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Executive Summary 

 

Eutrophication is a condition in an aquatic ecosystem where high nutrient 

concentrations stimulate blooms of phytoplankton. The deterioration of the Rotorua Lakes has 

focussed attention on potential remedial technologies to reverse lake eutrophication. One such 

option is the chemical treatment of lakes in order to remove nutrients and/or remediate 

sediments that are an internal source of such nutrients. 

A nutrient stripping media based on the chemical modification of two abundant and 

indigenous New Zealand natural minerals, zeolite and pumice, was developed in this study. 

Modified zeolite and pumice were investigated for their ability to adsorb phosphorus and /or 

nitrogen from aqueous solutions. Batch incubation studies with nutrients were performed at 

laboratory scale with artificial and natural lake waters. Modified zeolite and pumice samples 

with different treatment processes and conditions were employed to understand the effect of 

various factors on phosphorus removal capacity. Results showed that modified zeolite and 

pumice exhibited substantially higher phosphorus removal capability than that of natural 

zeolite and pumice. Trials were conducted to compare modified media and two commercial  

remediation products: PhoslockTM and BaraclearTM. Modified zeolite and Baraclear showed 

the best performance for nutrient reduction in water, though all media have the ability to 

achieve greater than 95% phosphate removal if sufficient dose is applied. The binding of 

phosphate appears to be largely irreversible under natural pH and temperature conditions for 

all media tested. Unexpectedly, all media tested also had the ability to remove more than half 

of the nitrate present. 

The media developed in this study, and commercially available media, all have potential 

as remedial tools for the Rotorua Lakes. In this first step, the ability to removed dissolved 

nutrients was established. It was concluded that, to be successful, such treatments should have 

the ability to limit nutrient release from sediment. Thus, it is recommended that this be the 

next objective for study. In parallel with this, studies should examine the relative risks 

associated with the materials including toxicity and turbidity in local lake systems.
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1.0 Background 
 

Eutrophication represents a serious problem for many water bodies around the world 

and the eutrophication of the Rotorua lakes has recently received considerable attention. 

Phosphorus and nitrogen serve as the key nutrients, affecting the amount of algal and weed 

growth. A difficulty associated with the treatment of phosphorus in water is that the majority 

of the phosphorus (50-90%) is concentrated at the sediment-water interface. Current 

application techniques involving alum, primarily treat the phosphorus closer to the surface of 

the body of water, and rarely reach the targeted problem areas in need of treatment (Griffith, 

et al. 1973). The success of alum treatment is dependent on nearly instantaneous adsorption of 

phosphorus. As a result, this technique may not perform as effectively in a number of water 

systems, especially high energy and deep systems, or in systems that require more than just 

instantaneous phosphorus adsorption. In the former case, alum is flushed from the target 

waters before it can perform; in the later case, the alum is poorly utilised in application. The 

alum can also leave an unwanted white cloud in the water for an extended period of time. 

There are also toxicity and human health concerns with regard to dissolved aluminium in 

water. In response to the need for nutrient removal and sediment remediation, several patented 

modifications of clay-based minerals have been developed including PhoslockTM based on 

lanthanum and BaraclearTM based on aluminium. 

In addition to testing commercially available media for nutrient removal, this study was 

focussed on developing a remediation material from zeolite/pumice which will assist in 

reducing internal recycling of sediment nutrient stores in estuarine and freshwater systems. 

Zeolite and pumice are abundant New Zealand minerals. Natural pumice possesses a porous 

structure, which contributes to its large specific surface area. The large proportion of free 

silica sites at the grain surface results in a negatively-charged surface. Zeolite has a skeleton 

structure that allows ions and molecules to reside and move within the overall framework. 

The structure contains open channels that allow water and ions to travel into and out of the 

crystal structure. Due to these properties, zeolite is widely used in water and sewage 

purification, ammonia and heavy metals removal, ion exchange in radioactive wastewater 

treatment, removal of oil pollution from water, and adsorption of other components from 

liquid and gaseous phases (Colella, 1999; Piaskowski et al., 2000). However, the removal of 

anionic nutrients by use of natural zeolite or pumice has not been reported, possibly due to the 

limitation of the negatively charged surface. The present study was carried out to evaluate the 

enhanced phosphate removal capability of natural zeolite and pumice modified with 
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aluminium-based substances. Due to the higher isoelectric point (net positive charge) of the 

modified surfaces, the treated zeolite and pumice can also play a role in coagulating and 

settling suspended dirt particles, bacteria and many microorganisms that possess negatively-

charged surfaces in natural water. 

