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Editors’ Note 

Not all oral presentations were made available as formal written papers, in which case the 
edited tape transcript has been used, coupled with the supplied abstract.  In some cases the 
PowerPoint files used in presentations were also unavailable, due to commercial 
sensitivities (a sad reflection on the current state of publicly funded science) and the 
edited transcript was amended accordingly, to delete references to graphics.  Where 
graphics were available, not all slides were used, at the discretion of the editors.  In such 
cases, the transcript may refer to slides that are not present.  Colour printing has been 
used only where it significantly enhances the effect or comprehension of an illustration.  
Where there are multiple authors, presenting author’s names are shown in bold at the 
beginning of papers. 
 
Audience questions and presenter’s answers have been included where available, but 
owing to gaps in the transcript caused by tape changeovers, a very few questions and 
answers are not available for publication. Where material from the tape transcripts of  
papers appears particularly relevant or explanatory and does not appear in the written 
paper as supplied, it is inserted in quotation marks and italicised.  The editors take full 
responsibility for this. 
 
A full transcript of the Forum sessions has been supplied, with minimal editing and that 
only in the interests of clarity. 
 
Poster presentations have been included in full where supplied in useable format, 
otherwise the abstract has been published.   
 
Non-scientific readers have been provided with a scientific glossary, useful in 
understanding these Proceedings, at the end of this volume. 
 
It was evident that some opinions shifted during the course of the Symposium, as is 
apparent in the transcript of the technical discussion, to which the readers’ attention is 
particularly directed.  
 
Nick and Elizabeth Miller 
 
Disclaimer: These Proceedings report the formal presentations and discussion sessions of 
the Symposium, which was designed to encourage open discussion amongst those 
managing, studying, or with an interest, in the Rotorua lakes. The information is not 
intended to substitute for official policy statements from parent organisations. 
 
 
Published October 2005 
LakesWater Quality Society  
91 Te Akau Road, R D 4,  
Rotorua, NEW ZEALAND 
 
ISBN  0-473-10622-1 
 
Extracts from this publication may be reproduced provided that  full acknowledgement of 
the source of the information is made.
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Foreword – Rotorua Lakes 2004 
 

Ian McLean 
Chairman, LakesWater Quality Society Inc. 

 
The Symposium Rotorua Lakes 2004 was the fourth annual event of its kind hosted by 
the LakesWater Quality Society.  Its focus was Restoring Lake Health - Nutrient Targets 
and Cyanobacteria. 

In previous years Rotorua Lakes 2001 dealt with research needs, Rotorua Lakes 2002 
covered lakeside communities and sewerage, and Rotorua Lakes 2003 focussed on 
practical management for good lake water quality.  All were prompted by public concern 
over the decline in water quality in these beautiful lakes.   

The summer and autumn of 2004 were a second season of record cyanobacterial blooms 
in Rotorua lakes, arising from past and present pollution with nitrogen and phosphorus 
compounds.  The authorities had started to give urgency to action and much scientific 
work was being done. 

As work to reduce the nutrients was planned, it became clear that the target levels for N 
and P, and just how fast each of N and P should be reduced, would determine how the 
money should best be spent.  Huge sums were and are involved.  The decisions will be of 
great financial importance to all levels of government.  They will have major impacts on 
decisions affecting farmers, households and other landowners. 

The purpose of the Symposium was to present up-to-date science on the role of N and P 
(and other nutrients) in the degradation on water quality. Unlike its predecessors it was 
more of a scientific event, but it still sought to share knowledge with land managers, local 
residents and public authority members and managers as well as scientists.  

These proceedings record the presentations made at the Symposium, both oral and poster.   

The Royal Society of  New Zealand (Rotorua Branch) again joined in holding this 
Symposium. It was supported by a generous grant from Dairy InSight which was greatly 
appreciated.  

On behalf of the LakesWater Quality Society and the lakes themselves, I extend grateful 
thanks to all those who prepared papers and to the voluntary committee who carried out 
the major task of organizing the Symposium. 

Workshops and Symposia such as Rotorua Lakes 2004 have a most useful purpose in 
presenting and discussing technical information.  But the ultimate test of their value is 
action that improves the water quality in the lakes. The 2001 Symposium led to a surge in 
new research on the lakes, and the 2002 Symposium brought support for sewerage at 
Mourea/Okawa Bay and Okareka. The 2003 Symposium encouraged a surge of interest in 
management of the catchments. 
 
The value of Rotorua Lakes 2004 will be measured by the practical action that it triggers.  
Already, Action Plans for several lakes are incorporating projects to reduce phosphorus 
rather than just concentrating on nitrogen.
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ORAL PRESENTATIONS (in order of presentation) 
 

Detecting, predicting and managing cyanobacteria in source 
water 

 
Justin Brookes1,3

David Lewis1,2 

Leon Linden1,3

Mike Burch1

 
1. Cooperative Research Centre for Water Quality and Treatment, PMB 3 Salisbury, 

South Australia, 5108. 
2. School of Chemical Engineering, The University of Adelaide, Australia, 5005 

3. School of Earth and Environmental Sciences, The University of Adelaide, Australia, 
5005 
 

justin.brookes@sawater.com.au 
 
ABSTRACT 
 

• There are three requirements for phytoplankton growth: a nutrient source, an 
adequate light supply and an inoculum from which the population can propagate. 

• To successfully manage cyanobacteria there needs to be integrated management of 
the catchment, the water body and the treatment plant 

• the cyanobacteria tend to dominate when the water-column is stratified. At 
Myponga Reservoir Anabaena populations grew when the surface mixed layer 
became shallow and the cells remained entrained near the surface. 

• Artificial destratification is one of few available “in-lake” management options 
available to control cyanobacteria. However, techniques are still required to 
effectively disrupt the surface mixed layer which escapes entrainment by 
conventional bubble plume aerators.  

• The internal nutrient load, which along with catchment sources of nutrients, 
contribute to the magnitude of the phytoplankton biomass can also be controlled 
with artificial destratification. 

• Cyanobacterial and phytoplankton growth in reservoirs is determined by 
environmental conditions which vary at scales ranging from minutes to seasons 
and interannually. 

• The limiting of light availability by artificial destratification and controlling 
nutrient sources remain the most sustainable strategies to control cyanobacteria. 

 
INTRODUCTION 
 
Cyanobacteria are notorious as indicators of degraded aquatic systems. The toxins 
produced by the cyanobacteria have been responsible for livestock (1) and human deaths 
(2) which has stimulated considerable public interest. However, recent research has 
shown that with appropriate treatment most toxins can be effectively removed from 
drinking water(3), significantly reducing the risk to consumers. Cyanobacteria also 
produce taste and odour compounds which are not easily removed during conventional 
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water treatment and compromise the quality of potable water. Even low numbers of 
cyanobacteria can produce concentrations of these compounds which exceed the taste 
threshold and attract customer complaints. The water industry has been active in seeking 
methods to control cyanobacteria, however, controlling to a level which ensures no taste 
and odour problems is difficult. 
 
The aim of this paper is to describe the conditions which lead to cyanobacterial blooms 
and from this information identify means of predicting, detecting and managing 
cyanobacteria in source waters. The site used as a case study was Myponga Reservoir in 
South Australia (S 35º 24’ 13”  E 138º 25’ 13”). The reservoir is 36m deep, has a volume 
of 26,000 ML and catchment area of 124 km2. Landuse in the catchment is predominantly 
dairy and beef grazing. The reservoir is the site of a CRC Water Quality and Treatment 
study on artificial destratification using a bubble plume aerator and two surface mounted 
mechanical mixers are operated for six months each year. As part of this study two 
meteorological stations with thermistor chains have been permanently deployed in the 
reservoir to record physical data at 10 minute intervals (Figure 1). 
 

 
Figure 1. Myponga Reservoir showing sampling locations, mixer and aerator deployment 
nd sites where meteorological stations are deployed. 

. 
 is 

de 
). The ability to float into the illuminated surface water in stratified water-

odies provides a distinct advantage over other phytoplankton that rely entirely on 
turbulence to remain entrained. By floating upwards the cyanobacteria can significantly 
increase light capture and consequently increase productivity (9,10,11), nitrogen fixation 
(12) and growth (13). 
 

a
 
PHYSICAL CONDITIONS FAVOURING CYANOBACTERIA 
Cyanobacteria are an extremely well adapted group of photo-autotrophic organisms 
which dominate the freshwater phytoplankton community during stratified conditions
Whilst the cyanobacteria have existed on earth for more than 2.5 billion years (4), there
a general opinion that “cyanobacterial blooms” are increasing in frequency due to 
anthropogenic eutrophication (5) and the regulation of waterways with weirs and dams. 
 
The success of the cyanobacteria is, in part, attributable to the gas vesicles which provi
buoyancy (6,7,8
b
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The scum-forming cyanobacteria do particularly well when there is a shallow surface 
mixed layer, that is when stratification persists close to the water surface. An example of 
rapid Anabaena growth in a shallow surface layer occurred in Myponga Reservoir in 
January 2000. Myponga Reservoir is generally a well-mixed site and cyanobacterial 
concentrations are low. However, during summer the physical conditions can become 
suitable for Anabaena circinalis to grow rapidly. Myponga Reservoir was well-mixed in 
early January 2000, however, there was significant heating of the surface water between 
January 7 and January 21 (Figure 2). The result of this of this was that the diurnal surface 
layer remained shallow (Figure 3) and cyanobacteria were not entrained deep into the 
water column. 
 

 
Figure 2. Temperature profile at Myponga Reservoir for January 2000 
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Figure 3. Depth of surface mixed layer, defined as the shallowest depth at which the 
temperature difference between two adjacent thermistors is 0.05 ºC or greater. 
 
The euphotic depth in January was 3.6m (light attenuation coefficient: kd=1.22) and 
nutrient concentrations were sufficiently high to support rapid growth rate and high yield
Ammonia – 0.027 mg L

: 

d on 14 December 1999, and was first 
 water column 

-1, Filterable reactive phosphorus – 0.038 mg L-1, Total 
phosphorus – 0.051 mg L-1, Total Kjeldahl Nitrogen – 0.98 mg L-1, Nitrate and nitrite – 

.131 mgL-1. Anabaena circinalis was not detecte0
recorded later in December, albeit at low numbers (Table 1). As the
stratified, A. circinalis growth accelerated and by 10 January 2000 the highest recorded 
concentration was 3891. The mean growth rate between 4 January and 10 January was 
0.36 day-1 and concentrations were high enough to present a geosmin (taste and odour) 
threat to the treatment plant. 
 
In this case the A.circinalis population was controlled with a chemical algicide on 11 
January 2000, however, in reservoirs where algicides are not used, early warning of 
cyanobacterial risks can enable treatment, such as activated carbon dosing, to be 
nticipated. a

 
Table 1. Anabaena circinalis concentrations (cells mL-1) at five locations at Myponga 
Reservoir. – signifies A. circinalis not detected in a 1mL, 10x concentrated sample. 
Location 21/12/99 29/12/99 4/01/00 10/1/00 18/1/00 25/1/00 
1 4 9 43 3891 45 2 
4 - - - 2186 2 - 
5 29 - - 146 12 - 
6 - - 163 1470 30 - 
7 - - 459 448 8 - 
 
Although there are two different destratifying systems in Myponga Reservoir, there is st
trong persistent stratification in the surface layer as high 

ill 
nocturnal temperatures and low s
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wind speeds inhibit cooling. However, modelling studies have shown that the destrati
have significantly reduced the period when Anabaena can grow. The phytoplankton 
biomass at Myponga Reservoir is dominated by green algae and diatoms, which rely on
turbulence to remain entrained, and the conditions when cyanobacteria grow is narrowe
to a brief period in summer each year (Figure 5). 
 
CHEMICAL CONDITIONS FAVOURING CYANOBACTERIA 
Nutrients can be limiting to cyanobacteria in two ways: they can limit the rate of grow
and they can limit the maximum biomass or magnitude of the bloom. There is a common 
perception that cyanobacterial blooms are the result of eutrophication, however, the 
reality is that cyanobacteria can exceed problematic levels at co

fiers 

 
d 

th 

ncentrations barely above 
e detection limit. Concentrations of phosphorus less than 0.01 mgL-1 filterable reactive 

1 mgL-1 soluble inorganic 

ment 
 

be 

 
most 

tratification or 
y direct oxygen injection. In systems where the internal nutrient load contributes 

 reduction in nutrient release from sediment can 

ent or decaying 
rganic matter and entrained into the water column, where it is taken up by algae. From 

s 
st 

 
 lakes 

s (17,18) 

nt sources takes a number of years before any 
pact is observed. Manipulation of the biological environment to encourage grazing 

requires rigorous monitoring and is not applicable in some systems (19). On the other 

th
phosphorus are considered to be growth limiting (14) and 0.
nitrogen is considered the minimum concentration to maintain growth during the growing 
season (15). Higher concentrations support rapid growth and higher biomass. 
 
The major nutrient sources are the catchment, the internal load derived from sedi
release and atmospheric deposition. In some instances catchments are naturally high in
phosphorus and consequently attempts to reduce phosphorus to limiting levels would 
unsuccessful. In these cases alternative strategies to control algae should be sought. 
 
The nutrient source which reservoir managers often do have the ability to control is the
internal nutrient load or sediment-derived nutrient load. The internal nutrient load is 
often controlled by oxygenation of the hypolimnion either by artificial des
b
significantly to the total nutrient load, a
significantly decrease the sustainable algal biomass (16). 
 
In a typical phosphorus cycle, phosphorus is remobilised from sedim
o
there the phosphorus is either passed on to higher levels of the food web or lost to the 
bottom as the algae sediment. In deep lakes the resolubilisation of P at the sediment is 
vertically separated from the algae and so each P molecule can only be accessed with 
entrainment from the hypolimnion to the epilimnion. In strongly stratified deep lakes thi
may happen only once or twice a year during significant ‘over-turn’ events. In contra
shallow lakes have the zone of P resolubilisation much closer to the zone of greatest 
productivity and a single molecule may be recycled a number of times during the growing
season (17) and thereby sustain a high algal biomass for longer. This is why shallow
prove so much more difficult to restore than deep one
 
MANAGING CYANOBACTERIA IN SOURCE WATER 
Cyanobacteria are difficult to manage once they have become established in a waterbody. 
Often copper based algicides are used, however, there are environmental issues 
concerning the addition of heavy metals to aquatic systems. The most environmentally 
sound method to control cyanobacterial growth in reservoir is to manipulate the 
environment to favour other phytoplankton over the cyanobacteria. Previous attempts 
have included manipulating the physical, chemical and biological components of the 
reservoir. Manipulation of catchment nutrie
im
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hand manipulation of the physical environment is a practical means of changing the 
phytoplankton habitat and also can manipulate the internal nutrient load. 
 
ARTIFICIAL DESTRATIFICATION 
During stratification the hypolimnion is effectively separated from the atmosphere and 
becomes depleted of oxygen. This leads to reducing conditions at depth and contaminants 
such as iron, manganese and nutrients are released from sediment.  
 
There are basically two types of artificial destratification systems available: bubble plume 
aerators and mechanical mixers. Both systems weaken stratification so that wind forcing 
can more readily break down stratification and mix the reservoir. Bubble plume aerators 
operate by pumping air through a diffuser hose near the bottom of the reservoir. As the 
small bubbles rise to the surface they entrain water such that the plume has a unique 
temperature and density and will plunge to the level of equivalent density and an intrusion 
will propagate at that depth. As the intrusion moves through the reservoir there is return 
flow above and below the intrusion, and these circulation cells facilitate exchange 
between the surface and the hypolimnion (Figure 4). 
 
The role of bubble plume aerators is to weaken stratification and work synergistically 
with wind to mix the reservoir and to oxygenate the hypolimnion. To control contaminant 

ent 
en relatively successful at controlling the 

lease of contaminants from sediments (20) but has been less successful in controlling 
ix the stratified surface layers, 

or mixer, has meant there is still a habitat 
it (22). 

resolubilisation the hypolimnion must receive sufficient oxygen to satisfy the sedim
oxygen demand. Artificial destratification has be
re
cyanobacteria (21). The inability of destratifiers to m
outside the immediate influence of the plume 
for buoyant cyanobacteria to explo
 

 
 
Figure 4. Surface mounted mechanical mixer . 
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CASE STUDY – MYPONGA RESERVOIR 
 
The Phytoplankton Community 
Current management at Myponga Reservoir includes both artificial destratification and 
chemical algicides to control cyanobacteria.  
Although there are two different destratifying systems in Myponga Reservoir, there is still 
strong persistent stratification in the surface layer at particular times when high nocturnal 
temperatures and low wind speed inhibit cooling (Figure 2). However, modelling studies 
have shown that the destratifiers have significantly reduced the period over which 
Anabaena can grow. The phytoplankton biomass at Myponga Reservoir is dominated by 
green algae and diatoms, which rely on turbulence to remain entrained, and the conditions 
when cyanobacteria growth is narrowed to short periods each year (Figure 5). 
 

 
Figure 5. The relative abundance of the different phytoplankton groups in Myponga 
Reservoir. 
 
Artificial destratification to control the nutrient load 
Seasonal temperature stratification was evident at Myponga Reservoir during summer 
from 1984 until 1994. Since deployment of the aerator in 1994 isothermal conditions have 
been maintained at the sampling site (Figure 2). However, surface layer heating is evident 
at other sites in the reservoir outside of the immediate bubble plume which is consistent 
with other reservoirs where bubble plume aerators are operating (22, 16). Dissolved 
oxygen concentrations were below 4 mg L-1 for extended periods during 1992/93 and 
1993/94 which provided conditions suitable for contaminant resolubilisation. Since 
aerator operation in 1994 the dissolved oxygen concentration at 30 m has been maintained 
above 4 mg L-1.  
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Prior to 1994 the concentration of filterable reactive phosphorus (FRP) at 30 m depth was 
consistently higher than the surface concentrations during summer and autumn (Figure 7). 
This coincides with the periods of extreme temperature stratification and low dissolved 
oxygen in the hypolimnion. Filterable reactive phosphorus at 30 m depth reached a 
maximum concentration of 0.259 mg L-1 in April 1986. The vertical gradient in FRP 
concentration has decreased since deployment of the bubble plume aerator and the large 
flux events have been eliminated. 
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Relating nutrients to algal biomass 
In Myponga Reservoir the nutrient loading from the catchment occurs predominantly 
during winter and early spring. The nutrient pool is not utilised immediately as 
phytoplankton growth is limited by cool water temperatures and grazing pressure. As 
water temperature increases the phytoplankton grow rapidly and chlorophyll a 
concentration increases with a concomitant decrease in FRP (Figure 8). FRP 
concentrations decrease to below the detection limit (0.005 mgL-1) and the chlorophyll 
decreases some time later and the seasonal cycle is repeated.  
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With the internal nutrient load controlled in Myponga Reservoir the input of nutrients is 
dominated by catchment sources. In Myponga Reservoir two tributaries contribute the 
majority of the nutrient load, but loading is both seasonally and interannually variable. 
 
Rainfall in the Australian context is highly variable in space and time with significant 
seasonal and inter-annual variability. Inter-annual variability in rainfall patterns over 
eastern Australia are strongly influenced by “El Niño” events, which are characterised by 
sustained warming over a large part of central and eastern Pacific Ocean, and low rainfall 
on land. El Niño events are opposed by “La Nina” events that show essentially the 
opposite patterns of sea surface temperature and bring higher than average rainfall (23). 
Nicholls & Kariko (24) concluded that the El Niño-Southern Oscillation (ENSO) mostly 
effects the frequency and intensity of rainfall in Australia and exerts less influence upon 
the length of events. 
 
Years of high mean annual SOI (Southern Oscillation Index) coincide with years of high 
flow volume in the Myponga catchment (Figure 9). Deviations from the trend are 
explained by variation within years. For example, in 1999 the mean annual SOI was 
influenced by strong positive values in January and December but were otherwise low, 
resulting in low flows. In 1992 the monthly mean SOI in May, August and September 
was slightly positive and all three months received higher than average rainfall. The low 
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flows found in 1988 were possibly due to the strong negative SOI values in the first half 
of the year remnant from the strong negative SOI values in 1987. 1984 and 1985 also had 
a number of winter months with negative SOI values. 
 
We have seen that high flow results in high TP loads and reservoir concentrations. The 
result of a high maximum TP concentration in Myponga Reservoir results in a high 
chlorophyll a concentration (Figure 10). This figure show the relationship between the 
maximum annual TP concentration and the maximum chlorophyll a found in the 
following growth period in the years between 1985 and 2000. Two outlier years, 1988 
and 1993, are excluded from the regression in figure 13. 1988 was unusual in that it had 
early rains and consequently there was 6 months between the TP and Chl a maxima. In 
1993, hypolimnetic anoxia caused by thermal stratification, released higher than usual 
FRP concentrations from the sediments, sustaining high algal biomass and resulted in a 
high maximum chlorophyll a concentration. The operation of the bubble plume aeration 
system since 1994 has most likely prevented this situation from recurring (20). 
 
 
 

Figure 9. Relationship between annual mean Southern Oscillation Index and flow into 
Myponga Reservoir. 
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Figure 10. Relationship between maximum total phosphorus and maximum chlorophyll a 
in the following growing period. 
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DESTRATIFICATION AND CONTROL OF CYANOBACTERIAL GROWTH 
Because weather and limnological conditions are never constant it is difficult to 
determine whether destratification has an impact on cyanobacterial growth without very 
extensive historical data sets. An alternative approach is to use numerical models to 
simulate the hydrodynamics and cyanobacterial growth. Dyresm-Caedym is a coupled 
hydrodynamic, water quality and algal growth model available as free-ware from the 
Centre for Water Research, The University of Western Australia 
(http://www.cwr.uwa.edu.au/). The modelling approach has been used in our studies to 
evaluate destratification in Myponga Reservoir. Meteorological variables measured at the 
stations on the reservoir were used for model inputs. Algal growth was simulated using 
equations describing nutrient and light limited growth of Anabaena circinalis and floating 
velocity. The model was used to evaluate the following scenarios: 
 
No Mixing 
Under natural conditions the model predicts that the water column at Myponga would 
remain stratified for approximately six months each year (Figure 11), which is 
corroborated by the historical data which identifies long periods of stratification (Figure 
6). Temperature differences between the surface and 15m exceeding 5 ºC are not 
uncommon. During the periods of stratification  conditions favour the cyanobacteria and 
when the surface mixed layer is sufficiently shallow they can grow rapidly (Figure 12) 
and reach concentration of approximately 8 µg L-1 Chla (~11,000 cells mL-1). 
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Figure 11. Simulated seasonal temperature structure at Myponga Reservoir with no 
artificial destratification 

 
Figure 12. Simulated Anabaena concentrations in Myponga Reservoir with no artificial 
destratification. Units are Chla (µg L-1) attributable to Anabaena. 
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Bubble plume aerator 
Simulations over the same period (1999-2000) but with a bubble plume aerator 
operational shows there is a significant breakdown of the temperature stratification, 
however there are still periods during intense insolation when a shallow surface layer 
persists (Figure 13). The Anabaena concentration is also significantly reduced with the 
operation of artificial destratification. The maximum concentration of Anabaena 
chlorophyll a under destratified conditions is 2 µg L-1, approximately 25% of the 
concentrations expected in the reservoir with no artificial destratification. 
 

Figure 13. Simulated seasonal temperature structure at Myponga Reservoir with artificial 
destratification using a bubble plume aerator. 
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Figure 14. Simulated Anabaena concentrations in Myponga Reservoir with artificial 
destratification using a bubble plume aerator. Units are Chla (µg L-1) attributable to 
Anabaena. 
 
CONCLUSIONS 

• Cyanobacterial and phytoplankton growth in reservoirs is determined by 
environmental conditions which vary at scales ranging from minutes to seasons 
and interannually. 

• The growth of Anabaena is favoured by a shallow surface mixed layer where light 
availability is increased. 

• Although Anabaena is problematic because it produces geosmin it is a small 
component of the total phytoplankton biomass in Myponga Reservoir. 

• Annual nutrient loading to Myponga Reservoir is highly variable and determined 
by flood magnitude and strongly influenced by El Niño. 

• The magnitude of the phytoplankton community is correlated to the nutrient load. 
• Artificial destratification, and manipulation of the physical environment, is 

capable of significantly reducing the cyanobacterial concentration and the internal 
nutrient load. 

• To successfully manage cyanobacteria there needs to be integrated management of 
the catchment, the water body and the treatment plant. 

• The limiting of light availability by artificial destratification and controlling 
nutrient sources remain the most sustainable strategies to control cyanobacteria. 
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SELECTIONS FROM TRANSCRIPT 
“Control of cyanobacteria is difficult and has plagued managers for 50 years or more.  
Within optically shallow water bodies, those where we have coloured water, there's the 
opportunity to manipulate the light environment in order to start controlling 
cyanobacterial growth.  One of the best mechanisms we have for doing this is by setting 
up basin-scale circulation with a destratification device and these can be bubble plume 
aerators, but we also did some work at Myponga Reservoir looking at whether we can 
overcome some of the favoured buoyancy by sucking the buoyant colonies near the 
surface through a mechanical mixer and putting them down at depth.  The whole aim of 
this was twofold – one is to put oxygen at depth as well so we start controlling sediment 
release of nutrients and the other is to mix the storage in order to light- limit the 
cyanobacteria.   
 
“Tthe way these bubble plume aerator devices work is aas an air diffuser, and we're 

putting in a series of fine bubbles into the 
water column.  As these bubbles rise they 

w
w
N
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w
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sy
expand and they entrain water from all 
depths within this water column.  Now as 
we know, we’re going to have different 
densities of water through here, so this 
entrained water at the surface has a 
density of its own which is the equivalent 
of the sum of all this water that it’s 
entrained along the way.  It’s going to be 
denser than the surface water which is 
buoyant and so it plunges down into the 
water column and forms an intrusion 

hich moves out through the reservoir.  As this water moves out we need to replace that 
ater and so we get these big circulation cells generated on either side of the intrusion.  
ow what this does is act to disrupt stratification, so when we get wind mixing operating 
 top of that, then we can push through the stratification and mix deeper into the water 
lumn.  One of the problems we’ve found with artificial destratification though is that 
e still get surface heating.  As we’ve seen in the previous slides, surface heating gives 
se to Anabaena or Microcystis growth and if you've got buoyant cells they sit up in these 
ttle pockets and we’re not entraining them within the flow in our aerator.   

Bubble plume aerators

“But does it work?  There is good 

evidence that we can control the internal 
nutrient load with an aerator because we 
only need to be able to control our 
dissolved oxygen to around about 3 
mg/litre.  There’s a good chance we can 
put in enough energy and enough mixing 
and get enough atmospheric exchange 
into that reservoir in order to cope with 
the oxygen demand of the sediments and 
BOD.  To illustrate that, here are some 
data from Chaffy Dam which is near 
Tamworth in New South Wales.  In this 

stem it stratifies for about 10 months of the year. There’s a large internal nutrient load, 

Destratification and growth

• In some reservoirs the 
internal nutrient load is 
significant

• Chaffey Dam (NSW)

• Large internal load

• destratification trialled

• reduced internal load

• reduced algal biomass
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highly developed agricultural catchment and a long history of fertiliser application, so 
there’s a lot of phosphorus which is now tied up in sediment from historical land use.  
Again we see this linear relationship between phosphorus and the algal abundance, so as 
the reservoir turned over, this phosphorus in the bottom water became available for algal 
growth in the following year and not surprisingly, the more phosphorus you have the 
more phytoplankton you have.  With the destratification attempted, what it acted to do 
was decrease the phosphorus in the bottom water because it kept oxygen in the 
hypolimnion and as that occurred, we got less phosphorus release and consequently lower 
algal abundance.  In years without destratification we’re still getting a high algal 
abundance.  The aerator didn’t control cyanobacterial growth, we still got Microcystis and 
Anabaena growing, but what we did see was a big reduction in yield and so the aim of 
controlling nutrients is to decrease our yield.   
 
We set out to see whether we could use mechanical mixers to start light-limiting algae 

and overcome some of theadvantages 

a
s
 

b
m
w
it
 

provided by buoyancy and stratification.  
So the aim of this was to directly tackle 
the surface mix layer, the surface 
heating and pull down  cells that were 
within that area and put them at depth.  
Unfortunately it wasn’t as successful as 
we’d hoped because what we’re 
working against is the intrinsic 
buoyancy of the surface layer.  So as we 
deposited it at depth, it’s buoyant and 
because we’re not entraining any water 

long the way, when it gets to the bottom it’s still buoyant and it pops back up to the 
urface, so we had a lot of short-circuiting within the system.   

Surface mixers

“So although we do get some 
entrainment and a small 

intrusion, it's nowhere near the 
sort of mixing efficiency we 
saw with the aerator.  This is 
what our mixers look like.  
They move around about 5000 
litres/second.  Under the water 
we have 10 blades rotating and 
there is a large draught tube.  
With the draught tube we’re 
putting water down to about 15 
metres.  Once we had a 
temperature difference of 
around about half a degree 

etween where we were pulling water from at the surface and the bottom water, then our 
ixer wasn’t working anymore.  So if we had basically an isothermal water column 
here you don’t need mixing, our mixer would work.  Once we start getting stratification 
 started to fail.   

Surface mixers
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In order to look at reservoir scale application of a device such as this or to get some idea 
about how nutrient reduction is going to affect a system, it’s very difficult to go out and 
just take measurements because the reservoir is never the same.  Each time you go out 
there the reservoir looks different, it’s got different stratification behaviour, it’s got 
different nutrients, it’s got a different phytoplankton community and so what we did was 
use some models which were developed at the Centre for Water Research in order to start 
getting some estimate on how effectively these different mixing devices were working on 
destratification and how effectively they were controlling the Anabaena population.  We 
tried a number of different scenarios looking at our aerator and our mixers.  In the model 
Anabaena is represented as chlorophyll and so about 3 µg/litre of chlorophyll is about 
4000 cells, just so you’re aware in the following slides ( shown in formal paper).  If we 
had no mixing in Myponga Reservoir, this is what it would look like.  So this is just a 
simulated period from winter through summer and winter again in 2000, and this is the 
surface of the reservoir and just the reservoir depth.  We can see that as we get this 
intense heating which we have in our Mediterranean climate, we get stratification 
occurring and you’ll note we’re looking at around about 5 to 10 metres.   
 
“So we have ideal conditions in Myponga with no mixing for Anabaena or Microcystis 
establishment.  In fact what we see is that we’re getting about 6 µg/litre, so 8000 to 12000 
cells per ml of Anabaena occurring through summer and particularly into autumn when 
we start getting our low wind speeds and our nice calm stable weather.  If we then put in 
our aerator and see how well that’s operating, you can see we’ve disrupted all of this 
stratification, and the aerator’s not that expensive – it’s costing us to run about $30,000 a 
year for 6 months.   
 
“So if we look at the benefits of that aerator, it’s providing a lot for its $30,000.  We can 
see it’s mixing right to the bottom.  There are still some periods where we can’t cope and 
you can see we’ve got some shallow surface mixing which is what we saw with the 
surface mix layer examples before, but in general it’s doing a good job of controlling 
Anabaena growth.  Here we’re down to about 2 µg/litre of chlorophyll attributable to 
Anabaena, so with the aerator alone we’ve reduced our population potential by about four 
times.   
 
“If we look at the mixer alone, you can see quite clearly in this slide how it’s not working.  
It’s not pushing through that thermocline and giving us the sort of mixing we need.  You 
can see we’re not fully mixing through December and January and as a result, there are 
still lots of pockets within that reservoir where the Anabaena can grow and in fact our 
concentrations are up at around 5 ½ to 6 µg/litre of chlorophyll of Anabaena.  So we’ve 
only reduced it against the no mixing scenario by about 2 µg/litre or 3000 cells per ml.   
 
“If we have both systems working in tandem we do actually see some additional benefits.  
So we have our aerator working and our mixer working, we’re seeing good mixing and 
we’re also reducing our Anabaena population down to less than 1 µg/litre.  So we’ve got 
an 8 times reduction with the two systems over what we’d have if we had no mixing at 
all.  In the type of lakes I deal with in Australia the mixing will work.  In the clear lakes 
there’s less opportunity to cope with the light limitation issue or start light-limiting the 
cyanobacteria and so it really does come down to a nutrient control issue.  So how do we 
apply what I’ve just told you to the New Zealand lakes?  Well I guess there’s nothing new 
in phytoplankton research, it’s nutrients and inoculum.” 
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QUESTIONS 
Rowland Burdon, Royal Society of New Zealand: You mentioned the accumulation of 
phosphorus in the cyanobacteria, specifically mentioning the polyphosphates.  Now I 
assume that luxury accumulation of phosphorus can tide the organisms over for quite a 
few cell divisions even if the available phosphorus in the water column disappears.  Is it a 
special feature of cyanobacteria to be able to accumulate and continue using phosphorus 
and other nutrients in that sort of way? 
 
J.B.: Yes, the cyanobacteria can go for quite a number of cell divisions.  We’ve grown 
cells out to 23 days with no phosphate; we’ve loaded them up with phosphorus and then 
left them or put them in phosphorus-free media and let them grow.  We were out to about 
23 days and then we gave them another shot of phosphorus and they were able to recover.  
This is another feature of the adaptation to a resource-poor environment which has 
allowed the cyanobacteria to do this.  Whether it’s unique to the cyanobacteria, I am not 
absolutely sure.  There may be some other species which can do it.   I don’t know whether 
there are any other algal physiologists who can give insight into whether some of the 
green algae or diatoms do that.  I presume there is some potential for luxury uptake in 
some of the other species, however it may not be as extensive as with the cyanobacteria.   
 
Charles Sturt, Rotorua District Council: Justin, you mentioned the aerators and in relation 
to your dam, what surface is each aerator able to service? 
 
J.B.: Oh, the aerator at Myponga is probably one of the best operating aerators around and 
I’m not exactly sure of the surface area.  It must be in the order of 8 square kilometres or 
something like that.  We’ve detected that with the aerators in the main basin, that 
intrusion from the aerator travels right down the side arm.  We’ve picked it up about 4 
kilometres from where that aerator is actually working, and it’s still high flow.  And 
because you will lose velocity with that and you’ll entrain a lot of other water, but you 
will generate that large circulation pattern.  The influence of the aerator is also increased 
because of the other features of Myponga which enable basin exchange.  There’s the 
differential heating and cooling, and wind mixing as well driving basin exchange, so 
altogether we’re doing a good job of mixing up that reservoir. 
 
(inaudible)  … what form of aeration will we require? 
 
J.B.: It’s a big ask to aerate a lake this big.  What you have to remember is that you’re 
trying to overcome heating by the sun and the sun’s a pretty powerful thing and so we’d 
be fooling ourselves if we thought we could mix every reservoir or lake with an aerator 
device.  David have you got any comment on an aerator for this type of system? 
 
David Hamilton, University of Waikato: Well just to comment on the areas, Rotorua is 80 
square kilometres approximately and Rotoiti is about 33 or 34 square kilometres and so it 
really becomes a trade between how much energy and how much cost we’re going to 
need in order to achieve it.  And going a little bit further, there have been a lot of 
unsuccessful applications where the efficiency and the amount of air that was supplied 
just simply wasn’t enough, and that includes one application, I think, previously here in 
New Zealand where that was the case.  Max (Gibbs) might have some other comments 
about that. 
 

 19



 

Noel Burns, Lakes Consulting: I was just wondering, another type of algae in the water 
column is the flagellates and they are also mobile by their swimming capability.  Now it 
seems as if the blue-greens aren’t competing for nutrients, is there another ecological 
adaptation that’s helping the blue-greens not compete or why aren’t the flagellates doing 
it as well? 
 
J.B.: That’s an interesting question.  We often do see a succession between our flagellated 
algae and our cyanobacteria and we’ve seen them co-exist in some shallow lakes in 
Australia, in Adelaide.  So we’ve seen paradigms in which you have flagellates here in 
your lakes co-existing with Microcystis in this lake as well.  One feature of the 
cyanobacteria though is that they do tend to float to the surface if they have heaps of 
nutrients and it may be that they can shade some of these deep water maxima which the 
dinoflagellates tend to exist in.  And so if you set up the right conditions for your 
cyanobacteria, they may actually be out-competing because they’re using the light and 
then shading deeper populations. 
 
Simon Moran, West Coast Regional Council: Just a question on the effect of the aerator 
itself, coming back to that.  If it’s covering 8 square kilometres, is there any effect on 
other uses of the lake that may work in the reservoir situation.  If there’s recreational use, 
etc. on the lake, is there any effect on that? 
 
J.B.: No, the risk to recreational uses basically comes from pathogens and the 
cyanobacteria.  With an aerator operating I can’t see too many mechanisms where you’re 
going to increase risk to recreational users. 
 
Max Gibbs, NIWA: Just recently there have been some papers produced on the collapsing 
of gas vacuoles using high frequency waves, have you any comments on the use of this as 
a way of sinking cells. 
 
J.B.: Yes there’s a fair bit of interest in ultrasound nowadays and ultrasound does collapse 
gas vesicles, it's being able to apply the soundwave close enough and have enough power 
in your ultrasound device in order to cover a big enough area to have a big enough impact 
on your population.  Within a tube if you've got a little sonicator, it's really easy to 
collapse gas vesicles and disrupt cells.  Applying it to the field, we’ve now got a study 
going on.  Mike Birch who is co-author on this paper has a study looking at a 
commercially available ultrasound device and seeing what impact that has.  That’s very 
preliminary at that stage, but there is a fair bit of interest world-wide.  We’re talking with 
Thames Water and some guys at Cranfield University are looking to get up a project on 
that as well. 
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ABSTRACT 
Declining water quality due to delayed impact of land-use intensification has prompted 
this investigation by Environment Bay of Plenty (EBOP), in accordance with the 
technical advisory group, for assessment of technical aspects of the lakes research. 
Hydrochemical and age dating measurements were made in the western Rotorua and 
northern Okareka lake catchments to assess the past and the current states, and future 
trends in water chemistry. 
 
The volcanic aquifers in the Rotorua area have large water storage capacity and therefore 
have the potential to delay the impacts of land-use intensification on lake water quality. 
Because of the hidden nature of groundwater and it’s long residence time in the aquifer, 
extensive groundwater contamination can occur unrecognised over long time periods. 
Progressively, the old pristine groundwater is being replaced by younger impacted water, 
which then starts discharging into the streams and lakes.  
 
The hydrogeology of the Lake Rotorua area can be described as a permeable pumiceous 
surface tephra layer that allows easy penetration of rainwater recharge to deeper rhyolite 
and ignimbrite aquifers. These aquifers are essentially unconfined and yield high volumes 
of groundwater. The chemical signature reflects the volcanic origin of the aquifer 
lithology.  
 
This study involved age dating of springs and groundwater wells to assess how long it 
takes for nutrient-enriched groundwater to travel from pastoral land to springs and 
streams, and to the lakes. Most of these groundwaters are relatively old, with mean 
residence times over 60 years.  
 
Trends in hydrochemistry indicate that only three analytes, nitrate (NO3-N), potassium 
(K) and sulphate (SO4) are impacted by land-use intensification. These analytes all have 
increased concentration in young groundwaters.  
 
Total Phosphorus is very low in young groundwater (<0.04 mg/L), but increases with age 
and with reducing young water fraction. Total Phosphorus is considerably higher in the 
oldest groundwater (1.3 mg/L). This demonstrates that phosphorus does not originate 
from land-use practises but is naturally leached from the volcanogenic aquifer material. 
Therefore, no changes in phosphorus loading to the lakes can be expected. 
 
The nitrate concentration is significantly higher for water recharged after land-use 
intensification. The natural background level of NO3-N (before land-use intensification) is 
assessed to be 0.15 mg/L, and the current recharge level to be 2.7 mg/L. Therefore, 94 % 
of the NO3-N in the young groundwater is derived from the land-use in the catchment. 
This is an increase by a factor 18 above natural background. 
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The following loads of phosphate and nitrate were calculated from a mass budget for the 
five springs: The current phosphate load is 13 t/yr, and this is expected to stay constant 
because it is naturally occurring. However, the current load of nitrogen NO3-N is 149 t/yr, 
and this is expected to increase to 476 t/yr once steady state is reached. The expected 
increase for Hamurana Springs, the main contributor, is shown below. 
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Dramatic increases in nutrient load are expected in the future for the large old water 

actions. Land-use impacted water carrying high nitrogen loads (NO  is the major 
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me 

brief outline, I will first talk a little bit about the problem and give a little bit of 

 

 

ussell Cort report.  We clearly see that nitrate concentrations have risen over the decades 
t 

ls 
ment 

fr 3
nitrogen component) will increasingly discharge into the lake as the old pristine water
depleted. The current total nitrogen concentration of Lake Rotorua is 0.45 mg/l. So
major springs already discharge water to the lake with 0.7-1.4 mg/L NO3-N. These are 
expected to increase to about 3 mg/L. The nitrogen concentration in the lake is therefore 
expected to increase significantly. 
 
TRANSCRIPT (edited, no graphics available) 
 
A
information on hydrogeology in the Rotorua area, then I will give some explanation of 
how we assess the age distribution in ground water.  Because this is a very new 
development, I will have to spend a bit of time on it and also will have to become a little 
bit technical.  Then I will demonstrate how we can get out time trends in ground water 
chemistry and lastly I will show how we can project future contamination releases from
the ground water system.   
 
The problem as we have heard already is that nutrients are the key for cyanobacteria
growth and in the Lake Rotorua area we have degrading water quality because of 
increasing nutrient release from ground water systems.  It’s demonstrated in data from 
R
now.  The Rotorua catchment was developed in the 1940s and at that time there was no
much impact on the groundwater quality, but only in the last decades the nitrate leve
have risen considerably despite the fact that there was not much change in the catch
development.   
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So this strongly suggests there is a delayed impact of land use to the lake water quality 
and what we need to know now is what is the link between land use and lake water 
quality, and the link is clearly the ground water.  Nutrients from land use enter the ground 
water system with rain and they travel with the ground water toward the lake.  We have 
lready done some isotope studies decades ago and we know that there are large time 

s.   

 have 

o 

shes. The data which I will present is mainly from the western 
art of Lake Rotorua which was an initial study that we did last year. There is more work 

 

 

 

ater.  

cognising them, 
ecause what comes out here can still be old pristine ground water which is not yet 

 

re 

narrow 

the two extremes which of course 
ever happen in nature.  In nature something will happen between the two extremes, 

on 

 

a
constants involved here.  This means that the arrival of nutrients to the lake will be 
delayed by decades.  Ground water distance is a key component in the understanding of 
transport of nutrients from farms to the lake, and the question is now how will this 
develop in future, so when will we reach a steady state and at what level with a steady 
state be reached?  We need accurate age information on the water to assess these thing
 
The study aim was to assess the past and current state and the future trends in ground 
water and surface water quality, so what we did was basic hydrogeology. We
measured a whole suite of hydrochemistry, we have assessed the ground water age 
distribution and we have modelled the data into time trends for water quality.  First t
hydrogeology, the Lake Rotorua catchment consists of highly porous aquifers, of 
permeous and volcanic a
p
currently going on which includes all major ground water and stream water flows around
Lake Rotorua.   
 
The cluster analysis shows here that in this area most of the waters have a very uniform
chemistry and that means the time trends which I will present are not masked by different 
materials.  The map shows clearly that the ground water flow is toward the lake and I 
want to demonstrate the problem.  We have rain discharge into the ground water system
and at some stage contamination happened or started, and this time the ground water 
travels towards the lake and also the contaminant plume will travel with the ground w
The problem here is if you are monitoring the chemistry or contaminants in surface and 
ground water, then if large time constraints are involved here, ground water 
contamination can happen over long periods of decades without re
b
contaminated, but over time this contaminant will build and the contaminant loads will 
increase in the future.   
 
