight shift (Fig. 2b) but it was not as significant as with SR7. 
Samatya et al. [27] have reported that the breakthrough point of nitrate 
shifted significantly in the presence of chloride and sulphate (10 times 
higher equivalent concentrations) when using A520E resin to treat 
100 mg/l nitrate solution, while the shift was greater in the presence of 
chloride. On the other hand, a higher initial concentration of the 
contaminant ion would result in a faster breakthrough due to the 
decreased length of the ion exchange zone. However, this was not 
observed in this study, probably because the concentration of co-existing 
ions was the main factor affecting the ion exchange reactions and the 
difference between the NO3-N concentrations in two mine waters was 
not that significant. 

The obtained saturation capacities of all resins were higher in Mine B 
water (Table 3) compared to Mine A water, which shows that the quality 
of mine waters clearly affects ion exchange reactions and nitrate 
removal. In sulphate-rich water (Mine B), nitrate was more efficiently 
removed than in chlorine-rich water (Mine A). In Mine A water, the 
order of saturation capacities was A520E > SR7 ≈ A300E. In Mine B 
water, the highest capacity was also obtained for the A520E resin, fol-
lowed by SR7 and A300E, which had the smallest capacity. 

The chloride concentration of the effluent fractions was also ana-
lysed for the resins treating Mine A water. Similarly, the sulphate con-
centrations were analysed in the case of Mine B water (only one replicate 
column). The chloride concentrations of the effluent fractions varied 
between 810 and 1100 mg/l for all the resins (data not shown), thus 
showing negligible chloride uptake from Mine A water (initially 
890 mg/l). As the exchangeable ion was chloride for all resins, a higher 
amount of chloride in the effluent was also expected. In the case of Mine 
B water, the A300E resin showed high sulphate uptake at the beginning 

Fig. 3. Experimental breakthrough curves of nitrate and sulphate in Mine B 
water (showing only bed volumes <105 and data of one column only): a) SR7; 
b) A520E; c) A300E. 

Fig. 4. Nitrate elution profiles: a) Mine A; b) Mine B.  
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until 40 BV was reached, after which the sulphate concentrations 
increased rapidly in the effluent (Fig. 3). With resins SR7 and A520E, the 
sulphate concentrations increased more rapidly to a high level, and only 
the first fraction (10 BV) indicated some sulphate uptake. This fits well 
with Fux et al. [10], as they also found that A300 (the non-food grade 
version of A300E) bound sulphate more from synthetic solutions in 
comparison with A520E. In addition, Gu et al. [12] reported that the 
selectivity of A520E followed the order of NO3

- > Cl- > SO4
2-. Neverthe-

less, the analysed chloride and sulphate concentrations revealed that 
nitrate was effectively removed from both mine waters with all the 
studied resins. 

Resin properties such as matrix, porosity (gel or microporous) and 
functional group, play a major role in ion exchange selectivity. The fact 
that sulphate hindered the nitrate uptake less than chloride in case of 
SR7 and A520E can mainly be attributed to the resins’ functional groups, 
which favour monovalent ions. The monovalent selectivity can be 
enhanced by increasing the length of the trialkyl group of the resins’ 
functional group: tributyl > tripropyl > triethyl > trimethyl [14]. The 
higher steric hindrance provided by the longer chain can favour 
monovalent ions (nitrate and chloride), while the divalent sulphate 
anion requires two closely-spaced positive functional groups [6]. In 
addition, the longer chain length of the trialkyl group in SR7 (tripro-
pylamine) compared to A520E (trimethylamine) was probably the 
reason for the greater shift of breakthrough curves when the water was 
changed to another. The higher selectivity of A520E towards nitrate 
over sulphate has also been explained by the higher hydrophobicity of 
the longer alkyl chain and, therefore, higher preference for anions with 
lower hydration energies (nitrate) [12]. The A300E resin with a dime-
thylethanol ammonium group, showed the lowest selectivity and was 
less dependent on water matrix, and the steric hindrance effects by the 
trialkyl chain can be assumed to be less than with SR7 and A520E. 
Despite the highest total capacity value of the A300 resin (Table 1), 
lower nitrate removal efficiency was achieved since exchange capacity 
was also consumed for sulphate anions. 

