
New Zealand Journal of Agricultural Research, 1998, Vol. 41: 427-446
0028-8233/98/4103-0427 $7.00/0 © The Royal Society of New Zealand 1998

427

Ammonium removal from wastewaters using natural
New Zealand zeolites

M. L. NGUYEN
C. C. TANNER

National Institute of Water & Atmospheric
Research Ltd
P.O.Box 11 115
Hamilton, New Zealand

Abstract Ammoniacal nitrogen (ammonia and
ammonium) in agricultural wastewaters can
promote eutrophication of receiving waters and be
potentially toxic to fish and other aquatic life.
Zeolites, which are hydrated aluminum-silicate
minerals, have an affinity for ammonium ions
(NH4"1") and are, therefore, potentially useful in
removing this contaminant from wastewaters. The
major objectives of this study were to evaluate the
capacity of two natural New Zealand zeolites
(clinoptilolite and mordenite) to remove NH4+ from
a range of wastewaters under both batch and flow-
through conditions. Effects of two zeolite particle
size ranges (0.25-0.50 mm and 2.0-2.83 mm) on
NH4"1" removal performance were also investigated.
Results obtained from the batch adsorption
experiments indicated that both zeolites tested,
regardless of their particle sizes, were equally
effective (87-98%) atNtLt"1" removal from domestic
wastewaters or synthetic solutions containing NH4

+

concentrations of up to 150 gNH4-N m~3. However,
mordenite showed more effective NH4

+ removal
than clinoptilolite for dairy and piggery waste-
waters, and for synthetic solutions containing high
NH4

+ concentrations (350-750 g NH4-N m"3). At
all equilibrium NH4"1" concentrations tested (0.2-300
g NH4-N m"3), NH4"1" removal by both mordenite
and clinoptilolite was significantly (P < 0.0001)
reduced by the presence of competing sodium (Na+)
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cations in the synthetic solutions. The maximum
amounts of NH4+ removed by coarse and fine
clinoptilolite and coarse and fine mordenite,
calculated by the Langmuir model, were 5.77 and
5.74, and 8.09 and 8.28 gNH4-N kg"1, respectively.
In the slow flow-through experiment (0.47 mm
min"1), NH4

+ breakthrough (>1.2 g NH4-N m"3)
for both zeolite sources (regardless of their particle
sizes) did not occur even after receiving 40 bed
volumes (BV) of wastewaters containing 100 g
NH4-N m~3. The NH4"1" removal at this breakthrough
was approximately 99 g NH4-N n r 3 of wastewater
throughput, which equates up to 5.8-6.5 g NH4-N
kg"1 zeolite. In contrast, at a faster loading flow
rate (15.9 mm min"1), the breakthrough was almost
immediate (1 BV) for coarse zeolites and after 22
BVs for fine zeolite. The NH4+ breakthrough
capacity for fine mordenite was 2.0-4.4 g NH4-N
kg"1 zeolite. Fine zeolites were more effective than
coarse zeolites in removing wastewater NH4+ (95%
and 55% removal, respectively), even after
receiving 64 BV of wastewater.
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INTRODUCTION

Zeolites are crystalline hydrated alumino-silicates,
which are known to have an affinity for ammonium
(NH4

+) and other cations (Pansini 1996). Overseas
studies have established that zeolites have the
potential to remove NH4+ from municipal,
industrial, and aquacultural wastewaters (e.g.,
Libertietal. 1979;Beler-Baykaletal. 1996; Booker
et al. 1996; Pansini 1996). The capacity of zeolites
to remove NH4+ from wastewaters has been found
to vary, depending on the type of zeolite used (e.g.,
mordenite, clinoptilolite, erionite, chabazite, and
phillipsite), zeolite particle size, and wastewater
anion-cation composition (Koon & Kaufman 1975;
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Jorgensen et al. 1976; Klieve & Semmens 1980).
This capacity is also governed by the extent of
aluminium (Al3+) substitution for silicon (Si4+) in
the zeolite framework (Barrer 1978; Bohn et al.
1979). Each Si4+ substitution by Al3+ generates a
negative charge. The greater the substitution, the
higher the negative charge, and hence the greater
the number of cations (e.g., NEU+) required for
balancing the negative charge.