These are a few ground water models which are mixing model which means, sthat for a
particular well, water which has very short travel distance gets into the well, but also 
water which has a very long travel distance, so that means any ground water is a mixtu
of different ages.  A different model, more or less the upper extreme,.  is a piston flow 
model, where only water with a very narrow age range occurs, because the water is more 
or less flowing along the piston flow, so that would be a groundwater with a very 
recharge area or a river recharge ground water system.  Fully mixed model, also called 
black box models, use piston flow system based on 
n
that’s why we are using a combination of the two models which is the exponential pist
flow model and what we need to know now is what flow situation we have to apply to 
this area here, which means we need to eliminate the black box.   
 
How can we do this?  What we need is to put a tracer through the ground water system, a
pulse-shaped tracer and by measuring the time delay on the output and the dispersion of a 
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pulse, we can accurately measure the age distribution of the water and also the mean 
residence time.  There is such a tracer available which is Tritium.  Tritium is naturally 
produced; we see tritium in the rainwater of New Zealand, and this shows us the natural 
level of tritium.  In the early 1960’s we know that there was a nuclear weapon testing 
period and large amounts of tritium were released into the atmosphere by atmospheric test 
bombs, which increased the tritium concentration in rain significantly.  Ssince the tests in 
the early 1960’s, tritium concentrations have fallen.  So we do have such a tracer 
available to illuminate the black box and the good thing is that this tracer is a hydrogen 
isotope, so it’s an ideal tracer for the water cycle.   
 
We need to have measure the output concentrations several times to accurately assess 
both unknowns.  If we take the tritium concentration in rain and if we apply ground water 
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re.    
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 data 

% 
idence time can very accurately model the data, which 

eans that the age distribution of this model does really reflect the real conditions.  For 
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 For a 

 establish not only the 
ean residence time of ground water, but also the mixing fraction.  I presented this 
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models of different mixing, there is a residence time of 20 years for these curves here.  
For 20% mixing, 50% mixing and 80% mixing we have different outputs.  For residence 
times of 40 years we would see different outputs and we can clearly see that if we have 
data in this time we can clearly measure the different age distributions.  But of course 
see that all the data are converging, that’s why we need to look with high resolution he
So that means if you have enough accuracy then we still are able 30/40 years after the 
bomb time to assess accurately age distributions.  So this was the theory - how does th
tritium now move through ground water systems in reality?  I will demonstrate a few
here from different New Zealand areas.  This is Hutt Park aquifer in the Hutt Valley.  We 
have a lot of data available here in the early 60s and we see a mixing model of only 50
mixing.  This 3.5 year mean res
m
some different wells, again in the Hutt Valley,  we have data from the early 70’s and fro
just around year 2000.  Again we can very accurately assess the age distribution which 
would be for 25% mixing, with 21 year residence time.  In a different well which is more 
on the margin, 45% mixing and 30 years.   
Looking through a few more ground water systems shows that with a piston flow model 
you can get quite a good match with real flow situations throughout New Zealand. 
few wells from Napier, again, different mixing fractions and mean residence time in the 
range of 15-30 years and also one other water of 115 years.  This is Hastings District 
Council; these are a few wells from Canterbury plains, a relatively young water of 22 
years mean residence time.  This already has a higher mixing fraction and one quite old 
water of 130 years.  So we do now have a very accurate clue to
m
methodology last week in Paris at the International Conference of Isotopetology and I got
confirmation there that there is a world-wide need for such accurate understanding of
ground water flow situations.   
 
By applying these methods now to the Rotorua area, we already have data here (this is 
mixed flow) and it shows that in the Rotorua area we have very high mix fractions, which 
means around 90%, so these are mostly confined ground water flow situations where we
do expect less mixing which means more piston flow.  But for the Rotorua area we
unconfined aquifers with high storage capacity, so they and the isotope data confirm v
well that we do have high mixing fractions here.  These are our first data from the 
Rotorua area.  We have ground water mean residence times of 30 years up to 170 years in 
this area.  Related young water fractions here show that young water means water which
is younger than 40 years, and we chose 40 years as a time because we believed that 4
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years ago was the major increase of development in the catchment.  So that fraction 
us how much water could be already influenced by land use.   
 

tells 

e see that there are waters with very little young water, which means these waters still 

ver 

antly influenced by anthropogenic effects.  Once they are able to enter the 
round they equilibrate very quickly and do not show any change over time.  But these 

r 
e do 

influenced by land use.  The natural level for potassium would be 
bout 1 mg/litre and by extrapolating to age zero we have about 4.5 mg/litre which is an 

han 0.04 

 

re, which will level out in a few hundred years to about 200 mg/litre.  Tthis is 
n ongoing project, and we are producing this data now for all the major ground water 

e lake.   

ly 

 
 

e can use the data to accurately assess the age information and age distribution 
n this aquifer.  The impact of land use is delayed by decades and in general the ground 

te 
by land use.  The nitrate 

as a natural level of 0.15 mg/litre and the current level is 2.7, which means an increase 

W
reflect the original conditions of the pristine old ground water.  I have demonstrated 
before in the Rotorua area we have a very narrow range of mixing fraction.  That’s why 
we can plot the data against mean residence time and what we see here is, this is sodium 
phosphate, silica and fluoride.  So these species do quite clearly show an increase o
time.  Especially also important here is phosphate.  Phosphate is very low in young waters 
but does increase in residence time, also the silica and fluoride.  So that means all these 
species do not show increased levels in the young area, so that’s why they are not 
anthropogenically influenced, they are not influenced by land use.  These species are 
magnesium, calcium, carbonate and fluoride.  They are nearly constant which means they 
are not signific
g
others are the kind of species which do show an anthropogenic impact which means 
higher levels at a young age.  They are potassium, nitrate and sulphate.  What I did here 
was to plot the data with this young water fraction because there should be a linea
relationship between young model fraction and the contaminant concentration and w
see such trends.   
 
From these linear trends we can now establish the natural conditions which means the 
conditions for water not 
a
increase of about 3.5.  We can see clearly that phosphate is not anthropogenically 
influenced and shows very low concentrations at a young age, which means less t
mg/litre. With an increase in age, which means an increase in time of reaction, more and 
more phosphate is leached into the sea at levels up to 1.3 mg/litre.  The last one is nitrate, 
the natural concentration is very low, 0.15 mg/litre, so the very young water which is 
getting into the ground has a concentration of about 2.7 mg/litre which is an increase by a
factor of 18.   
 
We can now use the age data to establish how much of the water is from a time before 
land use change and how much of it is from the time after that land use change, and then 
we can extrapolate into the future.  From the sudden arrival of nutrients from the 
contamination plume we will see an increase over time and we can extrapolate this 
increase.  The increase for the nitrate shows we will have quite a significant increase in 
the near futu
a
flows toward th
 
So just to summarise, we have the hydrogeology here which is characterised by high
porous, deep and confined water and relative activeness.  The hydrochemistry is 
characterised by lower calcium, magnesium and sulphate and higher phosphate and silica
carbon situations in relation to other New Zealand aquifers.   This is related to the aquifer
unit and w
o
waters have a residence time higher than 30 years.  The nitrate, potassium and sulpha
are elevated in young waters which means they are influenced 
h
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by a factor of 18.  With more and more arrival of nitrate which is already in the ground, 
we will have to expect an increase of nitrate in the future which will be in the order of 
factor 2.  Total phosphate in the young water is very low but in old water is high, which 

eans it is not anthropogenically impacted which means we do not expect any change in 

 
ef in 

f 

 
Chair:  Your question was to do with the commercial value of the algae?  I think we 
might defer that question to the general discussion on Friday. 
 
John Green, LWQS: What you’re saying is that there’s going to be an 18-fold increase of 
nitrates coming in from Hamurana Spring.  Is it possible to be able to drill down into the 
aquifer and to be able to deposit another anti-chemical to neutralise the nitrate? 
 
U.M: We are talking here about large volumes.  For example the water storage capacity 
behind only Hamurana Spring is about 5 cubic kilometres, so we are talking here about 
dimensions where you can’t really do anything.  You also mentioned an increase by a 
factor of 18 – this factor is not (I just want to clarify here), we do not expect an increase 
in the lake water quality from now in future by a factor of 18, because a lot of 
contaminated water is already here so we do already see some.  But the factor 18 is 
between the old, the very old pristine condition which was 0.15 mg/litre and now in the 
young water we see 2.7.  So the extrapolated increase of nutrient loading toward the lake 
is in the order of factor 2. 

m
the future.   
 
QUESTIONS 
Jim Gray, Tikitere Trust:  Development in terms of optional land use is being investigated
in the Taupo catchment, which is undergoing the same problems.  I have a beli
mankind that everything has been put on this earth by the good Lord for the benefit o
man, and I'm asking whether any research has ever been done on the algae and toxins to 
see whether there is commercial value, say.  We may be sitting on a gold mine and don’t 
know it. 
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Critical nutrients; nitrogen, phosphorus and algal growth in Lake 
Rotorua 

 
K.C. Rutherford, I. Hawes, M. Gibbs. 

NIWA, Hamilton 
C. Howard-Williams, 

NIWA, Hamilton 
 
ABSTRACT 
Nutrient enrichment has been implicated in significant changes in the water quality of the 
Rotorua lakes over the past 50 years, particularly Lake Rotorua itself. These undesirable 
changes can be summarised as an overall increase in phytoplankton biomass and a switch 
from a composition dominated by diatoms and green algae to one where proliferations of 
cyanobacteria (blue-green algae) are frequent.  Attempts to reverse this decline by 
reducing the external loading of nutrients to the lake have had mixed success in meeting 
target in-lake concentration. During the 1990s, following sewage diversion, there were 
initial improvements in water clarity, nutrient and chlorophyll-a concentrations, but since 
1995 the picture has deteriorated once more. Evidence has shown how a recent increase in 
the N loading from pastoral streams is compensating for much of the reduction in N 
loading achieved by sewage diversion.  
 
In this presentation we review and summarise historical and recent information on the 
nutrient status of Lake Rotorua.   We summarise the dynamics of nutrients in lakes, and 
compare these in lakes Rotorua and Taupo, highlighting the importance of internal 
loading in the latter.. We address the issue of N or P limitation, and the importance of N:P 
ratios. We note the importance of understanding the speciation of N and P in the lake, the 
difference between growth rate and yield limitation, the importance of nutrient 
availability relative to growth rate in understanding nutrient limitation.  We argue that for 
N and P to become limiting the concentrations in lake water of dissolved reactive 
phosphorus and ammoniacal nitrogen needs to return to historical low levels, of 1-2 mg 
m-3. We argue that nutrient concentrations in Lake Rotorua are at times now so high, that 
growth rates can be limited more by light than N or P. We review the physiology of algae 
and cyanobacteria and summarise how the environment of Lake Rotorua has shifted to 
favour performance of the latter over the former. Significant and sustained reductions in 
loads of both N and P appear to be required before the lake can begin to return to its 
historical quality.  Our expectation is that, even so, internal stores of N and P are such that 
water quality improvement will be a decadal scale process. 

 
TRANSCRIPT (edited, no graphics available) 
It’s nice to be here on behalf of the NIWA team This presentation is very much a joint 
effort, but cabinet responsibility doesn’t apply and this is my personal view.  I’m going to 
talk quite generally here as introduction to a lot of the talks which I think are going to 
come later in the session.   
 
I'm going to focus on Lake Rotorua and I'm going to cover some of the ground that we’ve 
already heard this morning and you will hear similar concepts expressed in slightly 
different ways, which is sometimes helpful.  You will also hear what may sound 
occasionally like differences of opinion, but don’t worry about that, that’s quite normal.   
My talk will focus around a series of key questions which I took out of the information 
that came prior to this meeting starting, and these key questions are here.  A lot of talk 
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about nitrogen and phosphorus, about limitations of growth rate, about limitations on 
biomass.  The issue of trace elements has bounced around a few times and I have some 
information to give you about that.  I’ll talk a bit about the internal load, again it’s a very 
important topic that we need to discuss a lot and again, echoing some of the things we’ve 
already heard this morning, focus on why it is that cyanobacteria seem to be particularly 
prolific in these lake systems.   
 
Before I go much further, I just want to explain why it is we get so hung up on nitrogen 
and phosphorus in the biological world and it’s because a lot of the key biochemical 
compounds that make up organisms require significant amounts of nitrogen and 
phosphorus in their biochemical structure.  Things like proteins which are the drivers of 
most processes in cells, require a lot of nitrogen.  Nucleotides which are the energy 
currency of cells, require nitrogen and a lot of phosphorus in nucleic acids - that’s DNA, 
RNA, those things that you have to have to be able to grow fast and reproduce.  They all 
require a lot of nitrogen and phosphorus.  So that’s really just a background as to why it is 
we get hung up about it.   
 
A corollary of that is that in algae, the ratios of those three elements are obviously going 
to vary according to the composition of those cells, but there’s a large extent to which 
because those essential biochemical components are essential and they have finite 
bounds, those ratios only vary within a certain finite degree.  Of course we’ve all heard 
about nitrogen and phosphorus accumulation in internal storage.  When there’s plenty of 
nitrogen and phosphorus around, all algae have got an ability of some sort to take them up 
and hang on to them for later use.   
 
An other corollary of the previous slide is that if you’re going to grow fast you need lots 
of enzymes, you need lots of nitrogen, you need lots of energy, you need lots of DNA and 
RNA, so you need lots of phosphorus.  So if you’re going to grow fast you need plenty of 
nitrogen and phosphorus.  If you haven’t got plenty of nitrogen and phosphorus you’re 
going to grow slowly and that’s just the way it is.  If you’re growing slowly because 
you've got low nutrients, you’re probably going to have an abundance of carbon but low 
nitrogen or phosphorus concentrations.  So these carbon, nitrogen and phosphorus ratios 
varying within those finite limits are indicative to some extent of the nutrient supply 
relative to the demands of growth.  So they’re informative and they’re useful and they 
vary, but within finite limits.   
 
Trace elements – we’re talking about iron, molybdenum, manganese, magnesium – are 
also really important and they’re essential parts of most cells.  For instance iron is really 
important in the electron transport chains and you can’t fix nitrogen without molybdenum 
and iron. Those trace elements are essential components, so they’ve got to be there as 
well as nitrogen and phosphorus.   
 
So first key question: does nitrogen or phosphorus limit the growth rate? I’m going to 
focus on Lake Rotorua.  Generally our perception is that growth rate is related to nutrient 
concentrations within the cells (and I stress that we’re talking about the concentration 
within the cells), so that's those nitrogen and phosphates which are bound up in those 
biochemical components we just looked at.  The typical sort of relationship that we get is 
a minimum concentration, a maximum growth rate, maximum nutrient- limited growth 
rates – so when nutrients are limiting these are the growth rates you can expect.  A 
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minimum content of cells is the absolute smallest amount of nitrogen or phosphorus or 
something else that cells have to have just in order to keep themselves going.   
 
There’s a saturation rate above which you can have more that's going into the storage 
pool, but it’s not going to allow you to grow any faster because at this stage your potential 
growth rate isn’t being limited by the amount of nutrient your cells contain.   
 
That’s just a bit of background.  A useful thing to know would be how much nutrient 
content we’ve got in our cells growing in Lake Rotorua relative to these critical values of 
saturation, where for any more phosphorus or nitrogen there will be no increase in growth 
or our minimum which determines our point at which no further growth can occur.  That 
would be a useful thing to know.  Can we actually get those sort of numbers for Lake 
Rotorua? It’s an indirect approach and the approach that I'm going to use is some 
bioassay data from the early 1990s which is the best data I think that I know of for 
beginning to address those questions.   
 
Justin talked a bit about bioassays, and essentially what we do with this type of approach 
is we take a sample of lake water and we might add nitrogen to it, we might add 
phosphorus to it or we might add nothing to it, in which case we have our control system.  
We do something to it for a few days, and the conditions that we apply during those few 
days is actually quite important to the outcome of the experiment.  That’s what makes 
bioassay experiments often quite difficult to interpret.  But essentially we incubate them 
under what we hope are favourable conditions and if we find at the end of our incubation 
period that the part we don’t add any phosphorus to has turned bright green, a lot of algal 
growth, it’s an indicator that under those growth conditions shortage of phosphorus was 
unlikely to be limiting growth in these other treatments.   
 
The sort of array that we have are these various combinations of treatments.  Justin talked 
about those.  We add nitrogen, we add phosphorus, we add nitrogen-phosphorus, 
sometimes we add nitrogen-phosphorus-trace elements because we’re worried about this 
possibility, and then after 4 days we measure these various things within the experimental 
bottles.  And the only thing that’s ever been reported from these experiments is what 
happened after 4 days and the conclusion that was made was that most of the time 
nitrogen limited growth under the conditions that we applied.   
 
But there's a lot more information in those experiments that I'm going to work you 
through and try and get some of these critical indicators off nitrogen and phosphorus 
sufficiency in cells within the lake.  We’re looking at nitrogen and phosphorus.  PN is 
particulate nitrogen, that’s essentially the nitrogen that's in the phytoplankton cells within 
the water sample,  nitrate and ammonium.  At the start of the experiment and in the 
control those nitrate and ammonium were at very low concentrations.  There’s also 
organic nitrogen which is a name that covers a multitude of things, but it’s nitrogen that 
isn’t any of those other things.  It’s not nitrate and it’s not ammonium; what it is we don’t 
really know.   
 
We’ve got similar considerations for phosphorus.  Particulate phosphorus in the cells, 
reactive phosphorus  (almost the same as filterable reactive phosphorus), dissolved 
organic phosphorus too.  After 4 days of incubation in the control situation nothing much 
happened.  If we add nitrogen (representing  the  times of year that we’ve got all this extra 
nitrogen) as ammonium,  that ammonium is very rapidly taken up over the first four 
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periods and it appears straight away in the phytoplankton in this particular fraction.  So 
essentially we’ve got a direct transformation of ammonium through to phytoplankton.  
Phosphorus, the dissolved reactive phosphorus, has started to decrease slightly here and 
the particulate has gone up again, so we’ve transferred this phosphorus from dissolved 
reactive to particulate.  We haven’t touched the dissolved organic phosphorus and also we 
haven’t touched the dissolved organic nitrogen.   
 
What we can infer from those particular aspects of those experiments is that those field 
collected samples were taken straight from Rotorua.  They contained dissolved reactive 
phosphorus at concentrations that can be taken up by those cells if they need it.  The 
reason why I say that is because as soon as we added nitrogen, then the phosphorus was 
taken up, but if we didn’t add nitrogen it just stayed, it wasn’t used.  It was available but 
wasn’t used,  and that’s an important point.  It suggests that our field-collected samples 
are full of phosphorus.  They’ve got all the phosphorus they need at that time, but if 
there’s nitrogen supplied then their internal pool goes down a little bit and they start 
taking up a bit more.  Our field-collected samples take up dissolved inorganic nitrogen 
which is our ammonium and nitrate.  They take them up very rapidly if it’s supplied, but 
at the concentrations that were present in our field-collected samples they were at the 
limits of the amount they could take up.  There was no more they could take up, they 
were already as supplied as they could get.   
 
So another inference we can make from those data is that when we collected those 
samples the amount of dissolved inorganic nitrogen in the water was at the limit for 
uptake by those cells.  Plenty of phosphorus, not so much nitrogen.  If we add phosphorus 
to those same experiments, what you can see is that nothing really happens.  The 
phosphorus that was present when we added nitrogen still stays there.  We add more and 
it still pretty much stays there.  It reinforces our view that those field- collected samples 
had plenty of phosphorus but they were a bit short of nitrogen.  We know we’ve got 
ample phosphorus here, but we still haven’t touched any of this nitrogen which is 
dissolved organic nitrogen, so once again that kind of leads us to the conclusion that the 
dissolved organic nitrogen is largely unavailable to phytoplankton growth.   
 
So the really important parts are the particulates (nutrients) which are in the 
phytoplankton and the dissolved inorganic N and P which is the stuff that they can 
actually get their hands on when they need it.  If we add nitrogen and phosphorus, and 
here I'm comparing the plus nitrogen plus phosphorus treatments, we get more of the 
same.  Again we take up all of that nitrogen at pretty much the same rate and once again 
we take up all of the extra phosphorus we’ve added and it all gets converted to particulate 
nitrogen and particulate phosphorus.  Just summarising some of those conclusions and 
looking at trying to get a handle on the important concentrations and targets and numbers 
that we need to keep in our minds for these lakes.   When they have plenty of nitrogen 
they took up dissolved reactive phosphorus down to less than 2 mg/cubic metre of 
concentration.   
 
So an inference from that is that in our field situation, if we’ve got dissolved reactive 
phosphorus of more than 2 mg/cubic metre then it’s not unlikely that there’s plenty of 
phosphorus available.  When we apply phosphorus in excess the ammonium and the 
nitrate both went down to less than 3 mg/cubic metre.  Our inference is that if you've got 
5 mg/cubic metre or more of dissolved inorganic nitrogen the cells have got plenty, that’s 
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well within their capability to take that stuff up.  You will see where we’re going with this 
shortly.   
 
Using this data we can also look at the internal nitrogen and phosphorus concentrations 
inside the cells.  What we’re looking at here is the particulate phosphorus to particulate 
carbon ratio expressed as a percentage and what we’re looking at here is the bio-assay 
response, the growth increase in terms of carbon increase over our 4 day period in 
response to giving these cells more phosphorus.  What you can see basically is that there 
is no response.  Number one is relative to the control, one means no change.  So what we 
can say there is that if we’ve got a phosphorus to carbon ratio within our cells of 1 or 
more, then they’ve got plenty of phosphorus in their cells for growth.  We can do a 
similar thing for nitrogen and we see a slightly different plan, We’ve got very much of an 
increase here, a break point of around about 10 to 12% nitrogen as a component of carbon 
and if we’re above those critical numbers, then we can add nitrogen and we don’t get an 
increase in growth.  Below that number we add nitrogen and we do get an increase in 
growth.  So these are beginning to home in on some of these critical numbers of 
concentrations and contents which are determining whether or not  phosphorus is limiting 
under field conditions.   
 
We can also go on to look at the relationships between external nutrient concentrations, 
dissolved reactive phosphorus concentration in this case and phosphorus content and 
storage.  Here we’re looking at the particulate phosphorus response to adding phosphorus.  
So what we’re saying there is that if these cells are short of phosphorus. then when you 
give them some they’ll take it up fast.  And indeed what we find is that below a 
concentration of about 4 mg/cubic metre we begin to get in a situation where the cells 
would say, okay there’s some phosphorus, thanks very much, I’ll have some of that.  
Above that they’ve got plenty.  Looking at the same deal in terms of ammonium it’s not 
quite such a nice plot as the phosphorus, but here we’re looking at the cells’ tendency to 
take up nitrogen when it’s offered in relation to how much is actually sitting outside the 
cells.  And once again we’re getting a situation where until we get down to quite a low 
concentrations, around about 5 or 6 mg/cubic metre, then we’re not getting any real 
response from the cells to giving them more nitrogen.  It’s a similar situation for nitrate, a 
similar sort of concentration of 2-3 mg/cubic metre.   
 
So what I'm going to suggest is that these give us a handle on what the critical nutrient 
concentrations are, both in the water and in the cells themselves.  If we’ve got dissolved 
reactive phosphorus of more than 2 mg/cubic metre or inorganic nitrogen of more than 5, 
we’ve got a pretty healthy supply relative to the demands of growth under our growth 
conditions.  If we’ve got 4 mg/cubic metre of dissolved reactive phosphorus, we have a 
concentration which is enough to support surplus phosphorus accumulation and with 
dissolve inorganic nitrogen, the same for nitrogen.  Tfor the internal concentrations inside 
the cells, if we’ve got a particulate phosphorus to particulate carbon ratio of about 1 to 
100 we’ve got plenty of phosphorus, phosphorus isn’t limiting growth rate. Similarly for 
nitrogen – the indication is that if we’ve got a particulate nitrogen to particulate carbon 
ratio of 1 to 10, this is indicative of ample nitrogen.   
 
Now the last inference here is that if phosphorus is limiting, because the internal 
concentration of phosphorus is low, the nitrogen-phosphorus ratio of the algal material, 
that’s the particles, is going to be greater than about 10.  If it’s less than about 10, then 
we’re probably expecting that nitrogen will be less available for growth than phosphorus 
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inside the cells.  Kit Rutherford has assembled a whole lot of water quality data from 
Lake Rotorua and we’ve added a few more bits of data that we found.   
 
Looking at when those critical concentrations over the period from 1967 through to 2003 
were approached or met, there is a zone of criticality where within or above this zone 
we’ve probably got plenty of phosphorus to support growth and below it we’re in the 
situation where we can expect there to be a limitation.  This applies for DRP and for 
ammonium.  So I'm suggesting that historically we were in a situation when DRP 
phosphorus was not infrequently at concentrations which were limiting to growth.   
 
Certainly in the 80s and early 90s we never got to that stage, there was always plenty of 
phosphorus left in the water column.  After the diversion of the sewage effluent in about 
1991 we had a period when we dipped down nicely occasionally, but we still had plenty 
available at other times.  In recent years it’s a bit more difficult to say, but certainly the 
situation is that we’ve had low concentrations indicative of rapid uptake and potential 
limitation.  We’ve also had high concentrations and the same applies to ammonium.    
Nitrate is similar.  There’s less nitrate available than ammonium, but we’re getting an 
increase over the sewage years, then a decrease and perhaps a slight increase now.   
 
What about those critical internal ratios, do they tell the same sort of story?  I’ve plotted 
those ratios for the only period we’ve got good data for which was between 1988 and 
1994.  The green line marks the critical numbers and I’ve adjusted the scale such that all 
of the ratios have the same critical value.  The red is phosphorus content relative to 
carbon.  It’s almost always higher than that critical ratio, so almost always we can expect 
phosphorus not to be exerting a strong limitation on the rate of growth.  After 1991 
nitrogen also it dipped down a little bit getting back into those nitrogen-limited 
conditions, but certainly during that 1980’s period the nitrogen concentration was pretty 
high in those cells, at levels which we would associate with a healthy nitrogen content.  
The nitrogen to phosphorus ratio has always been low throughout that period, 5 to 6, 
which supports our  view that this is an unusual situation in which nitrogen is often 
limiting as well as phosphorus, potentially.   
 
One thing that often gets discussed, particularlyrelevant to  of Uwe’s recent talk about the 
increase in nitrate load to come, is whether we can engineer a situation where we take the 
lake to a phosphorus limited condition away from its current apparent prevalence of 
nitrogen limitation.   
 
I would start out by saying that at the moment there’s plenty of phosphorus available and 
it seems to be mostly in excess of growth requirements.  What we need to do is to get that 
C : P ratio up well above 100 and our DRP concentration down to 1 mg/cubic metre or 
less, in order to achieve that phosphorus limitation.  Based on a quick analysis of the total 
phosphorus/ dissolved reactive phosphorus relationships, we need to get our TP down to 
around about 20 mg/cubic metre or less in order to achieve phosphorus limitation which 
is basically a halving of the current condition that carries on to at least a halving of the 
phosphorus load in order to achieve that situation.  
 
The next one I am going to talk about is nitrogen or phosphorus and biomass.  Growth 
rate is subtly different to biomass and Justin’s already talked about that.  A lot of the 
preoccupation with biomass limitation dates back.  The approach that they took then was 
a real leap forward in limnology because it was trying to look for the unified theory of 
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life, the world and everything in terms of lakes.  They did a really good job at the time in 
linking the phosphorus loads with phosphorus concentrations, and phosphorus 
concentrations with chlorophyll production.  But there have been a few problems with 
these sorts of relationships where they have many lakes and look at the phosphorus loads 
and the chlorophyll production.  These are pretty good if you’re quite careful about the 
lakes that you select.   
 
One of the problems with Rotorua if we think about that one is that over time we have 
seen changes in total phosphorus, total nitrogen and chlorophyll and there are the mean 
annual concentrations of those variables.  We can see that total nitrogen was increasing up 
through to the 80s and then levelled off a bit.  Total phosphorus looks like it might 
slightly go down a bit, chlorophyll’s following that sort of pattern, but if you look at the  
relationships between them, it’s not great.  Total nitrogen and chlorophyll, again it's not 
great it’s a little bit unconvincing as a relationship.   
 
So I want to take the focus slightly away from the classical load chlorophyll response and 
talk a bit about capacity limitation, which basically says that our biomass or our final 
yield of algae becomes resource limited when the availability of that resource is 
insufficient to maintain their growth..  It means that if you can’t grow fast enough to 
counteract what you’re losing somewhere else to grazers, to sedimentation, to outflow, 
then your biomass is not going to increase.  Now our problem here is that when we 
looked at those nutrient situations, the picture that I was painting, based on data that we 
have, was that for most of the time phosphorus and for at least quite a lot of the time 
nitrogen, were unlikely to be constraining growth rate.  So we haven’t got a restriction to 
our growth rate imposed by those nutrients and yet this says that our nitrogen and 
phosphorus capacities weren’t being met.   
 
So there may well be something else that’s kicking in here which confuses things.  This is 
taken from one of Colin Reynolds’ publications where he discusses the use and abuse of 
the OECD type of models.   His suggestion, which is a totally logical one, is that a lot of 
the time where we have phosphorus yet it is limiting our capacity to grow, the type of 
relationship that we expect between phosphorus and chlorophyll holds really well, and as 
we increase phosphorus, that will be fine until we reach a stage where something else 
begins to limit our capacity.  In this case it might be nitrogen, or it might be light, and so 
instead of taking the  trajectory which would be our phosphorus-defined trajectory, we’re 
taking our nitrogen-defined trajectory and our light-defined trajectory.   
 
You can see that now we’re beginning to get a lot of scatter around this overall 
phosphorus/chlorophyll line.  So is it possible that we’re in a situation where some of 
these wild card things are actually important in these lakes, and maybe one of those is the 
possibility of light-limited capacity?  The problem is we don’t have really good light data 
covering a long period of time in these lakes.  What we do have is good data on the clarity 
of the lake and  the chlorophyll concentration, so I measure our phytoplankton biomass.   
 
What I hope you can see is that there's certainly a correspondence between changes in 
chlorophyll and changes in water clarity.  Water clarity is expressed in a slightly odd way 
in that it’s expressed along from a zero to minus 4, so down here we can see 3 metres into 
the lake,.  up here we can see 2 metres into the lake.  This is low clarity associated with 
higher biomass and  high clarity associated with low biomass down here.  What we’re 
looking at is a potential density stand-off mechanism and I say that because the higher the 
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density of phytoplankton, the greater the degree of limitation of growth because the more 
phytoplankton there are and the darker the water is, the less light there is available for 
growth.  So we’re increasing our possibility of light (being a factor).   
 
We don’t have good light data and that’s a problem, but we can use a bunch of 
relationships that are fairly well established to estimate how much light we’re getting 
within the lake.  The number to look at here really is this 10 to 15 metres and that’s an 
approximation of the mixed water column depth to which eukaryotic phytoplankton 
occur.  And we mustn’t forget that we don’t have problems just with cyanobacteria, we 
have problems with proliferation of other algae as well, We think that eucaryotic 
phytoplankton (that’s non-cyanobacteria), can sustain themselves to a depth of about 10 
to 15 metres in Lake Rotorua.  So a suggestion there is that certainly for the eucaryotic 
phytoplankton we could be put in a situation where light is potentially a factor influencing 
growth rate, because of the high biomass of phytoplankton.  Some species  of 
Cyanobacteria can handle much lower light intensities, and the critical max depth for 
them may be closer to 30 metres.  So with the situation there don’t look on it as a factor 
that can’t affect cyanobacteria, but look on it as being another factor which is promoting 
cyanobacteria relative to other types of phytoplankton.   
 
Carbon dioxide – that's an interesting one.  We  think of carbon dioxide as being 
universally available.  It comes from the air, we breathe it in and we breathe even more of 
it out.  And lakes exchanging gases with atmosphere usually have got plenty of carbon 
dioxide, but it’s not always the case and Rotorua is unusual.There's about a quarter of the 
dissolved carbon in Rotorua than there is in Lake Taupo for instance.  The reason for that, 
Mike Timperley our chemist assures me, is that the acidity of the geothermal water is 
actually titrating a lot of the carbonate out of the water, so the sulphuric acid that’s 
coming in via geothermal inputs is largely responsible for the low carbon concentration.  I 
notice concentrations are close to concentrations overseas that have been found limiting 
to photosynthesis. Maybe the university is going to tell us later on in the next two days, 
whether those have been repeated recently in the Rotorua district and if so, I would be 
really interested to hear about them.  Look on this next point not so much as a reason why 
it’s a growth limiting factor, but there's another reason why cyanobacteria can out 
perform other algae - it’s pretty well known that they have mechanisms for  concentrating 
carbon dioxide within their cells so that they can actually perform really well at low 
external concentrations.   
 
Trace elements are key components of bio-chemical systems but they are really hard to 
measure in a way that is actually meaningful, because often you can have a higher 
concentration in a fresh water system but it is all tightly bound up with those dissolved 
organic materials that are floating around, so you can measure it but it might not be 
available.  The best thing I could offer are the results of the bio-assay experiments which 
show what happens to growth over time if we add nitrogen and phosphorus and what 
happens (very little) if we add trace elements as well.  So I suspect that trace elements 
may be something that could bear a further look at, but they don’t really wave themselves 
as a massive red flag at the moment.   
 
, Justin talked really well about the internal load so I’m not going to go on about that a 
great deal,   but I want to stress that of the nutrients that enter the lake, nutrients that enter 
Lake Rotorua for instance – only about 20 to 30% of those that come in ever go out via 
the Ohau Channel.  The rest of it stays in the sediment and some of it get degassed.  
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Nitrogen gets degassed into the atmosphere as nitrogen gas.  It enters the sediments and 
once it’s in there it’s freely available to return to the water column and promote more 
growth, which may then settle out again, so it can actually go through that cycle in the 
lake many times.   This is the problem of internal loading, which is one of those things 
that tends to delay response to load reduction because of that big pool sitting inside which 
keeps coming in and going out of the sediment.   
 
What I want to stress here is that there are two types of sediment release.  There’s 
sediment release that occurs under oxic conditions, when there is oxygen present and 
what that tends to do is generate ammonium, for instance, within the sediments, but in the 
oxygenated surface layer of sediments that's largely converted to nitrate which then goes 
into the water column.  So we’re getting nitrate and we’re getting phosphorus released 
through the bacterial and protozoan breakdown reactions and they are released into the 
water column as nitrate and dissolved reactive phosphorus.  Because they’re the product 
of cellular material, the ratios of these two are often very close to the ratios in that cellular 
material.   
 
I’ll give you an example of that from Lake Taupo which is always oxic, always oxic 
release.  Here after stratification in August, nitrate increases very quickly and DRP is 
increasing.  Also almost all of the dissolved inorganic nitrogen that’s accumulating over 
time in this oxygenated deep water layer is nitrate, and the relationship between the 
nitrogen production and the phosphorus production is around about 5 : 1.  It’s pretty 
consistent with the kind of ratio that we see in biological materials.   
 
When we get anoxic situations we have the possibility of chemical release of phosphorus 
into the anoxic water.  We get primarily ammonium being released as opposed to 
nitrogen.   There’s no oxygen to form nitrate so the products of anoxic sediment release 
are ammonium and lots of dissolved reactive phosphorus not necessarily in those bio-
chemical ratios.   
 
So what we would suggest is that accumulation of phosphorus and ammonium in the 
water column, less so nitrate, is certainly an indicator that these are products of internal 
cycling.  In Rotorua again, over a period from 1980 through to 2000, there was a lot of 
phosphorus, a lot of ammonium, less nitrate than ammonium.  Nitrate, remember, is 
coming from oxic sediments, ammonium is coming from anoxic sediments.  The 
relationship between ammonium release and phosphorus is anything but that kind of nice 
tight bio-chemical sort of ratio and in fact this is one of those famous log log scales. 
There's an old ecological adage, if you don’t get a straight line with a log log scale then 
your data has something terribly wrong, but there’s no straight line in this example at all.  
So there's no relationship there between the phosphorus concentration and the ammonium 
concentration.   
 
Summarising quickly on that internal loading issue:  The presence of lots of reduced 
species, particularly ammonium, is indicative of recycling processes associated with 
anoxia much of the time.  We suspect that the sediment quality in Rotorua is really low at 
the moment.  It’s quite likely that the surface is always close to or at anoxia and therefore 
we’re getting a lot of this internal loading occurring.  I would suggest  that we may 
actually be considerably underestimating that load..  It was particularly high during the 
1980s and early 90s according to the ammonium concentrations that we saw.   
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Why is it that cyanobacteria are proliferating?  Justin again did a really good job of 
highlighting some of the reasons why cyanobacteria proliferate under natural conditions.  
It's really important in the Rotorua case because we quite often stand up here and say 
there’s evidence that things are getting better. Looking at  the annual cycle of chlorophyll 
concentration, by  taking all the numbers we’ve got between 1960 and 1970 and 
expressing them as their fraction of a year,   we get a a late summer biomass maximum 
deoxygenation.  A classical sigmoid cycle fits this curve.  In 1970 to ‘80 the curve goes a 
bit higher, with higher concentrations, but it was in the 80s and 90s that things got really 
wild and there were really huge concentrations of chlorophyll happening in summer and 
in winter.  We looked at the 90s to the recent data and it seemed like it was getting better, 
particularly after the sewage diversion.  It's quite hard to show those sort of data and yet 
the perception is, and it’s the absolutely right perception, that the water quality is really 
bad.  A lot of that revolves around the fact that we’ve had a major shift from a diatom of 
green-dominated phytoplankton community in the early years through to the prevalence 
of cyanobacteria,  despite the fact that our concentrations of these nutrients and our light 
conditions in these lakes haven’t really changed all that much.   
 
Theses are the sorts of conditions in Rotorua that are really conducive to cyanobacterial 
dominance.  When wee have a large amount of material in the water column it gives us 
those low average irradiance in the mixed water column.  This light is green and low 
amounts of green light is something which favours cyanobacteria over other types of 
algae.  We have got low DIC (dissolved inorganic carbon) and cyanobacteria are better at 
using that than other types of algae.  We’ve got plenty of phosphorus, we’ve got a small 
amount of nitrogen.  Cyanobacteria in some cases have that potential to fix nitrogen.  
Nitrogen fixation isn’t the absolute kind of answer to growth in the high biomass 
conditions because it requires a lot of light as well.  It’s one of those light- requiring 
things and so it’s not a panacea but it helps.   
 
Cyanobacteria tend to have a higher ability to take up ammonium than other types of 
algae which often are better than cyanobacteria at taking up nitrate, but there really isn’t 
any nitrate there.  We’ve got a relatively shallow lake with sediments, and other deep 
reserves are in close proximity, and the possibility of cyanobacteria to move up and down 
in the water column potentially gives them access to that.  Over the years we’ve built up a 
lovely inoculum of Anabaena and Microcystis in most of the lakes now, the inoculum is 
there, it's ready to go.  And they like warm temperatures and the temperatures of Rotorua 
do get pretty warm.  And it's probably a combination of all of these factors together, along 
with this issue of histeresis.   
 
There was a really good review done quite recently by someone at Heinzstraten and some 
people from Europe, and they highlighted the probability that there are two sets of factors 
that affect cyanobacterial dominance.  There are those that promote cyanobacterial 
growth in the first place and there are those attributes which sustain them once they are 
established.  And those promoters of growth are these things like warm summer 
temperatures, the presence of a good inoculum and nitrogen and phosphorus available in 
plentiful supply.  They promote the initiation of a bloom.  
 
The resistance of cyanobacteria to grazing and their ability to avoid sedimentation, unlike 
other types of phytoplankton, are   attributes  that promote cyanobacteria becoming 
dominant over other types of phytoplankton.  They also have the ability to tolerate low 
dissolved inorganic carbon and low light in the thick soupy scums, and their ability to 
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move around.  These are factors that sustain dominance once it has been established.  The 
nitrogen to phosphorus ratio is often associated with cyanobacteria, but it’s more often 
associated a high biomass situation, which is usually due to a nutrient enrichment.  
Usually we enrich water more with phosphorus than with nitrogen, and so nutrient-rich 
waters throughout the world on average have a lower nitrogen to phosphorus ratio, 
because we usually put more phosphorus in sewers than we do nitrogen.   
 
On a global scale it’s true that thick soupy water is often associated with low nitrogen to 
phosphorus ratios and cyanobacteria are often associated with thick soupy water.  So 
nitrogen to phosphorus ratio is a useful and meaningful thing, but I think it’s really easy 
to overplay the significance of it.  Things like the ability to move around and the ability to 
avoid grazing are probably at least as important in the cyanobacterial story.  And I think 
one thing that we also tend to forget a little bit for the lakes of this district is the extent to 
which the whole eco-system has been pushed and shoved around over the years.  If we 
think what these systems would have been based on a hundred years ago, there would 
have been no trout and there would have been no smelt, we’d have had a koura and  koaro 
dominated system.  Whereas now we’ve got a system that’s dominated by smelt and by 
trout, and the impact that’s had on the grazing dynamics over that time is something 
which I think we can only really speculate on.  We’ve also seen the invasion of many 
species of exotic weeds and all sorts of attempts to control those using different methods.   
 
So where to from here, how can we see light at the end of the tunnel?  I think that as we 
said time and time again, the only solution is to reduce the amount of nitrogen and 
phosphorus going into these systems.  The recent attempt to reduce nutrient loads through 
the sewage diversion, and it was a successful attempt, did show a response in terms of 
water quality, but now we’ve got a problem because  the stream loads are increasing to 
counteract all the benefits that were gained from that, certainly for nitrogen.  Patience is a 
virtue and it’s a necessity too.  The world’s understanding of solving lake problems shows 
that nothing happens in a hurry and these whole ecosystems have been changed.   You’re 
not just turning off a tap and stopping something growing,  you’re pushing the whole eco-
system in a direction in which you would prefer it to be, when in fact it wants to be 
different to that.   
 
So these things take time and there’s no overnight solution.  Histeresis is this property 
whereby if you change something by taking an action and then you take the reverse 
action, it doesn’t automatically come back along the same path that it starting out going 
along.  In eco-systems there's a lot of resistance to change and any expectations that by 
reducing the phosphorus and nitrogen load back to what it was in the 1960s  we will see 
the reverse pattern of changes to what have seen since then - they probably are not going 
to be seen out.  But ultimately we will end up with a situation of improvement if we do 
manage to reduce the nitrogen and phosphorus in the water.  It would be really useful to 
know a little bit more about that and hopefully we’ll hear some of that over the next 
couple of days.   
 
On climate, we often think a little about climate change and how that might affect the 
situation.  In many ways stratification and warm water are really good if you’re a 
cyanobacterium.  We’ve looked at temperature records from quite a lot of lakes in the 
central North Island now and there really isn’t a consistent strong signal of warming of 
water or any increase in stratification.  So at the moment, any climate change effect has 
been really subtle.  My final point is that cyanobacteria have been here maybe 3 billion 
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years and they are always going to be here.  I would suggest it’s going to be on timescales  
of a decade that we’re looking at responses here.  We can expect improvement but the 
risk of cyanobacterial blooms is not something that's going to go away overnight with 
management actions.  Thank you very much. 
 
QUESTIONS 
Jim Gray, Tikitere Trust: I have this horrible feeling of guilt when I look at perhaps the 
human contribution.  But the question is how much of this is a natural phenomenon, what 
percentage of this is part of the normal evolution of lakes moving towards wetlands and 
eventually moving towards dry land.  Effectively we’ve heard a lot of comment in respect 
to what is happening, but if this is a natural phenomenon, it may be that our contribution 
is trying to push it uphill.  And I’d like your comments on that, Sir. 
 