 
2.0 Objectives of the study 
 

• Develop a rapid laboratory method to assess the efficacy of mineral-based nutrient 

removal media 

• Compare the performance of commercially available nutrient removal media with that of 

modified zeolite and pumice for the removal of dissolved reactive phosphorus 

• Examine the ability of media to remove nitrate 

• Compare relative dose, reaction time and pH sensitivity of the media tested 

• Test nutrient removal in a nutrient rich sample of surface water from the Rotorua Lakes 

area 

 

3.0 Materials and Methods 
3.1 Materials 
 

Zeolite used in this study was supplied by New Zealand Natural Zeolite Ltd. The chemical 

compositions and some important physical characteristics are summarised in Table 1. 

 
Table 1. Chemical composition and physical characteristics of zeolite 
 
Component SiO2 Al2O3 K2O CaO Na2O 
Weight % 71.54 18.44 2.66 1.75 1.74 
 

Absorbencies Exchange 
capacity 

Slurry 
conductivity Slurry pH 

Water Oil Ammonia gas 
80-100 
meq/100g 233 S/cm 5-6 for 20 % 

w/v 
60-90% by 
weight 

75% by 
weight 

50-130 
meq/100g 

*Data provide by NZ Natural Zeolite Ltd. 
 

Pumice used in this study was supplied by Works Filter Systems Ltd. The chemical 

compositions are summarised in Table 2. The fraction of particles passing a UK standard No. 

24 sieve, was collected to obtain pumice particles in the size range of approximately 177 to 

290 µm diameter (24 to 60 mesh). Two patented commercial products, Phoslock (Appendix 1) 



 Forest Research – Nutrient reducing media  Page 5 

and Baraclear (Appendix 2) were chosen in this study to compare with modified media. 

Phoslock is a lanthanum amended bentonite clay, whereas Baraclear is aluminium amended 

clay. Both formulations are sold as pellets that rapidly swell and dissociate into a suspension 

when added to water. A photograph of the commercial products in comparison to zeolite is 

shown in Figure 1. 

 
Figure 1. Media tested in this study, from left to right, treated zeolite, Phoslock, and 
Baraclear. 
 

As natural raw zeolite and pumice contain various extractable materials, which can 

affect the adsorption, 0.1 M HCl was used to pre-treat the mineral substrate to remove these 

residual inorganic salts. The particle size distribution of Phoslock, Baraclear and acid washed 

zeolite are shown in Figure 2.  

 
Table 2. Chemical composition of pumice 
 
Composite SiO2 AlO2 Na2O Fe2O3 K2O CaO MgO TiO2 MnO 
Weight (%) 71.02 12.83 4.02 2.88 2.67 1.56 0.32 0.27 0.11 
 
Composite Nb Zr Y Sr Rb Ca Cr As Ba Pb Th 
(ppm) 7 183 29 137 106 15 10 21 682 17 13 
*Data obtained from Geosicence Laboratory in Sudbury, Ontario, Canada. Oxide measured in weight %., 
Heavy metals measured in ppm. 
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Potassium dihydrogen phosphate (KH2PO4) was used as the source of phosphorus, and 

potassium nitrate (KNO3) was used as the source of nitrogen throughout the bench 

experiments. Stock solutions at various concentrations and pH were prepared by dissolving 

the desired amount of KH2PO4 and KNO3 into distilled water. Dilutions were prepared by 

adding distilled water to the stock solution to achieve the required concentration. Lake Okaro 

water was used for the case study. The raw water was passed through a phytoplankton net (44 

µm mesh) to remove all particles and suspended algae. 

 
Figure 2. Particle size distribution of a) Phoslock, b) Baraclear, and c) Zeolite 

 
 
3.2 Methods 

A method was developed to rapidly measure the binding efficiency of mineral media at 

the laboratory scale. Adsorption experiments were carried out by shaking the media with 50 

mL of known nutrients in solution. Measured quantities of media were added to the solutions 

in sealed tubes and the resultant suspensions were agitated for varying periods of time. A 

temperature-controlled shaker bath was used to keep the temperature at a constant 25oC. All 

adsorption experiments were performed at the natural pH of the phosphate solution, except 

a 

b 

c 
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those in which the effects of pH of the solution were investigated. The pH of these solutions 

was adjusted with 0.1 M HCl or 0.1 M NaOH using a pH meter. 