Naturally occurring zeolites such as mordenite
and clinoptilolite are found in both North and South
Islands of New Zealand (Coombs 1959; Sameshima
1978). They are similar to overseas zeolites
(Jorgensen et al. 1976; Czaran et al. 1988; Beler-
Baykal et al. 1996; Curkovic et al. 1997) in terms
of Si:Al and Si:(Al + Fe) ratios (ratios of 4.0:1-
5.3:1; Coombs 1959; Sameshima 1978). On the
basis of these chemical characteristics, the negative
charge on the surface of the New Zealand morden-
ites and clinoptilolites and hence their NH4+

removal capacities are expected to be similar to
those in overseas zeolites. However, the structural
characteristics (e.g., porosity, density, and channel
length) and the composition and exchangeability
of Ca, Na, K, and Mg cations in zeolites, amongst
other factors (e.g., zeolite particle size and zeolite
concentration in the host rocks) are also known to
influence zeolite capacity to remove NH4"1" from
wastewaters (Barrer 1978; Czaran et al. 1988;
Booker et al. 1996; Curkovic et al. 1997). Clearly,
the NH4"1" removal capacities and performance of
zeolites cannot be predicted by a single zeolite
chemical-physical parameter. There is, therefore, a
need to evaluate the capacity of different natural
New Zealand zeolites to remove NH4+ from a range
of wastewaters, particularly with increasing
awareness of the potential impacts of ammoniacal
N (ammonium and ammonia) in agricultural
wastewater discharges on water quality in New
Zealand (Smith et al. 1993).

In New Zealand, agricultural wastewaters such
as those produced from daily washing of milking
parlours and piggeries, are often treated in oxidation
(or waste stabilisation) pond systems. However,
ammoniacal N levels in pond effluent discharges
are often excessive; for example, Hickey et al.
(1989) found a median of 75 g m~3 for farm dairy
ponds and Sukias & Tanner (1995) found medians
for piggery pond discharges often in excess of 200 g
m"3. Thus, these pond effluents require substantial
dilutions to reach an acceptable standard (0.22-
0.77 g m~3) for safe discharge to receiving streams
(Davies-Colley 1996). There is also a need for

further removal of ammoniacal N from agricultural
pond discharges, after additional treatment in
constructed wetlands (e.g., only 10-50% of NH44"
in pond wastewaters are removed; Sukias et al.
1996; Tanner & Kloosterman 1997).

The potential use of zeolites for removal of
NH4+ from New Zealand agricultural wastewaters
was recognised by Cooke et al. (1992). If natural
New Zealand zeolites have a strong capacity to
remove NH4+ from pond discharges, they may be
used at the end of a two-pond system or within an
oxidation pond-constructed wetland sequence as a
filtering bed. Clogging of zeolite pores with
suspended solids (SS) may not be a major problem
if these wastewaters have been treated in an
oxidation pond-wetland sequence, since wetlands
commonly remove 70% of SS in wastewaters
(Tanner & Kloosterman 1997). Even in farms where
land application is a preferred alternative to a two-
pond system, zeolites may play a useful role as an
absorbing medium for NH4"1". In these farms,
wastewaters may be initially passed through zeolite
beds before being applied to soils (particularly soils
with a low nitrate retention capacity) to minimise
the risk of groundwater nitrate pollution (by
absorption of applied ammoniacal N in zeolites, thus
minimising its nitrification to nitrate for leaching)
and to reduce the agricultural area required for land
application of wastewaters. Zeolite which was
previously used to treat wastewaters, may then be
strategically applied to farm areas where soil
amendment or soil fertility enhancement is required.

The main objectives of this study were,
therefore, to provide information on the NH4+

removal capacity of two different New Zealand
zeolites and the influence of zeolite particle size,
wastewater type and NH4"1" content, and wastewater
loading flow rate on this removal capacity.

MATERIALS AND METHODS

Materials
Two New Zealand zeolites (clinoptilolite and
mordenite) from two different sources were sieved
and bulked into 0.25-0.5 mm and 2-2.83 mm
particle size ranges (termed fine and coarse,
respectively; Table 1), and evaluated for their ability
to remove NH4"1".

Both batch (shaking a fixed quantity of zeolites
with a fixed volume of a test solution) and flow-
through (leaching column) experiments were used
in this evaluation. Duplicate subsamples of the