I.H: What we are referring to here is that there’s long been a view going around, I think, 
of natural eutrophication.  The concept is that every lake from its moment of inception is 
doomed and eventually it’s going to fill in with sediments and as it gets shallower and 
richer in sediments, then it’s slowly going to become more and more nutrient-rich and it’s 
going to turn ultimately into a wetland, but perhaps by way of a very different lake to 
what it started out with.  My response to that is that there is a strong element of truth in 
that, but it's the time-scales that I think we need to keep in mind, in that there are natural 
eutrophication processes over thousands and thousands of years and of course every exact 
situation is different.  But my opinion would be that the changes that we’ve seen over 
periods of decades in the Rotorua lakes are not consistent with the time-scales of natural 
change, so I would say we should stick our hands up and say that almost all of the change 
that we’ve seen is a consequence of land use and exotic species introduction. 
 
Ian McLean, LWQS: Does the change in algal species that you mention over the last 10 
years make any difference to the results of the N & P limitation in the early 90s.  The 
second question is this: if in fact there is a very great difference between the technical 
feasibility and cost of reducing nitrogen as against phosphorus, it is possible to reduce the 
incidence of cyanobacteria by reducing phosphorus alone? 
 
I.H.: I was concentrating so hard on the second question I might have almost forgotten 
what the first question was, but I’ll start with the second question.  Is it a realistic scenario 
to control cyanobacterial growth through phosphorus control?  Ultimately I guess ‘yes’ is 
the answer to that.  Approximately then the situation is unusual for Lake Rotorua which 
has a high natural phosphorus loading.  An awful lot of the literature and understanding of 
lake restoration and lakes issues is based on lakes where most of the phosphorus has come 
from anthropogenic sources and it’s relatively straightforward to identify and get rid of it.  
The situation is different here because the natural loading of phosphorus is high and I 
suspect that to get to a phosphorus-limited situation we would have to reduce the 
phosphorus loading to less than what it would be under natural conditions.  You can 
imagine what that means.  It means that we will need to start removing phosphorus from 
natural waterways to concentrations which are less than they were before any land use 
change occurred.  If that’s technically and economically feasible that’s a good approach.  
I would still hesitate to put all my eggs in that one basket though.  Just targeting 
phosphorus during the short term would be relatively ineffective because of the huge 
amount of phosphorus that’s currently sitting in the sediments and is potentially available 
for release.  So it will take a very long time to actually flush that material out.  Also I just 
have a natural caution about focusing on just one nutrient which historically hasn’t really 
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been limiting in this situation, whereas another one potentially was.  So the answer to 
your question is, maybe, yes it would take a lot of thinking about and the implications in 
terms of what you would need to do to achieve that are not trivial.  On the first question, 
when those essays were done we had a really nice mixture of data on cyanobacteria and 
so what we were looking at was the response over different times of the year.  We were 
looking at cyanobacteria dominance particularly during late summer, whereas during the 
winter period (and these experiments covered several years) we were looking at diatoms 
and green algae.  One of the remarkable things, and I hope you would have got it from 
some of those plots, was that the responses were very consistent and that made us believe 
that the inferences that we made were applicable across the whole range of different types 
of phytoplankton groups.  That sounds a little bit surprising, but that’s what it was, that’s 
what happened.  So the experiments were done with a whole range of different 
phytoplankton communities from diatom- and green-dominated cyanobacteria and the 
same inferences were coming out from all the different treatments that we made. 
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ABSTRACT 
State of the environment indicators are becoming an integral part of triple bottom line 
reporting to complement economic and social indicators.  The Ministry for the 
Environment initiated a programme to develop national environmental indicators and 
selected the Trophic Level Index (TLI) as one indicator of lake quality.    
 
In developing policy for lake management, Environment Bay of Plenty needed a precise 
measure of lake quality as a trigger to initiate an action mode for application of remedial 
measures.  Initial attempts, in 1996, at formulating such a policy for the Tarawera group 
of lakes in the Regional Plan for the Tarawera River Catchment proved difficult.  The TLI 
(Burns, 2000) provided a tool custom made for the task.   
 
Consulting the public in 1994 for the “Tarawera Plan” the message had been “We want 
the lakes to remain as they are now and not deteriorate.  But there are some that need 
improving.”  The same message came through in public consultation for the “Water and 
Land Plan”.  Thus the quality of the lakes in 1994 became the baseline objective for most 
of the lakes to be consistent between the plans.  Lake Rotorua had it is own objective 
based on its quality in the 1960s.  An objective was set for Lake Rotoiti equivalent to the 
same baseline.  Rotoehu and Okaro also varied from the 1994 baseline. 
 
The TLI is not an ecological state, contamination state or toxicity indicator. However, the 
state of the lake as expressed by its trophic level is the most relevant indicator that 
Environment Bay of Plenty can use to relate to nuisance algal blooms.  Ecological state, 
such as aquatic plant dynamics, can be monitored by LakeSPI (submerged plant index) 
and monitoring programmes can detect contamination events.  The TLI is a versatile 
index. Targets for lake remediation have been calculated from its components.  Other 
monitoring is needed to build up a full picture of the environmental quality of a lake but 
the linear scale of the TLI makes it suitable to use as an easily understood policy tool.   
 
The TLI is calculated annually from monthly measurements.  Five lakes currently exceed 
the baseline TLI.  They are Okareka, Okaro, Rotoehu, Rotoiti and Rotorua.  Several 
others are moving towards this status.  Lake Okareka’s action plan process makes an 
interesting case study.  The “Water and Land Plan” contains other triggers so taking 
action to remediate lakes is not limited to changes in the TLI alone. 
 
A large monitoring programme is carried out by Environment Bay of Plenty to track 
changes in various aspects of lake quality.  This allows looking back to show how the 
lakes are changing.  A relationship is now established with the University of Waikato to 
carry out fundamental lake research using the Rotorua lakes and the other New Zealand 
lakes on which to base studies. A predictive capability will develop though lake 
modelling to translate current land use changes to future changes in lake quality.  
Research providers perform specific scientific studies to ensure that management actions 
will be effective and are carried out appropriately. 
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TRANSCRIPT 
 
Kia ora, good morning.   
I'm talking today about the trophic level index, a state of the lake indicator.  Initially I’ll 
focus a little bit on the state and what it means.  That means how  a lake is now and how 
it’s changed in the recent past.  We’re not really talking about predictive capacity, but I’ll 
talk a little bit about how we might in the future work to get some predictive capacity.  I’ll 
then talk about the trophic level index, how it’s derived and how we use it in the lake.  
And then how it’s used in our policy in the proposed regional water and land plan.  And 
then I've got some plots of the TLI’s in five of our lakes from about 1991, just to show 
you how it's changed in those lakes.   
 
There’s a model for environmental reporting that we use in our state of the environment 
report which is a pressure state response model, with the state up front, how the lake is 
now or how any environment is.  We’ll talk about the lakes, and how they have changed 
over the recent past.  Then there are the pressures - what is happening in the environment 
that is changing the state.  And the response - what we’re doing, as a community not just 
ourselves as a council, to counter those pressures.  So that’s the model we use for our 
state of the environment reporting.   
 

So the state of the lake monitoring that 
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Environment Bay of Plenty does, that’s what 
I’ve called their whole lake monitoring and I’ll 
talk a little bit more about that in the future.  
There’s the algal bloom monitoring 
predominantly at the lake edge, although some 
of the samples are in the middle of the lake but 

e effect of the algal blooms is at the edge of the lake.  We have a programme that starts 
 about November and goes weekly until the blooms end, that’s at the lake edge.  There’s 
so bacterial quality monitoring at the lake edge and those two really refer to recreational 
ality.  So that’s what they are dealing with, effects on human health.  There is aquatic 
ant monitoring, we’re really starting that.  Aquatic plants are a biological system that 
ally responds differently to the algae in the lake, so it’s good to have a bit of a 
onitoring system looking at what’s happening there.   

• Algal blooms at lake edge
• Bacterial quality at lake edge
• Aquatic plants

• University of Waikato research
• CRI consultant research

e’ve also now got a few more strings to the bow with our relationship with the 
niversity of Waikato and the Chair in Lakes Restoration and Management, David 
amilton.  And through that and through our association with research contracts with the 
RI’s and other researchers, we do work which could be called state of the lake.  We 
ve the ability now to look at that predictive capacity and develop that through 

modelling and David Hamilton perhaps will be 
showing you some of that work tomorrow.  So 

Whole lake monitoring
 it gives us the ability in the future to not just 
look at the state as it is now and how it’s 
changed over the recent past, but look at what’s 
going to happen in the future based on the 
changes in the catchment.  Whole lake 
monitoring, it takes place in the middle of the 
lake where the lake is generally, I would say 

• Profile dissolved oxygen
• Profile temperature
• Nitrogen and phosphorus
• Chlorophyll a
• Algal species

Basic parameters for determining changes in a lake
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homogeneous - I think Justin used that term.  Even when it’s stratified, the levels that it’s 
stratified at are relatively homogeneous.   
 
So we have sites out in the middle of the lake where we measure dissolved oxygen and 
temperature profiles, measure the nutrients, nitrogen and phosphorus, chlorophyll A as a 
surrogate for algal biomass, and we also take samples for algal species determination.  So 
these are the basic parameters for determining changes in the lake water.   
 

The trophic level index was developed by 
Burns, Rutherford and Clayton.  There is a 
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trophic state index which is used in the northern 
hemisphere and so Burns, Rutherford and 
Clayton have devised the trophic level index as 
a classification system for New Zealand lakes.    

’s based on information from lakes across New Zealand.  Burns Bowman and Byers 
en developed protocols for monitoring the trophic levels of New Zealand lakes.  So 
at’s the “how, when and what”.   

Zealand lakes and reservoirs’ 
Burns, Bowman and Bryers (2000)   
‘Protocols for Monitoring Trophic Levels of New 
Zealand Lakes and Reservoirs .’ 

New Zealand Ministry for the Environment 

he objective there was to standardise the monitoring of lakes across New Zealand for the 
evelopment of the Ministry for the Environment’s national indicator.  That was adopted 
y the Ministry for the Environment as the indicator for lakes.  There are not many 
gions in the country that actually do this kind of monitoring.  I think the lakes across 
ew Zealand are very poorly monitored, so we are perhaps the only region that’s picked 
is up to any great extent.   

The trophic level index is an annual measure, 
so we get one data point for the year Trophic Level Index (TLI)

calculated from monthly records.  In the lake 
year we go winter to winter, it’s a June to 
June year, although theoretically we have all 
the data so you could calculate it on any of 
those 12 periods.  The data that goes into the 
trophic level index is total nitrogen, total 
phosphorus, Secchi disk clarity and the 
chlorophyll a.  The written paper deals with 
how that is done and has the equations for 

ose calculations.  So the TLI is used as a monitoring tool on the lakes.  We also use the 
LI as a policy tool in our Regional Water and Land Plan.   

• Total nitrogen
• Total phosphorus
• Secchi disc clarity
• Chlorophyll a

An annual measure.

Calculated from monthly records of :

 TLI used as a policy tool in     

Regional Water & Land Plan

Has a linear scale

Easily understood

Responds to changes in a lake

One of the things about the trophic level 
index is that it has a linear scale that goes 
from 1 to 7.  It’s easily understood by the 
community. You can see that if your lake 
went from 3.5 to 3.7 that’s a change.  
There’s an analysis that goes along with it 
that comments on the significance of that 
change, so it may still indicate a stable 
situation in the lake.   
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We see in some of the graphs that some of the lakes definitely have changed and you will 
have noted those changes.  The comment there does respond to changes in the lake.  I’ll 
explain just a little bit about the policy and the Regional Water and Land Plan as they 
refer to the lakes.  There’s an objective there where a base line quality is set for all the 
Rotorua lakes.  That was based on the 1994 quality of the lakes.  The reason for 1994 was 
that we were doing the public consultation at that stage for the Tarawera plan of the 
Tarawera system.  The people were telling us was they were happy with the way the lakes 
were at the present time, they didn’t want them to deteriorate, but there were some that 
needed improving.  That was the message.   
 

When we came to the Water and Land 
Plan we needed to maintain 
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consistency with those policies, so we 
adopted that 1994 base line and people 
were basically saying the same thing – 
they didn’t want the lakes to 
deteriorate and there were definitely 
lakes they wanted improved.  That 
objective is to maintain or improve, so 
it doesn’t say that we get there and sit 
there, it also expresses that we could 

prove them.  This policy says that the base line TLI shall be maintained or improved 
d that there should be no net increase in nitrogen or phosphorus in the Rotorua lakes 
tchments.  Now if that base line is exceeded, this triggers certain policies.  I’ve noted 
ere the method 35,  which is really the action plan process and a lot of you will be 
volved in that.   

Lakes have a baseline TLI (objective 10)

Objective to maintain or improve

If baseline is exceeded - this triggers 
certain policies (method 35)

Rule structure (rule 11)

o that’s a community-based process, where we determine a target to bring the lake back 
 its objective TLI and then we think about the methods and strategise on how we might 
e those methods to bring the quality of the lake back to its base line.  There’s a also a 
le structure to firm up that no net increase in nutrients from land use in the catchment.  
hen this policy came in we had five lakes that already exceeded their base line quality, 
 we’ve got action plans in progress on those five lakes.  The method 35 also directs us 
 do a risk assessment on all the other lakes by 2005.  That will look at the threats to 
ceeding that base line TLI and then prioritise action plans for all the lakes.   

This looks at Lake Okareka 
Lake Okareka TLI
 from 1991 with trophic level 

units along the y axis, on a 
scale from 2 to 4.5.  So the 
base line TLI was set at 3 
based on the 1994 level, so 
when this policy was 
developed this was one of the 
lakes that exceeded its TLI.  
It’s a lake that doesn’t really 
suffer any problems, but what 

e were finding was the bottom waters were becoming increasingly anoxic and there 
ere releases of nutrient from the sediment.  Looking into the future we would be 
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experiencing problems, so it still fitted into this model,  we needed to do something to 
improve it.   
 
The target TLI is subtracted from the current TLI or the nitrogen or phosphorus 
component of the lake.  The difference shows that, we’ve got a load of nitrogen and 
phosphorus that had to be reduced in the lake.  We had consultants who then modelled 
back from that in-lake concentration to what that means and what flows into the lake, and 
those results became the target and the ratio of nitrogen to phosphorus was taken from 
that advice.   The Lake Okareka action plan has gone right through to a completed action 
plan and the main action is the reticulation of sewage in that catchment.  We’re also 
examining creation of constructive wetlands and retirement of lands and perhaps change 
of land use on some land.   
 

Lake Rotoehu is one of the 
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Lake Rotoehu TLI
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five lakes that exceeded the 
TLI immediately.  In 1994 we 
were already in this poor state 
with algal blooms, so the base 
line was set at an earlier 
period.  One of the members of 
our working party on that lake 
said that he noted (this is 
during a period of falling lake 
level), that the lake in front of 

is place fell 14 vertical feet over that 1993/94 period.   

3.0

3.5

4.0

4.5

5.0

5.5
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o there was a big decrease in lake level and the same climatic conditions. I don’t know if 
e decrease in lake level necessarily caused the problem, but the climatic conditions 

ertainly did.  It had this huge bloom of algae.  The nutrient level in the lake in that period 
as about double what it had been in the early 90s.  What we virtually had since then was 
ne event of blue-green algal blooms.  They subside in the winter of course, that’s the 
ormal occurrence.  But it was virtually one event from there for 10 years.  I actually have 
e 2004 data point there, I twisted some arms and got that.  I expected that to be lower 

ecause this year we didn’t have the blue-green algal blooms.  Going back to 2003, the 
hosphorus level in the lake in 2003 had actually come back to the level it was in an 
arlier period, but the nitrogen was still elevated.  Now with not having the blue-green 
lgal blooms I expected phosphorus to be lower, but we had a big release of phosphorus 
om the sediment over this period, so the phosphorus in the lake was again elevated, 
hile the nitrogen had decreased not quite to the desired level but getting closer.  So it 
ems counter-intuitive that we didn't get the blue-green algal blooms, but we didn't.   

o another concept that comes out of this is one of threshold and it seems to be that where 
ere are lakes that have the blue-green algal blooms, the nutrient content, the TLI 

xceeds a threshold.   When we get into the situation where we’re having the blue-green 
lgal blooms, and if we can bring it down below that threshold, then we won’t get the 
roblems.  I think in terms of us reaching our base line we are not necessarily going to get 
ll the way, so we need to still do more work to get it below the base line.   
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Lake Okaro is the worst of 
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our lakes in terms of its 
quality.  We struggled with 
where to set our base line, so 
we just went for less than 
what it was, and we’ve set 
the base line at 5.  If we can 
do better than that, we 
certainly will be trying.  
There’s an action plan group 
for Lake Okaro and the main 

tion we are undertaking here is constructed wetlands, intercepting the run-off into the 
ke.  It comes in at quite a concentrated little area and those of you on the field trip last 
ar would have noted that.   
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he landowner has given us land for the wetland and the Rotorua District Council have 
ven us some of the lakeside land.  There’s land available there to strip nitrogen and 
rhaps capture some phosphorus from the water running into the lake.  That’s the major 
tion that we are taking.  There will be some retirement of streams and there are some 
aller areas up in the catchment that will also be either retired or maybe enhanced as 

etlands.  We had an alum trial on the lake over this period, so we’ve looked at the 
fects of applying alum to a lake.  The intention was to apply it over an extended period 
 time – 10 years, so we didn’t intend to clean it up in one hit.  We now have several 
her products that are becoming available and you’ll hear talk of those as well, that’s a 
veloping field.   

The TLI for Lake Rotorua was 
Lake Rotorua TLI
 set during negotiations over the 

sewage diversion, so NIWA 
scientists examined the data.  
They considered that back in the 
1960s the lake was in a good 
condition, we didn’t have blue-
green algal blooms and the 
quality they suggested as a base 
line for the lake we converted to 
a TLI.  The sewage was taken 

t of the lake just prior to this, about 1990 perhaps, and the lake has really struggled to 
t back here, but it has occasionally got close to that target.  There are years where there 
ve been less or no releases of nutrients from the sediment, but every other year we seem 
 have a bit of recharge from the sediment.  The last data point is for 2003 and I think 
dging by the way the lake was this year, 2004 is going to be higher.   Over this period 
e nitrogen that was taken out in the sewage has really been replaced by the diffuse run-
f from the catchment.  The phosphorus however has been permanently reduced, so that 
as a good outcome, but the nitrogen load has been replaced from the catchment.  So I 
ink the prognosis for Rotorua in the coming years is not good and I wouldn’t give 
vice for people to organise recreational events over the coming summers on Rotorua.   
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The base line for Rotoiti was set 
with equivalency for Rotorua, so 
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Lake Rotoiti TLI
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it’s probably based on 1970s 
quality.  The TLI has never been 
below that since 1991 and in 
2003 the event that you are all 
aware of pushed it up even 
further.  In terms of the actions 
there we are considering the 
diversion of the Ohau Channel, 
based on the target we’ve 

alculated.  So it’s a worst case scenario, but diversion of the Ohau Channel will achieve 
 reduction of that order.   
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For the other lakes, the TLIs  
were set in 1994 and it’s 10 
years on, so some of them will 
be exceeding their TLI.  So in 
terms of method 35, we’ll be 
evaluating the risk on all the 
lakes and prioritising the 
development of action plans.  
So that’s an explanationof  the 
use of the TLI for our 
monitoring and in our policy.  
Other lakes 
TLI set at 1994 
Some will exceed the baseline 
Method 35  - evaluate the risk 
(2005) 

- prioritise 
development of 
action plans 
Thank you. 
 

UESTIONS 
owland Burdon, Royal Society of NZ: John, you mentioned that you feel that there are 
reshold effects operating above which you have real problems.  That, I think, calls into 

uestion whether it is appropriate to have the TLI as a linear scale.  Would you like to 
omment on that or would Noel want to comment on it? 

.M.: Well I think what I can comment on, Rowland, is that the TLI is set in terms of what 
eople said they wanted and I think that it was a reasonable request that they wanted the 
kes to remain as they are.  So the TLI sets that moment in time and says this is the base 
ne.  It's not set at a level that will stop algal blooms from forming.  We’re fortunate that 
e threshold above which we get blue-green algal blooms will be above that base line.  
o I don’t think a linear scale or lack of a linear scale really has too much to do with it. 

ohn Green, LakesWater Quality Society: I notice that you had a TLI for Rotorua of 4.2 
nd for Rotoiti we’ve got 3.5.  85% of our problems come from Rotorua and I find it very 
ard to understand that when more polluted water is brought into a less polluted 
nvironment that our TLI is struck at 3.5.  We might as well strike it at 4.2 because there's 
bsolutely no way we can avoid that polluted water coming into our lake.  

.M.:  Well 3.5 is a better quality lake than 4.2 and Rotoiti will always be slightly better 
an Rotorua on a calibration system, because Rotoiti has its own cleaner water coming in 
om the catchment.  I’ld just go back to our record that people wanted (well I guess for 
otoiti they didn’t) a better quality for Rotoiti than 4.2 because we can virtually beat that 
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at the moment and we’ve got a situation there where we’ve got extreme problems.  So I 
think there's always going to be a difference in value.  Rotorua is going to be up here and 
Rotoiti down there. 
 
J.G.:  In that case, why not change Rotorua to 3.5 and then we’ll all be happy. 
 
J.M.:  It’s not a case of juggling numbers, it's a case of what’s reasonable.  What we’re 
trying to do is to go back to a situation that existed previously.  We’re not creating a 
number that has no meaning.  The TLI number has meaning, and for Rotorua it expresses 
how it was in the 60s, while Rotoiti expresses how it was in the 70s, so that’s what we’re 
trying to do.  You can’t just create different numbers if they’re not meaningful.  All those 
numbers have some meaning. 
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Phytoplankton composition and biomass along vertical 
gradients 
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INTRODUCTION 
 
We examined factors controlling the vertical distribution of phytoplankton in Lake 
Tarawera which has a deep chlorophyll maximum (DCM) during the summer months. 
The DCM is a subsurface, deep layer of phytoplankton. Our objectives were to quantify 
the spatial and temporal variations in phytoplankton biomass. The interactions between 
rates of turbulent diffusion, sedimentation and net population growth were determined to 
investigate the phenomenon of formation and maintenance of the DCM at discrete depths.  
 
 
METHODS 
Lake Tarawera has an area of 41.6km2, and maximum depth 87.5m. Sampling stations 
were established in four major lake embayments and one mid-lake station. Depths of the 
embayment stations were 30-50m and the mid-lake station was 87m.  
 
Stations were sampled once a week over 3 weeks in November 2002 (late spring) and 
February 2003 (late summer), followed by twice daily for one week during December 
2002 and March, July and November 2003. A Seabird Electronics (SBE) 19plus Seacat 
Profiler was used to resolve the depth (z) distribution of chlorophyll-fluorescence, 
temperature, density (ρ) and photosynthetically available radiation (PAR). Chlorophyll-
fluorescence was calibrated against acetone-extracted chlorophyll a extracts (Axler & 
Owen 1994) collected simultaneously with the fluorescence measurements. Depth-

integrated samples of the surface 

 

mixed layer were collected for 
determination of chlorophyll a 
and for phytoplankton 
enumeration. Discrete samples 
of the DCM, located from the 
fluorometric profiles, were 
collected with a diaphragm 
pump. Thermocline and 
metalimnion depths were 
defined according to Hoare and 
Spigel (1987) and averaging to 
1m was used. The position of 
the thermocline depth is where 
dρ/dz = maximum. 
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Phytoplankton samples were preserved with 2% Lugol’s iodine. Cell counts were 
conducted using the sedimentation technique of Utermöhl (1958), and algal biomass was 
approximated using the closest geometrical shape for each algal unit (Hillebrand et al. 
1999). Zooplankton samples were filtered on-board through a 45µm mesh-net and 
preserved with 10% formalin. Subsamples of 5 mL were placed in an open-top perspex 
counting tray (50 mm x 80 mm) and were enumerated using a Leica MZ12 microscope at 
50x magnification. Successive samples were counted until >200 individuals were 
counted. 
 
 
RESULTS/CONCLUSIONS 
The DCM was dominated by diatoms, including Stephanodiscus spp., Cyclotella spp., 
Aulacoseira granulata var. angustissima, Asterionella formosa, and Fragilaria 
crotonensis. Stephanodiscus cf. alpinus had the highest density of any species recorded at 
the DCM. The presence of diatoms indicates DCM formation is likely to be due to 
physical factors (i.e., sinking of diatoms cells and interactions with lake mixing). Along 
with phytoplankton, high densities of zooplankton were associated with the DCM. The  

zooplankton 
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assemblage at the 
DCM was dominated 
by the copepod 
Boeckella sp., 
followed by 
cladocerans 
Ceriodaphnia sp. and 
Bosmina sp. Several 
species of rotifers 
were also recorded. 
The deep-living 
phytoplankton may 
form an important 
part of the lake food 
chain in the lake, 
with zooplankton 

azing on the DCM, which in turn may provide a food source for higher trophic levels 
d potentially impact on the fisheries in the lake.  
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SCM

he DCM developed between 25-35m during Nov-Dec 2002 (Fig. 1) at approximately 
 of surface irradiance. The depth was closely related with the depth of the thermocline 

yan et al., 2004), suggesting that basin-scale seiching contributed to most of the DCM 
splacement. The thermocline may act as a physical barrier to sinking cells, with the 
nse underlying water slowing the velocity of non-motile phytoplankton such as 
atoms. In Lake Tarawera low mixing at the DCM (vertical diffusion coefficient, Kz ~ 
-6m2s-1), coupled with low sedimentation and high growth rates, allowed the 
tablishment of a DCM during summer. However during winter, growth could not 
ncentrate cells sufficiently to offset the increase in mixing rates (Kz ~ 10-3m2s-1), 
ading to the breakdown of the DCM. The results to-date indicate that maintenance of 
e DCM peak in Lake Tarawera may be attributed to active in situ growth by diatoms 
apted to low light. The light levels in the DCM are within the range where DCM 
rmation is observed in other lakes and in the ocean. 
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Figure 1. Profiles of chlorophyll-fluorescence, used as an indicator of phytoplankton biomass, showing the 
distribution of the phytoplankton. Days 350-351 are 16-17 December 2002. 
 

A surface algal bloom of Anabaena cf. 
lemmermanni in the summer of 2003 Vertical variation

 
 

 

increased the rate of attenuation of light 
with depth, and the light available at the 
depth of the DCM was reduced from 1.4 
% to < 0.1 % of the surface irradiance 
(Table 1). The surface bloom shaded the 
phytoplankton to such an extent that it 
appeared to suppress phytoplankton 
growth in deeper layers of the lake, 
resulting in loss of the DCM. Increased 
nutrient inputs to oligotrophic Rotorua 
lakes which have a DCM may 
differentially stimulate phytoplankton 

growth in the surface, potentially 
leading to blooms, while reducing 

Vertical variation
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Kd, vertical attenuation coefficient, is not constant with depth
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light to phytoplankton that constitute 
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Table 1. Light climate at the DCM in Lake Tarawera.  
%PAR - % Photosynthetically Available Radiation. Kd – extinction coefficient for light. 
 
  %PARDCM Kd(m-1) 
Nov/Dec 2002 1.4 0.11 
Feb/Mar 2003 0.1 0.14 

 
The relevance of the negatively buoyant (sinking) diatoms in Lake Tarawera is that they 
play a key role in several biogeochemical processes. They may sequester nutrients from 
the upper water column and deposit these nutrients in the bottom sediments or in deep 
water layers. The permanent loss of the diatom DCM in deeper Rotorua lakes may lead to 
higher nutrient levels in the surface waters during winter, which may provide a nutrient 
source for the over-wintering blooms. 
 
QUESTIONS 
Brendon Hicks, University of Waikato (session chair):  I had a hard time understanding 
how these little creatures actually maintain themselves, how they know where the 
optimum place is. 
 
E.R.: They’re falling down to the thermocline and at that thermocline there’s a strong 
density gradient and they are actually getting trapped in that density gradient.  At that 
gradient there’s actually high eddies trapping them there too, so they’re getting entrained 
there, blocked between two different layers.  I didn’t really go into the lake physics, but 
that’s what’s happening.  They are heavy and they should sink, but they get trapped in the 
density gradient. 
 
Rod Stace, Lake Okareka: Given that Lake Tarawera has low levels of nutrient and algal 
blooms are a symptom of high levels of nutrients generally, how do you account for the 
fact that blooms occur on Lake Tarawera. 
 
E.R.: I think we’ve really got to relate the algal blooms to the lake physics.  In Lake 
Tarawera there’s strong diurnal stratification.  That is, during the day there is strong 
sunlight, it’s a big stable lake, and you can set up a top layer of about 10 metres of stable 
water and that’s enough for the algae.  The algae are throughout the whole water column, 
but during the day we set up the strong diurnal stratification and the algae all get trapped 
in this layer, so it looks like it's actually quite a large surface bloom.  However you notice 
how in the winter even now there are green lumps of algae in Tarawera but they’re quite 
well spread.  However in summer they actually increase their buoyancy and come up to 
the surface and get entrained.  So that’s one of the dangers with blue-green algae.  You 
can’t just look at nutrients, you've also got to look at the lake physics. 
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ABSTRACT 
During the last decade there has been a significant rise in observations of blooms of the 
toxic cyanobacterium Lyngbya majuscula along the east coast of Queensland, Australia. 
Whether the increase in cyanobacterial abundance is a biological indicator of widespread 
water quality degradation or also a function of other environmental change is unknown. A 
bioassay approach was used to assesses the potential for runoff from various land uses to 
stimulate productivity of L. majuscula. In Moreton Bay, L. majuscula productivity was 
significantly (p<0.05) stimulated by soil extracts, which were high in phosphorus, iron 
and organic carbon. Productivity of L. majuscula from the Great Barrier Reef was also 
significantly (p<0.05) elevated by iron and phosphorus rich extracts, in this case seabird 
guano adjacent to the bloom site. Hence, it is possible that other L. majuscula blooms are 
a result of similar stimulating factors (iron, phosphorus and organic carbon), delivered 
through different mechanisms.  
 
Keywords: Lyngbya majuscula, bioassay, nutrients, land use, organic carbon, iron 
 

INTRODUCTION 
Lyngbya majuscula (Gomont) is a toxic, filamentous marine cyanobacterium (family 
Oscillatoriaceae), previously cited in the literature as Microcoleus lyngbyaceus (Kützing) 
(Diaz et al., 1990; Speziale and Dyck, 1992). Lyngbya majuscula grows on solid or sandy 
substrates or epiphytically on seagrass, macroalgae and corals in the coastal zones of 
many sub-tropical and tropical oceans. Since the early 1990’s, nuisance blooms of this 
toxic cyanobacterium have been observed seasonally in Moreton Bay, Queensland, 
Australia (Dennison et al., 1999).  

In Moreton Bay, L. majuscula blooms typically begin in the summer (December/January) 
and expand rapidly over the following two-three months to an area on a kilometre square 
scale (10-30 km2) (Dennison et al., 1999; O’Neil and Dennison, 2004). This is often 
followed by a rapid population collapse, possibly aided by viruses specific to L. 
majuscula (Hewson et al., 2001). During this cycle L. majuscula has been observed to 
begin growing from the sediment below the seagrass canopy. As the 'bloom' develops this 
benthic mat is able to grow sufficiently to overtop the seagrass species creating a 
blanketing effect that can turn the sediment and bottom water anoxic (pers. obs.). Often 
after periods of high light, warm temperatures and calm weather, bubbles from rapid 

 55



 

photosynthesis by the L. majuscula are trapped within the filament matrix and cause the 
L. majuscula to eventually float to the waters surface to form large surface aggregations. 
This stage may provide a dispersal mechanism for L. majuscula, enabling it to spread to 
other regions. 

The environmental consequences of L. majuscula blooms are still being investigated. 
Seagrass loss and altered marine plant community structure have been the most 
significant documented impacts of L. majuscula bloom events to date (Watkinson, in 
press). Economically, L. majuscula blooms within Moreton Bay have had significant 
impacts on both commercial fish catches (Dennison et al., 1999) and local communities 
through lost tourism and beach clean up of L. majuscula bloom material washed up on 
beaches. Lyngbya majuscula can also produce a suite of toxins which cause severe skin 
and eye irritation as well as asthma-like symptoms in humans (Osborne et al., 2001).      

In general, marine plants within Moreton Bay are nitrogen limited (O'Donohue and 
Dennison, 1997; Udy and Dennison, 1997). Nitrogen-limited systems often favour 
prokaryotic nitrogen-fixers such as cyanobacteria. In the absence of nitrogen limitation, 
phosphorus can be the limiting nutrient for cyanobacteria growth (Martin and Gordon, 
1988) with blooms of cyanobacteria often related to phosphorus loadings from the 
surrounding environment (Reigman and Mur, 1986; Paerl et al., 1987; Seitzinger, 1991). 
However, where there is sufficient phosphorus available, biologically available iron often 
becomes a significant limiting factor of biological growth in oceanic systems (Martin and 
Gordon 1988; Martin et al., 1990) as well as coastal and estuarine ecosystems (Hutchins 
and Bruland 1998; Hutchins et al., 1998). Cyanobacteria have a high demand for iron 
(Paerl et al., 1994; Trick et al., 1995) and phosphorus (Paerl et al., 1987; Sanudo-
Wilhelmy et al., 2001) for both photosynthesis and nitrogen fixation. Elevated iron 
concentrations in laboratory studies have: increased productivity and phycocyanin 
production in Oscillatoria tenius (Trick et al., 1995), increased nitrogen fixation in 
Trichodesmium sp. (Rueter et al., 1990) and increased toxin production by Microcystis 
aeruginosa (Utkilen and Gjolme, 1995).  
Iron is often limiting to marine organisms (Anderson and Morel, 1982), as insoluble ferric 
iron (Fe(III)) oxides and hydroxy oxides are the thermodynamically preferred forms of 
iron at seawater pH, with soluble free Fe(II) undergoing rapid oxidation and subsequent 
precipitation of the ferric form (Byrne and Kester, 1976). Cyanobacteria are unable to 
take up and utilize these oxides of iron directly. However, in the presence of organic 
ligands that complex with the soluble iron, oxidation and precipitation is generally 
decreased making iron more persistent in the dissolved phase in seawater, and hence more 
bioavailable (Emmenegger et al., 1998; Santana-Casiano et al., 2000). Following 
reductive processes (e.g. photo-reduction) to break these organic ligand – iron complexes 
(Waite and Morel, 1984; Wells and Mayer, 1991; Voelker et al., 1997), phytoplankton 
and cyanobacteria are able to take up the soluble iron directly from the water column 
(Anderson and Morel, 1982). Therefore, the level of bioavailable iron in seawater can 
fluctuate greatly depending on the presence of natural complexing agents such as organic 
carbon. Parallel studies investigating the role these organic-rich compounds have as a 
transport mechanism for bio-available iron to reach the bloom sites from terrestrial 
sources, are currently under way (Rose and Waite, 2003). 
The aim of the current study was to assess potential stimulating factors associated with L. 
majuscula blooms. Two case studies are presented, Deception Bay (NW Moreton Bay) 
and Hardy Reef (central Great Barrier Reef). Although there are many interactive factors 
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in bloom development, this project sought to identify key processes that may help explain 
recent increases of this noxious cyanobacterium.  
 
METHODS 
Study Sites 
The two sites chosen for this study are geographically disparate (Figs. 1, 2) with very 
different hydrology and water quality, both have experienced blooms of Lyngbya 
majuscula. The first site is Deception Bay (27º05’S, 153º09’E), a relatively shallow 
region (<5 m) with extensive seagrass beds in the north-western section of Moreton Bay. 
It is adjacent to a large estuarine passage (Pumicestone Passage) draining a large 
catchment, dominated (approximately 37%; Pointon et al., 2003) by exotic pine 
plantations (Pinus elliotii). Hardy Reef, a mid shelf reef in the central portion of the Great 
Barrier Reef approximately 80 km off the coast of Mackay, Queensland (19o44’S, 
149o10’E), was the second site. This area has negligible terrestrial influence. Blooms of L. 
majuscula occur in the shallow (<5 m) benthos of the coral reef lagoon, epiphytically on 
calcareous macroalgae (e.g. Penicillus sp.) and corals (particularly Acropora sp.). Despite 
the significant differences between the sites, both have experienced extensive blooms of 
L. majuscula over the past 5-10 years.   
    
Deception Bay Case Study 
A biological assay (bioassay) technique was developed using soil extracts from eight 
representative land use types (Melaleuca forest, mangrove forest, cleared and intact exotic 
pine plantation, canal development, iron rich creek (Shirley Creek), marine sediment 
(Sandstone Point) and coffee rock) within the Pumicestone catchment. These soil extracts 
were produced to simulate the compounds that these soils would yield during natural 
runoff events. Lyngbya majuscula was incubated in dilutions of these extracts in seawater 
to determine physiological effects.    
 
Bioassays were undertaken to investigate the effect of extracts from different land uses on 
L. majuscula productivity. Three replicate one-litre glass beakers (acid washed) were 
filled with 900 ml of seawater from the Deception Bay bloom area and 100 ml of the 
various soil extracts (90x300 mm soil cores extracted with natural rainwater from each of 
the eight land uses above). One hundred ml of rainwater was added to the seawater 
control to ensure consistent salinity. This dilution was based on previous salinity 
monitoring of the bloom region that indicated a 10% decrease in salinity prior to bloom 
initiation (Watkinson, in press). Between 4 and 6 cm3 of L. majuscula collected from 
Moreton Bay was incubated in these beakers for 48 hours under 50% shadecloth at 25 °C 
± 2 °C. After 48 hours of incubation a WALZ Diving Pulse Amplitude Modulated (PAM) 
fluorometer was used to measure L. majuscula photosynthetic capacity. Rapid light 
curves (White and Critchley, 1999) were used to assess the photosynthetic status of L. 
majuscula. Soil extracts were analysed for total and soluble iron, pH, dissolved and total 
organic carbon and dissolved inorganic nutrient analysis (Table 1). 
 
Pumicestone Passage Water Sampling 
Water samples were collected from 47 sites throughout the Pumicestone Passage (Fig. 3) 
during a prolonged El Nino driven drought (7th February 2002) and, one year later at the 
onset of the first rain event following the prolonged dry season (26th February 2003). 
Water samples (25 ml) were collected for iron analysis at each site, using a sterile syringe. 
The samples were filtered through 0.45 µm polycarbonate filters (Ministart) into 
polyethylene bottles, each containing two drops of 32% hydrochloric acid (HCl). Samples 
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were analysed for iron using inductively coupled plasma atomic emission spectrometry 
(ICP-AES). Water samples (200 ml) were also taken at each site for dissolved organic 
carbon (DOC) analysis. The samples were filtered through 0.45 µm polycarbonate filters 
(Ministart) into polyethylene bottles. Samples were maintained at 4 ºC and purged with 
nitrogen to remove CO2 (Khan, 2002) prior to analysis on a TOC auto sampler 
(Beckman). 
 
Hardy Reef Case Study 
Guano was collected from the helicopter pad adjacent to a L. majuscula bloom at the 
Hardy Reef Lagoon on the Great Barrier Reef in February 2002. The guano was oven 
dried at 80 °C for 24 hours on flat Pyrex watch glasses. Any fish bones and feathers were 
removed and the dried guano was homogenised using a mortar and pestle. A water extract 
was prepared by adding 13 g of the ground guano to two L of deionised water (to simulate 
rainwater leaching of guano from the helicopter pad). After shaking, the cloudy 
suspension was allowed to settle for 30 mins. The supernatant was then decanted off and 
filtered through 0.45 µm polycarbonate filters (Ministart). The resulting solution was 
analysed for phosphorus and soluble iron (as above). L. majuscula was also collected 
from this site and kept in seawater in an aerated tank until used for bioassay analyses. 
 
Using a similar methodology to the Deception Bay case study above, bioassays were 
conducted using the guano extract. Sub-samples of the guano extract were added at three 
different volumes (0.1, 1.0 and 10 ml) to 900 ml of filtered (0.45 µm) seawater in one litre 
acid-washed beakers. Deionised water was added to make the final volume added to the 
seawater up to 100 ml. Deionised water (100 ml) was added to the seawater control to 
ensure consistent salinity. Between 4-6 cm3 of L. majuscula collected from Hardy Reef 
was rinsed in seawater and added to each of the solutions. The beakers were incubated in 
natural sunlight with 50% shade cloth for three days at constant temperature (25 °C ± 2 
°C).  
 
In the Hardy Reef bioassay, L. majuscula productivity was measured using 14C-
bicarbonate radioisotope uptake (Parsons et al., 1984). After incubation for three days a 
sub-sample of L. majuscula biomass was added to 25 ml polycarbonate vials containing 
the same concentration of guano and seawater as originally in the treatments at the start of 
the incubation period. A dark control was included to account for respiration. Aqueous 
14C bicarbonate (final activity 4 µCi) was added to samples, which were then incubated 
for 2 hours under 50% shade cloth in natural light and maintained at a constant 
temperature (25 °C ± 2 °C). Samples were then filtered onto pre-weighed 12 µm 
polycarbonate filters using vacuum filtration. These samples were then rinsed with 
filtered seawater and 10% HCl to remove any residual unincorporated 14C-bicarbonate 
and with 6% (w/v) isotonic ammonium formate to remove any salt. They were then dried 
(60 oC) and weighed (± 0.0001 g). The samples were placed in scintillation vials and 4 
mL of Beckman (Ready Safe) liquid scintillation fluid was added. Radioactivity was 
determined using a scintillation counter (Packard Tricarb 1600). Productivity (mg C gdw

-1 
h-1) was calculated according to Parsons et al., (1984).  
 
Statistical Analysis 
Cochran’s test was used to check for homogeneity of variance. One-way analysis of 
variance (ANOVA) was used to test difference in means between treatments. A post-hoc 
Tukeys test was used to assess which treatments were significantly different (p<0.05). 
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Linear regression analysis was used to elucidate the relationship between organic carbon 
and iron.  
 
RESULTS 
The first significant bloom of L. majuscula to be positively identified in Queensland 
waters and become a focus of research efforts into its causes (Dennison et al., 1999) was 
from Deception Bay (Moreton Bay) in 1996 (Fig. 2). Other observations of L. majuscula 
blooms have since been made in other regions of Moreton Bay; Eastern Banks (2000), 
Adams Beach (2001), Horseshoe Bay (2001) and Wellington Point (2002) (Fig. 2). More 
recently L. majuscula has been observed at a number of locations throughout coastal 
Queensland. These sites are geographically and environmentally disparate. In southern 
Queensland L. majuscula was observed growing on coffee rock and seagrass substrates in 
Hervey Bay (1999) and Fraser Island (1999). In central Queensland L. majuscula was 
observed on seagrass substrates in Shoalwater Bay (2002) and Whitsunday Islands 
(2001), coral substrates on Hardy Reef (2001) and Scawfell Island (2004) and both coral 
and seagrass substrates in the Keppel Islands (2002). In northern Queensland L. 
majuscula was observed on seagrass substrates at Hinchinbrook Island (2001) and coral 
substrates at Cape Kimberly (2003) (Fig. 1).  

   
 
Figure 1: Location of ‘significant’ observations of Lyngbya majuscula in coastal waters of Queensland, 
Australia over the last ten years. 
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Figure 2: Location of Lyngbya majuscula blooms in Moreton Bay over the last ten years.  
 