At the end of the adsorption period, the supernatant was transferred to a 50 mL centrifuge 

tube and centrifuged at 2000 RCF for 10 minutes. The supernatant was aspirated out to 

determine the concentration of the residual nutrients. 

Dissolved reactive phosphorus (DRP) and nitrate were measured with a Skalar 

autoanalyser. The amounts of phosphate/nitrate adsorbed were calculated from the 

concentrations in solution before and after adsorption. 

Three modification processes were used to treat raw zeolite and pumice. Products are 

referred to as Z-1, Z-2, Z-3 and PM-1, PM-2, PM-3 (Z represents zeolite; PM represents 

pumice), respectively. A series of experiments were carried out with the commercially 

available media and the modified pumice and zeolite. The purpose of these experiments was 

to: 

• Examine the phosphate binding potential of the modified zeolite and pumice in order to 

determine if these mineral treatments had potential for remedial tools  

• Examine the nitrate removal potential of media that showed good phosphate removal 

ability 

• Compare the ability of the commercial products and modified zeolite or pumice to remove 

DRP 

• Study the rate of phosphate removal and the impacts of initial phosphate concentration on 

this rate  

• Determine impacts of pH on phosphate removal 

• Examine the ability of the various media to remove nutrients from water flowing into 

Lake Okaro 

 
4.0 Results 
4.1 Adsorption capacity of modified zeolite and pumice for DRP 
 

In order to examine the adsorption capacity of modified and natural zeolite and pumice, 

media were incubated with high concentrations of phosphate. Concentrations used were in the 

order of 100 mg/L, 100-fold higher than would usually be found in surface waters. For all 

forms of modified zeolite and pumice, chemical modification led to increased binding of 

phosphate as compared to the unmodified material (Figure 3). 
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The Z-2 modification process produced the highest adsorption capacity with both 

pumice and zeolite. The adsorption ability for the modified zeolite was superior to that of 

pumice. However, as the pumice used in this study was coarser than zeolite, this was likely a 

function of increased surface area per unit weight of zeolite. Adsorption isotherms for 

experiments are shown in Appendix 3.  

Experimental results indicated that both pumice and zeolite modified with the Z-2 

process demonstrate very high capacity for phosphate, binding up to 90% of the phosphate 

ions at the highest concentration of media. As the Z-2 modified zeolite provided the best 

phosphate adsorption, this media was used for all subsequent experiments and comparisons. 

 

 
Figure 3. Binding capacity of modified zeolite (top) and pumice (bottom) 
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4.2 Adsorption capacity for oxidised nitrogen species (NOx) 
 

The Z-2 modified zeolite demonstrated high capacity to bind nitrate ions. Figure 4 shows 

adsorption of nitrate by the media at a range of nitrate concentrations. At the highest 

concentration of 1000 mg/L the media was still able to bind 98% of the nitrate in solution. 

 
 
Figure 4. Binding of nitrate to Z-2 modified zeolite. 
 
4.3 Adsorption rate of DRP on Z-2 modified zeolite and effect of pH 

 

The binding of phosphate to Z-2 modified zeolite was rapid, with steady-state condition 

being reached in approximately two hours (Figure 5). The binding appeared to follow a first- 

order kinetic model (Appendix 3). There was a modest increase in binding with lower pH. 

The effect of initial phosphate concentration on adsorption was also examined using 5, 50, 

and 500 mg/L of DRP starting concentration (Figure 6). Kinetics experiments indicated that 

adsorption of the phosphate was rapid, and only minor differences in binding efficiency 

occurred with different starting concentrations. Phosphate removal was in excess of 84% for 

all concentrations tested. 
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Figure 5. Binding kinetics of phosphate to Z-2 modified zeolite. 

 
Figure 6. Adsorption kinetics of Z-2 with varying starting concentrations of phosphate. 
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4.4 Comparison of Z-2 zeolite with commercially available adsorbents 
 
 The Z-2 modified zeolite was compared directly with Phoslock at a variety of pH and 

incubation times. Initial phosphate concentrations were in the order of 50 mg/L. Phoslock 

demonstrated similar kinetics to Z-2 with maximum phosphate binding occurring within 1-2 

hours. Phoslock was not as sensitive to pH as Z-2 with only a marginal increase in phosphate 

binding occurring at pH 5.0 (Table 3). Overall, Z-2 had a slightly improved efficiency for the 

binding of phosphate as compared to Phoslock, ranging from 6-10% higher binding 

efficiency. The greatest difference in binding occurred at pH 5.0. However, all treatments of 

both Phoslock and Z-2 performed very well and exceeded 83% phosphate binding. 