3.2.2. Elution study 
The elution profiles of all resins are shown in Fig. 4. In both mine 

waters, the nitrate concentration reached a very low level already in the 
second fraction (20 BV) with the A300E and SR7 resins, while A520E 
reached a low level in the third or fourth fraction (30–40 BV). Type II 
resins (where the ethanol group has replaced one of the methyl groups) 
to which A300E belongs are known to have better regeneration effi-
ciency than Type I resins. In addition, the porosity of resins is also known 
to affect the ion exchange equilibrium and kinetics, and in general 
macroporous resins (in this study SR7 and A520E) have poorer regen-
eration efficiency than the gel-type resins (A300E) [11]. However, no 
significant difference in elution profiles between SR7 and A300E was 
observed. 

3.3. Fixed-bed column modelling 

The breakthrough data of all the resins and two mine waters were 
analysed using the Thomas and Yoon-Nelson models (Table 3). The 
predicted breakthrough curves from both models overlap precisely, 
because they are mathematically equivalent [5]. By visual observation, 
these models predicted the experimental breakthrough curve well; 
however, the correlation was more favourable for resin A520E and SR7 
(Fig. 2 shows Thomas models). The good fit was supported by the 
observed high R2 values and low χ2 values. The good fit of the experi-
mental data with the Thomas model indicates that external and internal 
diffusion were not the limiting steps [31]. 

The predicted capacities q obtained by the Thomas model are quite 
close to the experimentally obtained capacities qs. In Mine A water, the 
predicted capacities ranged between 5.0 and 7.4 mg/g. The highest 
capacity was observed for A520E, and its predicted capacity was slightly 
higher than the experimental qs (Table 3). In Mine B water, the predicted 

capacities ranged between 3.6 and 10.3 mg/g and the highest value was 
achieved again for A520E resin. Overall, the capacities were in the same 
range as those reported for Purolite A520E in a column study to treat 
synthetic nitrate solution [25]. A similar trend was observed for the τ 
values predicted by the Yoon-Nelson model. The τ value is the time at 
which Ct/C0 = 0.5 and thus a high value is more desirable. In both mine 
waters, A520E achieved a higher τ value than the other two resins. In 
addition, the τ values were higher in Mine B water. Due to the better 
quality of Mine B water in terms of selective removal of nitrate, it took 
longer time to reach saturation of the columns. 

4. Conclusions 

This study highlighted that ion exchange resins should be carefully 
selected and tested for different types of mine waters. In both mine 
waters, the A520E resin achieved the highest capacities. Experimental 
results suggest that chloride has an important influence on the nitrate 
removal of the nitrate-selective resins SR7 and A520E. This was 
observed as a shift in the breakthrough curve from left to right when the 
main co-existing ion changed from Cl- to SO4

2-. The nitrate removal 
performance of the A300E resin was less affected by a change of co- 
existing ion; however, it provided the earliest nitrate breakthrough in 
both mine waters tested. The length of the trialkyl group of the resins’ 
functional group probably played a major role in ion exchange selec-
tivity and efficiency. However, other properties of the resins may also 
have an effect and multiple ion exchange cycles are necessary to further 
determine the overall performance of the resins. 
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fertilizer wastewater by ion exchange, Water Res. 34 (2000) 185–190, https://doi. 
org/10.1016/S0043-1354(99)00122-0. 

[25] T. Nur, W.G. Shim, P. Loganathan, S. Vigneswaran, J. Kandasamy, Nitrate removal 
using Purolite A520E ion exchange resin: batch and fixed-bed column adsorption 
modelling, Int. J. Environ. Sci. Technol. 12 (2015) 1311–1320, https://doi.org/ 
10.1007/s13762-014-0510-6. 

[26] O. Primo, M.J. Rivero, A.M. Urtiaga, I. Ortiz, Nitrate removal from electro-oxidized 
landfill leachate by ion exchange, J. Hazard. Mater. 164 (2009) 389–393, https:// 
doi.org/10.1016/j.jhazmat.2008.08.012. 

[27] S. Samatya, N. Kabay, Ü. Yüksel, M. Arda, M. Yüksel, Removal of nitrate from 
aqueous solution by nitrate selective ion exchange resins, React. Funct. Polym. 66 
(2006) 1206–1214, https://doi.org/10.1016/j.reactfunctpolym.2006.03.009. 
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