Deception Bay Case Study 
Chemical Parameters of Soil Extracts 
The chemical composition of the extracts derived from the eight soil types were diverse 
(Table 1). This diversity is a function of both soil type and land use at the sites. The thre
forested soil extracts (cleared pine, intact pine and Melaleuca) all contained substantial
more dissolved organic carbon than the other sites. Different land uses within these 
forests also showed variation, with the extract from the cleared pine site yielding higher 
dissolved organic carbon values than the extract derived from soils under native 
Melaleu

e 
ly 

ca forest. 

 reactive phosphorus ([PO4]), dissolved 
 
Table 1: Chemical parameters of soil and guano extracts; pH, free
organic carbon (DOC), total organic carbon (TOC), soluble iron (Fe (Sol)), total iron (Fe (tot)), ration of 
soluble:total iron (Fe(sol):Fe(tot)), nd=no data. 
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The soil extracts can be categorised into two distinct groups based on pH (Table 1). The 
three forested sites (cleared pine, intact pine and Melaleuca) and the canal development 
all yielded highly acidic extracts ranging from pH 3.3 - 4.3. The remainder of the sites 
yielded less acidic extracts of pH 5.9 - 6.8.  
 
Large variations were found in the concentration of filterable reactive phosphorus (FRP) 
within the extracts, with the extracts from the cleared and intact pine extracts having the 
highest concentrations (6.7 and 9.5 µM P respectively). The remaining extracts contained 
negligible FRP (between 0.05 - 0.3 µM P) (Table 1). 
 
Large variations in the concentration of total iron (Fetot) occurred between the extracts, 
with Shirley Creek yielding the highest concentration (43 mg l-1 Fetot) and the other sites 
ranging between 0.99 mg l-1 (intact pine) and 6.1mg l-1 (coffee rock) (Table 1). However, 

e concentration of soluble iron (Fesol) did not follow this trend. The extract from Shirley 

 of soluble:total iron is considered, the three forested sites 
leared pine, intact pine and Melaleuca) had high proportions of dissolved iron, 0.50, 

0.12 and 0.12 respectively. While, other extracts had much lower ratios of soluble:total 
s 

0) 

th
Creek yielded only 0.05 mg l-1 of Fesol, whilst the cleared pine extract contained 0.57 mg 
l-1 Fesol. When the proportion
(c

iron (between 0 and 0.05). In addition, the high ratios of soluble iron in the forested site
also correlated with the dissolved organic carbon content of the extracts (Fig. 4, R2 = 

.78).  0
 
Pumicestone Passage Organic Carbon Monitoring 
As expected, the concentration of dissolved organic carbon (DOC) was significantly 
greater during the wet period than during the dry period (p>0.001) (Fig. 3). As expected, 
concentrations of dissolved organic carbon were highest closer to catchment inputs 
(tributaries to the passage and the mouth of coastal creeks). A strong correlation (R2=0.9
was evident between dissolved iron concentration and dissolved organic carbon 
concentration of water samples collected from Pumicestone Passage during the wet period 
(Fig. 4). A similar correlation (R2=0.78) existed between DOC and dissolved iron present 
in the soil extracts used in L. majuscula bioassays.  
 

 
 
Figure 3: Dissolved organic carbon measured in Pumicestone Passage and Deception Bay during a dry (Feb 
2002) and wet (Feb 2003) period. 
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Figure 4: Correlation between dissolved organic carbon (DOC) and dissolved iron within the eight soil 
extracts (dashed line; boxes) and Pumicestone Passage water samples following rainfall (solid line; 
triangles). 
 
Photosynthetic Capacity 
Lyngbya majuscula incubated in dilutions of soil extracts from major land use sites within 
the Pumicestone Passage showed various electron transport rates. The L. majuscula in the 
seawater control had an electron transport rate of 189 µmol electrons m-2 s-1 (Fig. 5). The 
electron transport rate in response to the cleared pine extract was over twice that of the 
control (381 µmol electrons m-2 s-1) (p<0.001), intact pine showed a 33% increase (252 
µmol electrons m-2 s-1) (p<0.05) and the combination of Sandstone Point and cleared pine 
extracts caused a 74% (329 electrons µmol m-2 s-1) elevation (p<0.05) (Fig. 5). Depressed 
electron transport rates (compared to the control) occurred in L. majuscula in response to 
mangrove, Shirley Creek, canal development and coffee rock extracts, although not 
significantly (p>0.05).  
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Hardy Reef Case Study 
The guano extracts contained high levels of phosphorus (1.89 µM) and dissolved iron  
(0.16 mg l-1) (Table 1). The photosynthetic rate of L. majuscula increased incrementally wit
increasing applications of guano extract (volumes of 0.1, 1.0, 10 ml in a final volume of 1.0 l) 
(Fig. 6). The highest application rate (10 ml in 1.0 l) containing 1.6 µg l

h 

 -1 of dissolved iron caused
a significant (p<0.05) increase in L. majuscula productivity. Both carbon uptake and electron 
transport rate of L. majuscula were elevated incrementally with increasing concentrations of 
guano extract.  

 
Figure 5: Photosynthetic capacity of Lyngbya majuscula incubated in dilutions of soil extracts from major 
land types within the Pumicestone Passage. (*=p<0.05, **=p<0.001 significant difference from control 
ANOVA F=11.01) 
 
 
DISCUSSION 
It is difficult to assess the historical extent of L. majuscula in Queensland coastal wa
Prior to 1996 there is no mention in the literature of significant blooms of L. majuscula in 
Queensland. However, oral history suggests blooms of a non-toxic filamentous alga
occurred in Moreton Bay seasonally since at least the early 1900’s (Buchanan Heritage 
Services, 2003). Since 1996, L. majuscula has been observed growing in significant 
quantities in at least thirteen locations in Queensland (Fig. 1). Whether the increase
cyanobacterial abundance is solely a biological indicator of widespread water quality
degradation or also a function of other environmental change including increased 
observation, is unknown. However, strong anecdotal evidence suggests that at 

ters. 

e 

 in 
 

two sites 
ardy Reef and Deception Bay) there have been significant increases in extent and (H

frequency of L. majuscula blooms in recent years. 
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In Deception Bay, it is hypothesised that altered runoff dynamics due to changes in land 
use within the catchment may have contributed to increases in L. majuscula blooms. 
Runoff during rain events introduce iron, phosphorus and dissolved organics to the 
coastal zone, which have been shown in other regions to stimulate algal blooms (Benn
et al., 1986; Mallin et al., 1991, 1993). The Pumicestone Passage catchment, which is 
adjacent to Deception Bay, contains a diversity of horticultural, residential and natural 
land uses. The dominant land use within the catchment is exotic pine plantations (Pinus 
elliotii) (37%), a large amount of which has been clear-felled in the last decade (Pointon 
et al., 2003) due to contingency clearing following a large bushfire. This current stu
assessed the potential for these land uses within the Pumicestone Passage catchment to be
the source of substances stimulating blooms of L. majuscula in Deception Bay. 
 
Large variability occurred in the chemical composition of soil extracts derived from the 
different land uses. Due to the high capacity for forests to fix atmospheric carbon the 
cleared pine, intact pine and Melaleuca forest soils yielded higher organic carbon than un
forested sites. However, differences between forests were more complex. Total organic 
carbon was higher under the pine forests compared to the Melaleuca forests. Similar 
differences were observed during a twelve-week leaching study in Germany, where pine
plantations yielded twice the organic carbon as that of a natural oak forest, and fou
that of grasslands (Khomutova et al., 2000). Th

et 

dy has 
 

-

 
r times 

ese differences are probably a product of 
e lower C:N ratio and higher surface area: volume ratio of pine litter enabling rapid 

rporation into the soil.  
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 abilities to complex iron (Hutchins et al., 1999; Rose and Waite, 2003). 
arallel studies have indicated that the organics within the pine extracts are able to 
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t factor affecting iron 
olubility in the water body rather than the actual source of the organics. Therefore, 

m nagement actions that control/reduce the input of organics to waterways are likely to 

 land 
. A significant increase in 

hotosynthetic capacity of L. majuscula occurred in response to extracts from cleared 

th
microbial inco
 
In the current study, there was a positive correlation between the concentration of soluble 
iron and organic matter contained in the different soil extracts and field measurements 
within Pumicestone Passage (Fig. 4). Previous studies have shown that organic carbon 
from both terrestrial and marine sources is able to form a complex with Fe(II) or Fe
(Theis and Singer, 1974; Koenings and Hooper, 1976). Extracts without high 
concentrations of organic material, such as Shirley Creek, had very high total iron 
concentrations of which negligible amounts were present in the soluble phase. In 
comparison, organic rich extracts did not necessarily have high total iron content, but a
higher proportion of the total iron was in the soluble phase. The coffee rock extract was 
the only exception to this trend; having high dissolved organic carbon with negligible iro
present in the soluble phase. This is probably due to the difference in the specific organic 
compounds between the forested soils and coffee rock extracts. Specific organic types 
have differing
P
complex the iron 240 times the rate of the organics in the coffee rock extract (Rose, 
unpublished data). Thus, not only are pine forests yielding more organic rich material into
Deception Bay, this leached material is able to complex iron more effectively than 
organics from the native vegetation. Despite this, the strong correlation between dissolve
organic carbon (DOC) and soluble iron at all sites throughout Pumicestone Passag
4) suggests that the concentration of organics is an importan
s

a
help reduce the severity of L. majuscula blooms in the Deception Bay region. 
  
The main focus of this study was to investigate how the soil extracts (from different

ses) affected physiological parameters of L. majusculau
p
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(p<0.001) and intact (p<0.05) pine forests. Both the cleared and intact pine extracts can
be distinctly separated from the others by their high phosphorus concentrations (6.7 an
9.5 µM respectively). It is unlikely that the elevated photosynthetic rates observed in 
response to these extracts are a result of phosphorus alone, as the cleared pine extract 
caused a significantly higher (p<0.05) photosynthetic response compared with that of th
intact pine extract, yet had a substantially lower phosphorus concentration. The c
pine, however, did contain soluble iron concentrations four-fold those of the intact pine
extracts. It appears, based on these results, that a threshold concentration of phos
may be required for elevation of the phot
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leared 

 
phorus 

osynthetic capacity of L. majuscula. The 
agnitude of this elevation however, may be related to soluble iron concentration rather 

than 

onse 

n 1999 to support 
ommercial tourism operations to visit a small heart-shaped ‘microatoll’ within the lagoon. 
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ef 

 

thesis 

a guano 

 

imulate a L. 
ajuscula bloom under various environmental conditions.  

m
than phosphorus concentration. This pattern is reinforced by the results obtained from L. 
majuscula treated with the other extracts. The Melaleuca, mangrove, canal development 
and coffee rock extracts all contained significantly higher soluble iron concentrations 
the intact pine extract, yet, unlike the intact pine, the extracts from these soils contained 
low phosphorus concentrations, and hence lacked a significant photosynthetic resp
(p>0.05). These results indicate that a combination of iron and phosphorus is required to 
increase the photosynthetic capacity of L. majuscula. These results are consistent with 
other studies of cyanobacteria and plankton species in which interactions between iron 
and phosphorus were required for elevations in photosynthetic rates (Lovstad and 
Krogstad, 2001; Clasen and Bernhard, 1974).  
 
Hardy Reef 
A floating helicopter pad was built within the Hardy Reef lagoon i
c
Prior to the helicopter pad being built, tourist operators had not reported L. majuscula
blooms in thirty years of daily visits to the area (P. Bull Whitsunday Air, pers. comm.). 
However, within one year of the helicopter pad being built in 1999, a bloom of L. 
majuscula occurred around the perimeter. Blooms also occurred in the following yea
2000, 2001 and 2002 (D. Haynes, Great Barrier Reef Marine Park Authority, pers. comm
Incubation of L. majuscula in dilutions of guano extract collected from the Hardy Re
helicopter pad caused significant (p<0.05) increases in L. majuscula productivity. The 
extract made from guano contained exceptionally high concentrations of phosphorus and
high concentrations of dissolved iron compared to levels found in marine waters. These 
results, in conjunction with strong anecdotal evidence lend support towards the hypo
that guano in this location is the nutrient source that has caused L. majuscula blooms at 
Hardy Reef.  
 
Stimulation of L. majuscula by guano has previously been observed. In the 1980s 
ship was wrecked off the coast of the Bahamas and guano washed out of a damaged hull 
of the ship into the surrounding water (pers. obs.). A substantial bloom of L. majuscula
(identified as Microcoleus sp. at the time) formed around the shipwreck suggesting that 
the input of a cocktail of nutrients into the marine environment can st
m
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echanism for iron and phosphorus to reach L. 

, 
e 
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ilar dark stained waters to those observed in this study (Burns 

m.). Red tides (dinoflagellate blooms) in Florida have also been linked with 
dissolved organics in the water column (Ingle and Martin, 1971). 

Figure 7: Conceptual diagram of Deception Bay area showing release of organics and iron from disturbed 
catchment following rainfall. These iron-organic complexes are transported through the estuary to the 
shallow seagrass beds of Deception Bay. This bioavailble iron combined with existing phosphorus 
stimulates growth of Lyngbya majuscula in bloom proportions.  
 
The combination of factors required for blooms of L. majuscula to occur based on our 
observations include the following: high concentrations of organics, phosphorus and 
bioavailable iron in the water column, warm waters, high light availability and relatively 
shallow substrate. It is hypothesised that increases in dissolved organics in the Deception

ay water column provides a transport mB
majuscula in a bioavailable form (Fig. 7). Likewise the input of phosphorus and 
bioavailable iron from guano appears to promote L. majuscula growth on Hardy Reef. 
These results are likely to have relevance to other observations of L. majuscula 
throughout Queensland coastal waters.  
 
In many cases worldwide, estuarine algal blooms have been linked to terrestrial run-off
following periods of heavy rainfall (Bennet et al., 1986; Mallin et al., 1991, 1993). Mor
specifically, phytoplankton blooms have been attributed to the increases of dissolved 
organic matter following rainfall (Heil, 1996). Similarly, other blooms of cyanobacteria 
have been linked with terrestrial organics providing a source of bioavailable iron 
(Emmenegger et al., 1998). Other L. majuscula bloom areas in the world may potentiall
have similar organic sources. Bamboo and sword-grass trash is seasonally flushed into 
coastal waters of Guam during the summer months of the L. majuscula blooms (Matson, 
1991) although this link has not yet been specifically tested. The recent seasonal blooms 
of L. majuscula in Florida (USA) are in the proximity of large freshwater Melaleuca
wamps which yield sims

pers. com
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Anthropogenic manipulation of coastal forest
balance and, in turn, impact on the ecological n 
relationships between catchments and estuarin
have proposed bio-available iron as an indica
present study highlights the importance of con
iron concentrations, in addition to the “usual”
nitrogen and phosphorus, in any water quality
impacts of water quality changes on marine e s not 
investigated all of the significant L. majuscula e 
stimulating factors (dissolved organics, iron a
delivered through different transport mechani isparate 
sites of Deception Bay and Hardy Reef.  
 
In conclusion, changes in catchment land use
alterations in inputs of dissolved organics, iron and phosphorus can lead to proliferation 
of noxious blooms of cyanobacteria. The chan  
ecological impacts. It is only by ascertaining 
stimulation that we can formulate effective m
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PARTIAL TRANSCRIPT (edited). The Editors felt that there was sufficient additional material of 
interest here to justify adding this partial transcript to the formal paper. 
 
T

 into very extensive blooms of 

mplex challenge managing and 
r through the great inter-

t we all come from one of 

e’ve amassed a fairly large 
ially managing these blooms o
 have Judith O’Neill who is
he US;  David Waite and 

e have soil scientists, 
e remote-sensing experts, as 

ologists.  So I’m a fairly small 
part of this large team and I’m going to try and whip through a fairly large amount of t
work that we’ve been involved in over the last few years. 
 
The organism we work on is Lyngbya majuscula which is a cyanobacte
fi
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Microcystis.  This is a filamentous cyanobacteria with long sheets of filaments which
occur from about 2 cm up to about 30 cm.  In a buoyant scenario these filaments g
rapidly and form large bent thick mats of cyanobacteria which occur along the bottom of 
our shallow estuarine and marine environments.  It occurs in a number of habitats.    One
of the other interesting things about this organism is that it is very toxic, its prim

 can 
row 

 
ary toxins 

re dermatotoxins.   The other interesting factor about this cyanobacteria, as well as some 

The blooms we’ve been working on are occurring in Moreton Bay w
bay in Queensland, also the largest in the world.  Moreton Bay is adjacent to the capital of 
Brisbane.  It’s a large semi-enclosed marine environment with a cat f 
16 : 1.  So the catchment of this bay is 16 times the size of the bay itself.  There’s higher 
pressure with the City of Brisbane of 1 ½ million people, and a lot o
influences in that catchment, it’s generally a highly disturbed area. 
have two major bloom regions of Lyngbya majuscula.  One is in De
northern region, another is in the eastern part of Moreton Bay in the fairly pristine area of 
the eastern banks.  The work I’ll present today is mainly focused ar
Bay region, as this has been where the blooms are occurring to the 
densities, it has been the one of most public concern.  These bloom
fairly large in scale, are removed from any human population densi
very pristine environment and there hasn’t been much public pressu
blooms as yet, but certainly as far as the environment is concerned 
important. 
 

In mapping of one of

a
others, is that it’s capable of fixing nitrogen, which gives it a great advantage over other 
traditional green algal species. 
 

hich is the largest 

chment to bay ratio o

f agricultural 
 Within the bay we 
ception Bay in the 

ound the Deception 
highest population 
s out here, although 
ties.  They are in a 
re to understand those 

they are fairly 

 the larger blooms 
which occurred back in 2000, as the water Bloom Extent
e 

re 
e rapid 

f rate, we’re talking 
about one rugby field per hour of aerial 

is 

s the science goes, we’ve really 
taken the catchment-wide approach with the 
understanding that what's occurring in this 
catchment is affecting the estuarine 

warms up we see small patches of this 
filamentous cyanobacteria occurring on th
bottom, growing physically attached to the 
sea grass, covering initially about 1 squa
kilometre.  After 2 weeks we se
expansion and up to 8 square kilometres by 
mid-February.  So for you Kiwis to 
understand that sort o
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expansion of this Lyngbya bloom.   

So there were very rapid expansion rates 
within a matter of 3 to 4 weeks over the 
summer months.  And that’s aerial 
expansion.  These blooms can reach 
anywhere between 1 foot and 4 foot in 
depth, so we have enormous biomass of th
cyanobacteria growing in these shallow 
marine environments. 
 
As far a

Bloom Expansion Rate =  Rugby Field hr-1

( Jan 1st - Feb 24th)
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Godwin Beach

Toorbul Pt.

Pebble Beach

Sandstone
Pt.

Bloom Expansion Rate =  Rugby Field hr-1

( Jan 1st - Feb 24th)  
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environment and is affecting the marine environment and potentially leading to blooms of 
Lyngbya.  We’ve been looking at interactions between the catchment, the estuary and the 
bloom, and the physiology of the Lyngbya.  I’m going to step you through each of these 
regions that we’ve been looking at and show you a sample of data.   

 
Obviously initially, with a lot 
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of the work from the 
freshwater environment where 
cyanobacterial blooms have 
been occurring for a longer 
period, we instantly look 
towards nitrogen and 
phosphorus.  If we look here at 
dissolved nitrate, ammonium 
and phosphorus levels within 
the waters surrounding the 
bloom site in Deception Bay, 
we observe these levels are 
very low.  Half a micromolar 
for most of the elements, with 

 indication of any increases in these nutrients prior to or following Lyngbya bloom 
ents.  So given these very low concentrations, and in fact this is a very pristine 
vironment, there wasn’t a lot of evidence to suggest that nitrogen and phosphorus were 
portant elements from the water column to promote these blooms.   
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 we look at monitoring of nitrates from across Moreton Bay, we observed the light 
ooms between zero and 1 micromolar moving up to the darker colours 10 plus 
icromolar.  We observed that the two regions, eastern banks and Deception Bay where 
e’ve been experiencing these cyanobacterial blooms, have very low concentrations of 
trates, of ammonium and of phosphates.  (Illustration unsatisfactory for use)  

e weren’t observing any blooms surrounding these plumes of higher nutrient areas, so 
ere really wasn’t any indication that N or P was responsible in stimulating these blooms 
at suddenly occurred about 5 years ago.   
 look towards the catchment and one thing that did stand out was fairly high 
ncentrations of iron, both in the water column and in the sediments.  The iron levels in 
is region of Moreton Bay are far and above that experienced in the other more polluted 
 & P areas.  You can see this image here from one of the creeks (illustration 
satisfactory for use) 
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entering the bloom site, there are very iron-rich sediments.  If we look to the literature as 
Ian Hawes alluded to earlier, we understand that the cyanobacteria have been around for 3
½ billion years.  Back when these organisms evolved, there was no oxy

 
gen in the 

nvironment but there was a lot of iron available.  This was a very iron-rich stage in the 
s 

tion 

heavily on iron to form the sub-units for that enzy
critical in the synthetic pathways of the ferrotoxin
 
So we understand that iron is critical for cyanobac
around the world in the marine environment has indicated that iron-rich Saharan dusts 
have been responsible for stimulating blooms of cyanobacteria and phytoplankton in the 

y’re 

e
earth’s history, and also very low nitrogen and phosphorus stages.  So these organism
developed a method of fixing their own nitrogen using iron.  So the nitrogen fixa
process which cyanobacteria utilise to access unavailable atmospheric nitrogen relies 

me.  In conjunction with that, iron is 
 electron-shuttling enzymes.   

terial physiology.  Some evidence from 

Atlantic Ocean.  So the
talking about large scale High Iron Requirement
m 
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.  
If we add phosphorus in 

onjunction with inorganically-bound iron, we see significant 3 to 4 fold elevations in the 
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U
n

continental movement of 
iron-rich dusts stimulating 
blooms in the open ocean.  In 
laboratory studies we 
conducted on Lyngbya fro
Deception Bay, measuring
photosynthetic rate of the 
organism, we observed that 
the addition of phosphorus
and also nitrogen had ver
little impact on photo-
synthetic rate, with fairly 
small insignificant increases
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c
photosynthetic ability of these organisms.  This is based on laboratory bioassays carried
out  in a similar way to those Ian presented earlier.   
 
So the addition of iron enables more fixation of nitrogen, enables higher photosyntheti
rates and heads a higher growth rate.  Now if we start to look a bit at iron chemistry, and 

we work very closely wit
one of the leading iron Light and organic 

 

chemists in Australia, we 
understand that iron in sea 

on, 
ly 

 
 

nfortunately in sea water and with the oxygen-rich env re 
ow exposed to, ferrous iron undergoes rapid oxidation t

water exists in one of two 
form:  as ferrous iron, the 
reduced form; or ferric ir
the oxidised form.  General
speaking Lyngbya and most 
other phytoplankton and 
cyanobacteria are able to use
ferrous iron and uptake it
into their cells.  

ironment that cyanobacteria a
o become ferric iron and then 

matter have a role 

-Organic matter can form organic 
ligand- Fe complex = stays dissolved

-Organic matter can significantly 
increase the time that Fe stays 
dissolved = biologically available

-Reduced hydrolysis in freshwater

in iron availability
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rapid hydrolysis to become ferric hydroxide precipitates.  So all you need to unders
that basically the form of iron that Lyngbya and other cyanobacteria enjoy is rapidly 
oxidised and hydrolysed to become unavailable in sediments.  So generally speaking thi
ferrous iron, this available iron, is only available in concentrations between 2 and 5
nanomolar in sea water.  These are very low concentrations and it’s generally con
to be the limiting nutrient of cyanobacteria in these low-iron environments such
water.  The chemistry gets a little bit more complicated if we introduce an organic 
an organic molecule or an organic carbon molecule into the equation.  In the presence of 
these organic molecules we observe that both ferrous and ferric iron can become 
complexed and bound.  This enables these species of iron to bond in a dissolved p
the water column, so if we add organic

tand is 

s 
 

sidered 
 as sea 

ligand, 

hase in 
s into the sea water, instead of rapid oxidation and 

ydrolysis we have complexation which is maintaining the iron in a soluble and hence 
available form in the sea water.  So we understand that o taining 
a high concentration of iron in sea water.  In the fresh w
little bit more complicated and we don’t see as much of this hydrolysis occurring and so 
generally speaking in the fresh water environment iron i
water. 
 
We looked for potential sources of these organic molecules and we saw that there are very 
high concentrations of this organic-rich organic carbon w

catchment.  This is t ter 

h
rganics are critical in main
ater environment their story is a 

s more available than in sea 

ater flowing out of the 
he humic or tannin stained wa

 

that we observed throughout coastal Australia.  So 
these organic-rich waters were potentially having a 
fairly major role in t  
and of the bloom sit cted 
we set up about 45 m  
the bloom site in the
dissolved organic ca er 
column during a fai d that 
between 2 and 5 mg
distributed througho
fairly low levels.   
 
However following 
event, we see these 
factor of 3 to 4.  So 

he iron chemistry of this estuary
e.  In some monitoring condu

onitoring stations throughout
 catchment and observed 
rbon concentrations in the wat

rly dry period.  We observe
/litre of organic carbon is 
ut the catchment.  These are 

rainfall, a significant rainfall 
concentrations increased by a 
we’re now seeing in the upper 

reaches of the 
catchment something 
 
wn to the 

like 40 or 50 mg/litre of 
organic carbon.  This is
transferred do

Organic Carbon-Iron Relationship

bloom site where we 
have increases of two to 
threefold in the organic 
carbon concentrations 
in that sea water 
following a rainfall 
event.  So this was 
potentially fairly 
interesting as a 
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nd dissolved available ferrous iron, we observe that in 
umicestone Passage a fairly linear relationship with increased organic carbon causing 

in 
nt 

 
bility to complex the ferric iron and maintain 

 in the soluble phase.  With other organic species, although this process still occurred, it 
occurred at a much slower rate. So the hydrolys
complexation in these other species.  In the pin
complexation and very strong organic iron bon
phase.  This was quite interesting from the pote
Lyngbya bloom area.    
 
So how did these catchment processes and diffe o the 
biology and physiology of the Lyngbya?  We used a fairly rapid, coarse approach to this 

s 

native eucalypt, native 
melaleuca, casuarina and 

as 

 

promoter of the bloom, given the importance these organic carbon molecules have in 
regulating the iron chemistry of the sea water.  If we look at the correlation between 
dissolved organic carbon a
P
increases in dissolved available iron, as represented in the chemical diagram I put up 
earlier.  So, we understand that organics are important and we know that there are 
significant sources of organics through the catchment.  We are interested in how these 
different sources of organics, organics from different parts of the catchment, could 
potentially act differently as far as complexation of the iron goes.  So we’re interested 
whether organics from pine trees, from eucalypt trees, from grasses, how those differe
organics specifically reacted with iron. 
 
We observed that the organic carbon coming off the exotic pine plantations within the
Deception Bay catchment had a far greater a
it

is process generally out-competes the 
e organics however, we observe very rapid 
ding, maintaining its iron in a soluble 
ntial ramifications of the iron in the 

rent catchment land use types relate t

collecting ground water sample
from about 50 to 60 sites across 
this catchment from a range of 
different land use types,  so 
these were replicated fairly 
heavily.  We collected from 
disturbed or recently cleared 
areas, we collected from exotic 
pine plantation areas, from 

wallum.    The methodology w
basically inserting shallow 
piezometers about 3 to 5 metres
in with a hydraulic probe.  The 
ground water was then extracted Variability in Organic-Iron Chemistry

Novel Bioassay Method
 72

conducting in the laboratory 
with Anabaena and Microcystis, 

 
nd 

 
these bioassays we’ve actually 

and analysed for its chemical 
composition and also was used 
to conduct bioassays.  We heard 
Ian Hawes talk this morning 
about the bioassays they were 

adding different concentrations
of nitrogen and phosphorus a
monitoring the response.  InPine organics: 
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•Maintain complex longer
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added small concentrations of the groundwater extracted from different land use typ
throughout the catchment.  Lyngbya is placed in small glass chambers, a dilution o

es 
f 

roundwater is added and the response of the Lyngbya is monitored over a 24/48 hour 
period.   
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We know the impacts of 
nitrogen, phosphorus and Variation in extract chemistry

 

n 

hese 

nd how 

but we wanted to look at the 
impact of the cumulative effect 
of that cocktail of nutrients 
derived from these various land 
use types.  We observed high 
variability in ferrous iron, i
dissolved organic carbon, in 
phosphorus and in ammonia 
concentrations between t
different land use types.  Wwe 
were really interested in the 
cumulative effect of these at 
different concentrations a
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ost significant response to photosynthetic rate of Lyn

hese results were fairly compelling given that we kne
portance of iron in Lyngbya growth.  We knew from  

issolved organic carbon from these exotic pine plantation species on regulating iron 
oncentrations in sea water.  So it was interesting to ac
e connection between catchment and the physiology bya grown in the 
boratory.  If we look at the land use regime in this catchment, we observe exotic 
lantations of Pinus elliotii.  These are mono cultures s
ew Zealand region.  Approximately 37% of this entir
nder exotic pine plantation management which is a fairly high concentration.  There are 
ery small urban residential areas in this region, but ge d 
onsidered fairly pristine. 

 1995 we had an extensive bush fire which moved th t.  
ollowing that bush fire the managers of these forests w
hat timber they could, so a large amount of the catchm hat 

Lyngbya reacted to that.  The 
table shows the  Lyngbya 
photosynthetic rate as a ratio to 
the con

control  which was pure sea 
water, 2.0 being twice that of the
control.  We observed
the majority of these different 
land use types there was a 
significant increase in 
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gbya in the laboratory.   
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would normally occur.  So in the years leading up to the Lyngbya blooms, which started 
in approximately 1996, we had significant catchment disturbance with approximately 

0% of the catchment cleared during a very short space of time.  This clear-felling is 
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1
complete clear-felling, it’s not selective and so effectively these areas were completely 
removed of all vegetation in this very short space of time.  So this is obviously fairly
coincidental with the timing of these very large blooms of cyanobacteria which were 
occurring at the bottom of this catchment.   
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t of water and obviously the nutrients that it brings with it coming 

his original schematic diag e years 
oms we saw significant ch
felling.  We understand tha se are 
lating the growth and photosynthetic capacity of cyanobacteria, we 

ics from pine in particular h
vailable dissolved phase in is 
e bloom site and is then ab  
rom laboratory studies that

rted to 

m site itself.   

ks at present are the influence of
ents.  We still need further under
me involved for these organic iro
 bloom site.  We also know very
 resting structures it has, how do

water will be yielded from that catchmen
Following a 20-year rotation, if that 
catchment is clear-felled again we see 

of plantations on catchment water quality
there doesn’t seem to be an effect on 

rogen, phosphorus and, dissolved organic carbon loads com
er than other catchments, but it’s this 

of those concentrations that really see

ram, we’ve observed that in th
anges in the catchment land use type 
t these organics from this land u

ave a great affinity for iron and are able 
the sea water.  We understand that th
le to be utilised by Lyngbya in its ferrous
 iron is a critical nutrient in stimulating 

  So although there's clearly some missing links, we’ve sta
erent interactions which are occurring through this catchment, the 

 shallow and deep ground water 
standing of the exact transport 
n complexes to get from the 
 little about the life cycle of 
es it survive over winter?   

9 12 15 18 21
Years Clearfelling
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So how does all this work rela
to what’s happening here in 
Rotorua?  Well obviously it’s 
fairly challenging, but in 
Rotorua there are certainly som
parallels with what we observe 

te 

e 

in Queensland.  We have a fairly 
disturbed catchment, I guess the 
significant change here is the 
high N & P loading of the 

 

 to 
resh water environments this hydrolysis effect occurs 

 a much lesser extent,  generally speaking in fresh water environments we have higher 

 
t in 

 

But basically there’s very limited 
g of 

me 

ity 

 of 

n 

There is some limited data that our 

ena 
and also Microcystis.  From the 
preliminary data it suggests that 

ron.  

 that 

catchments which we’ve heard 
about this morning.  So what’s
the role of iron in these 
environments?  Well it’s hard

say.  I guess the big thing is that in f

Iron Available in Freshwater

•Reduced hydrolysis

to
concentrations of available iron than in the marine system.  Hence iron, generally 
speaking, becomes less limiting to a fresh water organism, because most of it is present in
this soluble or complexed stage.  In fact some data suggests that iron is so abundan
fresh water that the addition of organic carbon molecules can actually lock the iron up and
prevent uptake to the cyanobacteria in the fresh water system.   
 

•More soluble Fe

Iron Available in Freshwater

•Reduced hydrolysis

•More soluble Fe
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Iron Influences Anabaena

knowledge and understandin
these processes in the 
environment.  We observed so
field data here from Japan.  We 
notice that in these lower salin
regions we have an exponential 
increase in the concentration
available ferrous iron.  So 
certainly in these fresh water lake 
environments we have a much 
higher concentration of iron tha
in the marine system.  So 
potentially it’s a less limiting trace 
element.   
 

group has started to collect on iron 
acquisition system of AnabaCellCell

AkineteAkinete
IronIron
No IronNo Iron

particularly Anabaena has 
specialised enzymatic processes 
which are designed to access i
So the fact that there are these 
specialised processes indicate
iron is a fairly important nutrient 
for Anabaena, for it to go to the 
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trouble of developing these specialised enzymatic processes.   
 

here’s also some data coming out of Europe which suggests that in Microcystis the toxin 

l 
 the 

 

 

T
compounds themselves may act as an iron-binding agent internally within the cells, 
maintaining iron availability within the cells.  So there’s a lot of debate over what actua
role the toxins in cyanobacteria play and there’s some evidence to suggest that one of
roles they play is to act as an organic molecule able to bind that ferrous available iron, 
maintaining its availability.  Increases in cell counts of Anabaena have been observed, 
with the addition of iron in a laboratory bioassay study.   
 
Likewise if we look at akinetes which are the resting or dormant stage in the Anabaena 
life cycle, we observe that akinete formation is significantly increased in low iron 
environments.  The formation of a resting structure such as an akinete indicates that the 
organism is shutting down and is becoming dormant.  So the fact that in iron-limited
conditions Anabaena elevates its akinete production indicates that iron may be important 
in regulating its life cycle.   
 
Another piece of data on Microcystis is that we’ve noticed in high iron-rich solutions is 
that there's an elevation in the volatile odour compounds produced by Microcystis, so 
there is some initial data that those odour compounds could be regulated by iron 

concentration within the water in which
the organism is growing.  So is iron 

o
re
 

Increases in Microcystis Odour (VOC)

in
c
im
th
a
e

 

e 

e are 

The data Ian Hawes presented this 

important?  We understand that there is 
potential in Anabaena for iron to 
regulate life cycle stages.  There is some 
evidence that Anabaena growth can be 
elevated under elevated iron 
concentrations.  There is evidence to 
suggest that the volatile odour 
compounds within Microcystis may b
regulated by concentration of iron in the 
lake.  And there's also some limited 
knowledge on the importance of toxins 
as an iron-binding agent.  But ther

bvious missing links in this, and the big questions are what really are the iron 
quirements of species such as Anabaena and Microcystis, which you experience here.   

K. Walsh et al. 1998

Missing Links
 the iron present in the 
environment is sufficient, so this is 

ions 

e 

morning indicates that potentially 
there is a fairly low requirement 
for iron,

obviously a fairly large question 
mark.  What are the concentrat

 these lakes?  There doesn’t seem to be any actual data on the available ferrous iron 
oncentrations within these lakes, so it's obviously a fairly major interest.  And more 

portantly, what are the sources and role of organics in regulating iron chemistry of 
ese lakes?  Are the similar catchment-scale processes involving exotic pine plantations 

s important in these lake systems as they are in the estuarine marine environment that w
xperience in Australia.  What are the sources, what are the concentrations of organic 

Iron requirements of freshwater cyanobacteria sp.

Inputs of dissolved iron in Rotorua lakes

Sources and role of organics
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carbon coming into these lakes?  I guess that's all I’ve got initially for you, but what I'm 
really interested in doing is just opening your eyes to the possibilities of these other trac
metals and othe

e 
r nutrients that can be important in regulating blooms.  Obviously these 

re very complex problems and it requires us to really draw on as many different skills 
k you 

 

nd 

a connection there.   

nd 

ion 

 thoughts as to any role that manganese might play as well. 

.A.: We haven’t done any experiments on manganese itself, we have worked with 
olybdenum.  It appears that molybdenum is definitely important in nitrogen fixation and 
kewise with iron, but the concentrations in the environment that we work in are not 

lenty of manganese.  As far as the pore water goes, that’s something 
e’ve been very interested in as well.  In an estuarine environment we have about a 

ater.  
t of 

te that cyanobacteria prefer.  In sea water however, due to 
e oxic conditions of the water that we experience, that pore water is not able to enter the 

le to escape 
om the sediments into an anoxic anaerobic water column, then those high concentrations 

o I 
ironment. 

e 
.  And that data I showed said that after about 5 to 6 years the effect of clear-

lling started to reduce.  So, yes the obvious question is are these nutrients, and hence the 

mes 
s.  With 

a
and disciplines as possible to attempt to manage and mitigate these blooms.  Than
very much. 
 
 
QUESTIONS 
Will Esler, Royal Society of New Zealand, session chair:  I’ll just make a comment first. 
In the Rotorua lake sediments there’s a band of Mayor Island Tefra that’s very high in 
iron, it’s about 5% iron and so it’s about 5 times more than any of the local tephras.  A
just above that layer the diatoms are huge, they are about 20 times the normal size, so 
maybe there’s 
 
Chris Hendy, University of Waikato: Simon, can I just add a bit of local information.  
We’ve been looking at the pore waters in the sediments and in the ground waters arou
the lakes and we actually find a lot of iron, but we’re talking about dealing with a 
thousand times the concentrations you are dealing with, they’re up into the half a mill
range in the pore waters.  But also a very large amount of manganese and I wonder if you 
have any
 
S
m
li
limiting, there's p
w
thousand times the concentration of iron in the pore water compared to the surface w
So the anoxic pore water environment is perfect for maintaining iron in that sor
ferrous state, which is the sta
th
water column and as soon as it is released from the sediments it immediately hydrolyses 
and precipitates and becomes unavailable in the sediment waters.  Obviously in a lake 
environment with potential anoxic hypolimnion areas, if that pore water is ab
fr
will be maintained in the water column and directly available to the cyanobacteria.  S
think pore water is certainly critical in this lake env
 
Raewyn Saville, Rotorua resident: Has the clear-felled area been replanted?  If so, do you 
have the opportunity to measure the nutrients in the run-off and whether it’s been 

ducing as the trees grow? re
 
S.A.:  Yes a very interesting question.  As I mentioned, these blooms started occurring in 
about 1996 and this was following that large scale clear-felling we saw after the bush fir
in 1995
fe
blooms, decreasing now?  The blooms certainly haven’t decreased and as far as the 
nutrients go, our monitoring programmes have been fairly basic in measuring what co
off into the creeks and rivers, and that's highly dependent on recent rainfall event
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the 5 years of data that we have, we can’t detect any long-term trends as yet, but 

hat you have told us in connection with the 

osure 
ad occurred, there was a real choke off in the nitrogen inflows and for several winters 

 the 
n the 

depend on whether iron is 
 fact limiting for cyanobacteria in these lakes.  With the high phosphorus levels I 

tate each 

.A.:  I think that’s very interesting.  Obviously the reduction in nitrogen and the increase 
it’s 

en- 
ent cyanobacteria generally have a 

wer need for iron because the nitrogen-fixation process is shut off, they simply take the 
 in 

 
 

 if there is enough iron available, then nitrogen becomes less limiting because the 
itrogen fixation process can occur.  So certainly in that environment if the introduction 

 
-fixing cyanobacteria such as 

nabaena to occur.  I think that story is certainly interesting, but really without some 

icrocystis.  I'm not sure if anyone has been measuring nitrogen-fixation in these lakes, 

large sewage treatment plants with the amount of 
itrogen they’re fixing out of the atmosphere and inputting into the system. 

done much 
ons 

ient influences on that? 

 

xin production is ramped up, so we see five to tenfold increases in 
xin production towards the end of the bloom compared to at the start.  As to why that 

t 

ese toxins to be an iron-binding agent is very interesting.  Obviously 

obviously it’s certainly hopeful. 
 
Rowland Burdon, Royal Society of NZ: W

ines I find extremely interesting in connection with a tale that I recounted I think two p
symposia ago about third hand information, but it related to the Wairua arm of Lake 
Tarawera, which rates as pretty oligotrophic.  The main catchment was planted up pretty 
well all at once in Pinus radiata and a few years after that planting when canopy cl
h
there were Anabaena blooms, despite the relatively low trophic state.  Well, a classical 
explanation would be that the nitrogen-limited state that resulted would have favoured
Anabaena, but one wonders whether there might in fact be an influence of the pine i
catchment on inflows of organic iron.  Clearly a great deal will 
in
understand that it tends to get to a state where ferric iron and phosphorus precipi
other, but would you like to comment on that? 
 
S
in iron are inter-related.  Generally cyanobacteria would prefer to uptake ammonium, 
a much easier process and doesn’t involve the fairly expensive creation of the nitrog
fixation chemicals.  So in a higher nitrogen environm
lo
nitrogen out of the environment.  When that nitrogen is decreased like you mentioned
the Tarawera catchment, suddenly the need for iron is elevated because they can use this
iron to create nitrogen-fixation enzymes and make their own nitrogen.  So the crux of the
story is
n
of Pinus species were to cause decreasing nitrogen in conjunction with increasing organic
available iron, that's the perfect situation for nitrogen
A
more work it would be hard to pin that down.  It’s interesting that you mention Anabaena 
was the blooming species.  I understand it has much higher nitrogen-fixation rates than 
M
but certainly we see very high rates of nitrogen-fixation by the Lyngbya that we’re 
working on.  And that’s actually an input of nitrogen into the system.  So the blooms 
every year are equivalent to about three 
n
 
Jan Sprosen, AgResearch: I'm interested in the toxin side of things.  Have you 
work on that?  Do you know when toxin has been produced and what may be the reas
for that, any iron influences or the nutr
 
S.A.:  The blooms we’re working on in Moreton Bay show very variable toxin production
rates.  Generally speaking, at the start of the bloom toxins are very low and the toxic 
concentrations in the tissue are very low.  Towards the peak and towards the end of the 
bloom is really when to
to
occurs, it’s one of our interests and there’s certainly a theory that the nutrient environmen
in which the organism is living is determining the toxin production.  That data I showed 
on the potential for th

 78



 

towards the end of the bloom iron becomes more limiting, so potentially they are ramping 

t 
m New Zealand, they came from Canada 

here there are gigantic rivers to push out the flow that you get from the pollen.  I'm 
ound 

e 
uality is affected, I cannot help but think is there 

omething to do with pollen?  It is air pollution and surely it must affect the ground and 

the relationship with pine is fascinating but as far as the pollen, I can’t see any 
pecific role that would be playing, but certainly the organic debris following clear-felling 

he real impact we see, rather than from 
ollen. 

nderson, M.A., Morel F.M., 1982. The influence of aqueous iron chemistry on the 

ennet, J.P., Woodward, J.W., Schultz, D.J., 1986. Effect of discharge on the chlorophyll 

y 
aterways and Catchment Partnership. Brisbane. 

n speciation in 
eawater. Marine Chemistry 4, 255-274. 

l species. Water Resources 8, 
1-44. 

land. In: Charpy, L., 
arkum, A.W.D. (Eds.), Proceeding of the International Symposium on Marine 

Cyanobacteria, Institut Oceanographique. Paris. Nov. 1997. 

up toxin production to access more of that iron.  But a definite answer we haven’t been 
able to get yet. 
 