 
 
Table 3. Comparison of the efficacy of Z-2 and Phoslock for the removal of DRP. 
 

Percentage of phosphorus 
removal  
pH Media 

5.01 7.05 9.72 
Z-2 95.5 92.6 89.1 
Phoslock 85.3 84.5 83.7 

 
 
4.5 Phosphate binding reversal from Z-2 and Phoslock 
 

This experiment was carried out in order to assess if phosphate could be re-released 

from the binding media. For the first stage, 1 g media was dispersed in a concentrated 

phosphorus solution, shaken for 6 hrs and settled for 12 hrs to reach equilibrium. As 

phosphate re-release was expected to be minor, very high phosphate concentrations (in excess 

of 1.5 g/L) were used so that the media would be saturated with phosphate and the phosphate 

released would be measurable. The sample was filtered through a 0.2 µm filter, the media 

added to 100 mL distilled water, shaken for a further 6 hr, and settled overnight (12 hrs). The 

residual in the solution represented the reversibly bound phosphorus. Table 4 shows the level 

of the reversed bound phosphate in Phoslock, and Z-2. 

 The Z-2 media showed the lowest rate of reversal, in the order of 1% whereas Phoslock 

had rates of reversal approaching 3%. Both media appear to bind phosphate irreversibly using 

the present methods. It is likely that the rates of reversal indicated are not representative of 

true reversal of binding. Due to the high levels of phosphate used in this experiment, it may 
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have been difficult to rinse off all phosphate solution associated with the media, so these 

results may represent carry-over, not reversal of binding. However, the experiment 

demonstrates that significant re-release does not take place with either media. 

 
Table  4.  Percent of reversibly bound phosphorus 
 
Percentage of reversal  

Initial concentration (mg/L) media 
6000 4500 3000 1500 

Phoslock 2.26 2.79 2.94 3.29 
Z-2 1.15 1.00 1.24 1.70 
 
4.6 Lake Okaro Surface Water Case Study 

 

Lake Okaro has the poorest water quality of the Rotorua lakes. The Trophic Level Index 

in 2003 was reported to be 5.61 and the average total phosphorus and nitrogen were 0.122 

mg/L and 1.25 mg/L, respectively (Scholes 2004). In this study, a sample was taken from the 

inflow creek to the north-west of Lake Okaro, draining farmland. This sample had initial DRP 

and NOx-N concentration of 0.185 mg/L and 1.520 mg/L, respectively. Modified zeolite Z-2, 

Z-3 and two commercial products, Phoslock and Baraclear, were selected as the adsorbents. 

All adsorbents were tested at media concentration of 1, 4, 10 and 20 g/L. 

  Both Phoslock and Baraclear are clay based pellets and disperse very quickly in water 

to form a suspension. Treated zeolite also forms a suspension upon agitation, but this 

suspension settles within minutes as opposed to hours for the clay-based particles (Figure 7). 

The relative charge, or isoelectric point, was also determined for the various media tested and 

is shown in Table 5. 

Table 5. Isoelectric points of the media tested and untreated zeolite. 

 Baraclear Phoslock Zeolite Z-2 Z-3 

Isoelectric Point 5.45 3.29 4.02 7.71 6.93 

 

The Z-2 treated zeolite and Baraclear demonstrated the highest efficiency for DRP 

removal from Lake Okaro water as both were able to exceed 90% removal efficiency (Figure 

8). This was followed by Z-3 treated zeolite then Phoslock. From the relationships obtained, 

Phoslock would require much higher doses to achieve the same removal efficiency as 

Baraclear and Z-2. The use of Lake Okaro water resulted in a reduction of phosphate removal 
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efficiency as compared to that seen with lab water sample spiked with phosphate and the 

reasons for this loss of efficiency are unknown. 

 

Figure 7. Treated zeolite, Baraclear, and Phoslock suspensions in water. 

 

Figure 8. Removal of DRP from Lake Okaro water with treated zeolite and 
commercially available adsorbents. 
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 Based on the binding data illustrated in Figure 7, the dosage of media required to 

remove 95% of DRP from Lake Okaro water was calculated and is shown in Table 6. The Z-2 

treated media requires the lowest dose to obtain 95% DRP removal. However, due to 

differences in slope, Baraclear can obtain greater than 80% removal at lower doses than Z-2. 