Mary Stanton, Te Arawa Iwi: I'm very interested in what you have spoken about 
regarding pine trees.  Can you tell me does pollen have any effect on our water quality 
when you’re dealing with nitrogen, phosphate and iron?  Because looking at managemen
around our lakes, pine trees are not naturally fro
w
interested to know whether pollen has any effect on our water quality. Our trees ar
here are being felled and we are going into second rotation and when I look at the dat
spans of the worst times our water q
s
water quality. 
 
S.A.:  I can’t comment on pollen specifically, it's not something we’ve ever considered.  I 
think 
s
and the leaves and the branches and whatnot that are left behind greatly elevates the 
organic carbon concentration in the soil and that's t
p
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Assessment of phosphorus loss risks from agricultural soils 
Rotorua Lakes catchments 

 
Anwar Ghani, Ken Perrott

in 

wan 

 
nd 

horus content of soils. It is well known that 
hosphorus added as fertilizers can be retained in the topsoil, especially where the soils 

owever, the sandy nature of many of the Rotorua soils, 
nd low phosphorus retention by some of the soil horizons may allow leaching of 

lsen P values of subsoils which have not been exposed to fertiliser or waste P inputs are 

ns 

chment, 
ents and 2 samples from Lake 

otoiti catchments. Twenty eight sites were selected for sampling based on soil type and 
Further information is given in Table 1. 

1, Martin Hawke2, Martin Kear and Alec McGo

AgResearch, Land and Environment Management Group, Ruakura Research Centre, Hamilton 
1Flynn Road, Hamilton 

2Bay of Plenty Farm and Pastoral Research, Private Bag 3020, Rotorua 
 
BACKGROUND 

Phosphorus (P) has been implicated in the eutrophication of some of the Rotorua lakes
and agriculture is one of the possible sources for this. Fertiliser application to pasture la
and grazing produces a build-up of the phosp
p
are highly phosphorus retentive. H
a
phosphorus down the soil profile, and eventually into groundwater. 

 

AIMS 

This project aims to identify the potential extent of P movement down the profile of a 
range of Rotorua soils under pasture located in the catchments of lakes Rotorua, 
Tarawera, Rerewhakaaitu and Rotoiti. We did this by: 

1. Measuring the P retention properties of soil samples taken from these soils at 
depths between 0 and 1.5 m; 

2. Measuring Olsen P values in these soils samples. 

O
very low (Perrott et al. 1999) and can provide a very sensitive indicator of phosphorus 
movement down the profile. The P retention and Olsen P measurements enabled us to 
assess the ability of the topsoils to retain P in their surface layers and identify situatio
where previous movement of P down the profile has occurred. 

MATERIAL AND METHODS 

The predominant pastoral land use in the catchments, especially closer to lakes, is 
sheep/beef and dairying followed by beef/bull or beef grazing and this was reflected in 
our sampling regime (Table 1). We sampled 17 farms from the Lake Rotorua cat
four each from Lake Tarawera and Rerewhakaaitu catchm
R
P retention information. 

An area of 25 m2 was sampled from each sampling site. Sampling was from 0 - 150 cm 
depth. Three deep cores (0 – 150 cm) were collected from each site using a motored 
mechanical auger.  Each deep core sample was divided into the following depths: 0-10, 
10-20, 20-40, 40-70, 70-100 and 100-150 cm.  
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Soils were sieved (4 mm) and air-dried (35°C). Olsen P (Olsen et al. 1954) and P 
retention capacity (Saunders and Williams 1965) (also known as anion storage capacity -
ASC) measurements of these soils were made on the air-dried samples. Total organic
carbon (C) (by combustion method using a Leco furnace), total nitrogen (N) and total 
phosphorus (P) were measured on the 0 – 10 and 10 – 20 cm samples.   

 
RESULTS AND DISCUSSION 
 
Land use and Olsen P in surface soils 
 
Dairying needs to maintain high levels of soil fertility to sustain the high dry matter 
production necessary for economically sustain

 

able dairy farming and is therefore the most 
rtilized pastoral agriculture in the area. For dairy farms located on pumice soils the 

lues for near maximum production in the top surface (0-7.5 cm) is 
etween 35-45 µg P ml-1 soil (Roberts and Morton, 1999). In this study we sampled at 0-

.5 
oil 

 in 

or near 

ed values of 61 and 66 µg P ml  soil (sites 27-28).    

ms that were sampled had appropriate Olsen P levels for meeting the 
erbage production demand of this type of land use. The values ranged between 10-25 µg 

 
l-1 

ms (sites 14 and 15) sampled showed higher levels of 
lsen P than expected (51 and 73 µg P ml-1 soil), even for dairy farms. For comparison 
urposes, two sites in maize paddocks were included. These showed medium to high 
vels of Olsen P values (27, 33 µg P ml-1 soil) in the surface soils. 

, 9, 13 
e a 

otential to accumulate large amounts of fertiliser P in the soil profile and consequently 
 

fe
targeted Olsen P va
b
10 cm instead of 0 – 7.5 cm. Consequently, we expect dilution with soils from below 7
cm giving lower Olsen P values than if sampled at the standard 0 – 7.5 cm used for s
fertility estimation. Using the targeted values as the basis for optimum level of Olsen P
surface soils, survey results show that 66% of the sites sampled from dairy farms had 
Olsen P values greater than the targeted levels (Table 2). Considering the effect of the 
dilution factor due to greater depth of soil sampling we suggest that most of the dairy 
farms sampled in this study would have greater Olsen P values than required for the near 
maximum production.  A possible exception to this is on very coarse soils from 
Tarawera/Matahira gravels where previous research suggests optimum Olsen P f
maximum production is approximately 50-60 µg P ml-1 soil. Two of the dairy sites 
located on these soils show -1

 
The Sheep/beef far
h
P ml-1 soil. These values are consistent with those reported by Wheeler et al. (2004). 
These workers analysed over 240,000 data from a commercial laboratory and concluded
that mean value of Olsen P in pumice soils that are grazed by sheep/beef was 20 µg P m
soil. 
 
Because of the smaller number of the samples from other land uses (2-4 farms), we 
cannot draw any conclusions on the range of Olsen P values existing on other land use 
sites. However, 2 dairy run-off far
O
p
le
 
Anion Storage Capacity (ASC) 
 
Table 5 shows the ASC results for each site. We can classify ASC values into high (> 
70%), medium (30-69%), and low (< 30%) categories. Only five sites namely 7, 8
and 23 had high levels of ASC throughout the soil profile. Therefore these sites hav
p
pose no threat to groundwater pollution through P leaching. Seven of the sampled sites (4,
6, 16, 17, 19, 22 and 25) had medium ASC values throughout their profiles. These sites 
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have the potential to accumulate significant amounts of P throughout the profile. If P 
leaching from surface soils occurs when P accumulation exceeds the P storage capacity 

ithin the top soils, then the leached P will be adsorbed in the lower horizons. We expect 

here were four sites which had low ASC values throughout the profile (12, 24, 27, and 

n the presence of ash 
yers at specific depth. The risk of P leaching to groundwater from these sites would 

with depth 

e soil to 

 

 

oil down to lower horizons. Some of the sites have medium-lower ASC values 
.g. sites 1, 4, 10, 19 and 26) but Olsen P values in the lower horizons are either equal of 

s to be evaluated in further studies.  

 
l at 

lated with ASC capacity of soils, the lower the 
SC capacity of the soil, the higher the movement of the soluble P to lower profiles. The 

xtent of movement of P to lower horizons would depend on the amounts of cumulative 
e, utilisation efficiency of fertiliser P, ASC capacity of 

oil, amounts of rainfall and groundwater table. Our survey results show that over third 
(36 awera 
and Re
ground
 
Total P
 
It is dif ke any comments on the rate of accumulation of P in soils as total P 
due
amoun P 
g-1soil (Table 3). These values provide a snap shot of the total P level in soils around the 

w
that these sites would contribute very little P to groundwater through leaching. 
 
T
28). Because of their poor P retentive capacity, movement of fertiliser P to lower horizon 
in these sites is most likely to occur.  There were a few sites which had combination of 
high-medium, medium- high, low-medium or low-high or high-medium-low levels of 
ASC values at different depths of the profile (sites 2, 3, 5, 10-12, 14-15, 18, 20-22 and 
26). Variations of ASC values in these profiles were dependent o
la
depend on the distribution of high or low P retentive capacity of soil layers with in the 
soil profile, as well as agricultural P inputs. 
 
Olsen P distribution 
 
Soil samples from lower depths from each site were also analysed for Olsen P to 
determine if there was any detectable movement of soluble forms of P from surfac
lower profiles. These results are presented in Table 6. 
 
Perrott et al. (1999) found that the natural background level of Olsen P in pumice subsoils
is generally around 1 or 2 µg P ml-1 soil.  With the current set of sites the data in Table 6 
suggests natural background Olsen P values of <5 µg ml-1 soil. Therefore, Olsen P values
>5 µg P ml-1 soil in the lower horizons would indicate movement of fertiliser P from 
surface s
(e
less than 5 µg P ml-1. However, this does not necessarily mean that leaching of P is not 
occurring. It could be that lower horizons, which have low ASC values, are unable to 
retain much of the soluble P and hence allow soluble P to move to ground water. This 
aspect need
 
The Olsen P values for sites 3, 11, 14, 15, 17, 18, 20, 21, 24, 27 and 28 clearly showed
signs of movement of soluble fertiliser P to lower horizons. There is therefore potentia
these sites for P leaching to groundwater and then possibly to the surrounding lakes. 
These movements are generally well corre
A
e
application of fertiliser P over tim
s

%) of the sites sampled from the pastoral sites located in the lakes Rotorua, Tar
rewhakaaitu and Rotoiti catchments have the potential to contribute P to 
water.   

 accumulation 

ficult to ma
 to lack of any historical data of total P from any of the sites that were sampled. The 

ts of total P in the surface soils varied considerably ranging from 430 to 2100 µg 
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lake ca
signific ding lakes. The amounts of total P in the surface 
lay
forestry  
of total P (Perrott et al. 1999). This clearly shows accumulation of fertiliser and dung P in 
the
could h oral sites 
that we 7 fold higher amounts of total P. These 
val
undeve  
due to sustained topdressing with P fertiliser which in turn would result in a greater return 
of d
which 
 
Total C
 

otal organic C and total N were also determined in the surface samples to assess the 
quality of soil organic matter in the surface soil. Results are shown in Table 3. The 
minimum and maximum values have been highlighted in the table. There was a wide 
range of total organic C and total N in these soils. Also there was a wide spread of ratios 
between these two nutrients in soils but most of the soils had C:N ratio between 11:1 and 
14:1. This is also reflected in Fig. 1 which shows good correlation between total organic 
C and total N in soils. There was relatively poor correlation between total organic C and 
total P and between total N and total P (Fig. 1). This is understandable as total P is not 
entirely present in the soil organic matter. Soil parent material may also plays a 
significant role in the total P concentrations in soils as some soils have parent materials 
which are rich in apatite.   
 
CONCLUSIONS 
 
Based on the increased P levels with depth in some soils coupled with low anion sorption 
capacity of soils, there are some pastoral sites where soluble P either from fertilisers or 
mineralised from soil organic matter has moved down to lower profiles. In some case 
movement is detectable beyond 100 cm depth. Our study shows that contamination risk of 
P movement to groundwater from pastoral sites through leaching may be occurring 
particularly in soils that have low ASC values.  This could be examined further by 
assessing P concentrations in groundwater in different areas/catchments and different P 
histories and soil characteristics. 
 
 
 
QUESTIONS 
Chris Hendy, University of Waikato:  I would like to know just what your concentrations 
are even under the high ASC soils in the soluble phosphorus at depth.  The reason for 
asking is that even one microgram of phosphorus per millilitre in the ground water is 
quite a high concentration to see going into a lake.  And if this is being achieved 
underneath those soils, it could be quite an important source of higher phosphorus. 
 
A.G.:  Typically the levels of Olsen P in high ASC soils which we have measured ranged 
between 1 to 3 maximum.  The Olsen P determination also measures a very small fraction 

tchments. Any loss of surface soil due to erosion or runoff would contribute 
ant amounts of total P to surroun

er of these pastoral soils appeared to be considerably higher when compared to a 
 site planted in 1990 on Whakarewarewa sandy loam which had 307 µg P g-1 soil

 pastoral soils. If we use the total P values at the forestry site as a benchmark which 
ave inherently a low level of total P, it would appear that some of the past
 have sampled have accumulated up to 

ues are also 2-5 times higher than those reported by Perrott et al. (1989) for 
loped yellow-brown pumice soils. Higher total P values in these pastoral sites are

ung from grazing animals and plant litter helping to build the total organic matter 
also contains significant amounts of P. 

, N and P 

T
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of organic P as well if there is any, so it’s not like a water extract situation, it’s slightly 
ore. 

 
Name not recorded:  Could you show us on the screen the soil map and could you point 
out where the troublesome soils are on that map please? 
 
A.G.:  These, out of 28 sites, are the 7 sites which showed greater amounts than 5 mcg of 
phosphorus per ml (volume-based measurement for Olsen P).  So it shows that we need to 
really know a little bit more about this, so that we can manage things better.  Typically 
phosphorus leaching is not something which is an upper concern, but because being a 
porous soil which we have got here, we need to be aware of it.  
 
Name not recorded:  Now am I right in saying that site 11 up there is Wairenga Dairy 
Farm, a very large dairy farm, is that correct?  Because they put on a lot of fertiliser and if 
there’s a problem it may be shared with other dairy farms in the Rotorua area.  Thank you 
very much Dr Ghani. 
 
Charles Sturt, Rotorua District Council: Can you go back to that map please,  of your 
phosphorus survey.  We have a major problem and some of the other papers have 
highlighted it, with the Hamurana and Taniwha Springs, with the levels of contamination 
that is coming through the spring system and the gentleman who is chairing the meeting 
said there are some major dairy farms.  Was that site at Te Wairenga Road and the other 
one up Oturua Road?   Are they in close proximity to those springs in terms of the water 
and the flow on effects?  Because there is double the rainfall up there that there is in the 
city, so I just wondered if you had taken that into account when you did your phosphorus 
counts. 
 
A.G.: I would like to pass that down to Martin (Hawke) to explain the relative locations, 
in terms of what we have measured at the time.  How this relates to the movement of 
water at those depths, perhaps we can extrapolate from the paper which was presented 
earlier on. 
 
Martin Hawke:  No neither of these sites were anywhere near the springs.  The one at 
Oturoa Road was where the sharp bend is, on a lifestyle block.  The one in Wairenga 
Station was well to the right of Hamurana and to all the facilities there.  We certainly 
didn’t connect those to the springs at all. 
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Figure 1: Correlations between total organic C, total N and total P in surface soils. 
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Table 1. Some details of the pastoral sites that were sampled from the lakes in Rotorua area.   
Site No. Farmers detail GPS Location Land use 

1 Wharenui Stn, Gee Rd., NWTL E 2800261, N 6335592 Dairy 

Distance (km) Soil type Soil Grouping Lakes 
2 Rotomahana shallow sandy loam Recent on YBP Rotorua 

2 W E airy a s oa nt on YBP Rotorua 
W Stn, Gee Rd., NWTL E 2800973, N 6337434 Dairy 1 ae loam cent Rotorua 
To  Te Ngae Rd  E 2802025, N 6339485 Bull b 0.5 ae loam cent Rotorua 
To  Te Ngae Rd  E 2801766, N 6339266 Bull b 0.5 ae loam cent Rotorua 

, NWTL E  N 6341150 Sheep 1 ru Sandy L Rotorua 
, NWTL E  N 6340880 Sheep 2.5 kuru Sandy L Rotorua 

Bill Gibbs, Dalbeth Rd E 2789495, N 6344750 Dairy Dry stock 3.5 Hill soil P on YBL Rotorua 
Pet eizer, Central Rd E  N 6348802 Dairy 4.5 Sand P on YBL Rotorua 
Bar ell, Te Waeranga Rd E  N 6349148 Sheep 2.5 Sand P on YBL Rotorua 
Wa Stn, Mourea E  N 6347221 Dairy 1.5 Sand P on YBL Rotorua 
Wa Stn, Mourea E  N 6345976 Dairy /Dry stock 0.5 whir  y/organic Rot/Rotoiti 
Ti  Otonga Rd., NWTL E  N 6331484 Sheep 4.5 ru Sandy BL Rotorua 
E.  Owhata E  N 6335545 Dairy /Dry stock 0.5 whiro san  Rotorua 
Hi t(B. Cornwell) E  N 6336656 Dairy Dry stock 0.5 ru Sandy L Rotorua 
To  Te Ngae Rd  E 2803478, N 6339127 Sheep 2 i loamy cent on YBP Rotorua 
Trust, Te Ngae Junction E 2801798, N 6341437 Maize 0.5 ae loam cent Rotorua 
Tr gae Junction E 1, N 6341147 Maize <0.5 whiro san y Rotorua 

E 2802832, N 6344153 Bull b 0.5 i loamy cent on YBP Rotoiti 

harenui Stn, Gee Rd., NWTL  2801973, N 6336175 D  2.5 Rotomahan hallow sandy l m Rece
3 harenui  Te Ng y sand Re
4 ny Carr, eef Te Ng y sand Re
5 ny Carr, eef Te Ng y sand Re
6 Ngongotaha Stn.  2791796, /beef Ngaku  loam YB
7 Ngongotaha Stn.  2790142, /beef Nga  loam YB
8  runoff/ Oropi  YB
9 er Schw  2789786,  Oropi YB
10 ry Russ  2795661, /beef Oropi YB
11 eranga  2801872,  Oropi YB
12 eranga  2802326,  runoff Waio o sand/Utahina peaty loam Gle
13 hiotonga Stn,  2793129, /beef Ngaku  loam Y
14 Wilcox,  2797998,  runoff Waio d Gley
15 nemoa P  2798609,  runoff/ Ngaku  loam YB
16 ny Carr, /beef Rotoit sand Re
17 Te Ng y sand Re
18 ust, Te N  280166 Waio d Gle

19 Tikitere, AgR eef Rotoit sand Re
20 Crater Farm, NWTL E 2806187, N 6332192 Deer 1 ahana  s cent from Mud Tarawera 

, NWTL E 2806635, N 6332332 Deer 1 ahana  s nt from Mud Tarawera 
J. Ford, Highlands Stn E 2804028, N 6322542 Sheep 6.5 ahana h cent from Mud Tarawera 
J. Ford, Highlands Stn E 2802069, N 6322289 Bull b 5 ahana  s cent from Mud Tarawera 

m, Fairy Springs Rd E  N 6339100 Dairy /Dry stock 1 whir  y/organic Rotorua 
C. Yankee Rd, Rerewhakaaitu E  N 6312498 Dairy 1 re shallo haroa Ash-YBP Rerewkakaaitu 
J.M  Yankee Rd,      " E  N 6313621 Dairy 0.5 re shallo haroa Ash-YBP Rerewkakaaitu 
S.Marshall, Ash Pit Rd,     " E 2819521, N 6316556 Dairy 0.5 ina grav cent, from Tarawera Ash Rerewkakaaitu 

otu Rd,  " E 2820104, N 6317193 Dairy 1 ina grav cent, from Tarawera Ash Rerewkakaaitu 

Rotom andy loam Re
21 Crater Farm Rotom andy loam Rece
22 /beef Rotom ill soil Re
23 eef Rotom andy loam Re
24 Rainbow Far  2792883,  runoff Waio o sand/Utahina peaty loam Gle
25 Sutton,  2814085,  Te Re w sand Ka
26 ascall,  2814631,  Te Re w sand Ka
27  Matah el Re
28 B.Osbourne, Ngam  Matah el Re

 

 91 



 

 92

Table 2: Olsen P levels in the surface (0-10 cm) so . Values exceeding the maximum 
targeted levels recom s are bolded. 
 

Site No. a Olsen P (µg P ml-1 soil) 

ils
mended for dairy farm

L nd use 
1 53 Dairy 
2 Dairy 42 
3 Dairy 51 
4 Bull 47 
5 Bull beef 19 
6 Sheep/beef 11 
7 12 
8 Dairy runoff/Dry stock 10 
9 Dairy 22 
10 Sheep/beef 21 
11 Dairy 78 
12 Dairy runoff/Dry stock 16 
13 Sheep/beef 24 
14 73 
15 Dairy runoff/Dry stock 51 
16 Sheep/beef 29 
17 Maize 27 
18 Maize 33 
19 Bull beef 11 
20 Deer 11 
21 Deer 24 
22 Sheep/beef 14 
23 31 
24 Dairy runoff/Dry stock 18 
25 Dairy 40 
26 Dairy 61 
27 Dairy 61 
28 Dairy 66 

beef 

Sheep/beef 

Dairy runoff/Dry stock 

 

 Bull beef 
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T p r to lakes 
catc a u ee

Site a an (%  ( a N:P ratio  ratio 
1   303  

able 3: Some
hments. M

 No. Tot
5.81

 chem
xim

l Org

ical c
m an

ic C

har
d m

arb

acteristics of surface s
inimum values have b

on (%) Total Nitrogen 
0.47 

oils (0-10 cm depth) col
n highlighted. 

) Total Phosphorus
1550 

lected from 28 

PPM) C:N r
12 : 1

asto

tio 

al sites

 : 1 

 in Ro rua 

C:P
3749 : 1

2   303  
3  211  
4   317  
5  328  
6   386  
7   366  
8   407  
9   543  
10   325  
11   275  
12   767 03  1 
13   291 07  
14   238 28  
15   203 08
16   465 96  
17   503 98  
18   460 : 28  
19   842 : 1 30  1 
20   442 : 1 72  
21   434 : 1 13  
22   402 : 1 49  
23   416 : 1 90  
24   409 : 1 62  
25   388 : 1 25  
26   416 : 1 680  
27   272 : 1 266  
28  257 : 1 195  

5.02
 3.09

4.99
2.87
4.44
6.87

 7.17
7.16
3.80

 3.49
4.44
7.28
4.80
4.09
3.95
4.52
6.28
4.96
2.67
3.90
3.35
6.35
6.11
4.59
5.07
3.04
2.21

0.44 
0.20 
0.44 
0.32 
0.39 
0.57 
0.64 
0.53 
0.22 
0.19 
0.33 
0.52 
0.50 
0.27 
0.37 
0.38 
0.46 
0.32 
0.25 
0.33 
0.30 
0.54 
0.51 
0.42 
0.31 
0.31 
0.29 

1450 
945 
1385 
975 
1010 
1555 
1570 
975 
675 
690 
430 
1785 
2100 
1325 
795 
755 
1000 
380 
565 
760 
745 
1295 
1320 
1080 
745 
1140 
1130 

11 : 1
15 : 1
11 : 1
9 : 1 
11 : 1
12 : 1
11 : 1
14 : 1
17 : 1
18 : 1
13 : 1
14 : 1
10 : 1
15 : 1
11 : 1
12 : 1
14 : 1
15 : 1
10 : 1
12 : 1
11 : 1
12 : 1
12 : 1
11 : 1
16 : 1
10 : 1
8 : 1 

 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 
 : 1 

 1 

3462 : 1
3269 : 1
3602 : 1
2943 : 1
4396 : 1
4418 : 1
4566 : 1
7343 : 1
5629 : 1
5057: 1

25 :
8 : 1
5 : 1
6 : 
8 : 1
6 : 1
0 : 1
52 :
5 : 1
1 : 1
6 : 1
3 : 1
8 : 1
0 : 1
5 : 1
7 : 1
6 : 1
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4
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1
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Table 4: Distribution of percent anion storage ca ths
 

Soil depth Site numbers and % ASC in soils 

pacity (ASC) in soils at various dep . 

(cm) 1 2 3 4 5 6 2  15 17 18 19  22 25 26 27 
 
28  7 8 9 10 11 1  13 14 16  20 21  23 24 

0-10 42 41 13 38 35 58 7  45 40 40 44 27  36 43 34 15 17  77 82 76 25 27 3  66  34 35 22  57 21 
10-20 46 44 7 39 24 41 5  39 40 34 30 28 36 28 41 40 11 14  81 84 84 33 24 2  50  39 38  57 28 
20-40 59 59 25 50 34 40 2  62 23 44 37 28 36 13 15 14 46 48 9 4  76 71 95 79 52 1  78   60 10 
40-70 64 80 47 66 65 50 6  4  19  48 33 36 10 3  66 63 86 65 83 2  81 36 17 66 60 6 61  51  71 12 
70-100 55 61 62 51 79 61   2  41  63 48 30 6 5  70 85 83 53 55 * 80 21 36 67 59 3 63  46  70 2 
100-150 41 55 50 35 72 57   57 16 48 42  54 44 25 7 1  79 91 77 45 47 * 81 16 55  47  51  73 10 
                             

 
 
 
 
 
Table 5: Distribution of Olsen P (µg P ml-1 soil) lev
 

Soil depth Site numbers and Olsen P (µg P ml-1 soi

els in soils at various depths. 

l) 
(cm) 1 2 3 4 5 6 12 13 14 1 20  22 25 26 27 28 7 8 9 10 11 15 16 17 8 19  21  23 24 
0-10 53 42 51 47 19 11 6 24 73 2 27 33 11 11  14 40 61 61 66 12 10 22 21 78 51 9  24  31 18 
10-20 17 15 23 15 8 6 3 9 89 1 14 19 17 3  3 8 15 67 49 6 3 2 13 54 59 0  14 14 6 
20-40 5 6 6 6 4 4 3 3 29 3 11 4  3 3 3 35 26 3 2 1 3 20 24 5   8  10  5 3 
40-70 3 3 4 3 3 3 3 3 8 3 8 3 4  3 1 1 23 14 3 2 1 2 3 14 2  4  2 4 
70-100 3 3 4 3 3 3 * 2 10 8 2 4 5 3 11 4 2 1 1 13 11 2 1 1 3 4  2 4 
100-150 4 5 5 3 2 4 * 2 11 9 2 7 8 3 10 3 1 1 2 15 9 2 1 1 3 5  2 5 
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2. School of Biological Sciences, Victoria University, PO BOX 600, Wellington. 
3. AgResearch, Ruakura, Private Bag 3123, Hamilton. 
4. Environment Bay of Plenty, PO BOX 364, Whakatane. 
 

A

Cyanobacteria in water bodies can produce cyanotoxins. A range of cyanotoxins has been 
found in the Rotorua Lakes and at times microcystin concentrations in Lakes Rotoiti and 
Rotoehu have reached levels that are potentially dangerous to humans involved in 
recreational activity on or in these lakes.  
 
Microcystins are known to accumulate in freshwater organisms. In this study we investi
the accumulation of microcystins in rainbow trout (Oncorhynchus mykiss) and freshwater 

ussels (Hydridella menziesim
trout that had access to the entire lake and hatchery trout added to an enclosure in L
Rotoiti where microcystin levels in the water and cell counts could be closely monitored. 
Microcystins in water samples, trout liver, trout muscle tissue and in the mussels were 
analysed using the ADDA-ELISA method.   
 
A maximum microcystin level in the water samples of 760 µg l-1 was recorded in Te Weta
Bay, Lake Rotoiti, in March 2004.  The ELISA results also confirmed the presence of 
microcystins in trout liver and muscle tissue, and in freshwater mussels. The Total 
Intake for microcystins intake recommended by the World Health Organisation for human 
consumption is 0.04 µg kg-1 day-1.  A 70
fr
s
c
Key words 
microcystins, cyanobacteria, rainbow trout, freshwater mussels, Lake Rotoiti, Lake Rotoehu 
 
1

hazardous to humans e
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Cyanotoxins include the cyclic peptides (microcystin and nodularin), the alkaloids 
(cylindrospermopsin, anatoxins and saxitoxins) and lipopolysaccharides (LPS).  Table 1 
(adapted from Chorus and Bartram (1999)) presents the known cyanotoxins, the primary 
toxicological target in mammals, and examples of the cyanobacterial genera that produce 
each toxin. 
 

Toxin Group and 
Toxin 

Primary Target in 
Mammals Cyanobacterial Genera 

Cyclic Peptides 

Microcystins Liver Microcystis, Anabaena, Planktothrix, Nostoc, 
Hapalosiphon, Anabaenopsis 

Nodularin Liver Nodularia 
Alkaloids 
Anatoxin-a Nerve synapse Anabaena, Planktothrix, Aphanizomenon 
Anatoxin-a(S) Nerve synapse Anabaena 

Cylindrospermopsins Liver Cylindrospermopsis, Aphanizomenon, 
Umezakia 

Saxitoxins Nerve axons Anabaena, Aphanizomenon, Lyngbya, 
Cylindrospermopsis 

Lipopolysaccharides (LPS) 

 Potential irritant; any 
exposed tissue All 

Table 1.  Summary of Cyanotoxins  
 
Cyanotoxins have been found in a number of the Rotorua lakes (Table 2). Microcystins are 
the most common cyanotoxin in the Rotorua Lakes. In Lakes Rotoiti and Rotoehu 
microcystin levels have at times reached concentrations that could be hazardous to humans 
involved in recreational activity on or in the lakes (Wood, 2003). Microcystins are cyclic 
heptapeptides, which block protein phosphatase 1 and 2a (MacKintosh et al., 1990). 
Although humans are unlikely to be exposed to a lethal acute dose of microcystins, there is 
now sufficient evidence to show that there is risk from chronic exposure, particularly if there 
is long-term frequent contact. A number of studies have demonstrated that microcystins can 
cause an increased liver tumour promotion action and long-term liver damage (Falconer and 
Humpage, 1996; Ueno et al., 1996). 
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Lake Toxins detected 
Ngahewa Microcystin 
Ngapouri Microcystin, Saxitoxin 
Okaro Microcystin 
Rotoehu Microcystin, Anatoxin-a, Saxitoxin 
Rotoiti Microcystin, Saxitoxin 
Rotorua   Microcystin 

Table 2. Rotorua lakes where cyanotoxins have been found and the types of cyanotoxins known to 
occur in the each lake 
 
The first objective of the present study was to investigate the variation in microcystin levels during a 
bloom event. Lakes Rotoiti and Rotoehu were chosen for the study because they are known to contain 

icrocystins and regularly experience cyanobacterial blooms. Microcystin levels, and composition 

in freshwater organisms including fish (Ernst et al., 
late mostly 

 

ke (TDI) value of 0.04 µg kg-1 day-1 has been proposed as a 

 trout (Oncorhynchus mykiss) is a species that is of particular importance to 

 final objective of this study was to establish whether significant levels of microcystins 
e native freshwater mussel (Hydridella menziesi), and if they do accumulate, 
ons of microcystin changes with exposure time.  

thods 

m
and abundance of cyanobacteria species were monitored weekly in both lakes (Nov - May) and daily 
in the enclosure on Lake Rotoiti during a three week period. 
 

icrocystins are known to accumulate M
2001; Magalhaes et al., 2003). Traditionally microcystins were thought to accumu
in livers of freshwater fish and that the risks to humans consuming gutted fish would be low. 
Current advice given in the Bay of Plenty district to people eating fish from areas 
experiencing cyanobacterial blooms is to gut them. However, recent studies (Mohamed et al.,
2003; Vasconcelos, 1999) have also detected microcystins in the muscle tissue of fish, 
indicating that consumption of animals containing microcystins might adversely affect 
human health.  
 
A Daily Tolerable Inta
provisional guideline value by the World Health Organisation (Chorus and Bartram, 1999) 
for total microcystins. TDI is defined as the acceptable amount of a potentially toxic 
substance that can be consumed daily during a life period. 
 
The rainbow
recreational fishers and to tourism in the Rotorua lakes. A further objective of this project 
was to assess whether microcystins accumulate in trout in the lakes, which organs 
accumulate microcystins, and if present whether microcystins could reach levels that would 
be hazardous for human consumption.  
 
 
 
A
accumulate in th
how concentrati
 
2. METHODS 

2.1 Field Me
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2.1.1  Phytoplankton 
ater samples (400 ml) were collected weekly as part of the Environment Bay of Plenty 
NVBOP) algae monitoring program. Sample collection began on the 14-11-03 and finished 

n 02-05-04. Samples were collected from Te Weta Bay, Okawa Bay, and Hinehopu (Lake 
otoiti) and Kennedy Bay, Otautu Bay and Te Pohue (Lake Rotoehu). 

 50 ml subsample was taken and preserved using Lugol’s Iodine and stored in the dark. The 
maining 350 ml was frozen at –20°C immediately for later microcystin analysis. 

uring the enclosure experiment, water samples were collected at the centre of the enclosure 
ay and processed as described above.   Samples were collected daily at 10 am (surface only) 
nd at 3 pm (surface, 1 m, 2 m and 3 m depths). 

.1.2 Rainbow Trout 
he study involved using both trout that had access to the entire lake and hatchery trout 
dded to an enclosure in Lake Rotoiti where microcystin levels in the water could be 
onitored closely.  

ach month from November 2003 to April 2004, up to five trout which had access to the 
ntire lake were caught by local fishing guides in both Lakes Rotoiti and Rotoehu. 

eta Bay, Lake Rotoiti in 
 the Fish and 

ame New Zealand Rainbow Valley hatchery were released into the enclosure on 08-03-04. 

eleasing the 

 and liver, kidney, gut and muscle tissue removed. Approximately 5 
 of trout muscle tissue was taken from each trout and combined into a pooled sample. Each 

 until 

 (free 

as 

e of the enclosure bay about 20 m from the net. 
 
Ten mussels were collected every 2-3 days over a period of 21 days. They were frozen 
shortly after collection and then halved.  They were then pooled into two sets each containing 

W
(E
o
R
 
A
re
 
D
b
a
 
2
T
a
m
 
E
e
 
A large scale mesocosm type enclosure was set up in an arm of Te W

arch 2004. In the enclosure experiment 80, two-year-old rainbow trout fromM
G
Each trout was tagged by clipping one of the pectoral fins before release. Up to five of the 
released trout were caught every two to three days over a 21 day period.  Before r
trout into the enclosure three trout were retained to check background microcystin levels. A 
total of 28 released trout were caught. In addition, three “wild” trout that were in the 
enclosure area prior to installing the net were captured.  
Necropsy was performed
g
liver was halved with one half combined in a pooled sample and the remaining half retained 
for individual analysis (not carried out in this study).  Samples were stored at -80 °C
extracted for ELISA analysis as described in Section 2.2.1. 
 
2.1.3  Mussel Cage Experiments 
Approximately 130 freshwater mussels were collected from sediment in Lake Rotoma
of microcystins) at a depth of approximately 10 m. Mussels were transported in buckets 
containing Lake Rotoma water to the study site in Lake Rotoiti. 
 
Ten mussels were killed immediately and kept frozen at -80°C until microcystin analysis w
carried out. These mussels were used to determine if there was any baseline microcystins 
present. The remaining 120 were placed in plastic cages suspended from buoys 300 mm 
below the surface in the centr
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ten halves and stored at -80°C until microcystin analysis was carried out as described in 
Section 2.2.1. The remaining pooled mussels were retained for individual analysis (not 

ject) or for use as backup samples. 

he total microcystin content of the samples (phytoplankton and organisms) was analysed 

xic 

or phytoplankton, 2 ml sub-samples were freeze-thawed twice, centrifuged at 10 000 g for 

 phase 
xtraction. The toxin-containing fraction was then eluted with 80% methanol/water and was 
iluted in assay buffer (PBS) and analysed by ELISA. For some samples it was necessary to 
ilute extracts 1:50 to overcome matrix effects. All trout and mussel samples were analysed 
ut by the Toxinology Laboratory at AgResearch, Hamilton, New Zealand. 

.2.2  Phytoplankton 
he preserved sub-samples were used for species identification and enumeration of 
yanobacteria species. Enumeration and identification were carried out using an inverted 
lympus microscope and Utermöhl settling chambers (Utermöhl, 1958). 

.2.3  Trout 
n assessment of stomach contents was performed on each trout. The stomachs were opened 

nd the contents were identified into one of the following groups; plant material, molluscs, 
sects, fish, pebbles and unidentifiable organic material.  The stomach contents were blotted 

ry and wet weight of each category was recorded and a percentage composition of stomach 
ontents calculated for each trout. An average stomach contents for each pooled sample was 
en calculated. 

.0 RESULTS 

The varia
 Figure 1.  

carried out in this pro
 

2.2 Laboratory Methods  

2.2.1  Microcystin analysis 
T
with a competitive indirect ELISA using the methods of Fischer et al. (2001). This ELISA 
uses antibodies raised to the ADDA moiety that is present in most (>80%) of the known to
penta- and heptapeptide toxin congeners.  
 
F
2 min and the supernatant used for the ELISA assay. This gives a measure of the total 
microcystin present in the lake water.  
 
Trout muscle tissue and liver, and freshwater mussels were homogenised in 75% 
methanol/water. The homogenate and solvent was centrifuged and the supernatant recovered 
and washed with hexane. The aqueous phase was retained and processed by solid
e
d
d
o
 
2
T
c
O
 
2
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a
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c
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3

3.1 Weekly Phytoplankton Samples 
tions in microcystin levels at the six locations sampled on a weekly basis are shown 

in
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Microcystin levels in weekly samples - Lakes Rotoiti & Rotoehu. Figure 1. 

 
ry low (<1 µg l-1) microcystins levels were detected at the three sampling 

h an increase in the Microcystis 

til 23-02-04 when they were detected 

 26-03-2004), the levels 
-1

d with a level 
f 430 000 cells ml-1of Microcystis spp.  Levels in Te Weta Bay remained elevated during the 
tudy with samples regularly being above the proposed Australian guideline. Microcystin 
vels at Hinehopu remained generally low with only the sample from the 22-03-04 recording 

 level above the proposed Australian guideline (9.3 µg l-1). This also corresponded with an 
crease in Microcystis spp.  

Generally no or ve
locations at Lake Rotoehu (Kennedy Bay, Te Pohue Bay and Otauhu Bay). This 
corresponded with low levels of cyanobacteria at these locations. On the two occasions that 
significant levels of microcystins were detected (Kennedy Bay, 05-01-04– 5.8 µg l-1 and Te 
Pohue Bay, 02-05-04 – 23.5 µg l-1) these corresponded wit
panniformis cell counts. 
 
Microcystins were absent from Lake Rotoiti samples un
in both the Te Weta Bay and Okawa Bay sites. Okawa Bay had very high levels of 
microcystins - 410 µg l-1. This corresponded with a high cell count of Microcystis aeruginosa 
(940 000 cells ml-1). Microcystins continued to be recorded at Okawa Bay until the 
conclusion of sampling. On two other occasions (15-03-2004 and
were above the proposed Australian recreational guideline (8 µg l ) for microcystins 
(National Health and Medical Research Council, 2004). The sample from Te Weta Bay on 
08-03-04 recorded the highest levels of the study, 760 µg l-1. This corresponde
o
s
le
a
in
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3.2 Rainbow Trout Samples 

.2.1 Lake Rotoehu 
icrocystins were found in liver and muscle tissue samples in all monthly samples from 
ovember 2003 to April 2004 (Figure 2). Microcystin levels were always higher in liver than 
 muscle tissue. Highest levels of 27.57 µg kg-1 for muscle tissue and 78.92 µg kg-1 for liver 
ere recorded in November 2003. The amount of microcystin decreased between December 
003 and March 2004 before increasing again in April 2004.  

he average weekly water microcystin levels from the three sampling sites is plotted for each 
onth (Figure 2). Microcystin levels were zero or very low in the water during the study 

eriod. Thus there is no apparent correlation between microcystin levels in the water and 
icrocystin levels in trout samples. 

n estimated daily intake (EDI) was calculated using an adult human weight 70 kg and 
gestion of 300 g of trout muscle tissue. The EDI values for the monthly samples from Lake 
otoehu are shown in Figure 3. The TDI of 04 µg kg-1 day-1 value suggested by the WHO 
horus and Bartram, 1999) is also shown on the graph. The EDI in the tissue exceeds this 

uideline in the samples from November and December 2003 and April 2004. The TDI value 
 not relevant to the liver samples as the liver of trout is not usually consumed. 
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Figure 2. Microcystin levels in rainbow trout (Oncorhynchus mykiss) muscle tissue and liver, and in 
the monthly water samples from Lake Rotoehu. The water microcystin level is an average 
of weekly samples at three locations in lake. 

 
 

 101



 

 

0.00

0.04

0.08

Nov-03 Dec-03 Jan-04 Feb-04 Mar-04 Apr-04
Date

Es
tim

at
e

 
0.36

 
 
 
 
 
 
 
 
 
 
 0.12

0.16

0.20

0.24

0.28

0.32

d 
da

ily
 in

ta
ke

 o
f m

ic
ro

cy
st

in
 fr

om
 tr

ou
t

sa
m

pl
es

 - 
ug

 k
g-1

 da
y-1

30

40

50

60

in
 in

 w
at

er
 s

am
pl

es
 - 

ug
 l

0

10

20

70

M
ic

ro
cy

st
-1

MC - Muscle Tissue

MC - Liver

MC - Water

Daily Tolerable Intake for microcystin

 
 
 
 
 
 
 
 
 
Figure 3. Estimated human daily intake of microcystin from Lake Rotoehu based on a 70 kg person 

ingesting a 300 g serving of rainbow trout (Oncorhynchus mykiss). The water microcystin 
level is an average of weekly samples at three locations in Lake Rotoehu. 

 
3.2.2 Lake Rotoiti 

icrocystins were detected in all trout muscle tissue and liver samples in the trout received 
onthly Lake Rotoiti (Figure 4). Levels in the muscle tissue samples did not vary greatly 8.0 
g kg-1 (March, 2004) to 12.3 µg kg-1 (February, 2004).   

icrocystin levels varied more widely in liver samples with peaks recorded in December 
003 (44.5 µg kg-1) and February 2004 (46.4 µg kg-1). 

o microcystins were recorded weekly in the water samples until February 2004 (Figure 4).  
he highest average was recorded in March 2004 (62.5 µg l-1). Water levels do not appear to 

 
igure 5 shows the EDI for Lake Rotoiti trout. On three occasions (December 2003, February 

ere just above the TDI. 
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igure 4. Microcystin levels in rainbow trout (Oncorhynchus mykiss) muscle tissue and liver, and in 
the monthly water samples from Lake Rotoiti. The water microcystin level is an average of 
weekly samples at three locations in lake. 
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3.3 Enclosure Experiment 

3
A

.3.1 Water Microcystin Levels and Cell Counts 
verage microcystin levels in the five samples from each day were calculated.  Figure 6 shows the 
lot of this average together with the average of the total cyanobacteria cell counts per day. The 
roposed recreational Australian guideline of 8 µg l-1 (National Health and Medical Research 
ouncil, 2004) and the ENVBOP guideline for issuing a health alert (15 000 cells ml-1) are shown as 
otted lines (Figure 6). On the 18 to 19-03-04 the cell counts exceeded the ENVBOP health alert but 
n these days microcystin levels were below the proposed Australian guideline.  On six days, the 
icrocystin levels exceeded the proposed Australian guideline but on these occasions the cell counts 
ere below the ENVBOP health alert. There was no clear correlation between microcystin level and 

ell counts.  

 

g 

 enclosure 28 were recaptured.  Three “wild” trout were also 
aught in this area. 

icrocystins were found in the three trout from the hatchery (08-03-2004 – Figure 7) 
retained to check for background levels of microcystins. Microcystins were found in all 
muscle tissue and liver samples from trout caught during the enclosure experiment.  
Microcystin levels in trout samples are plotted together with the average smoothed 
microcystin levels in the water samples (Figure 7).  Water microcystin levels shown are the 

p
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Figure 6. Average cyanobacteria cell counts per day and average microcystin levels per day durin

enclosure experiment. Error bars show maximum and minimum values for each day. 

 
3.3.2 Microcystin Levels in Rainbow Trout Samples 
Of the 80 trout released into the
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verage of microcystin levels in five daily samples smoothed using the following formula; 
moothed Value = (microcystin on day)/2 + (microcystin previous day)/4 + (microcystin 
ext day)/4.  Microcystin levels were also analysed for two of the three “wild” trout caught in 
e enclosure experiment (Figure 7). Levels in the “wild” trout do not differ markedly from 
ose found in enclosure trout caught on similar dates. 

igure 7. Microcystin levels in rainbow trout (Oncorhynchus mykiss) and in water samples from 
enclosure experiment. Microcystin levels are an average of five samples per day.  Only 
two of the three “wild” trout were analysed for microcystins. 

icrocysti  than those recorded in muscle tissue samples. 
or days 1 to 11 the microcystin levels in liver increased to a maximum value of 46.6 µg kg-

 days 12 to 18 the microcystin levels decreased to 23.7 µg kg-1, before increasing 
gain to 45.4 µg kg-1 in the final sample (day 21). Microcystin levels in muscle tissue 
creased from days 1 to 5 to a maximum of 22.7 µg kg-1. Levels then decreased and 
mained between 7.3 µg kg-1 and 12.2 µg kg-1 for the duration of the enclosure experiment. 

here was no clear correlation between microcystin levels in the water and those in the trout 
uscle tissue and liver samples.  However, lower microcystin levels in the water and the 

udden rise between 23-03-04 – 26-03-04 was possibly the cause of the fall and rise in liver 
icrocystin values over the period 23-03-04 - 27-03-04.

igure 8 shows the EDI for enclosure trout. Five of the seven muscle tissue samples were 
bove the TDI for microcystin 
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Figure 8. Estimated human daily intake of microcystin from enclosure experiment based on a 70 kg 

person ingesting a 300 g serving of rainbow trout (Oncorhynchus mykiss). The water 
microcystin level is an average of 5 samples per day. 
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.4 Trout Stomach Contents 
tomach contents of the Lakes Rotoehu and Rotoiti trout were varied (Figures 9 & 10). 
owever, in all monthly samples over 40% of the diet was fish. The majority of these fish 
ere smelt (Retropinna retropinna), with bullies (Gobiomorphus spp.) identified in some 

amples. Molluscs, mainly the gastropod snail, Physa acuta, made up a large component of 
e Lake Rotoehu trout’s diet in some months.  

ercentage composition of stomach contents of trout from the enclosure experiment is shown 
 Figure 11. For days 1 to 11 of the enclosure a large portion of the trouts diet was made up 

f insects. The dominant insect was the water boatman (Corixidae sp.). Smelt and bullies 

ntained large quantities (30-60%) of fish. Both smelt (Retropinna retropinna) 
and bully (Gobiomorphus spp.) were identified. Stomach contents of three “wild” trout are 
also shown in Figure 11. Fish (including goldfish, smelt and bullies) made up 58% of the 
stomach content of these trout. 
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Figure 9. Percentage composition by weight of organic material in stomach contents of Lake Ro

rainbow trout (Oncorhynchus mykiss). 
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Figure 10. Percentage composition by weight of organic material in stomach contents of Lake Rotoi
rainbow trout (Oncorhynchus mykiss). 

 
 
 
 
 
 
 
 
 
 
 
Figure 11. Percentage composition by weight of stomach content of enclosure and “wild” rainbow 

trout (Oncorhynchus mykiss). 



 

3.5 Microcystin Levels in Mussels  
Microcystin levels measured in the enclosure mussels are plotted in Figure 12 together with a 
moothed surface water microcystin level.  The smoothed surface water microcystin level 

r 
y 

 

Fig ls in fr ridella m  and water during enclosure 
experiment. 

s
was calculated by taking the average am and pm surface samples for each day and applying 
the smoothing formulae given in Section 3.3.2. Only surface samples were used as the 
mussels were positioned just below the surface.  
 
After four days in the enclosure the mussels began to accumulate microcystins. Initially this 
accumulation was gradual with only 4.5 µg kg-1 recorded after five days and 4.6 µg kg-1 afte
seven days. Over the next two days microcystin levels in the mussels increased dramaticall
to reach a peak of 65.1 µg kg-1.  Microcystin levels in the water were much lower than those
in mussels. With the exception of the first six days, the increase and decrease in microcystin 
levels in mussels tracked a similar trend in surface microcystin water levels with a two day 
delay.   
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4. DISCUSSION 

4.1 Cell Counts, Species and Toxins  
The microcystin levels in Lake Rotoiti have at times reached levels that could be hazardous 
to humans participating in recreational activities on or in the lake. When Microcystis speci
cell concentrations are very high, microcystin levels are also likely to be high. However, to
cyanobacteria cell counts were found to be a poor indicator of microcystin levels in the w
samples and testing for microcystins as part of the regular phytoplankton monitoring 
programme is suggested.  
 

es 
tal 

ater 

.2 Accumulation of Microcystins in Trout 
r 

urces. However, our results showed that levels in both liver and muscle tissue reached a 
d then levelled off, or dropped slightly, with more prolonged 

ly 
toiti 

 

 microcystin in the liver of the trout in the enclosure and from Lake Rotoiti 
e muscle tissue, and results appeared to mirror the changes in 

the water microcystin levels.  However, there was no indication of this trend in the monthly 

s, a decrease and increase of liver levels 
ollowed 

contamin
 
P ence issue when cyanobacterial levels in the water 
a low m that 
accumula
tis ue) de d 
for furthe f microcystins in trout muscle tissue and in the food web is indicated. 
 
4 Hum
Our resu  persist in the muscle tissue and liver 
of rainbow trout in Lakes Rotoiti and Rotoehu. The results illustrate that there is a potential 
human health risk from
(R toiti) take 
(TDI) of 
eating 30
study and ignoring the issue of covalently bound microcystins (described in Section 4.4) the 

4
Our results confirm that microcystins accumulate and persist in both muscle tissue and live
of rainbow trout in Lakes Rotoiti and Rotoehu. In the enclosure microcystin appeared to 
accumulate readily in these tissues following the initial ingestion of contaminated food 
so
peak after 5 to 10 days an
exposure.  The microcystin levels in monthly muscle tissue samples from trout in Lake 
Rotoiti were reasonably constant over a six month period and were at about the same level as 
in the enclosure trout after the initial 10 days in the enclosure.  In Lake Rotoehu, the month
levels in the muscle tissue were more variable but the average level was similar to the Ro
trout in spite of the microcystin level in the water being very low over the six month period. 
These results suggested that levels in muscle tissue were not strongly affected by the 
presence of the observed bloom or short periods of high microcystin levels in the water.   
 
Monthly levels of
were more variable than in th

samples from Lake Rotoehu where the liver levels were high at times when water 
microcystin levels were low.  For these sample
f a similar trend in muscle tissue levels indicating that the food source (presumably 

ated) maybe a more relevant factor than the water microcystin levels.  

res  of microcystins in liver and muscle t
re ay indicate concentration of microcystins in food web.  This study showed 

tion and variation of the microcystin levels in the trout (both liver and muscle 
s pends on a complex interaction between levels in the water and food web. A nee

r monitoring o

.3 an Risk 
lts confirm that microcystins do accumulate and

 the consumption of trout muscle tissue, as 50% (Rotoehu), 60% 
o  and 71% (enclosure) of the muscle tissue samples were above the Total Daily In

0.04 µg kg-1day-1 recommended by the WHO (calculations based on a 70 kg person 
0 g per day). Using the levels found in the muscle tissue of the trout sampled in this 
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h th ris
Lakes Ro y. 
 
Using the results of this study a 70 kg person can safely eat a 300 g serving of trout every 3.6 
d . Th g-1, (which was the 
h est v ), the TDI 
of 0.04 µ HO), a 70 kg human and a trout meal size of 300 g.  If  70 kg 

umans eat trout at less than this rate, they will consume microcystin levels below the WHO 
standards and there is probably no need for concern. The TDI is a recommended limit for a 

nd sensitive individuals may be at a higher risk from the 
ingestion of microcystins.  The microcystin levels are significantly higher in the trout liver 

oards 

4. 4 C
In ou tu
micro s ently 
bound mi
invol  1 and PP-2A 
enzym s 6; MacKintosh et 
al., 1
  
Few studies have addressed the issue of covalently bound microcystins in freshwater 
organism ystin (Table 3) vary dramatically and 
depen o thodology used to test for covalent 

icrocystins, the method of administration to the organism and the length of time following 
dministration that the microcystins were measured.   

Percentage of total 

eal k to humans from microcystins consumed while eating trout muscle tissue from 
toiti and Rotoehu is very low because trout is not usually consumed every da

ays is calculation used a muscle tissue concentration of 34.5 µg k
igh alue recorded in the muscle tissue during this study – Rotoehu, April 2004

g kg-1 day-1 (W
h

healthy adult.  Children, elderly a

but the current advice given by Fish and Game New Zealand and local district health b
to gut and thoroughly wash the fish before eating would substantially reduce any potential 
health risks.  
 

ovalently Bound Microcystin 
r s dy we have only investigated and reported levels of free ADDA-containing 
cy tins in the trout and mussels. It is likely that our samples will also contain coval

crocystins. Covalent binding of microcystins can occur within a matter of hours. It 
ves the formation of a covalent linkage between the microcystins and PP-

e  with the result of a secondary in vitro interaction (Craig et al., 199
995; Runnegar et al., 1995). 

s. The levels of covalently bound microc
d n the study species, types of toxin used, me

m
a
 

Species  Reference microcystin detected 
that is Covalently bound 

Atlantic Salmon  Williams et al. (1997a) 76% 

Mussel - Mytilus edulis Williams et al. (1997b) 99.9% 

Rainbow trout -  
(Oncorhynchus mykiss) Tencalla & Dietrich (1997) 63% 

Cypress Island 
Dungeness Crab Larvae Williams et al. (1997a) 

Covalently bound 
microcystin 10,000 x 
higher than free 
micrcosytin 

Zebra mussel - Dreissena 
polymorpha Pires et al. (2004) 38% 

Table 3. Summary of published studies recording levels of covalently bound microcystins in 
freshwater organisms. 
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In a study on Zebra mussels (Pires et al., 2004) that investigated both free and covalently 
bound microcystins it was found that in the first week of exposure only low amounts of 
covalently bound microcystins could be detected. In the second week the amounts of 
ovalently bound microcystins increased dramatically and accounted for approximately 62% 

of the total microcystin burden. Similarly, Williams et al. (1997) found that in the marine 
is) almost all the microcystins present existed as a covalent complex 

microc
them. 

microc
total m k to humans consuming the trout.    

Hydrid
higher than those in the water. However because mussels rapidly remove the microcystins 

location over an extended period of time. They may however be useful as early warning 
organisms when low levels of microcystins occur in a water body. While H. menziesi is not 

source 
 

Our rec uce the impact 
of the toxins on human health are as follows: 

• Inform the public of potential dangers. 

• 

• 

• 

g consumption of trout (the quantities that can be safely eaten should be 
given) based on the best information available at the time the health information is issued.    

c

mussel (Mytilus edul
after 3 days. These results may explain why the microcystin levels in the enclosure trout 
decreased after five days in the tissue and 12 days in the liver. Over time more of the 

ystins may have became covalently bound and we were not able to extract and detect 

 
We strongly recommend that future studies should assess the amount of covalently bound 

ystins in the Rotoiti and Rotoehu rainbow trout and attempt to establish whether the 
icrocystin burden in the trout is a potential health ris

 
4.5 Freshwater Mussels 

ella menziesi accumulated microcystins rapidly and levels in the mussels were always 

from their tissue these organisms will be poor indicators of microcystin levels at any one 

commonly consumed by most New Zealanders, some Maori regard them as a traditional food 
and thus consumption may pose a potential health risk. 

5. RECOMMENDATIONS 

ommendations for further study and for actions that can be taken to red

 
• Monitor microcystin levels and the species composition of blooms in Lakes Rotoiti and 

Rotoehu. 

• Test for microcystin as part of the regular phytoplankton monitoring programme. 
Establish unambiguously which species are responsible for the synthesis and release of 
microcystins.  

• Investigate the fate of microcystins in water column and sediment. 
Monitor rainbow trout over time to track microcystin levels in muscle tissue during periods 
of both cyanobacterial bloom and low cell counts. 

• Investigate microcystin levels and feeding patterns of organisms ingested by trout.   
Provide clear, unambiguous health information to enable the public to make informed 
decisions regardin
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• Develop methods to analyse for covalently bound microcystins and to assess their toxicity 
and bioavailability. Until this work is completed guidelines for safe levels of trout 
consumption cannot be stated precisely.    

• Issue warnings concerning consumption of freshwater mussels.   
Conduct controlled studies investigating the value of H. menziesi in monitoring 
programmes. 

• 

6.0 AC
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following individuals and organisations for their assistance with the project; 

• 

• Elizabeth and Nick Miller – field assistance. 

• 

• Environment BOP staff – field assistance. 

QUEST

Anaru Rangiheuea, Chairman, Te Arawa Trust:  When you sample the trout, did they look 

e of the fish caught in Rotoiti have shown that sort of appearance and smell and they 
on’t last as long as fish taken from other clean lakes.  Did you notice any of that in your 
amples?   

.W.:  I think that it’s quite hard for me to comment on that, because I haven’t necessarily 
ompared them to trout from another environment.  In terms of the toxins I don’t think the 
xins necessarily had much effect on the trout, the levels required to kill the trout are quite 

igh, but you are talking more about the effect of taste and odour compounds in the trout? 
 
Rob Pitkethley, Eastern Region Fish & Game:  With regard to Anaru’s question, we haven’t 
had negative comments from anglers about the fish themselves.  We’ve had certainly a lot of 
negative comments about trying to fish on the lake when it is in that condition.  So, I can’t 
answer you directly on that one, except just to say that we haven’t heard anything.  The other 
thing to point out probably is that when this work came out we talked to the Medical Officers 
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any different, those that were affected or have smells about them?  I’ve had reports about 
som
d
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of Health about it, not being health experts ourselves, and they’ve pointed out that the
practice on not eating liver (which most people don’t) is going to be sufficient in term

arning they’re giving at the moment. 
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Advanced on-site domestic wastewater treatment system for 
nitrogen reduction at Lake Rotoiti lakeside property  
 
John La Roche Property occupier, Gisborne Point, Lake Rotoiti  
Paul Scholes Environmental Scientist Environment Bay of Plenty  
Peter Gearing Environmental Scientist URS New Zealand  
 
ABSTRACT 
Property occupiers  all need to do their best to reduce nutrient inputs into the Rotorua Lakes, 
particularly sewage effluents discharged to ground water from on-site septic tanks.  The 
Environment Bay of Plenty On-Site Effluent Treatment Regional Plan sets out proposals for 
dvanced On-site Effluent Treatment systems.  This paper describes such a system

earlier this year at Gisborne Point, Rotoiti.  The  
initial test results, maintenance requirements and
 
TRANSCRIPT (edited) 
This has been an exciting programme.  We’ve be
quite a number of people and organisations.  I ha
Environment Bay of Plenty, he is overseas on ann
very helpful in collecting samples, taking reading
chemistry which I’ll describe shortly.  Peter Gear
responsibility has been in the design of the irrigation field and Peter is quite a specialist in 

We are very lucky to have a property at Lake Rotoiti
septic tanks are a real problem and ours was 1.3 cubi
system has 11.3 cubic metres.  Traditional effluent sy
horrible stories about people not knowing where thei ld 
44 gallon drums for septic tanks, so definitely there’s
Environment Bay of Plenty and Rotorua District Cou
Nutrients discharging into the ground water are a rea
don’t deal with that problem.  They are very good at 
effluent out, but they don’t remove nutrients very we
particularly good.  They contaminate the ground wat
concern.  There have been dramatic increases in alga

t 

a  installed 
chemistry of nitrification/denitrification, 
 costs are described.   

en very lucky to have the cooperation of 
ve to make apologies for Paul Scholes of 
ual leave at the moment.  Paul has been 
s, and he helped write the section on the 
ing is my other co-author.  Peter’s main 

that area.  I would also like to acknowledge Devan Blue from Tauranga.  They provided the 
plant and Adrian Heugerbrelk, who is here with us this afternoon, will be able to answer any 
questions from anybody.  Also Matt Riddell from Ecogent in Auckland, they are 
nvironmental engineers and they were responsible for a lot of the detailed design.   e

 
, but there is a problem.  Undersized 
c metres; we required 2.7.  The new 
stems were inadequate.  We’ve heard 
r septic tanks were, sometimes using o
 a need for improvement and 
ncil have been addressing that.  
l problem and traditional septic tanks 
settling it out and distributing the 
ll and the irrigation systems are not 
er and the lakes and that has been our 
l growth and we feel partly responsible 

for that, so we’re endeavouring to address that problem.   
 
We are disturbed that the lake water quality has reduced.  We’re all part of the problem and 
we feel that our responsibility is to try and do something about it.   
 
Environment Bay of Plenty have produced an excellent document called the On-Site Effluen
Treatment Regional Plan.  People were invited to comment on this, comments closed on the 
30th July.  We certainly congratulate Environment Bay of Plenty on producing it.  We see I- 
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as a very important step in improving the water quality in the Rotorua lakes region. The 
objective of this plan is to address the issues related to the adverse effects caused by the 

ischarge of effluent from on-site effluent treatment systems into the environment.  If 

 
 

The Environment Bay of Plenty Plan will require that the effluent must be applied either by 
sub-surface drip irrigation lines at 100 to 200mm deep
traditional septic tank trench system,  or in a surface drip irrigation line covered with an inert 
material such as bark to a minimum depth of 100mm.  
in a shrubbery area where the drip irrigation is actually  
covered with compost material, and the other one in th
 
The plan sets out in quite a lot of detail the influence o
evapotranspiration on the effluent disposal systems.  T
information on the conditions within the Environment 
limited to the Rotorua lakes, it’s the whole Bay of Plen
systems are increasingly being required in other enviro
New Zealand, so it’s not just Rotorua that has this prob
areas in the South Island.   

 
  

 a 
New Zealand, this is the magazine of the 

New Zealand Water and Waste Association, in which he describes the historical development 
of advanced on-site water treatment systems.  I can recommend that to anybody who wants to 
know a little bit more about these systems.   
 
The chemistry related to these systems is very important.  What we’re endeavouring to do is 
to reduce the nitrogen levels.  The old household septic tank is very poor at removing 
nutrients and because the effluent drains are usually located at 400 to500 mm below the 
surface, they miss out on the topsoil and the root growth within that topsoil which is a very 
important part of reducing nitrogen levels in the effluent.  There are many people who 
provide advanced waste treatment systems but quite a number of them haven’t been fully 
tested and the system that we have installed is being tested.  We’ve had regular testing by 
Environment Bay of Plenty and we’ve been very pleased with the results.   
 

d
accepted, by the 1st December 2010 this will require that all property owners discharging 
waste water within 200 metres of the lakeshore either have to apply for a consent to 
discharge the effluent or alternatively, they have to treat the domestic effluent through an
advanced on-site treatment system, reducing the total nitrogen concentration in the discharge
to a maximum of 15 grams per cubic metre measured as nitrogen.  Our system hasn’t quite 
reached the 15 grams yet, but it’s very close to it.   
 
  

, which is much shallower than the 

We have in our system two areas, one 
 50mm below the surface, but also
e lawn area buried to 150mm depth.   

f soil types, rainfall and 
he plan contains a wealth of 
Bay of Plenty region.  It’s not just 
ty.  Advanced on-site treatment 
nmentally sensitive places around 
lem, it’s also beach places and other 

 
I would also like to mention On Site NewZ,  a group coordinated by Ian Gunn, who is really 
the leading person in New Zealand as far as waste water treatment is concerned.  He was 
formerly a senior lecturer in the Dept. of Civil Engineering at Auckland University, he's now 
an Honorary Research Fellow and he produces a regular newsletter called On Site NewZ and
he’s also produced a leaflet which I understand is available from Rotorua District Council.  
On Site NewZ is a regular newsletter providing information about domestic waste water 
treatment systems and in particular the household treatment of waste water.  Ian has written
very good paper in the latest Water and Wastes in 
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These systems have more storage capacity to achieve better separation of the solids fro
sewage and they incorporate an aerobic nitrification process, so there’s aeration putting air in
to convert the nitrogen in the sewage into nitrites and then to nitrates and then to remove the
nitrogen as nitrogen gas.  There's an anoxic, anaerobic stage to add the denitrification and 
they deliver a vastly improved effluent to the disposal field.  There are filters that will 
remove any solid

m the 
 

 

s and make sure that the effluent after being treated in quite good for 
istribution in the effluent field.  The addition of nitrogen to a septic tank is highly variable.  

and then we go away, so it’s even more variable and the system is on and off.  So this is quite 
a demanding situation and of course different people have different habits, so t
nitrogen which is going into the system is going to vary.   
 

Nitrification is quite a compl

or
an
ac
 

r

d
In our particular case, because it’s a holiday bach we are down there for a week or a weekend 

he amount of 

ex issue, Nitrification

an
re
o
an
ni
T
re

 

particularly for a simple prop
like me, not versed in lots of 
The nitrogen occurs in the se
nitrogen and ammonia in the raw sewage 
components, it enters the tank
converted by aeration into nitrite first and 
then to nitrate, with the addition of oxygen 
from the aeration.  Aeration i
aids this process as the micro
system use oxygen to decomp

ganic molecules producing nitrate and other compounds.  The whole process
d the growth of bacteria and other microbes to assist this process takes a whi
hieved. The variants that occur in biological processes are certainly an issue in this process.   

Denitrification will occur t 

erty owner 
chemistry.  
wage as 

s where it’s 

n the treatment 
bes in the 
ose large 

 is biological 
le to be 

 at ambien

occurs as organic nitrogen and ammonia
in the raw sewage components 

enter the tank(s) and are converted to 
nitrite (NO2) and then to nitrate (NO3). 

Aeration
in the treatment will aid this process

as microbes in the system use oxygen 
to decompose large organic molecules 

producing nitrate and other compounds.

Denitrification
 temperatures in anoxic co
in the presence of degradable nitrogen 

 

that it is necessary to denitrify the 
nitrates in an anoxic environment and so 

ganic matter and the denitrification organisms are present in large populations in the soils 

d at 

nditions and 

source such as sewage.  So we’re 
aiming with the NO3 to minimise the 
amount of effluent that goes out into the
effluent disposal system.  In order to do 

there is a special tank which is 
anaerobic, short of oxygen, where the 
microbes grow on plastic floating disks 

d they help to perform this denitrification process.  Denitrification is the microbial 
duction of nitrate to nitrogen gas which occurs in association with the decomposition of 

will occur at ambient temperatures in 
anoxic conditions and 

in the presence of a 
degradable carbon source such as sewage.

Denitrification
is the microbial reduction of

nitrate to nitrogen gas 
occuring in association with the 

decomposition of organic matter.

d around plant growth.   We’re actually removing some nitrogen from the system as 
trogen gas that can escape to the atmosphere.  Removal will occur in the disposal field.  
he irrigation lines are up at a high level, where the root growth and topsoil is very goo
moving nitrates as well, preventing it getting down into the ground water and causing the 
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problems that we’re all aware of.  The denitrification is dependent on the carbon to nitrogen 
ratio, the supply of nitrate and the wet and dry conditions in the disposal field.   
 
The system is designed to remove as much as possible in the plant itself.  In the tanks the 

nk 

 
 Our bach at Gisborne Point  has been 

nitrate can be reduced to nitrogen gas which is discharged to the atmosphere, but it can also 
be taken up by the plants.  The nitrate is highly mobile in ground water and leaching of 
nitrate is likely to occur especially in saturated ground conditions.  A traditional septic ta
doesn’t remove that nitrate that goes into the effluent system and down into the ground.  The 
advanced systems remove that nitrate before it gets there, anything that’s left is discharged 
into the topsoil layers and so there’s a very good chance that very little will get down. 

In short
 in my wife’s family
years and we hope it will continue this 
way, as it’s a deligh
holidays.  Our old septic tank was less 
than half the required size and we had 
until 1st December t
upgrade it, and that 
lot of other properti
Point.  The professionals involved as I 
mentioned earlier were very helpful in 
guiding us to the appropriate solutions 
in this case.   

 
This is a plan of our system (below) which has been designed for an average use by 6 people.  
The plan shows the waste water pipes to the treatment plant system and two irrigation areas.  
One is the lawn irrigation area which is out on the eastern side of the property and at the back 
of the property there’s a shrubbery irrigation area where the irrigation lines
within shrubs and ground planting.  Each has a groundwater sample point. 
going out to the irrigation system is measured through a flow meter, so we’re able to measure 
the total quantity of effluent going out and there’s a valve system so that w

 
 
 

 
 
 
 
 

 for the last 80 

tful place for 

his year to 
applied also to a 
es on Gisborne 

the whole treatment system should 
maximise the processes designed 

to remove nitrogen from wastewater.

By combining
nitrification with denitrification 

nitrogen is mostly removed
to the atmosphere in gaseous form.

 are laid mainly 
 All the effluent 

e can use either 
both irrigation systems or just one if we choose.   

 
 
 
 

As-built plan
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This (below) is the elevation of the tanks supplied by Devan Blue from Tauranga and 
engineered by Ecogent in Auckland.  The basic system is that there is a primary septic tank 

here the effluent comes in.  Originally we were going to use our old septic tank, however 

ks in it as far as I am aware.  We got Devan Blue to bring an extra 

y 
intervals, so 

w
the earthquakes that we’ve had just recently could well have fractured it although  I don’t 
think there were any lea
larger tank in.   
 
After the outlet of the primary settling tank there is a filter unit which is cleaned at 6 monthl
you just lift it 
up and wash it 
out.  Then 
there is the 
first anoxic 
treatment tank 
which is 
where the 
denitrification 
occurs with 
floating 
plastic disks 
in that tank on 
which the 
bacteria grow.  
The third tank 
is the aeration 
tank with a 
little air 
blower which 
blows air 

down into it, which bubbles up and allows the conversion of the nitrogen to nitrite and then 
to nitrate.  That then flows to the final tank after which there is a recirculation system from 
the final tank back to the anox tank where the denitrification takes place.  Then finally from 
the last tank there’s a small chamber with a submersible pump which pumps out through the 
flow meter to the irrigation system.   
 
When building the tank, there was a 2 metre deep excavation, the tanks arrived shortly after 
the excavator had started.  All four tanks were on one truck.  They were all prefabricated with 
everything inside.  We expected that it would take probably about 3 days to put it in, but the 
digger arrived at 7 o’clock in the morning and by midday everything was installed and the 
backfilling was completed here.  So it really was very quick and very efficient to install it.   
 
My wife has what we call our mushroom garden  planted it up with various shrubs and we 
feel it’s quite attractive, we don’t think it’s unattractive having these tops of the septic tanks 
system or the advance treatment system there.  The irrigation system is designed for a 
maximum loading of 690 litres a day and to date less than 300 mm have been going out the 
waste flow system which incorporates the drip irrigationand drip emitters  There is sustained 

Ecogent drawing of system
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release herbicide e plastic lines 
ave also got a he e building 

 
Working with Environment Bay of Plenty, we’ve put in test sample pits.  In the lawn you can 
see the lines where the drip irrigation is below and so it really is being taken up in the lawn 
area.  There a ets to 
collect any effluent from the sample lines.  We ut in some peat gravel on top to collect any 
effluent that went down, there ts the sample and we put a 
little submersible pump down to collect it.  My wif

around the tanks 
managed to put a 

 to prevent root growth clogging up any of the emitters and th
rbicide inside and an anti-microbial liner to prevent bacterial slimh

up.   

re sample pits, approximately 500 mm below the surface, plastic she
 p

’s a tube in the centre which collec
e when she was doing the garden area 

Analyses of Initial Test Results

ne 

so it was all back 

extremely well.  

e 

nt.  

post details of their successful systems. 
 
Paul Dell, EBOP:  No problem at all. 
 

fork through o
of the drip 
irrigation lines, 
but it was very 
easy to see and 
very quickly 
repaired because 
they are the same 
as standard 
garden hose and 

Position
Test 
No

Collect 
Date

BOD 5 day 
g/m3

Ammonia 
g/m3-N

NO2; 
g/m3-N

NO3; 
g/m3-N

Kjeldahl 
Nitrogen 

g/m3-N

Faecal 
Coliforms 

n/100ml

First Tank - inflow 1 30/06/2004 168 69 57.8 240000

First Tank - inflow 2 28/07/2004 89.1 0.01 0.13 98.0 150000

First Tank - inflow 3 11/08/2004 47.8 0.03 0.01 102.8 90000

Last Tank - outflow 1 30/06/2004 14 47.8 79.2 3500

Last Tank - outflow 2 28/07/2004 44.4 14.4 0.01 57.0 1000

Last Tank - outflow 3 11/08/2004 23.8 33.5 0.05 17.6 510

Shrubbery sample Pt 1 30/06/2004 1.3 0.01 3.97 6

Shrubbery sample Pt 2 28/07/2004

11/08/2004 0.03 0.1 0.069 0.53 6

 no sample

After rain

in the system very 
quickly.   
 
This table shows 
the analyses of 
the results (left).  
The whole system 
is working 

Shrubbery sample Pt 3 11/08/2004

Lawn Sample Pt 1 30/06/2004

Lawn Sample Pt 2 28/07/2004

Lawn Sample Pt 3 11/08/2004 After rain 0.06 1.8

Groundwater 1 30/06/2004 0.7 0.01 1.71 0.5

Groundwater 2 28/07/2004 0.02 0.006 0.638 1.05 0.5

Groundwater 3

no sample

no sample

no sample

A little bit of maintenance is required, they’re not completely maintenance free.  As to the 
cost benefits of the system, the total installed cost of it was between $13,000 and $14,000.  A 
fully sewered system according to Environment Bay of Plenty and Rotorua District Council 
in their report on Okareka, between $17,000 and $20,000 per household.  Suitable treatment 
plants would have to be found for putting in a bulk system and maintenance would need to b
covered by rates.  Thank you. 
 
QUESTIONS 
Chair:  It's a real pleasure to meet such an enthusiast for domestic waste water treatme
Paul Dell, I’m wondering if there is space on EBOP’s website for enthusiasts such as John to 
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Rowland Burdon, Royal Society of N.Z.: What herbicide is used to keep appreciative plant 

 

roots at bay? 
 
J. La R.: I’m sorry I'm not sure.  I might have to call on Peter Gearing to answer that.  Peter 
are you aware of that? 
(inaudible) … Research Institute and basically is a very immobile form of release.  It’s a 
gaseous form which adheres very strongly to the soil particles, no further than 20 mm from
each individual.  The active ingredient is Trifluoralin and it is impregnated into the plastic. 
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Modified Zeolites for Phosphorus Removal 

Zailu Yang 

revor R. Stuthridge 
 

 

stim  blooms of phytoplankton. The deterioration of the Rotorua lakes has focussed 
ttention on potential remedial technologies to reverse lake eutrophication. One such option 

rder to remove nutrients and/or remediate sediments 
nal source of such nutrients. A nutrient stripping media based on the chemical 

odification of two abundant and indigenous New Zealand natural minerals, zeolite and 
 for their 
ion 

tudies with nutrients were performed at laboratory scale with artificial and natural lake 

odified zeolite and pumice samples with different treatment processes and conditions were 
und d the effe arious factors on phosphorus removal capacity. Results 

t mod olite an oval 
apability than that of natural zeolite and pumice. Trials were conducted to compare 

edia and two commercial  remediati oslockTM and BaraclearTM. 
eolite r  bes trient ter, 

 media ty to achieve gre n 95% p hate r ient 
pplied.  

 be largely irreversible under natural pH and temperature 
onditions for all media tested. Unexpectedly, all media tested also had the ability to remove 

ent. 
, studies 

 

Mike van den Heuvel 
T

Eco-Smart Technologies, Forest Research, Rotorua, New Zealand 

zailu.yang@forestresearch.co.nz 
 

ABSTRACT 
 

Eutrophication is a condition in an aquatic ecosystem where high nutrient concentrations 
ulate

a
is the chemical treatment of lakes in o
that are an inter
m
pumice, was developed in this study. Modified zeolite and pumice were investigated
ability to adsorb phosphorus and /or nitrogen from aqueous solutions. Batch incubat
s
waters.  
 
M
employed to erstan ct of v
showed tha ified ze d pumice exhibited substantially higher phosphorus rem
c
modified m
Modified z
though all

on products: Ph
mance f and Baraclea

 have the abili
 showed the t perfor

ater tha
or nu
hosp

reduction in wa
emoval if suffic

dose is a
 
The binding of phosphate appears to
c
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 sedim
Thus, it is recommended that this be the next objective for study. In parallel with this
should examine the relative risks associated with the materials including toxicity and 
turbidity in local lake systems. 
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1.0 INTRODUCTION 
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. 
 

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

ernal recycling of sediment nutrient stores in estuarine and freshwater systems. 
eolite and pumice are abundant New Zealand minerals. Natural pumice possesses a porous 

 

pen channels that allow water and ions to travel into and out of the 
rystal structure.  

ue to these properties, zeolite is widely used in water and sewage purification, ammonia 
etals remov  ex  i a as r nt, removal of oil 

 water, and adsorption of other com ts f qu  ga  ph
9; P s l., ). H er, emoval of anionic nutrients by use of 

atural zeolite or pumice has not been reported, possibly due to the limitation of the 
harg ur . Th res tud s ed to e at  en ced

ate removal capability of natural zeolite and pumic m-based 
es, 

articles, bacteria and many microorganisms that possess negatively-charged surfaces in 

In
focussed on developing a remediation material from zeolite/pumice which will assist in 
reducing int
Z
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 o
c
 
D
and heavy m al, ion change n radio ctive w tewate treatme
pollution from

olella, 199
ponen
 the r

rom li id and seous ases 
(C
n

iaskow ki et a 2000 owev

negatively c ed s face e p ent s y wa carri  out valu e the han  
phosph e modified with aluminiu
substances. Due to the higher isoelectric point (net positive charge) of the modified surfac
the treated zeolite and pumice can also play a role in coagulating and settling suspended dirt 
p
natural water. 
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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 Slurry 
Slurry pH capacity conductivity Water Oil Ammonia gas 

80-100 233 S/cm 5-6 for 20 % 
w/v 

60-90% by 
weight 

75% by 
weight 

50-130 
meq/100g 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 and 
Baraclear were chosen in this study to compare with modified media. Phoslock is a 
lanthanum amended bentonite clay, whereas Baraclear is alumin

. 

ium amended clay. Both 
rmulations are sold as pellets that rapidly swell and dissociate into a suspension when 

 
fo
added to water. A photograph of the commercial products in comparison to zeolite is shown
in Figure 1. 
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Phoslock, and 

e 

Figure 1. Media tested in this study, from left to right, treated zeolite, 
Baraclear. 
 
As natural raw zeolite and pumice contain various extractable materials, which can affect th
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 Geoscience Laboratory in Sudbury, Ontario, Canada. Oxide measured in weight %., 
Heavy metals measured in ppm. 
 
Potassium dihydrogen phosphate (KH2PO4) was used as the source of phosphorus, and 

otassium nitrate (KNO3) was used as the source of nitrogen throughout the bench 
xperiments. Stock solutions at various concentrations and pH were prepared by dissolving 
e desired amount of KH2PO4 and KNO3 into distilled water. Dilutions were prepared by 

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

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

 mL centrifuge 
irated out to 

etermine the concentration of the residual nutrients. 
 

µ

a 

b 

c 

 
At the end of the adsorption period, the supernatant was transferred to a 50
tube and centrifuged at 2000 RCF for 10 minutes. The supernatant was asp
d
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Dissolved reactive phosphorus (DRP) and nitrate were measured with a Skalar autoanalyser. 
 the concentrations in 

olution before and after adsorption. 

s 
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 

ually be found in surface waters. For all 
rms of modified zeolite and pumice, chemical modification led to increased binding of 

hosphate as compared to the unmodified material (Figure 3). 

The Z-2 modification process produced the highest adsorption capacity with both pumice and 

re 

s 
 

edia. As the Z-2 modified zeolite provided the best phosphate 
adsorption, this media was used for all subsequent experiments and comparisons. 
 
 
 
 
 

The amounts of phosphate/nitrate adsorbed were calculated from
s
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 wa

the order of 100 mg/L, 100-fold higher than would us
fo
p
 

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 a
shown in Appendix 3.  
 
Experimental results indicated that both pumice and zeolite modified with the Z-2 proces
demonstrate very high capacity for phosphate, binding up to 90% of the phosphate ions at the
highest concentration of m

 127



 

 128

 
 
 
 
 

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

igure 4 shows 

 

 

 
y 

osphate removal was in excess of 84% for 
ll concentrations tested. 

 
T
a

he Z-2 modified zeolite demonstrated high capacity to bind nitrate ions. F
dsorption 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.

86

88

90

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 efficienc
occurred with different starting concentrations. Ph
a
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Figure 6. Adsorption kinetics of Z-2 with varying starting concentrations of phosphate. 
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Figure 5. Binding kinetics of phosphate to Z-2 modified zeolite. 
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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. 
 

removal  
Percentage of phosphorus 

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 

he Z-2 media showed the lowest rate of reversal, in the order of 1% whereas Phoslock had 
tes of reversal approaching 3%. Both media appear to bind phosphate irreversibly using the 

e 

ever, the experiment demonstrates 
at significant re-release does not take place with either media. 

reversed bound phosphate in Phoslock, and Z-2. 
 
T
ra
present methods. It is likely that the rates of reversal indicated are not representative of tru
reversal of binding. Due to the high levels of phosphate used in this experiment, it may have 
been difficult to rinse off all phosphate solution associated with the media, so these results 
may represent carry-over, not reversal of binding. How
th
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Table  4.  Percent of reversibly bound phosphorus 

ercentage of reversal  P
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 

/L 
ple was taken from the 

flow creek to the north-west of Lake Okaro, draining farmland. This sample had initial 
 respectively. Modified zeolite 

Z-2, Z-3 and two commercial ear, were selected as the 
adsorbents. A e sted at a concen  1,  20 g/L. 
  
Both Phoslock  Baraclear are ased p nd disp ry qu  water to form a 
suspension. Treated zeolite also  suspe pon ag  but this suspension settles within 
minutes as opposed to hours for the clay-based particles (Figure 7). The relative charge, or isoelectric 

oint, was also determined for the various media tested and is shown in Table 5. 

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

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
and 1.25 mg/L, respectively (Scholes 2004). In this study, a sam
in
DRP and NOx-N concentration of 0.185 mg/L and 1.520 mg/L,

products, Phoslock and Baracl
ll adsorbents w re te medi tration of  4, 10 and

 and  clay b
forms a

ellets a
nsion u

erse ve
itation,

ickly in

p
 
T

 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 followe
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 efficiency as compared to that seen with lab water 
sample spiked with phosphate and the reasons for this loss of efficiency are unknown. 
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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. 
 
 
Based on the binding data illustrated in Figure 7, the dosage of media required to remove 95% 
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 t
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Table 6. Optimal dosage for 95% removal of DRP. 

Media 
 Z-2 Z-3 Phoslock Baraclear 
Dosage (
(95% DR

g/L) 
P remov 17.4 30.4  ed) 40 27.6 

 
 
The removal of nit trite was also ass or Lake Okaro water. All me d ha  ability 

a e nitrite/nitrate n, irrespective of m dia dose (Table 7). It was not 
b  of these nitroge s was irrever   

emova Ox species fro ke Okaro wa  
 Percent of NOx removal (%

rate/ni essed f dia teste d the
to remove about h

d if the 
lf of th nitroge e

determine inding n specie sible.
 
Table 7. R l of N m La ter.

) 
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 

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

inium 

for 

ll aquatic plants require exogenous nitrogen and phosphate. As phytoplankton all fix carbon 
 

g the 

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

p
charge, explaining the superior performance for complexing phosphate. Unexpectedly, al
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 alum
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 
remediation of the Rotorua Lakes, particularly the use of nutrient-adsorbing material. 
 
A
from the atmosphere, one or the other of these two macronutrients generally limits 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 discussin
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, 
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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 

 

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

s in 

utrophic 

) and are not known to demonstrate blue-green 
algae blooms. Rerewhakaaitu in particular is interesting due to the relatively high component 

ested that the allophanic soils 
surrounding the lake effectively complex phosphorus and prevent it from entering the lake 

s 

0 µg/L either on average over the entire growing season or 
bsolutely during at least half of the growing season, then phytoplankton growth may be 

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

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

gro e 
sub al., 
200 verall productivity, but low N:P ratio will 

 

c
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 lake
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 e
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

of pastoral land surrounding the lake. It has been sugg

(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.    
 
Evidence from overseas, and from the Rotorua Lakes suggests that in the first instance, 
increasing the nitrogen to phosphorus ratio through intensive management of phosphoru
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 < 1
a
assumed to be P-limited during the growing season. Similarly, the threshold value below t
where N-lim
 
In some cases, nitrogen reduction will be more difficult to realise in the short term due to the 

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

inputs will continue for decades regardless of any other measures taken. Work done on 
undwater inputs into the Rotorua Lakes indicates that future nitrogen input may b
stantial, particularly in Lake Rotorua given the large catchment size (Morganstern et 
4). Removing nitrogen will certainly reduce o

continue to favour blue-green algal blooms. 
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Table 8. Nutrient and biological data for Rotorua lakes (from Scholes, 2004) 
La e 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 

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

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

om the 

uction in a 

e 

 

groundwater). The success of the Rotorua land application of municipal sewage scheme in 
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 se
m
compared to the phosphorus stored in sediment. Thus, though removal of nutrients fr
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 introd
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 Lak
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 mesotrophic (Prepas et al., 1997). Though such methods have the 
potential to reduce nutrient recycling, they are costly. Similarly, lake dredging approaches 
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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 lo
 

adings. 

 with such media has the potential to 

antially reduce phosphorus 
 the 

e. 

dia, and phosphorus was mostly irreversibly bound under the test 

 
ld 

cling through sediment 
 

 

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
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 
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 

 
he modified zeolite and pumice have been demonstrated to substT

in both artificial and natural waters under batch-test conditions. The results indicate that
modified zeolite performed better than modified pumice, probably due to finer particle siz
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 

ound to the modified meb
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 cou
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 recy•

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 
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including pH. The use of a number of toxicity bioassays at different trophic levels should 
accompany examination of the fate of metals. 

• An engineering model should be established to examine the relationship between part
size, depth of capping and lake energy in order to determine the risk of media re-
suspension. 

• As research proceeds, and effective 

icle 

doses for the different outcomes (nutrient removal 
from water vs. sediment capping) are determined, a cost model should be developed for 

of modified zeolite in comparison to commercially available adsorbents. 

oked at is 
inding and water.  Alum has the same potential to do it in water with a lower cost, so we 

 with 

e 
 in.     

Not surprisingly, if you look at the EBOP data of total nitrogen and total phosphorus versus 
 represents primary productivity and Secchi depth for clarity, you get 

uite a good relationship.  So the nitrogen and phosphorus question is quite a big one.  That 

strong
pollut

relationship because there are a lot of other things happening and a lot of other variability,  

conce
nutrie you do with nitrogen.  That’s why 

magn

there,
ratio, 

Tikita at all.  They are very, very different 

fabrication 
 
EXERPT FROM TRANSCRIPT (edited) 
“All of the inorganic media showed potential to bind nutrients in the water,  although some of 
them aren’t really designed to do that.  Phoslock in particular is designed largely as a 
sediment capping approach and we haven’t examined that yet, so all we’ve lo
b
haven’t invented anything that’s going to be more economic or new that we can’t do
alum.   
 