 
Table 6. Optimal dosage for 95% removal of DRP. 
 

Media 
 Z-2 Z-3 Phoslock Baraclear 
Dosage (g/L) 
(95% DRP removed) 

17.4 30.4 40 27.6 

 
 
 The removal of nitrate/nitrite was also assessed for Lake Okaro water. All media tested 

had the ability to remove about half of the nitrite/nitrate nitrogen, irrespective of media dose 

(Table 7). It was not determined if the binding of these nitrogen species was irreversible.

  

Table 7. Removal of NOx species from Lake Okaro water. 
 

 Percent of NOx removal (%) 
Dosage (g/L) Z-3 Z-2 Phoslock Baraclear 

4 50.04 44.88 50.73 49.75 
10 51.47 49.53 51.15 53.69 
20 52.27 53.98 52.27 60.79 

 
5.0 Discussion 
 

This research demonstrated that a variety of nutrient adsorbing media have excellent 

potential for the removal of DRP from surface water. Those media using aluminium 

amendments of minerals, namely Z-2 treated zeolite and Baraclear showed the greatest 

performance for the removal of phosphate. Of the treated zeolite, Z-2 had the highest relative 

charge, explaining the superior performance for complexing phosphate. Unexpectedly, all 

media tested also showed the ability to complex a significant amount of the nitrate/nitrite 

nitrogen in surface water. Phoslock showed less affinity for phosphate as compared to the 

aluminium-based media tested. As lanthanum phosphate is even less soluble than aluminium 

phosphate, this was unexpected but may be related to the strong negative charge of Phoslock 

particles in solution. This discussion will focus specifically on the potential and strategies for 

remediation of the Rotorua Lakes, particularly the use of nutrient adsorbing material. 
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All aquatic plants require exogenous nitrogen and phosphate. As phytoplankton all fix 

carbon from the atmosphere, one or the other of these two macronutrients generally limit the 

growth of algal blooms. Each lake has a nitrogen to phosphorus ratio (N:P) that defines the 

relative abundance of these nutrients. There have been many substantial reviews discussing 

the impact of N:P ratios on phytoplankton populations (Smith, 1983; Aleya et at., 1994; 

Takamura et al., 1992; Zohary et al., 1992; Fujimoto et al., 1997) that suggest that bloom-

forming cyanobacteria tended to dominate in lakes where the N:P mass ratio is low. Thus, 

when nitrogen is the limiting factor in growth, cyanobacteria may be favoured due to their  

ability to fix gaseous nitrogen from the atmosphere. This conclusion has led to the so-called 

“N:P rule” that increasing the mass ratios above 29 will reduce the proportion of 

cyanobacteria as a fraction of the total algal biomass. However, some researchers (Trimbee et 

al., 1987; Sheffer et al., 1997) hold the reverse view. They have recognised that even when 

such a response is observed, it may be due to the increasing P concentrations rather than a 

decrease in the N:P ratio. Paerl et al. (2001) suggested that the “N:P rule” is less applicable to 

highly eutrophic systems when both N and P loading are very large and N and P inputs may 

exceed the assimilative capacity of the phytoplankton. The understanding is further 

complicated by seasonal variation in N:P ratios and the availability of inorganic forms of N 

and P from the total nitrogen and phosphorus pool.  

In the Rotorua Lakes Water Quality report (Scholes, 2004, Table 8), the majority of 

lakes in the Rotorua district have N:P ratios lower than 29, indicating that phosphorus is 

overabundant. Further analysis of these data show that, on the basis of N:P ratios, the five 

most eutrophic lakes cluster out from the five least eutrophic lakes, with the more eutrophic 

lakes having lower N:P ratios. However, there are also very tight correlations between both 

TP and TN and algal productivity as measured by Chlorophyll a. One striking observation is 

that those two lakes with the highest N:P ratio, Tikitapu and Rerewhakaaitu, are very 

dominated by green algae (Wilding, 2000) and are not known to demonstrate blue-green algae 

blooms. Rerewhakaaitu in particular is interesting due to the relatively high component of 

pastoral land surrounding the lake. It has been suggested that the alophanic soils surrounding 

the lake effectively complex phosphorus and prevent it from entering the lake (Fish, 1978). 