“The question is, what’s the best economically feasible strategy to reverse increases in 
trophic status in the lakes?  I have taken the liberty of having a play with some of EBOP’s 
data, the original reason that I did this was to try and explain some of the things that we’ve 
seen with our food web stable isotope study that Chris McBride and Brendon Hicks and I ar
all involved
 
“
chlorophyll A, which
q
doesn’t tell us very much new, just that the nitrogen and phosphorus sources in the lakes are 

ly associated with each other.  When you’re polluting with nitrogen, you’re generally 
ing with phosphorus as well.  So it doesn’t really tell us much about whether nitrogen 

or phosphorus is important.  This is no way disagrees with what Ian Hayes said earlier this 
morning about total nitrogen and total phosphorus in Lake Rotorua.   
 
“If you could actually look at a narrower range of data, you wouldn’t see much of a 

but when you look at it across a wide range of total nitrogen and total phosphorus 
ntrations, you see the relationship.  And just as Ian said, when you pollute with 
nts, you tend to pollute more with phosphorus than 

there’s over 2 orders of magnitude difference in total phosphorus and only about one order of 
itude difference in total nitrogen.   

 
“So the nitrogen to phosphorus ratio becomes fairly important, and we do see a relationship 

 which may just mean that clean lakes naturally have a high nitrogen to phosphorus 
it doesn’t indicate any causality, but there's an association there.  From the other EBOP 

data, it’s been known for quite a long time that particularly Lake Rerewhakaaitu and Lake 
Tikitapu are not known to have cyanobacterial blooms of any significance at all, in fact 

pu is probably not known to have cyanobacteria 
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lakes.  One is very oligotrophic so that’s understandable, but one is mesotrophic and these 
both have a nitrogen to phosphorus ratio of 50:1, which are your highest nitrogen to 

“So th
cyanobacterial growth with the nitrogen to phosphorus ratio.  As we heard this morning, iron 

colou y it to.  Previous 

paper effluent, creating the colour.  So that wh orning, that 

lot of

“In ve itation you 

although even in the international literature it’s still a controversial subject.  So in some cases 

overa
phosp

 
“Targeting nitrogen alone could even favour blue-greens, though it will reduce overall 

Rotor
and th

I've looked quite a lot at the literature, but alum has a bit of an Achilles heel, with the 

water
very difficult with alum.  But it can work, it’s even been used as a sediment remediation 

chnique.  Certainly I'm seeing a pattern that whether you use alum, whether you use 
dredging of sediments, whether you use hypolimnion oxygenation, they all seem to me as I'm 
starting to look at the literature, to be more effective where external inputs are not that 
substantial compared to the internal inputs of nutrients.   
 
“So for lakes with very high internal inputs, those methods can be very, very effective and 
have been throughout the world.  Where they haven’t been is perhaps in a case like Lake 
Okaro, where you have a very significant external input and the effect is long-lived, so some 
people have seen alum improvements for 7 years and some people haven’t seen any.   
 
“Just finishing up, mineral media may have longer term benefits at reducing internal nutrient 
recycling and indeed, both our zeolite and the Phoslock may have applications for capping 
the nutrients and reducing that internal load, and that's something we’d like to look at.  

phosphorus ratios.   
 

e Rotorua lakes themselves do show that it is potentially possible to limit 

might make a difference as well.  Interestingly we just found out that our Z2 media also binds 
r from Paper Mill effluent, that’s another thing that we’re trying to appl

to today I saw no relationship between pine trees and this data, but now I do because a lot of 
the coloured molecules are the same organic polyphenolic molecules that are in pulp and 

at was being talked about this m
may increase the availability of iron, there's an interesting parallel there.  Certainly there’s a 

 literature on this and I've been looking at it.   
 

ry eutrophic systems neither nitrogen or phosphorus is limiting, light lim
heard of that already this morning, therefore only very substantial removal will achieve 
improvement,  and it may take a long time.  P limitation has been known to limit blue-greens, 

by driving up the N to P ratio it may be possible to reduce blue-greens, but perhaps with little 
ll impact on algae productivity.  Lakes like Okareka, which has a total nitrogen/total 
horus of about 30, may just be on the borderline, so it’s a lake where intensive 

phosphorus management may actually be useful.  I don’t know that it necessarily would in 
some of the other more severely impacted lakes for a long time.   

productivity.  The severity may be less, but you may still get blue-greens.  Ther arees 14 
ua lakes, every single one of them is different and a different strategy has to be applied 
at’s self-evident.   

 
“In terms of our media, phosphorus removal can be achieved most economically with alum.  

concerns about aluminium and human health, but also if you have relatively clean, clear 
s with low levels of nutrients that you are removing, flocculation and settling are very, 

te
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Porous media such as zeolite have another application, as a permeable reactive barrier, which 

e
suitable to water treatment where rapid settling and recycling of material is required.  Rapid 
settling of zeolite can be a big advantage engineering wise to allow you to use it for reducing 
internal loading and capping nutrients. 
 
QUESTIONS 
John La Roche, LakesWater on of the phosphorus and 
other substances to the bottom, did you look at what the effects of them sitting as sediments 
on the bottom would be?  I am concerned that on the bottom where you get anoxic conditions 
the pH could be lowered and maybe some  have been precipitated with alum could 
come out of  solution and be just as much of a problem as they were before. 

Heuvel:   It's possible and it’s something we’ve looked at, though not 
f at 

also 
inium

 

the 

tural zeolite in environmentally friendly processes and applications 

 

 
os 

osphorus 
nto. 

orgenstern, U., Reeves, R., Daughney, C., Cameron, S. 2004 Groundwater age, Time 
nt Load in the Lakes Rotorua and 

Okareka Area.   Institute of Geological & Nuclear Sciences client report 2004/17 

nd 

can be as simple as a hole in the ground loaded with treated zeolite into which you put 
ffluent to tie up phosphate.  Certainly media such as zeolite and Phoslock may be more 

 Quality Society:   With the precipitati

 things that

 
Mike van den 
completely.  Certainly our lanthanum bound phosphate molecule is not coming to come of
all with any pH really, it's very, very insoluble.  It’s a difficulty with using iron, which 
can be used, and it will also be affected by redox conditions.  We don’t expect alum  to 
be affected.  The interesting thing about Z2 is that nothing, including aluminium, comes off 
at acidic pH, we have actually subsequently tested that.  We were more interested in whether 
aluminium comes off at acidic pH because of the health issues and it doesn’t at all with the
Z2 media. 
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ABSTRACT 
Analyses of dissolved oxygen in the water column of Lake
show progressive development of anoxic bottom waters th
demand from decomposition of organic matter. Decreases 
sediment/water interface result in reduction of insoluble fe
compounds to soluble ferrous (FeII) and manganese (MnII a s 
have resulted in release of phosphorus and other trace elem
pore waters, with diffusion transporting these ions through
 
Development of anoxic bottom waters has likely resulted i
phosphorus and nitrogen compounds back into the water c
eutrophication. Sediment cores from Lake Rotoiti show up
accumulated following the Tarawera eruption of 1886. Dev  
occurred recently as the seston from 60m water depth show
deposited under reducing conditions, whereas the seston be er 
oxidising conditions.  
 
Sediment pore water samples taken at 10mm intervals h
concentration gradients of reactive phosphorus, inorgan
zinc, arsenic and other trace metals. Fluxes of these ions
column are being determined using their concentration gradients through the sediment/water 
interface and applying Fick’s Law. Analyses of Lake Ro hows 
that the potential supply rate of phosphorus from the bo
other sources and remediation will therefore have to inv
 
Keywords: anoxic, eutrophication, trace metals, pore wa
 
TAPE TRANSCRIPT (edited, not all graphics shown) 
 
I have to thank all the previous speakers because they have done a very great speech and a lot 
of introduction to my topic.  At the beginning of my Masters we decided to determine the 

utrient and trace element levels in the water column and in the sediment pore water of Lake 
otoiti,  also to assess the fluxes of nutrients and trace elements between the water column 

 chemistry of Lake Ro

, Chris Hendy1

t, 
iences, 
 

 Rotoiti over the past 40 years 
at reflect increasing oxygen 
in redox potential at the 
rric (FeIII) and manganese (MnIV) 
nd MnIII) states. These reduction
ents from the sediments to the 
 the interface to the lake waters.  

n greatly enhanced recycling of 
olumn, further enhancing 
 to 600 mm of seston has 
elopment of anoxic sediments has
s that the upper 100 mm was 
low 100 mm was deposited und

ave been analysed to determine 
ic nitrogen species, iron, manganese, 
 from the sediments to the water 

toiti sediment composition s
ttom sediments could dominate all 
olve reductions of this flux. 

ter, sediments 

n
R
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and sediments of Lake Rotoiti and to look at the effect of the eutrophication and the bottom 
wat a
 

For the elements analysed, 

 
W

sa
 
S
60
tw
so

er noxia and fluxes of nutrients and trace metals at the water sediment surface.   

th
ox

 

available 

 some 
 

on the sediments and pore 
e 

sodium and potassium.  They 

e all know by now where Lake Rotoiti is and

they vary in the way we 
analysed due to the 
instruments that we had at 
Waikato University, so
parts have been analysed on
lake water only and some only 

water.  The trace elements w
looked at were arsenic, 
cadmium, copper, zinc, 
calcium, strontium, 
aluminium, iron, sulphur, 
magnesium, manganese, 

are all as totals and no 
speciation was done.   

 its link to Lake Rotorua through the Ohau 
Channel and these are the 

ELEMENTS ANALYSED
LAKE 
WATER

DRY 
SEDIMENTS

PORE 
WATER

NUTRIENTS 
Nitrogen
(FIA, AA) 

√
NO3

-/NH4
+

√
NO3
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ti.  

side and then we have a 
deeper part in the western 

nd dune and tussock.   

ampling sites as shown in the diagram (next p e); site 1 was in Okawa Bay, site 2 was at a 
 metre depth and site 4 was at the 125 metre depth, just in front of Gisborne Point.  We had 
o other sites at 20 metres, but we haven’t been able to actually get any gravity cores there, 
 after the first three trials we gave it up and we carried on only with these three sites.  In 
is picture you can see on the background the colourful patterns showing the dissolved 

pare how it changed from Rotorua lake where it’s well mixed 

characteristics of Lake Rotoi
We can almost consider that 
there are two lakes in one lake, 
because we have a very 
shallow area in the western 

side.  The average depths are 
50 metres in the western basin 
and 60 metres in the eastern 
side, with the deepest site at 
125 metres.  We have a 
different sort of catchment 
area around Lake Rotoiti with 
pasture, lake, native forest, 
lowland scrub, exotic forest, 

ag

ygen levels, so you can com

LAKE ROTOITI CHARACTERISTICS
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in to Rotoiti where it gets stratified 

 

SAMPLING SITES & DISSOLVED OXYGEN 

 

and there is no oxygen in the 
bottom water.  The times I have 
been sampling are July, September, 
November, January and March.  
We’ve been using Seabird CTD fo
our physical measurement and 
we’ve been using a Schindler trap
for our lake water sam

r 

 
pling and a 

gravity corer to sample the top 
sediments of the bottom of the 

These a  the 
sedimen n 
an oxic
is a lig

lake.   
 

re two examples of how
t samples look.  The one i
 environment you can see 
ht colour and in the anoxic 
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These 
actually by all the particulate 
matter 
lake.  A
the other, so the pressure builds 
up and you have the water being 
squeezed out of the core of the 
sedime
analog g 
wine and you have the grapes, you 

ment it’s very dark and 
mes you can get a strong 
f sulphide coming out.  

top sediments are formed 

falling on the bottom of the 
s they settle on the top of 

nts.  It’s a bit like, for 
y, when you are makin

put them all together and then you 

SEDIMENT CHEMISTRY (cont.)

Anoxic environmentOxic environment

CHEMISTRY OF THE SEDIMENT SAMPLE

se 

solidate more and more and they 
become hard sediment and bed rock.  

 

e and manganese 
reduction, iron reduction, sulphate 
reduction and then we have CO2 and 
methane at the bottom.   
 

put maybe a child walking on tho
grapes and you make the wine.  So 
that’s a bit the same.   
 
As the layers build up they 
con

The chemistry of my samples we can
roughly subdivide.  If we have some 
oxygen, nitrat

♦ O2 reduction

♦ NO3
- reduction 

♦ Mn4+  reduction

♦ Fe3+  reduction

♦ SO4
2- reduction

♦ CO2 re ction

♦ CH4 formation

du
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Why this topic?  
• Uncertainty  about fate and flux of metals in the bottom sediments of Lake Rotoiti 
• Lake ecosystems are more vulnerable to metal pollution compared to other inland 

water ecosystems 
• Eutrophication of Lake Rotoiti over past 50 years has resulted in progressive anoxia 

during summer stratification, leading to possible enrichment of sediments 
• When bottom water anoxia occurs the deposited sediments reverts from being a nett 

sink for contaminants to releasing those elements back into the water column 
• It is important to know the concentration of trace elements because of their role in 

bioaccumulation and food chain amplification 
 
Because of the recent problems with Lake Rotoiti, I took a sample from the lake water of 

d 

 

Okawa Bay when it had an algae bloom with Anabaena planktonica the predominant species.  
I chose these pictures (not shown) because you can see on the background the part of the 
landscape being harvested (referring to forestry clearfelling) and there are more parts aroun
Rotoiti that have been harvested, which will just increase the erosion and leaching of 
nutrients to the lake water.   
 

These graphs are a way to represent the 
dissolved oxygen (that is the coloured part) SITE 1 – OKAWA BAY

 

 
time 
as 

been every 2 months starting with July last 
year.  So you can see that in Okawa Bay(left) 
most of the time it’s well mixed and we didn’t 
have episodes of anoxia when I was sampling.   
 
 
 
It is a different story as we get to deeper water 
levels.  We have a 60 metre point almost at 
the edge between eastern and western sides 
and you can see in wintertime that the water 
is well mixed and the temperature is similar 
from the top down to the bottom water(left).  
As we get to summer and the top water starts 
warming up, we have the density gradient and 
the oxygen starts to be missing from the 
bottom waters.   
 
 
 
 
 

and the temperature (the lines), versus the
depth where I've been sampling and the 
I've been sampling.  The sampling time h
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We can see the same story for the Crater 
(left).  We call it the crater station because 
it’s a very narrow hole and previously was 
supposed to be a crater, it’s 125 metres deep.  
Again in the winter months, very well mixed 
and as we start getting towards summer it is 
increasingly getting anoxic.  Last summer it 
wasn’t a very hot summer, but we still had 
this stratification in the lake.   
 
 
The Okawa Bay diagram looks very 
complicated (left), but actually it gives a lot 

of information.  It's an 
eH/pH diagram, so what 
we’ve done is to measure, 
in fresh samples, the redox 
capacity then measure the 
pH of the samples and then 
they are plotted, one on X, 
one on the Y axis.  It gives 
the stability fields of 
species in solution, also of 
various group of minerals 
and it gives you great 
information about the 
diagenesis conditions, 
which are controlled by 
organic and element 
cycling.  This is in 
sediment and the first 

samples as we can see the lighter colours are the summer samples, so compared with the 
winter samples are more anoxic.  This is a slide with the pH values of my pore water (right of 
diagram), so that’s a very nice correlation, I mean they are all more or less same, no big 
variation.  At 60 metres I didn’t collect a lake water sample, so it is only the sediment and as 
you can see we’re getting towards a more anoxic environment as we’re going down this plot, 
and we have a slight increase in the pH of the pore water.   
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This is the lake water (left) from Okawa Bay and 
my samples tell us that the environment is already 
getting a bit anoxic here.   
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Eh-pH Diagrams

Gives the stability fields of species in solution

Gives the stability fields of various groups of minerals

Gives information on the prevailing conditions during 
diagenesis

Eh-pH diagrams are controlled by organic oxidation & element cycling
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For the element analyses of my samples, I'm going to present only some of the elements that 
have been doing and from only one spot, otherwise we’ll be here until midnight (all of next 
 pages).  The total phosphorus in sediments shows a very beautiful regression with an R 
quare of  0.9, that is very good.  But the very high values indicate that it’s all in the top 
ediments.  The depth of my core is constant. It has been sliced every 2cm, so there has been 

no variable depth.  At the top of sediments we have a huge amount of phosphate that is ready 
to go back into the water.  In an anoxic environment we have iron that goes from Fe3+ to Fe2+ 
and we heard that it becomes very soluble and will release all this phosphate.  This is the total 
phosphorus in our pore water.  In this case  seasonal trends are not very accentuated as we’re 
going to see for other elements.  For sulphur values are pretty close for all the sampling 
times.  In this case we start seeing in pore water a division between winter samples and 
summer samples.   
 
We can see from the eH/pH diagrams that the values are also changing, they are getting more 
anoxic.  The iron is compact more or less like sulphur, but in the pore water again we have 
the sulphur and this case we start with November samples getting close to zero.  For 
manganese we’ve seen a very similar trend as for the phosphate.  Again we have a regression 
line with an R square of  0.93 and these values are all in the top sediments, so all are ready to 

o back in the lake water.  For manganese in pore water we see from November it is already 
etting closer to the detection limit of the instruments.  The last element that I’ll introduce 

here is the aluminium in sediments and then pore water and this strange behaviour from 
aluminium that we didn’t expect.  If someone has any suggestion for this we would be 
interested, however in summer we got almost to the detection limit of the instrument.   

I 
2
s
s
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KEY POINTS KEY POINTS (cont.)

 
 
 
 
 
 
 
 
 
 

 

 

Sediment composition

♦ Changes in refractory elements (e.g. Al) reflect 
variations in ratios of seston to clastic sediments as 
organic matter is broken down;

♦ Elements associated with the organic fraction show 
an inverse trend to Al;

♦ Elements mobilised by reduction and immobilized 
by oxidation have peak concentrations near the 
surface and reflect seasonal variations in redox 
(e.g. Mn, Fe, P)

 

Pore water composition

♦ Soluble reduced/insoluble oxidised species (e.g
Fe, Mn) increase in concentration with depth.  
These species show expected seasonal trends 
except when overridden by sulfide precipitation

♦ Insoluble reduced/soluble oxidised species (e.g.
S) decrease with depth in the sediment.
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ABSTRACT 
 
The biological response of several Rotorua lakes to increases in nutrient inputs is 
reasonably clear and may be exemplified by lakes Rotoiti and Okaro.  The hypolimnion 
becomes anoxic during seasonal thermal stratification, there is an increase in 
phytoplankton biomass, and cyanobacteria generally dominate the phytoplankton 
assemblage, with loss of the deep chlorophyll maximum when the lakes stratify. These 
eutrophic lakes tend to have low nitrogen to phosphorus mass ratios, partly in response to 
an increase in denitrification which acts as a sink for nitrogen and is promoted by anoxia 
of the hypolimnion. Variations in phytoplankton biomass and species composition caused 
by other mechanisms, however, tend to be more subtle and often produce outcomes that 
are difficult to resolve against the inherent background variability. For example, while 
there are no significant long-term changes to water temperature in the Rotorua lakes, El 
Niño-Southern Oscillation (ENSO) events may have important short-term effects on 
surface water temperature and vertical stratification, and may influence cyanobacterial 
populations, which thrive under calm, warm conditions. Furthermore, when there is high 
lake-wide biomass of buoyant cyanobacteria, there is potential for very large 
amplification of populations in bays and sheltered areas of a lake, particularly in the 
presence of on-shore winds.   These considerations mean that good long-term time series 
data at several stations on large lakes, in combination with detailed understanding of 
phytoplankton dynamics, are essential to more accurately predict how lakes will respond 
biologically to management of nutrient loads. 
 
INTRODUCTION 
 
The proliferation of cyanobacteria (blue-green algae) results from complex interactions 
amongst vertical stratification, water temperature, nutrient supply and light availability, 
all of which influence cell growth rates, and losses (e.g. grazing, viral attack, flushing). 
Thermal stratification in impoundments can be expected to favour buoyancy regulating 
cyanobacteria that optimise light capture to out-compete other phytoplankton that tend to 
be negatively buoyant and sediment out of the water column under stratified conditions. 
Many of the larger, colony-forming or filamentous cyanobacteria that are commonly 
associated with blooms have relatively slow rates of growth compared with other 
phytoplankton (Reynolds, 1997).  However, replication rates of cyanobacteria tend to 
increase more rapidly with increases in temperature than those commonly observed in 
other phytoplankton (Robson and Hamilton, 2004). Thermal stratification is likely to be 
more pronounced in summer, especially when there are low winds.  Therefore any long-
term change in climate that increases water temperature and intensity of stratification may 
favour increases in cyanobacteria biomass (Weyhenmeyer et al. 1999).   
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Cyanobacteria possess a number of other potentially advantageous features that enable 
them to form water blooms which, in some cases, may be nearly mono-specific. Some 
cyanobacteria have the capacity to fix atmospheric nitrogen, i.e., as dissolved N2 in the 
water column. Anabaena is a well known genus that is capable of nitrogen fixation, while 
Microcystis, a similarly prolific genus, has no such capacity.  The 2002-3 bloom of 
Anabaena planktonica in Lake Rotoiti was found, using the acetylene reduction 
measurement technique (Turner and Bergerson 1980), to be nitrogen-fixing (author’s 
unpublished data).  The eutrophic, low total nitrogen to total phosphorus ratios and very 
low dissolved inorganic nitrogen concentrations in surface waters of Lake Rotoiti are 
likely precursors to nitrogen fixation.  Similar conditions exist in Lake Okaro (Hamilton, 
2003), where Anabaena species often form large blooms. Many lakes of the Central 
Volcanic Plateau of the North Island, including Lake Taupo, are nitrogen limited (White 
et al., 1985; Lean et al., 1987) and are therefore susceptible to blooms of nitrogen-fixing 
cyanobacteria with increases in trophic status. 
 
One of the most important features of cyanobacteria is their ability to regulate depth in the 
water column. Physiological changes, in response to changing environmental conditions, 
alter cell buoyancy in cyanobacteria, behaviour that is commonly referred to as ‘buoyancy 
regulation’ (Reynolds, 1984). Buoyancy regulation may provide a means of overcoming 
the vertical separation between light (at the surface) and nutrients (at depth) that often 
occurs in stratified lakes (Ganf and Oliver, 1982). Buoyancy regulation may also allow 
access to high light near the water surface while providing a means of migrating 
downwards to lower light to avoid photoinhibition resulting from the high surface light 
intensities that would otherwise damage cells or inhibit photosynthesis.  
 
Buoyancy regulation can occur through three mechanisms that may operate together or 
independently. Collapse of gas vesicles, air-filled structures that normally provide 
buoyancy, is one mechanism (Reynolds and Walsby, 1975), but this process may occur 
infrequently in natural populations. Regulation of gas vesicle synthesis (Kromkamp et al., 
1986) may provide medium-term (several days to weeks) changes in the buoyancy of 
cells. Regulation of cell ballast is the mechanism responsible for the frequently observed 
pattern of cyanobacterial populations accumulating near the surface during early morning 
and then sinking away from the surface later in the day (Van Rijn and Shilo, 1985; 
Wallace and Hamilton, 1999, 2000).  This process occurs through accumulation of 
photosynthetically-fixed carbohydrate in the cell during the day, increasing cell density, 
followed by depletion of the carbohydrate through the night, often resulting in highly 
buoyant cells by sunrise.  This mechanism, more than any other, is responsible for the 
physiologically induced diurnal periodicity of cyanobacterial blooms (Wallace et al., 
2000).  Changes in buoyancy may also be expressed to a greater or lesser extent by the 
accumulation of cells into colonies.  According to Stokes' Law, the rate of upward or 
downward movement of a particle varies under quiescent conditions as the square of the 
particle diameter.  Thus individual cells of the genus Microcystis, which are around 5 µm 
in diameter but agglomerate into colonies often to 1mm in diameter, could increase their 
rate of migration by 40,000 fold through colony formation. 
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The position of cyanobacteria cells or colonies in the water column depends on both the 
buoyancy of the cells or colonies and on water motion. Water motion in the surface waters of 
lakes is most strongly influenced by wind.  Strong winds create turbulence and, depending on 
the size and shape of the cyanobacteria and the control that a species has over buoyancy 
(Reynolds, 1984), will mix the organism to homogeneous levels.  The depth to which this 
occurs may encompass the entire water column or it may be to an intermediate depth 
commonly dictated by the vertical stratification of temperature.  Most moderate to large-sized 
lakes in New Zealand are monomictic.  Thermal stratification is most intense through 
summer to autumn; the period when cyanobacterial blooms most commonly occur.  More 
intense periods of thermal stratification in the surface waters, commonly associated with light 
winds and strong radiation inputs, create quiescent conditions that allow buoyancy of 
cyanobacterial cells to be fully expressed. This phenomenon is referred to as 'telescoping' by 
the eminent phytoplankton ecologist Colin Reynolds and results in bloom formation.  In very 
simple terms it may be compared with adding polystyrene balls to a washing machine; the 
polystyrene balls will only float and accumulate at the surface of the tub when the washing 
machine is no longer mixing (i.e. no-wind or light-wind situation).  The more polystyrene 
balls (equivalent to the lake-wide phytoplankton biomass), the greater is the rate of 
accumulation (i.e. bloom size).  In reality blooms may be blown onto leeward shores of lakes, 
particularly where there are embayments, by light winds that do not disrupt the vertical 
stratification and associated expression of buoyancy (Hamilton, 2001; Robson and Hamilton, 
2003).  This magnification of cells on the leeward shore may lead to huge accumulations or 

ence their losses. They 
re often not a preferred food source for grazers, resulting in limited 'top-down' control of 

populations.  The reduced grazing may be associated with large size (of colonies), high cell 

 

scums of cyanobacteria.  
 
Many cyanobacteria have other physiological features that also influ
a

densities, production of allelopathic compounds and poor assimilation by grazers (Oliver and 
Ganf, 2000). 
 
The objective of this paper was to present some of the temporal and spatial variability of 
phytoplankton populations in lakes Rotorua and Rotoiti, and examine some of the causal 
mechanisms of variability.  While it is difficult to make definitive “cause and effect” 
statements about the factors that drive variability, the analysis does provide new insights into 
the relatively slow-growing nature of cyanobacteria and how blooms result mostly from a 
redistribution of cells rather than a growth phenomenon per se. 

METHODS 
 
The Rotorua lakes were formed and modified at intervals up to 140,000 years B.P. by a series 
of volcanic eruptions which produced explosion craters or damming of drainage basins by 
lava flows (Lowe and Green, 1986). Twelve Rotorua lakes are sampled routinely as part of 
the State of the Environment monitoring programme conducted by Environment Bay of 
Plenty (Scholes, 2004). Data from this programme are supplemented here with past 
measurements in polymictic Lake Rotorua (A=79km2, z =10m) and monomictic Lake Rotoiti 
(A=33.5 km2, z =33 m), which are archived in the National Institute of Water and 
Atmospheric Sciences lake data base.  BioFish™ measurements have been conducted across 
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lakes Rotorua and Rotoiti, to provide estimates of chlorophyll a fluorescence, with data 
presented as ‘curtains’ through one axis of the lakes.  Climate data were obtained from 
Rotorua Airport meteorological station. Monthly values of the Southern Oscillation Index 
(SOI) were obtained from the Bureau of Meteorology, Australia.  The SOI is used to explain 
predominant weather trends; when it is consistently positive (La Niña), the New Zealand 
climate tends to be warmer and winds are lower than when it is consistently negative (El 

iño), a state characterised by cooler, windy conditions. 

regression equation.  The residuals 
from each regression gave a non-significant (p>0.05) linear trend through time in the two 
lakes; the slope was small in Lake Rotorua (-0.0051oC yr-1) but of greater magnitude and 
positive in Lake Rotoiti (0.078oC yr-1). The latter result was influenced by cool surface 
temperatures during a predominantly El Niño phase (negative SOI values) in the early part of 
the time series from 1991 to 1995, and warm temperatures during a strong La Niña phase 
(positive SOI values) later on, from 1999 to 2002 (Fig. 1a).  It can be surmised that there is 
no evidence of a significant warming or cooling trend for surface waters of Lake Rotorua 
over the 35-year sample period, while for Lake Rotoiti a longer record with several El Niño-
Southern Oscillation (ENSO) events will assist in removing bias associated with the 
relatively short duration of sampling. For the case of Lake Rotorua, however, an analogy can 
be drawn to a study by Gerten and Adrian (2001), who observed that frequently circulating 
polymictic lakes are least susceptible to the North Atlantic Oscillation (NAO) influence, 
followed by shallow and then deep dimictic lakes. 
 
Relationships between the polynomial regression residuals and SOI values for the 
corresponding month of sampling were not significant (p>0.05) for both lakes, but there was 
some general visual correspondence over the time series of a 5-sample running mean of the 
residual temperatures and 5-month running mean SOI values (Fig. 1). Brief anomalous 
periods (e.g., 1976-77, 1989, 1997-98 in Lake Rotorua and 1997-98 in Lake Rotoiti) 
confounded the establishment of statistically significant relationships between the residual 
temperatures and SOI values. Similarly, the relationship between mean wind speed or air 
temperature at Rotorua Airport averaged over periods of days to months, and SOI values was 
not significant (p>0.05), though visual interpretation again indicated a general inverse 

N
 
RESULTS 
 
Long-term trends 
Time of year explained 92% and 94% of the variation in surface water temperature 
measurements for Lake Rotorua (n=944, years 1967-2003) and Lake Rotoiti (n=90, years 
1990-2003), respectively, using a 6th order polynomial 

behaviour between wind speed and SOI values (i.e., high mean wind speeds and low SOI 
values and vice-versa).  
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Figure 1. Time series of 5-sample running mean of the residual temperatures derived from a 

Lake Rotoiti and (b) Lake Rotorua. 

 
d corresponding phytoplankton biomass and 

d in 
tically 

 
e 

erm 
ay 

i in 
rus 

lose 
February to May).  By contrast, FRP 

oncentrations are around 20 mg m  higher in bottom waters (around 60m depth) in 2002-3 
compared with 1981-2 (Figure 2).  It may be argued that concentrations of FRP in bottom 

aters are not immediately available to phytoplankton in surface waters, though it is now 
cognised that boundary layer mixing at the thermocline (MacIntyre et al., 1999) creates an 

important ‘pump’ that supports nutrient transfer to surface waters.  In addition, Lake Rotoiti 

polynomial regression between time of year and surface water temperatures, and 5-month 
running mean SOI value for (a) 
 

Relationships between monthly SOI values an
trophic state, as indicated by the Trophic Level Index (Burns et al., 2000), were examine
lakes Rotoiti and Rotorua, but there was no evidence of any relationship, either statis
or qualitatively.  In summary, there is no evidence for a long-term climatic trend as
evidenced by consistent changes in surface water temperature nor do changes in trophic stat
in lakes Rotoiti and Rotorua appear to be related to any long-term climatic trend.  One should 
not rule out the possibility, however, that specific ENSO events may create short-t
variations in lake mixing and temperature that will influence conditions that m
differentially favour or hinder cyanobacterial growth (Hamilton et al., in press). 

 
Trends in nutrient concentrations 
In this analysis comparison is made of inorganic nutrient concentrations in Lake Rotoit
1981-2 and in 2002-3.  For surface waters, concentrations of filterable reactive phospho
(FRP) are almost indistinguishable for the two periods 1981-2 and 2002-3, and are very c
to detection limits in the period 1.2 to 1.4 (around 

-3c

w
re
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has an active internal wave environment (authors’ unpublished data) that enhances boundary 
layer mixing as well as substantial stirring of the hypolimnion from geothermal heatin
(Gibbs, 1992). Any inorganic phosphorus that is transferred to the surface waters in
period of February to May, when phytoplankton biomass is generally high, can be expe
to be rapidly taken up by phytoplankton and will therefore not be detectable as an increase in
FRP. 

g 
 the 
cted 

 

or brevity, concentrations of inorganic nitrogen are examined only for surface waters for the 
o periods 1981-2 and 2002-3.  There appears to be very little difference in both ammonium 

nd nitrate concentrations between the two periods, though perhaps a greater variability of 
both nutrient species in 1981-2 (Fig. 3).  The transition to a higher rate of supply of 
phosphorus between 1981-2 and 2002-3, with little apparent change in dissolved inorganic 
nitrogen concentrations, could be conducive to the relatively high rates of nitrogen fixation 
that were recorded in Lake Rotoiti in the latter period. 
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Figure 2.  Concentrations of filterable reactive phosphorus (FRP) as a function of time of 
year for Lake Rotoiti: (a) surface water and (b) bottom waters (approximately 60-m). 
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year for 

 fluorescence 
n example is provided in Fig. 4 of spatial variations in phytoplankton biomass in Lake 

ebruary 2004, obtained from a BioFish transect from the Kaituna outlet 
pu.  

 
 

Figure 3.  Concentrations of (a) ammonium and (b) nitrate as a function of time of 
surface waters of Lake Rotoiti. 
 
 
Spatial variations in chlorophyll
A
Rotoiti on 25 F
through to Okawa Bay and then proceeding eastward to the far end of the lake at Hineho
This transect was typical of several obtained during intensive monitoring of Lake Rotoiti in
the first half of 2004.  Variations in chlorophyll fluorescence in surface waters, and in bays in
particular, were contributed predominantly by cyanobacteria.  Ryan et al. (in press) have 
shown that horizontal variations in phytoplankton biomass in Lake Tarawera are small in 
deeper waters, where biomass is generally dominated by diatoms, compared with surface 
waters where different stations may exhibit very large variations in biomass and the dominant 
phytoplankton group is cyanobacteria. The data for Lake Rotoiti reinforce the concept that 
cyanobacterial cells may readily be blown into bays by on-shore winds, while the limited 
fetch from off-shore winds tends to confine populations within the bays.  This concept is 
further supported below by the analysis of phytoplankton growth rates in Lake Rotorua, 
which included some of the data presented in Fig. 5.  
 

 157



 

 
 
 
Fig 4.  
The up he bottom of the lake.  The colours 

present chlorophyll fluorescence values, with the scale on the right-hand side equating 
 µg chlorophyll a L-1.  The transect includes the Kaituna arm (0-2  km) 

rough to Okawa Bay (2-4 km) and then proceeds approximately eastward to the Hinehopu 

 

Chan  

chloro

ure 4.  BioFish transect of chlorophyll fluorescence in Lake Rotoiti on 25 February 200
permost part of the grey shaded area represents t

re
approximately to
th
end of the lake around 21km. 
 

 
 

 
 
 
Figure 5. Bio-fish transect of chlorophyll fluorescence in Lake Rotorua (0-10km), Ohau 

nel (10-13km) and  and Lake Rotoiti (13-30km) on 14 April 2004.  The uppermost part
 grey shaded area represents the bottom of the lakes.  The of the colours represent chlorophyll 

fluorescence values, with the scale on the right-hand side equating approximately to µg 
phyll a L-1.  The transect proceeded approximately east from Ngongotaha to Hinehopu.
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In contrast to the fluorescence transects through shallow regions of Lake Rotoiti (Fig. 4),
cts through Lake Rotorua (e.g. Fig. 5) showed remarkably little lake-w

 the 
transe ide variation in 

Rotor tively 
, 

effect e phytoplankton 
ceeded 

never exceeded 4% per day in Lake Rotorua over the period March to June 2004, when there 

(M. B ct visual 
flects 

the fa
 shallow, 

enclo
.  

These
predo group of phytoplankton that may ‘telescope’ to the water 

 
ACK EDGEMENTS 

Envir
Resto ty.  Temperature and nutrient data for 2002-3 are from 

temperature and nutrient records. David Burger is thanked for contributing to the BioFish 

 

Raew
various rivers that I have lived alongside.  You say that you've got temperature anomalies 

om 
El Ni   
Aroun f 
water for some reason best known to Environment BOP.  It stays low, we will have a bloom 

 early January in Lake Rotorua if we have the weather pattern where it was hot and fine and 
e had the north northwester swinging some wind.  If we get a lot of rain the temperature is 

possibly less and the lake is topped up by the rain and then we don’t have a bloom at all.  We 
also don’t have the north-northwest swinging wind under those circumstances.  My question 
is with the dropping of Lake Rotorua and Lake Rotoiti manually, that obviously makes Lake 
Rotorua much shallower plus Te Weta Bay, plus Okawa Bay which allows the light to 
penetrate far deeper into the sediment levels and exacerbates the opportunity for Anabaena to 
become a blue-green algae bloom.  We then have the wind which picks up the floating 
blooms and takes it through the Channel and into the various bays where they are low and 
suffering, so the bloom just continues.  Surely if the lake was kept at a higher level there 
would be less of a problem? 

the period from March to June 2004, suggesting that accumulations of cyanobacteria in Lake 
ua may only occur in very localised regions of the shoreline.  The rela

homogeneous nature of the distributions in Lake Rotorua, both vertically and horizontally
suggest that a combined vertically and horizontally integrated chlorophyll fluorescence (i.e., 

ively a ‘mass’), can be used to decipher temporal variations in lake-wid
concentrations.  The variations in this value were small through time and never ex
0.04 per day.  Effectively, this means that the maximum rate of growth of phytoplankton 

were major blooms of cyanobacteria that forced recreational closures of parts of the shoreline 
loxham, Environment BOP, pers. comm.).  This finding may contradi

observations of rapid ‘waxing and waning’ of cyanobacterial populations, but largely re
ct that the blooms are primarily a response to water transport processes that physically 

redistribute populations into discrete areas of a lake.  Where the lake has relatively
sed embayments (e.g. Rotoiti) the cyanobacterial populations are not as transient and 

may persist for relatively long periods of time as long as the lake-wide population is elevated
 observations support Reynolds’ (1984, 1997) observations that cyanobacteria are 
minantly a slow-growing 

surface under favourable (i.e. calm) conditions. 

NOWL
 

onment BOP funded this research through the Chair in Lakes Management and 
ration at Waikato Universi

Environment BOP records.  Max Gibbs is thanked for providing access to the 1981-2 

data collected in Lake Rotorua. 

QUESTIONS 
yn Saville, Hamurana: For the last 16 years I have been watching the lake and the 

while you've been watching the water over the last 2 years.  Have you factored in apart fr
ño and La Niña the manual raising and lowering of Lake Rotorua and Lake Rotoiti?
d about the beginning of November every year Lake Rotorua loses about a metre o

in
w
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David Hamilton
throughout the world, wh er lakes probably not a 
whole lot of difference on water quality, but you do mention things such as Okawa Bay.  It is 
possible th
potentially bring about a ility of nutrients for 
phytoplankton, that’s something that I hadn’t actually considered and it’s a good point. 
 
Cr. Cliff Lee, Rotorua , is the seiche and 

e gradient (of the) seiche showing that there will be any detectable pressure between the 
f that barrier? 

 

Bryers, G. and E. Bowman 2000. Protocol for monitoring trophic levels of 

 as a 

reshwat. Res. 26: 453-463. 
amilton, D. P., 2001.  The Swan River: Water Quality.  Water, Journal of the Australian 

r Association 28(2): 36-37. 
 2003. An historical and contemporary review of  water quality in the 

ality 

 

d P. 
 

lcanic Plateau Lakes. N.Z. J. Mar. Freshwat. Res. 21: 539-542. 

: Well I guess the question you are asking is one that’s asked right 
at difference do water levels make?  In deep

at if you drop the level in Okawa Bay you will decrease the volume and 
 greater amount of light and a greater availab

 District Council:  For the Ohau Channel diversion
th
two sides o
 
D.H.:  If you considered a diversion of the Ohau Channel and you ran it across from Ohau of
course towards Kaituna, you’d need to consider very carefully  

1) where you put it, and at what depth you put it, and  
2) what the impact of internal waves would be, because a flimsy structure would tear 

apart with the strength of those internal waves. 
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bstract 
 nu ined in Lake Rotorua during 2004 using three 4 
u in ples were spiked with NH4-N (to 10mg/l), PO4 

r with ol containing no added nutrients was used for 
ined using 

changes in cell density and species composition. The results 
ugh 
 to 

ake Rotorua has experienced frequent cyanobacterial blooms over the summer months. For 
er, 

 experiments 
 

 over the summer (Jan-Feb) of 2004, by examining phytoplankton species and 
community responses to the nutrient additions. 
 
Methods 
Field Methods 
In-situ incubations were carried out at a central lake site (depth 20m) on three separate 
occasions in summer 2004 (23 January, 30 January and 9 February). On each sampling 
occasion, 4 to 5-day in-situ incubations were performed in 3-litre polycarbonate bottles using 
unfiltered lake water. Replicate bottles were spiked with growth saturating levels of NH4-N 
(to 10mg/l), PO4 (to 1mg/l) or both nutrients, and incubated at the lake surface and at a depth 
of five metres depth. Control bottles containing no added nutrients were also incubated at 
both depths. Initial (before incubation) water samples were collected and preserved in Lugols 
iodine for phytoplankton enumeration with additional samples immediately filtered and 
frozen for dissolved nutrients (NH4-N, NO2-N, NO3-N and PO4) and for analysis of 
chlorophyll-a, in duplicate. These analysis were repeated for each bottle after the incubation 
period.  

2 NIWA, PO Box 11 amil ala
 
A
Phytoplankton

sit
trient limitation was exam

amto 5-day in-
 o

cubation experiments. S
ts. A contr(to 1mg/l)

comparison. Phytoplankton responses to nutrient additions were determ
 both nutrien

chlorophyll-a concentration, and 
indicate phytoplankton production in Lake Rotorua may be co-limited by N and P, altho
variations in light and mixing regimes during the sample periods complicated our ability
isolate the role of nutrient limitation. 
 
Introduction 
L
example, blooms in March 2004 reached cell densities greater then 200 000 cells/ml (Burg
unpublished data 2004). While earlier studies have examined phytoplankton nutrient 
limitation in this lake (e.g. White and Payne, 1978), their methods have focused largely on 
assessing growth limitation by measuring changes in nutrient concentration. The
did not take into account individual species responses and community structure. We therefore
conducted three in-situ bioassay experiments to assess phytoplankton nutrient limitation in 
Lake Rotorua
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Climate data (wind speed and direction, rainfall and light) were obtained from Rotorua 
irport climate station. Lake temperatures, used to assess stratification, were obtained from 
dyssey (Dataflow Systems Ltd) temperature loggers deployed at two-metre depth intervals 

t the same site that the incubations were conducted.  

hytoplankton enumeration 
hytoplankton cells were enumerated at 100x magnification using the Utermohl 
edimentation technique (Utermohl 1958). Depending on cell densities, 3 to 7 ml aliquots 
ere settled for 36 hours in a settling chamber prior to counting. As colonial cyanobacteria 

pecies have a tendency to clump together, possibly leading to high count variability, counts 
ere repeated for each sample. For multi-celled filamentous species (Anabaena planktonica, 
nabaena circinalis, Aulacoseira granulata var., and Fragilaria crotonensis), the average 
umber of cells per trichome was calculated per sample and total cell densities then 
pproximated by multiplying this factor by the number of trichomes present in the sample 

yan et al. 2003). Densities of colonial species (Chlorokybus sp., Microcystis aeruginosa, 
paerocystis sp.) were calculated similarly using the average number of cells per colony in 

  

he incubations conducted at 5-m depth are considered to provide a true representation of 
ght climate in the water column as this depth approximates to one-half of the mean depth of 
ake Rotorua. Only results for the 5-m samples are presented here.  

ell densities 
yanobacteria were the most dominant taxonomic group in the lake, representing nearly 70% 
f all phytoplankton cells (Table 1). Anabaena planktonica was the dominant species, 
presenting 63% of the total cell count. The second largest group was the green algae, which 
as dominated by Chlorokybus and Spaerocystis species, and collectively represented 30% 
f the total cell count. The diatoms and other groups represented less than 1.5% of the total 
ount. 