We have also noted that biota from these two very different lakes appear to be particularly 

depleted in the 15N stable isotope of nitrogen as compared to the other lakes (C. McBride, 

unpublished data), further suggesting that phosphorus limitation is having significant effects 

on the ecology and fate of nutrients in those lakes.    
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Evidence from overseas, and from the Rotorua Lakes suggests that in the first instance, 

increasing the nitrogen to phosphorus ratio through intensive management of phosphorus 

inputs may be the best way to reduce harmful blue-green algae blooms in the lakes most 

affected. To force a reduction in overall productivity, more substantial phosphorus and 

nitrogen removal would have to be achieved. Sas et al. (1989) and Seip et al. (1992) suggested 

that if DRP was < 10 µg/L either on average over the entire growing season or absolutely 

during at least half of the growing season, then phytoplankton growth may be assumed to be 

P-limited during the growing season. Similarly, the threshold value below that where N-

limitation occurred was assumed to be 100 µg/L inorganic nitrogen. 

In some cases, nitrogen reduction will be more difficult to realise in the short term due 

to the high solubility of nitrate salts. For example, in the well-known case of Lake Taupo, 

ground water nitrogen inputs are significant, and due to the long groundwater residence time, 

these inputs will continue for decades regardless of any other measures taken. Work done on 

groundwater inputs into the Rotorua Lakes indicates that future nitrogen input may be 

substantial, particularly in Lake Rotorua given the large catchment size (Morganstern et al., 

2004). Removing nitrogen will certainly reduce overall productivity, but low N:P ratio will 

continue to favour blue-green algal blooms. 

 

Table 8. Nutrient and biological data for Rotorua lakes (from Scholes, 2004) 

Lake Chlorophyll a Secchi Depth TP TN TN:TP 
Okaro 32.76 1.61 122.6 1250.5 10.2
Rotorua 14.77 2.48 43.8 426.2 9.7
Rotoehu 12.04 2.34 36.5 456.0 12.4
Rotoiti 7.27 4.96 23.1 276.8 11.9
Okareka 4.49 6.89 6.1 224.6 36.8
Rotomahana 5.08 4.24 24.8 221.9 8.9
Rerewhakaaitu 5.31 4.97 7.4 379.8 51.1
Rotoma 1.49 10.86 3.2 135.1 41.0
Okataina 2.13 9.2 6.1 123.1 20.0
Tarawera 1.58 7.98 7.0 112.9 15.9
Tikitapu 2.04 6.01 3.8 195.5 51.1
 

Some phosphate salts, unlike nitrate, are highly insoluble and phosphorus in unimpacted 

aquatic systems is naturally derived only from the weathering of minerals or internal 

recycling. As phosphate is rapidly tied up in soils, it generally does not enter groundwater via 

land-use practices in significant amounts (though there can be significant natural source in 

groundwater). The success of the Rotorua land application of municipal sewage scheme in 
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removing phosphorus is an excellent example of this. For this reason, anthropogenic sources 

of phosphorus from agricultural activities and erosion, or enriched natural sources can more 

easily be limited in the short to medium term than nitrogen sources. One potential usage for 

phosphorus adsorbing media may be to treat surface water or effluent inputs where substantial 

phosphorus sources are known to exist. 

As lakes become eutrophic, internal nutrient cycling from anaerobic sediments becomes 

more substantial. The total mass of phosphorus in a lake water column is relatively small as 

compared to the phosphorus stored in sediment. Thus, though removal of nutrients from the 

water column may have short-term benefits, longer-term benefits can only be realised through 

reduction of nutrient cycling from the sediments. A study with alum introduction in a lake in 

France demonstrated that removal of nutrients from the water column had limited benefits 

(Van Hullenbusch et al., 2002) and these results appeared to be mirrored by the Lake Okaro 

alum application trial. 

Another method that has been tested for over 50 years for the reduction of trophic status 

has been lake aeration. Though many efforts have failed, the introduction of pure oxygen 

directly into the hypolimnion in a deep eutrophic lake resulted in a reduction of TP in the 

hypolimnion by 50% accompanied by a 55% drop in chlorophyll a. This caused the lake to 

revert from eutrophic to mesotropic (Prepas et al., 1997). Though such methods have the 

potential to reduce nutrient recycling, they are costly. Similarly, lake dredging approaches 

also have the potential for lake improvement, but are also very costly. Biomanipulation, or 

removal of biomass has been another means suggested of reducing overall nutrient loadings. 

The greatest utility for nutrient adsorbing media in lake remediation is their ability to 

treat sediment and reduce nutrient release rather than just remove nutrients from the water 

column. In the case of Phoslock, bentonite clays form a nearly impermeable barrier over the 

sediment in combination with the ability to precipitate DRP. The treated zeolite tested in this 

report also has the potential to act in a similar fashion, though sediment capping would be 

expected to be more permeable as compared to Phoslock. Whereas clay particles are by 

definition colloidal, the zeolite can be obtained in any particle size. Different particle size may 

have different uses, for example larger particles may be more suitable to effluent treatment 

columns or batch removal of nutrients, whereas finer particles may be more suitable for 

nutrient removal from water bodies. Lake treatment with such media has the potential to 

provide a solution at a lower relative cost as compared to other methods of lake treatment. 

However, there are risks of such treatment including the release of metals into the 
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environment, such as aluminium that is used for amendment of media. The re-suspension of 

fine particles during lake mixing, resulting in high turbidity on an ongoing basis is also a risk. 

This latter risk may be significant for a large shallow lake such as Lake Rotorua. The use of 

larger particle size may reduce this risk. 

    

6.0 Conclusions and Recommendations 
 

The modified zeolite and pumice have been demonstrated to substantially reduce 

phosphorus in both artificial and natural waters under batch-test conditions. The results 

indicate that the modified zeolite performed better than modified pumice, probably due to 

finer particle size. The adsorption capacity is pH dependent and increased with decreasing pH, 

but the modified media can still work very effectively over a wide pH range. The nutrients 

were strongly bound to the modified media, and phosphorus was mostly irreversibly bound 

under the test conditions used. The modified media were more effective in phosphorus 

removal than nitrogen removal in natural surface water. The modification process for zeolite 

and pumice is simple and economic and could be made locally. The reaction kinetics data 

presented could be used for designing substrates to treat natural water or effluents for the 

removal of phosphorus on a large scale. 

During the progress of the work a number of aspects requiring further investigation were 

identified: 

 

• The potential for the reduction in internal nutrient recycling through sediment remediation 

is the most critical question. In the first instance, this should be examined in 

water/sediment column experiments.  

• Mesocosm (limnocorral) trials would be required to validate the performance of the 

various media in a site impacted by eutrophication. This should be performed in 

collaboration with limnologists in order to examine the impacts on productivity and 

pelagic algal and zooplankton communities. 

• The environmental risk of the substances in question should be addressed with studies to 

examine the fate of metals on the media under various environmental conditions including 

pH. The use of a number of toxicity bioassays at different trophic levels should 

accompany examination of the fate of metals. 
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• An engineering model should be established to examine the relationship between particle 

size, depth of capping and lake energy in order to determine the risk of media re-

suspension. 

• As research proceeds, and effective doses for the different outcomes (nutrient removal 

from water vs. sediment capping) are determined, a cost model should be developed for 

fabrication of modified zeolite in comparison to commercially available adsorbents. 
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Appendix 1 
 

US Patent for Phoslock 
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Appendix 2 
 

US Patent for Baraclear 
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Appendix 3 
 

Quantitative models for nutrient binding 
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Adsorption Isotherms 

Adsorption isotherms were used to predict the relationship between equilibrium 

phosphorus concentrations and the quantity of the adsorbing media necessary to achieve those 

concentrations. High adsorbent dosages, up to 1.5 g, were used in the isotherm tests to 

determine whether the residual concentration could be reduced to the desired level. Tables 

give the experimentally obtained adsorption data of DRP  as the pH values measured for the 

final slurries/solutions. The data fitted the Freundlich equation: 

eFe C
n

Kq log1loglog +=  

where qe is the equilibrium phosphate concentration on adsorbent (mg/g), Ce is the 

equilibrium phosphate concentration in solution (mg/l), KF (mg/g) and n (dimensionless) are 

the Freundlich adsorption isotherm constants. A larger KF value represents a larger adsorption 

capacity while a larger 1/n value represents a more homogeneous adsorbent with a narrower 

site energy distribution. The values for n and KF are given in tables; the related correlation 

coefficients (r-values) are given in the same table. 
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DRP adsorption data for zeolite 
 

P residual concentration 
(mg/l) 

P removed/zeolite 
(mg/g) Zeolite dosage 

(g) 
Z-1 Z-2 Z-3 

Natural
zeolite Z-1 Z-2 Z-3 

Natural
zeolite 

0.1 81.61 80.50 95.37 109.17 17.42 17.97 10.54 7.28 
0.2 67.41 77.94 74.42 108.90 12.26 9.63 10.51 7.54 
0.5 65.16 62.01 57.95 105.54 5.13 5.44 5.85 10.91 
1.0 63.74 25.81 45.67 97.71 2.93 5.04 3.93 18.73 
1.5 59.22 2.46 26.51 97.47 1.91 3.80 3.00 18.97 
pH of 
slurries/solutions 

4.06 5.31 5.63 4.70 Initial P 
concentration 116.44 (mg/l) 

 
 

 
 

 
Freundlich isotherm constants for adsorption of DRP by modified and 
natural zeolite 

 
Adsorbents  
Z-1 Z-2 Z-3 Natural zeolite 

logKF -3.0505 1.8216 0.1602 -18.5430 
1/n 2.7974 0.1237 1.1023 9.9144 
r2 0.8067 0.9921 0.9892 0.9065 

 
 

0.0

0.5

1.0

1.5

2.0

2.5

-1 -0.5 0 0.5 1 1.5 2 2.5
Log P residual concentration (mg/l)

Lo
g 

qe
(m

g/
g)

z-3
z-2
z-1
natural z



 Forest Research – Nutrient reducing media  Page 38 

DRP adsorption data for Pumice 
 

P residual concentration 
(mg/l) 

P removed/pumice 
(mg/g) Pumice 

dosage (g) 
PM-1 PM-2 PM-3 

Natural 
pumice PM-1 PM-2 PM-3 

Natural
pumice

0.2 98.84 87.39 88.20 102.21 1.16 4.02 3.82 0.32 
0.5 96.32 85.37 78.37 101.14 0.72 1.81 2.51 0.23 
1.0 93.92 68.41 69.09 99.31 0.48 1.75 1.72 0.21 
1.5 88.82 50.22 62.50 98.78 0.49 1.78 1.37 0.16 
2.0 75.02 33.73 61.99 89.53 0.71 1.74 1.04 0.35 
2.5 67.35 18.96 54.63 89.06 0.72 1.69 0.98 0.29 

 
 
 

 
Freundlich isotherm constants for adsorption of DRP by modified and 
natural pumice 

 
Adsorbents  

PM-1 PM-2 PM-3 Natural Pumice 
logKF -3.9032 -0.0359 -5.2333 -17.278 

1/n 1.9436 0.1933 2.9768 7.9624 
r2 0.9346 0.8796 0.9835 0.9985 
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DRP adsorption data for Lake Okaro water 
 

P residual concentration 
(µg/l) 

P removed/pumice 
(µg/g)  dosage (g) 

Z-3 Z-2 Phos-
lock 

Bara-
clear Z-3 Z-2 Phos-

lock 
Bara-
clear 

0.2 66.99 45.48 113.46 24.22 26.45 34.82 17.83 40.14 
0.5 44.25 25.16 93.01 16.74 14.05 15.96 9.18 16.80 
1.0 31.37 3.51 67.41 15.06 7.67 9.06 5.87 8.49 

 
 
 

 
 
 
Freundlich isotherm constants for adsorption of DRP by modified and 
natural pumice 

 
Adsorbents  

Z-3 Z-2 Phos-lock Bara-clear 
logKF -1.7693 0.5036 -3.0297 -2.5737 

1/n 1.7731 0.5835 2.0628 3.0323 
r2 1.0000 0.7735 0.9396 0.9435 
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Rate of Phosphorus Removal 

 
The kinetics of adsorption for phosphorus in the media was studied using the Lagergren 

equation: 

tkqqq ad
ee 303.2

log)log( −=−  

where qe and q are the amounts of phosphate adsorbed (mg/g) at equilibrium and at time t 

(min), respectively, and kad is the rate constant of adsorption (1/min). A straight line of log(qe-

q) vs t supported the applicability of this kinetic model, and indicated the adsorption 

processes followed first-order rate kinetics. The figure shows the adsorption rates of DRP on 

Z-2 at various pH conditions. The Kad values were calculated from the slopes of these plots 

and are given in the table.  

 

 
Table  8. Lagergren rate constants for adsorption of 
DRP on Z-2 at various pH. 
 

Z-2 

PH* 
Kad (1/min) r2 

5.01 0.8846 0.9724 
7.05 1.3823 0.9278 
9.72 0.6704 0.9864 

* pH at initial DRP concentration 48.9 (mg/l) 
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