A
O
a
 
P
P
s
w
s
w
A
n
a
(R
S
each sample. Species were identified according to Baker and Fabbro (1999) and John et al.
(2002), and were verified by Eloise Ryan (University of Waikato).  
 
Results 
T
li
L
 
C
C
o
re
w
o
c
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Table 1: Phytoplankton community composition 
 
 
 

 

hlorophyll-a concentration was generally higher than that of the control in all treatments 

 N 
 not statistically significant, indicating possible co-limitation of 

r 

Order Species % composition % by group 
Cyanobacteria Anabaena planktonica 65.33 68.9 

 
 
 
 
 

 
 

Response to nutrient additions. 
Changes in chlorophyll-a concentration and phytoplankton cell densities between each 
treatment and the control were used to determine responses to nutrient additions. 
C
(Fig. 1), although it is unclear whether N or P stimulated the greatest response as results for 
these two nutrients are not statistically significant (P > 0.05).  
 
A. planktonica and M. aeruginosa cell densities increased in all treatments and during all 
periods (Fig. 2). A. planktonica appeared to respond more to P for periods 2 and 3 while M. 
aeruginosa appeared to respond more to N for periods 1 and 3. Differences between P and
treatments were
phytoplankton growth for both nutrients. P and N combined generally had the greatest effect 
on growth. Green algae (Chlorokybus and Spaerocystis spp.) responded to P more than N fo
all periods.  

  Microcystis aeruginosa 3.59   
  Anabaena circinalis 0.00   
  Planktothrix sp. 0.00   
Green algae Chlorokybus sp.  27.88 29.8 
  Spaerocystis sp. 1.87   
Diatoms Aulacoseira granulata var. 0.77 1.3 
  Cocconeis placentula 0.00   
  Fragilaria crotonensis 0.00   
Desmidiales Staurastrum spp. 0.09   
Dinoflagellates Peridinium small (gymnoid) 0.46   
Euglenoides Trachelomonas volvocina 0.00   
Volvocales Eudorina sp. 0.00   
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Figure 1:  Chlorophyll a concentrations in each treatment, periods 1-3 (23 January, 30 
anuary and 9 February, 2004).  I = initial concentration, C = control, P = phosphorus 

Fig
January, 30 January and 9 February, 2004).  I = initial concentration, C = control, P = 

m 
add

Phy h N and 
 c est response. Differences between N and P in individual 

ia, indicating possible co-limitation of both 

J
addition, N = ammonium addition, and NP = both phosphorus and ammonium addition.  
 
 
 
 
 
 
 
 
 
 
 
 
 

ure 2:  A. planktonica and M. aeruginosa cell densities in each treatment, periods 1-3 (23 

phosphorus addition, N = ammonium addition, and NP = both phosphorus and ammoniu
ition. 

 
Conclusions 

toplankton responded to both N and P additions during all incubation periods, wit
ombined giving the greatP

additions were not significant for cyanobacter
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nut  
A
t
rather than N for all periods.  
 
Several o be 

portant in limiting algal growth rates in Lake Rotorua. For example, the luxury uptake of 
s by phytoplankton cells prior to the experiments may have provided them with 

, such 

 the 

een 
e high 
 

concentrations in Lake Rotorua during summer months are often at levels that could 
aturate growth. Thus, nutrient loading to this lake must be reduced substantially in order to 

ass. Simultaneous reduction of both N and P is 

e 

s 

ealthiest 

f 

rients. However, certain species may respond differently at different times. For example,
. planktonica appeared to respond more to P while M. aeruginosa appeared to respond more 

o N. Green algae (Chlorokybus and Spaerocystis spp.) demonstrated a clear response to P 

 results for nutrient additions are variable and suggest that other factors may als
im
phosphoru
sufficient intra-cellular P stores to utilise in the case of the control. Some cyanobacteria
as A. planktonica, also have the ability to fix atmospheric nitrogen using specialised 
heterocyst cells during periods of N limitation. A. planktonica was common in Lake Rotorua 
and were found to contain heterocysts.  
 
Preliminary analysis of the surface incubations, which were conducted concurrently with
5-m incubations, indicates that light and self-shading may also be important in regulating 
growth through the water column. Dissolved inorganic carbon limitation may also have b
important given the low inorganic carbon levels in Lake Rotorua and the potential of th
phytoplankton biomass to deplete inorganic carbon over the 4-5 day incubation period. 
 
Nutrient 
s
exert major controls on phytoplankton biom
likely to reduce biomass, including cyanobacterial populations. If loads are not reduced, a 
combination of low light condition, low N:P ratios and high nutrient levels could favour 
invasive cyanobacteria species such as Cylindrospermopsis raciborskii in Lake Rotorua. 
QUESTIONS 
Raewyn Saville, Hamurana: Is it true that in phosphorus-limited lakes the addition of nitrat
alone will have little or no effect on algal growth, but if phosphorus is added plant growth 
will increase until it out-strips the supply for nitrate, and then when nitrate becomes limiting, 
the nitrogen fixing blue-green algae will take over? 
 
David Burger: I think in terms of the situation in Lake Rotorua, blue-green algae have 
already taken over.  The key point that I wanted to make is that the nutrient concentration
are high and we’re going to have this biomass in the lake for some time to come yet unless 
we reduce the nutrient load, whether it's nitrogen or phosphorus. 
 
Raewyn Saville: The lake nearest to its natural state that we have in this area is Lake 

kataina. For example, the nitrate:phosphate ratio is about 28 N:1 P and is our hO
lake. 
 
David Burger: Nitrogen and phosphorus ratios are something that we certainly need to look 
at and that’s something that we’ll be focusing a lot more on in this.  With this talk we are 
really interested in looking at the differences between the phytoplankton species, how they 
responded differently, and that the ratios appear to be different for those species in terms o
what they’re taking up. 
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John Green, LWQS: Are there trace elements in which these (cyano)bacteria cannot live?  Is 
there an antidote that will actually kill them, so that if there is a certain level of it then cannot 
survive? 
 
David Burger: I'm not sure about actually killing the cyanobacteria, but there are certainly 

ace elements which could limit the population growth, but because phosphate and 
e so high in the lakes anyway, it’s going to be a long time before these trace 

an 

 
f 

yanoprokaryotes) in Australian freshwaters. Cooperative Research Centre for 
Freshwater Ecology, Identification Guide No 25. 42 p. 

 Journal 

y 
ealand Journal of Marine & Freshwater 

tr
ammonium ar
elements will be important. 
 
Sally Brock, LWQS:  I’d just like you to comment please on lakes with higher TLI’s th
Lake Rotoiti such as Rerewhakaaitu.  They have high N:P ratios and they don’t bloom.  Lake 
Rotoiti has a low N:P but with a lower TLI does bloom.  Have you got a comment please? 
 
David Burger: In terms of the TLI’s or the nutrient ratios? 
 
Sally Brock: On the fact that Rerewhakaaitu has a higher TLI than Lake Rotoiti and doesn’t 
bloom.  Is it because of its high NP ratio? 
 
David Burger: Well one thing to remember is the dynamics of the lake.  David Hamilton 
mentioned in the previous talk the dynamics such as wind and stratification in calm 
conditions which are just as important for promoting cyanobacterial dominance as actual 
nutrient ratios.  So the nutrients are there anyway, but it’s other conditions that we also need
to really look at in terms of the dynamics of the lakes and we are not sure of those in terms o
the different lakes there. 
 
Rick Vallance, Session Chair: We need a big hoover in Okawa Bay. 
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Phoslock™: an effective technology for permanent P reduction 
from water bodies under a wide range of environmental condition

 
s 

reover, it is 
shown that the FRP reduction can occur under a wide range of pH dissolved organic carbon 

proving the quality of an 
inary large scale laboratory study. 

his study showed that the concentration of chlorophyll-a, an indication of the biomass 

 

he P level in water bodies, a number of chemical methods, such as alum or ferric 
hloride have been used over the last few decades. However, many scientific studies have 

demonstrated significant limitations associated with these methods, including the re-release 
of the sorbed P when physiochemical characteristics of the water body, such as its alkalinity 
or redox conditions are changed.   
 
Given the recognised role of the FRP in phytoplankton activity and the limitations of the 
currently used chemical methods, a novel technology involving the use a modified clay 
product⎯ Phoslock®⎯ was developed by CSIRO and Waters and Rivers Commission in the 
mid 1990s. Since then, Phoslock® has been demonstrated to reduce the FRP concentration of 
the water column and prevent the release of the sediment P under a wide range of chemical 
conditions (pH, salinity and redox), with a negligible environmental impact [3]. 
 
The removal of FRP by Phoslock® is due to the reaction of the specific sites of the product ⎯ 
created by incorporation of a rare earth element during its manufacturing process⎯ with the 
phosphate anion, forming a highly stable mineral. The stability of rare earth-anion complexes 
is noted by their high solubility products [4]. As the rare earth element is locked into the clay 
structure, it can either react with the phosphate anion in the water body or stay within the 
clay structure under a wide range of physiochemical conditions.  

Fouad Haghseresht 
 

IMT Holdings Ltd, Suite 1A, 207 Young Street Waterloo, NSW 2017, Australia 
 
Abstract 
The performance of a new modified bentonite product⎯ Phoslock®⎯ in reducing the 
filterable reactive phosphorus (FRP) concentrations of different types of water bodies is 
illustrated through a number of small and large scale laboratory as well as field trials. In most 
cases, Phoslock® removed more than 97% of the FRP within 24−36 hours. Mo

and salinity. The subsequent effects of the FRP reduction in im
estuarine water sample are also demonstrated in a prelim
T
content of the water sample, was significantly reduced and the pH of the treated water 
returned closer to the neutral level within days of Phoslock® application. Furthermore, 
additional benefits in the appearance of the water sample were observed within the same 
period.  
 
 
1. Introduction 
The role of phosphorus in the eutrophication process has been known since the 1960s [1]. 
During the last decade, the significance of FRP reduction from the water column and the
sediment P release control in preventing algal blooms has been recognised [2]. In order to 
control t
c
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In this work, the effectiveness of Phoslock® in FRP reduction is illustrated through a number 
f laboratory and field trials. The subsequent effects of the FRP reduction on the quality of an 

onitoring its chlorophyll-a concentration and 
 

ent 

2.1 Laboratory and field trials 
Evaluation of FRP reduction of wastewater samples by Phoslock® in s atory 
t 3  case of l water samples, the FRP 
reduction evaluation was carried out by adding the appropriate amount of Phoslock® granules 
a r gram of initial FRP content to 2 L of unfiltered test solution. 
This was done by adding the accurately weighted am  granules all volume of 
w  Nalgene centrifuge tube. The content of the tube was then transferred into 
t −30 seconds ing by a ry grade x mixer. The 
beaker content was then mixed for approximately 30 seconds by magnetic stirrer initially. It 
was then left unstirred for 24 hrs, before taking a sub-sample for the final FRP determination. 
  
The large scale laboratory trials were performed in two 20 L Perspex reactors (1 m long with 
a ng one reactor for th slock® trea nd leavin other one without 
a h reactor was surr d by three ht spectru ht tubes and an 
I irrer. The lights wer olled by a  simulate the diurnal lighting 
cycle. After filling the reactors with the site water, they were left overnight for temperature 
equilibration. On the following day, Phoslock® granules were added at a rate of 200 g per m2 
t ors, using the above-m ed granul ry method. The contents of both 
reactors were then left stirring at a gentle speed throughout the trial. 

t of the 
g of the 

l 

nalysed for both soluble and total nutrient and chlorophyll-a, in 
ccordance with the American Public Health Association Standard (APHA 1998). 

 

. Results and discussions 

.1 Factors influencing the performance of Phoslock®

o
estuarine water sample are then examined by m
pH during a preliminary large scale laboratory study. In addition, the light absorbance spectra
of the treated and untreated samples were used to compare the effects of Phoslock® treatm
on the visual appearance of the water.      
 
2. Methods  

mall scale labor
rials, were determined by CSIRO [ ].  In the  natura

t the ratio of 200 grams pe
ount of to a sm

ater in a 100 mL
he test solution after 20  of mix laborato vorte

n 8 cm ID), usi e Pho tment a g the 
ny treatment. Eac ounde  day-lig m lig
KA overhead st e contr  timer to

o one of react ention e-to-slur

 
In the case of Phoslock® application in a fresh water pond in China, sufficient amoun
slurry was added to produce a 1 mm capping on the bottom sediment at the beginnin
trial [5]. On the other hand, in Vasse River three applications were carried out over the tria
period [6].  
 
 
2.2 Analytical methods 
Samples were collected and a
a
 
In order to compare the absorbance spectra of the untreated and Phoslock® treated water 
samples, a small volume of water from each reactor was removed and filtered through a 0.22
µm syringe filter to remove the suspended matter. Using a double beam Jasco V-550 
spectrophotometer and a 1 cm cell, the absorbance spectrum of each filtered sample in the 
range of 200−900 nm was then obtained.  
3
3
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To assess the performance of Phoslock® under vario
ut by D of a few 

meters on the P uptake of Phoslock® are summarised in this section. 

Effects of pH and Dissolved Organic Carbon (DOC): Figure 1 illustrates the effect of pH on 
the P uptake capacity of Phoslock® in presence and absence of humic acid. In absence of 
DOC it is also found that Phoslock® can remove >99% of the FRP, with the first 80% of it 
being removed after the first 1 hour, in its optimum performance pH range of 6−8. However, 
when the solution pH is raised above 9, only 40% of the FRP is removed after first hour and 
after 24 hrs 60% of the remainder is removed. The observed decline is due to the formation 
of the hydroxyl species of the lanthanum ions [3]. In examining the kinetics of the P uptake 
at pH 9, Douglas et al. further comment that if the observed rate of the P uptake were to 
continue, 99% of the phosphorus load could be removed in less than 4 days.   

us environmental conditions, numerous 
ouglas et al. [3]. The effects laboratory investigations have been carried o

physiochemical para
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F  removal with the solution pH 

 
00 mg/L of h  acid is found to lower the P uptake 

 

e of Phoslock® was 
ining the P uptake of Phoslock®at various salinities. Figure 2, showing 

remes of salinity range, illustrates that at a 
 Phoslock® is increased  by about 

5% [3]. 
 

igure 1. Variation of FRP

On the other hand, presence of 1 umic
capacity, as shown in Figure 1, with the effect being most distinct at pH 9 [3]. According to
Douglas et al. the kinetic study of the P uptake at pH 9 showed that P uptake appeared to 
continue after 24 hrs. The authors suggest that if the study were to continue, quantitative 
removal would have occurred after nine days. 
 

ffect of salinity: Investigation of the effect of salinity on the P uptakE
carried out by determ
the fraction of FRP that is removed at the ext
salinity that is close to that of the sea water, the uptake of
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Figure 2. Comparison of the effect of salinity on the performance of Phoslock®

 
3.2 Performance of Phoslock® in P uptake 
Table 1 shows a compilation of the FRP reduction data from a diverse number of natural a
wastewater samples, obtained in small laboratory trials over the last few years. This table 
shows that in most cases, Phoslock

nd 

ter ® removed more than 97% of the FRP content of the wa
amples.      s

Table 1. Summary of the small scale laboratory trials 
Water Type 
 

FRP Concentration  
(mg/L) 

Fraction 
Removed (%) 

Natural waters: Initial Final  
Reverse osmosis treated Water 1.00 0.005 >99 
Golf Course Pond (QLD) 0.65 0.01 98.5 
Oxley Creek (1) 0.21 0.003 98.6 
Oxley Creek (2) 0.52 <0.01 >98 
Stanwell Dam (QLD) 0.655 0.048 93 
    
Wastewaters:    
Subjaco STP 1.13 
Denmark STP 3.49 
Northam STP 2.41 >99 
Piggery abattoir 5.32 0.008 >99 
Cooling tower 0.907 <0.005 >99 
Constructed wetland 0.092 
Winery effluent 1.18 
Aquaculture 0.087 
Cheese effluent 35.9 

<0.005 >99 
<0.005 >99 
0.005 

<0.005 97 
0.021 98 
<0.005 97 
0.068 89 
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In addition to the numerous small scale laboratory studies, the remarkable ability of 
Phoslock® in reducing FRP levels has also been demonstrated in a number of field 
applications, such as fresh water ponds in China and sewage treatment holding lagoons in 
Australia. Among these applications, the drastic lowering of the FRP level in a fresh wa
pond in Kunming, China [5] and th

ter 
e Vasse River in Western Australia are shown in figures 1 

and 2, respectively. Both figures show that in comparison to the untreated or the control 
section, the FRP level was lowered substantially for a considerable length of time, as a result 
of the Phoslock® treatment. 
 
In both cases, the slurry form of Phoslock®  was used. In the case of the Vasse River trial, to 
both remove the P from the water column and prevent the re-release of the sediment P, a 
sufficient amount of Phoslock® was added to produce a 0.5 mm sediment capping with two 
other applications in response to seasonal events with the intention of applying a 1 mm 
thickness over the summer period [6]. The treated areas were historically the worse part of 
the river for blooms and the untreated area was upstream.   
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Figure 3. The variation of FRP in Kunming   
(China) application  
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Figure 4. The variation of FRP in Vasse 
River, Western Australia [6] 

   
 
3.3 Effect of Phoslock® application on the water quality 
The effects of Phoslock® application on the water quality was studied in a preliminary large 
scale laboratory trial, where the variation of a few physiochemical parameters of an estuarine 
water sample was measured with time. A summary of the initial physiochemical 
characteristics of the water, determined in the laboratory prior to the addition of Phoslock®, is 
given in Table 2.  Following the initial determinations, Phoslock® was added at the rate 200 
g/ m2, similar to a typical commercial application rate.  
 
 
Table 2. Summary of the physiochemical characteristics of the water sample  
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Chemical Characteristics Value 
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pH 7.50 
Conductivity (mS/cm) 27.6  
Salinity (g L-1) 
Total organic carbon (ppm) 

12.6 
8.6 

 
Figures 5 shows the effect of Phoslock® application on the FRP level of the treated samp
throughout the trial, while Figure 6 shows the reduction of the total P content of the t
water after one day. It can be seen that the FRP 

le 
reated 

concentration of the treated water was 
duced to below 0.01 ppm after the first 24 hrs. In addition, Figure 6 shows an 83% re

reduction in the total phosphorus level during the same time period. 
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Figure 5. Variation of the FRP in untreated and 
treated water samples   
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ated 

e 
vel of the treated water increased 

e 125 µg/L within the same period. It then decreased before 

er application, described earlier, the extent of phytoplankton 
 was 

hat 
rs, its pH also 

creased as well. However, with a drop in the phytoplankton activity, the pH also dropped to 
near neutral values rapidly. A similar trend is also observed in the untreated sample, except 

Figure 6. TP concentrations of the untre
and treated water samples   
 

The effect of the FRP reduction on the biomass content of the water was monitored by 
measuring the chlorophyll-a level of the untreated and treated water samples throughout th
trial (Figure 7). This Figure shows that the chlorophyll-a le
to approximately 60 µg/L 48 hrs after the application. It then decreased to below detection 
levels. The observed increase could have been due to the presence of residual P in the 
biomass and the increase in water clarity and hence an improved light penetration after 
Phoslock® application.  On the other hand, the chlorophyll-a level of the untreated water 
ample increased to well abovs

another further increase to a value of 75µg/L by the end of the trial.  
 
n the case of the Vasse RivI

growth was also lower in the treated area. Furthermore, unlike the untreated area, there
no nitrogen fixing cyanobacteria in the treated area [6].        
 
Comparison of the variation of chlorophyll-a and pH with time in figures 7 and 8 shows t
s the phytoplankton activity of the treated water increased in the first 48 ha

in
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high as well. 

 

ion of chlorophyll-a levels in 

al 
 

ock® 

50−900 nm range, 

  
Figure 7. Variat
untreated and treated reactors  
 
 
The effect of lowering the biomass level was apparent in the comparison of the visu
appearances of the untreated and treated water samples. This was done by comparing the
absorbance spectra of the filtered water samples, five days after the application of Phosl
(Figure 9). This Figure shows that throughout the spectral range, the absorbance of the 
untreated water is approximately 0.05 units higher than the treated sample. In addition, the 
absorbance of the treated water fell to about zero in between the 4
indicating a distinct improvement in the transparency of the treated water. 

Figure 9. The absorbance spectra of the treated and the untreated water samples 
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Figure 8. Variation of pH in the untreated 
and treated reactors 
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Conclusion 
This work shows that Phoslock® is an effective tool in reducing the FRP levels of a 
variety of water bodies, including fresh, estuarine and different types of wastewaters. It 
was also demonstrated that the P uptake can occur under a wide range of physiochemical 
conditions, such as the pH, DOC content and salinity. It is also illustrated that the 
ubsequent reduction of FRP levels could lead to lower levels of biomass and a pH that is 

neutral level. In addition, further advantages, such as improved appearance 
f the water body were also observed. 

The ab
togethe dicates that 

preven
 

us in 
algal g rol, 

e 
current

Ackno

the ma
Mr. Lu

QUESTIONS 
Rowland Burdon, Royal Society of NZ:  My question is, what would the stability of 
Phoslock be under the conditions of a geothermal event.  One of the things is that Lake 
Rotoiti, which is one of the lakes in the worst trouble, has some very large geothermal 
vents in its bed.  That also applies to a lesser extent under Lake Rotoehu which is also in 
trouble.  In those geothermal vents the temperatures would probably be very high at those 
depths and the chemical conditions could be pretty extreme.  I understand to that 
lanthanum if it is converted into a soluble form can be pretty toxic.  At the same time it 
may be that the areas occupied by those geothermal vents would not be enough to matter 
too much, but I think this question does need to be asked. 
 
F.H.:  Good question.  From what I understand, with a geothermal vent the temperature is 
quite high.  In fact some initial trials have shown the lanthanum in the clay structure 
becomes even more stable under high temperatures.  So when heated to about 400 or 500 
degrees you get no leaching. 
 
Rowland Burdon: And the low pH? I think pH would be very low indeed in some of those 
vents  but I 'm not certain’ 
 
F.H.: There could be leaching under very low pH, but if there are other things such as 
arsenic and phosphate it can still complex with those.  It’s been shown that if the thermo- 
dynamics are suitable it can react with very low concentrations of phosphate.  But as far 
as temperature goes there are no problems, in fact it makes it more stable. 
 

s
closer to the 
o
 

ility of Phoslock® to perform under a wide range of environmental conditions, 
r with the low solubility of the rare earth-phosphate complexes [4] in

this technology can offer a long-term solution in removal of the water column P and 
tion of the re-release of the sediment P.  

This is the first time since the recognition of the significance of the role of phosphor
rowth in the 1960s that a technology can offer a long-term solution for P cont

without the adverse environmental impacts of the conventional chemical methods that ar
ly in use for P control.   

 
wledgments 

In addition, the author wishes to thank Dr. David Garman for his valuable suggestions on 
nuscript, Dr. Sun Peishi for providing the data of the fresh pond study in China and 
ke Mathews for technical assistance.  

 

 175



 Oral Presentations 

Brentleigh Bond, LWQS:  I wonder if you could give me some idea of the relative costs of 
tr
achieving the same result by 
 
F.H.:  Well, the as thought 
to be the key element.  l the nitrogen fixing, 

e want to favour the growth of those.  Phoslock is a long-term solution.  The cost should 
 alum or ferric chloride.  As far as 

ctual cost goes it’s not something that can easily be discussed right now. 

stion, but 
 like 

th per square kilometre of lake? 

st 

ape change) 

n, that approximately 
00 grams gives usually 1mm capping per square metre. 

era Ratepayers:  Assuming that the product works and would 
ork in the Rotorua lakes and assuming that it costs an amount that we could afford, do 

re 
r 

re 
n’t seen for over 20 or 30 years.  So really 

e guarantee comes from the results it has achieved so far. 

teresting, perhaps, in that we know the importance of molybdenum in cyanobacterial 

s 

 

ying to limit cyanobacterial blooms by the removal of phosphorus, as opposed to 
the removal of nitrogen? 

 key is that most of the studies have shown that phosphorus w
And if you remove nitrogen, then there’s stil

w
not be compared with conventional methods such as
a
 
Chris Hendy, University of Waikato:  My interest is very similar to the last que
rather than cost, what is the quantity required to remove phosphorus from a lake
Rotorua which has approximately 10 metres water dep
 
F.H.: To be effective, a number of things come into it.  It's difficult just to give a magic 
number.  It's the re-release of the phosphate from sediments that is important, but in mo
applications we found that if there’s around 1mm capping, it stops the re-release for a 
very long time.  However, it is important to have an idea of the re-release per day before a 
final quantity is given.  Usually in most fresh waters the quantity that is required for the 
capping outweighs what is required to remove what’s in the water column. 
(T
??: … and if you are applying it to say the Rotorua lake, after it is saturated how will you 
remove it? 
 
F.H.: It becomes part of the natural sediment.  Lanthanum phosphate.  Bentonite is 
basically the carrier for it and it’s a naturally-found mineral, lanthanum phosphates can 
easily be found in nature.  There’s nothing artificial about it, it just becomes part of the 
sediment.  In addition, I forgot to add something to the last questio
2
 
Terry Beckett, Lake Taraw
w
you actually guarantee results? 
 
F.H.:   Well the results speak for themselves, it's not a personal guarantee that I stand he
and promise it works.  The best way to judge it is to look back at its achievement.  Fo
example, on purpose I wanted to include the results from the Chinese trial.  They a
seeing organisms, fish and plants that they have
th
 
Nick Miller, LWQS:   I understand from what you say that apart from binding phosphate 
you’re also binding arsenates, molybdates and selenates.  You mentioning molybdenum is 
in
nitrogen fixation.  If it’ll bind those it will also presumably bind sulphate.  An earlier 
question mentioned geothermal inflows to some of our lakes which in some cases are 
quite considerable and often sulphate-bearing,  Some of our lakes under some conditions 
might have quite high sulphate concentrations.  Would that be expected to bind 
competitively perhaps with the lanthanum and would we need to adjust your dosage rate
accordingly? 
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F.H.:  The thing is by the time it has descended and has capped it, from what I understan
with a geothermal vent, i

d 
t takes quite a length of time before it goes into it, I mean it’s not 

n immediate thing.  By that time it has already done its job, so it’s already saturated with 
t 

s 
utrophication, in OECD Report, DAS/CSI/68.27. Paris. 

. Burley, K.L., E.E. Prepas, and P.A. Chambers, 2001. Phosphorus release from 

are-
95. 

 of 
 

a
phosphate, so what happens as far as the sulphate goes would become, I guess, irrelevan
to the water quality. 
 
References 
 
1. Vollenweider, R.A., 1968. Scientific Fundamentals of Eutrophication of Lakes 

and Flowing Waters, with particular Reference to Nitrogen and Phosphorus a
Factors in E

2
sediments in hardwater eutrophic lakes: the effects of redox-sensitive and -
insensitive chemical treatments. Freshwater Biology. 46(8): p. 1061-1074. 

3. Douglas, G.D., J.A. Adeney, and L.R. Zappia, 2000. Sediment Remediation 
Project: 1998/9 Laboratory Trial Report, CSIRO Land and Water. CSIRO. 

4. Firsching, F.H. and S.N. Brune, 1991. Solubility Products of the Trivalent R
Earth Phosphates. Journal of Chemical and Engineering Data. 36(1): p. 93-

5. Personal Communications: Dr. Sun Peishi, Kunming University of Science & 
Technology. 2003. 

6. Robb, M., B. Greenop, Z. Goss, G. Douglas, and J. Adeney, 2003. Application
Phoslock (TM), an innovative phosphorus binding clay, to two Western Australian
waterways: preliminary findings. Hydrobiologia. 494(1-3): p. 237-243. 

 

 177



 Oral Presentations 

 
Gujja N. Magesan, Loretta Garrett, Gerty Gielen, Stephen Pearce, Carolyn Anderson, 

Hailong Wang and John Lavery 
 

Forest Research, Private Bag 3020, Rotorua, New Zealand 
Email gujja.magesan@forestresearch.co.nz 

 
This presentation incorporates two distinct papers. 
 
Land application of treated municipal wastewater is becoming common in New Zealand 
because of government regulations, Maori cultural beliefs, and economic and 
nvironmental benefits. Forested land has become the main contender for such 

d over 
lly 

 general, for both soils, nitrate leaching from secondary wastewater irrigated plots was 
 

ns 

ly 

r 

Then I will discuss one of the projects which is close to my heart and which I have been 
thinking about for a number of years, and I will give the basic concept of it and how it can 
be used as an educational team, especially for our school children (see following paper).   
 
As we all know, large quantities of waste water are produced not only here, but world-
wide.  Most of this waste water is treated either primary, secondary or tertiary and the 
treated water is discharged onto the receiving environment.  A number of years ago most 
of the treated water was discharged to receiving water bodies such as lakes, rivers and 
oceans.  But we know that even such treated water will have some contaminants, some 
nutrients which may affect the water quality.  No wonder this is one of the reasons why 

e
application because of restrictions on other land uses. 
 
A large lysimeter research facility (LLRF) was constructed in Whakarewarewa Forest, 
Rotorua, New Zealand, to develop an understanding of wastewater irrigation issues in 
forest ecosystems. The facility had 36 plots (21 volcanic soil and 15 sand dune soil) each 
5 x 5m, and with 9 trees in each plot. Secondary and tertiary effluents were irrigate
a 3-year period at 0, 30 and 60 mm/week. This paper reports nutrient leaching, especia
nitrate and phosphate, from two different soil types under various irrigation regimes. 
 
In
greater than from the tertiary wastewater irrigated and the control plots. As expected, with
higher irrigation rates more nitrate leaching occurred. Also, more nitrate was leached 
from the volcanic ash soil than from the sandy soil which could be due to contributio
from the native volcanic soil. Generally, wastewater irrigation did not result in phosphate 
leaching from the volcanic soil. In the sandy soil, although P concentrations were initial
low, they increased with time, with concentrations up to 4 g m-3.  
 
The final results of the leaching of these nutrients in relation to soil storage and plant 
uptake will be presented. 
 
TRANSCRIPT (edited, graphics not available) 
This paper is given by the waste management team at Forest Research and it comes unde
the Centre for Sustainable Forest Management.  In this presentation I’ll give you some 
introduction about waste water and the land application of waste water and give the 
objective of this actual presentation, then give some information on our research, 
experimental design, results and conclusions.   
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Rotorua changed f  which we are 
doing experiments on.   
 
In recent years land application became popular, especially in New Zealand because of 
the Resource Managem aori cultural values, 
so that’s one of the asp aste Strategy which 

as published by Ministry for the Environment in 2002.  Land application is a good idea 
ut at the same time in New Zealand it cannot be applied to all the land.  For example, the 

ironmental, economic and social advantages.  For example, it reduces the risk of food 
hain contamination, meets water and nutrient demands, it requires very low intensive 

management, enhances forest production and naturally there are multiple uses of such 
products such as pulping, energy, etc.  There are two objectives in this part of the 
presentation.  The first one is to share the latest nutrient leaching results from our 
experiment.  We will be concentrating only on nitrogen and phosphorus which is more 
interesting to the people here.  This is one of the plots we have been using for our 
experiment (all not shown), is 5 metres x 5 metres in area, there are 9 trees at about 9 
metres and we have 4-week samplers to collect the draining water.  This is because most 
of the roots are in the first one metre of soil so any nutrients which are coming below that 
will be going into the ground water or surface water.  So we placed these about 1 metre 
and collected the samples of the leachates.   
 
The main aim of this experiment is to study the effects of waste water type, the irrigation 
rate, soil type, on the tree and the leaching of nutrients.  I’ll be discussing only the 
leaching part in this particular talk.  This is the experimental plot we had.  We had 36 
forested lysimeter type plots as I mentioned earlier, 5 metres x 5 metres.  Of the 36 of 
them, 21 contained the volcanic soil.  It is intact, that means there is no disturbance now, 
so it is native to the experimental site at Whakarewarewa.  The remaining 15 plots 
contained sand dune soil.  You can see it is very bright coloured, it is sand from Papamoa 
Beach.  So we dug holes and replaced the soil with the sand.   
 
We have three effluent types here, the first one is BNR effluent, BNR stands for 
Biological Nutrien r treatment plant 

 Rotorua and the cond one is 

 aspects 

 

ves and where it stores and how much comes out, so we looked 
t the soil/water dynamics. Of course the changes in soil we need to know, so soil 

easured.  Finally the tree got a nutrient uptake.  

rom discharging to the lake to Whakarewarewa Forest

ent Act 1991.  We all very well respect our M
ects and it is also due to the  New Zealand W

w
b
dairy industry doesn’t, it pollutes anyway.  They don’t apply human waste onto dairy 
farms because they like to maintain their international market share.  So which land 
would be better?   
 
Coming from Forest Research I would say it’s the forest land.  There are a number of 
env
c

t Removal.  This is the process which takes place at ou
 resulting effluent is irrigated in Whaka Forest.  The sein

secondary effluent, we don’t have secondary effluent here.  What we did was take 50% of 
the primary effluent, mixed with BNR and made a secondary effluent.  The reason is to 
compare different effluent types.  The third one is water, that’s the drinking water which 
is being supplied.   
 

s in any experiment, especially in long-term experiments, there are a number ofA
we look at.  For example, we look at the quality of area to effluent because we want to 
know what is going into the soil, this is for our modelling purposes.  The second one is to
collect what is coming out of the site, so we were mentioning quality of leachates.  We 

ant to see how fast it mow
a
chemistry and nitrogen pools were also m
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I will be concentrating, as I said earlier, only on the quality of leachates, the nitrogen and 

per 
 

ry 
st 6 

t then we can see that the concentrations 
hich are coming from our BNR which is being applied, is much lower even than the 

 

arly 
he 

.  

6, 
tting up to that one now.  Whereas in terms of 

econdary effluent it is 5.4 parts per million, we are coming closer to it, at least 90% of it.  
 

 effluent 

tribution from the native soil.  Effluent irrigation did not 
sult in phosphate leaching from the volcanic site.  In sandy soil the peak concentrations 

phosphorus.   
 
This is for our volcanic soil, this Y axis gives the concentration which is ppm, parts 
million.  You can see that the unfilled square is for secondary which is supplied at 60 ml
per week.  The second one is the secondary 30 ml per week.  We don’t apply seconda
effluent into Whaka, so let’s not worry about the concentrations here.  Initially, the fir
months it took time for it to settle down, bu
w
control, which is very surprising.  So we need to resolve that one and we’ll be doing more
work on it.  I’ll compare the other one and discuss on this.   
 
This is for a sandy soil.  You can see that the patterns are almost similar, that more 
leaching happened from secondary effluent than the tertiary effluent.  The other thing is 
you get more leaching from volcanic soil than sandy soil.  This is because soil by itself 
contributes towards leaching, a number of processes take place especially during the e
autumn period and nitrates do leach from that one.  Whereas in sandy soils it is from t
beach and we don’t have the background for enough content to leach.  In terms of 
phosphate, the good news is the volcanic soil doesn’t leach anything.  I think this is a 
particular contamination.  The sandy soil you can see that in the first 1 ½ years it is very 
low.   
 
This is the control plot, I think it clearly shows it has contamination.  We hadn’t noticed 
it, but definitely this is the contamination part.  That’s the only explanation we can give
But after 1 ½ years you can see whether it is a tertiary or a secondary, the more you 
apply, the more it got leached.  For example, in terms of phosphate the BNR value is 3.
that is what is being applied.  You are ge
s
So sandy soils leach more and this because of the soil make up, it is the allophane and
non-allophane.  So the conclusions from here in this study that secondary effluent area to 
grass leached more nitrate than the BNR one.   
 
This conclusion we need not worry about, because we don’t apply any secondary
in Whaka Forest.  More nitrate was leached from volcanic ash soil than the sandy soil.  
This is purely, I think, the con
re
increased with time, reaching up to 4 parts per million, nearly 90% of what we applied.  
Now, this is the research that we have done, this is what I am going to discuss (next 
paper).   
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DREAM project as an educational tool 
 

G.N. Magesan 
 

Forest Research, Private Bag 3020, Rotorua 
Email: gujja.magesan@forestresearch.co.nz 

 
 
DREAM (Drainage and Reuse of Effluents for Agricultural Management) is a simple, 
low-cost, and holistic approach to reduce/remove contaminants from effluent to produce
“clean, useable” water for agricultural management. It is a “package” that combines the 
concepts of land-based effluent irrigation, intensive cropping /phytoremediation, wa
harvesting, permeable reactive barriers, and an artificial recharge of groundwater (Figure 
1). 

 

ter 

Figure 1: Different components of a DREAM project 
 
In this paper, the basic concept of DREAM project and its use as an educational tool will 
be explained. DREAM project offer opportunities for students to understand and get the 
hands on experience of the concepts of land treatment of wastewater, technology to 
remove various contaminants either through plants (phytoremediation) or using low cost 
materials (reactive barriers), and collection of water to reuse (water harvesting). 
 
Educating students on reuse of wastewater is important, as water is becoming one of the 
precious commodities on earth. This is because, in future, countries will compete not for 
oil or land, but for water. 
 
 
TRANSCRIPT 
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Now I am
have made, we expect to produce a special issue on this particular experimental site, the 
results will be published on different topics, the facility and gender trends, nutrient 

aching, tree growth and nutrient uptake, soil (we have Hailong Wang here today who 
at one), soil/water modelling and nutrient modelling (HortResearch 

d 
ge 

asn’t 

for our 
  

mponent, thousands of papers of 
search has been done, but putting them together as a package this is what this is all 

 

he objective of the land treatment is to utilise the properties of the soil/plant system to 
 

If the 

preferred option, but I always would use phytoremediation.  What is phytoremediation?  
It is the process by which the plants take up the
Phytoremediation is a technology which is rapi
friendly and cost-effective.   
 
The third component is water harvesting.  Wate
collect and store water during the wet season and use it during the dry season, so collect it 
in a wet area and use it in a dry area.  This is th
harvesting, with water being collected by an ap
 
The fourth component is permeable reactive ba
technology for the institute clean up of ground e 
water-borne organic as well as inorganic contam bilising 

 
 there are different materials to 

over.  For example yesterday we heard from Mike van den Heuval about the zeolite, and 

ic 

 going to shift to our dream project.  We have a number of observations we 

le
will be writing th
people will be writing that) and the final one is by Sarah, one of Warwick Silvester’s 
students, and she will be writing on N15.   
 
Coming to the Dream project, why did I name this DREAM?  This is because I have ha
this idea since my PHD days about 10 or 12 years ago.  The DREAM stands for Draina
and Reuse of Effluent for Agricultural Management.  It still is a dream because it h
come to reality, but things have started to change.  It is a simple low cost and holistic 
approach, it removes contaminants from effluent and produces clean usable water 
agriculture and our forestry management.    The DREAM, this is the conceptual diagram.
It has got 5 components in it.  If you look at each co
re
about.  We have land application of effluent here, the second is intensive cropping, the 
third is water harvesting, the fourth one is reactive barriers and the fifth one is the storage
of clean water.  I’ll just briefly give the concepts, the background, about each component, 
then I’ll try to put them together and show how we can use this as an educational tool.   
 
T
assimulate waste components without affecting the soil environment.  In our DREAM
project the effluent is supplied onto the land and sub-surface drains are installed to collect 
excess water.  This is similar to the experimental site I was working on for my PhD at 
Massey University, Palmerston North.   
 
The second component is the intensive cropping or phytoremediation.  We all know 
soil/plant systems can renovate effluent by removing nutrients and organic matter.  
effluent is a good one, if it is rich in nutrients, then of course we will use cropping as the 

 nasty things like contaminants.  
dly developing, it is very environmentally 

r harvesting is the process by which you 

e process.  In our project we have water 
propriate sub-surface draining system.   

rriers.  It is an innovative and low cost 
water pollution.  It can be used to remov

inants.  This is done either by mo
the contaminant within the area by absorption or precipitation or by transforming it from
very toxic to less toxic.  A number of research has shown
c
this morning, Phoslock.  There are materials which can trap particulates.  For example 
with nitrate, to remove nitrate we used a process, microbial denitrification, using organ
materials such as sawdust.  You might have seen a presentation by LandCare Research, 
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and especially Louie Schipper, who works on this one.  Secondly for phosphate we have 
Phoslock, or you can use simple limestone through the process of precipitation.  For 

eavy metals you can absorb metals like chromium using modified clays, peat moss.  

 
 

or 

 
 

h
Likewise we can look into the acid mine drainage, organic contaminants, etc.   
 
The final one is the water storage.  The excess water from the drainage system is collected 
and stored in ponds.  It can be either used for irrigation or for ground water recharge.  So
this is how the system works.  We are hoping that we will soon be having a system in
Forest Research and they are going to the local government for extra financial support f
us.  A number of invitations have come for this project and very soon I will be going to 
Japan to work on this.  No matter how much research we do, unless it is taken up by the 
public it is going to be a waste of time.  So who do we educate, we need to educate 
especially the school children,  on  the use of these  wastes, which we should consider as 
resources.  Thank you very much. 
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How sediments influence the eutrophication of Rotorua lakes 
 

Dr Chris
University o

 
TRANSCRIPT 
Good morning.  I want to talk about some wor
over the past 4 years.  A little different to muc
the lakes, but still very pertinent to the lakes.  ing.  I had 
the need to teach environmental chemistry and for the last 4 years I have been taking a 
third year class of 8 to 10 students to Rotorua each year.  We spent a week doing field 
work, collecting samples and then spent m
material collected and analysing those res e 
out in the foyer.  From this work some int
sediments has arisen, so I want to just take
paper which Rossana Untaru presented ye
 
We have worked on this group of six lakes, Rotorua in 2001 was the initial study, then the 
next year three smaller lakes, Tikitapu, Okareka and Okataina, really set the ball rolling. 
We were fortunate enough to be working on Rotoiti at the time it crashed and that 
provided another new insight in Tarawera
Lake Tarawera, you’ll all be familiar with
 
The aspect I want to draw your attantion t
material that accumulates on the bottoms o ty 
very close to that of water and it’s made u
and clays, and the organic debris from dyi e 
lake it plays a very important part in removing m
nutrients and adsorbed material such as trace elem  
adsorption of trace elements onto the surfaces of 
reaction itself.  In particular we look at manganese and iron as these adsorption agents.   

 
T

 Hendy 
f Waikato 

k that we’ve been doing at the University 
h of the research that has been carried on in 
My problem arose out of teach

uch of the rest of the year analysing the 
ults to present in the form of the posters you se
eresting aspects of the chemistry of the 
 you through this without interfering with the 
sterday.   

 this year.  So Okareka, Tikitapu and of course 
 those.   

o is Seston.  Now seston is the light fluffy 
f the lakes.  It’s a soupy mixture with a densi

p of a combination of washed in materials, silt 
ng organisms.  As this falls to the bottom of th

aterial from the lake, especially the 
ents, and much of this is assisted by the

the seston, rather than a chemical 

his process works because the water 

fr
d
dissolved oxygen in sufficient quantities, 
the iron and the manganese remain in an 
o

een 

 

This is seston caught out of Lake 
Tarawera, this is a lake that doesn’t go anoxic in the bottom.  This is the top of a core, 
we’re actually looking down the top of the core barrel.   
 
We have a surface, that surface in itself is not going to do very much unless we have the 
binding agents and those binding agents could be aluminium, they could be iron, they 
could be manganese.  In the case of the iron and the manganese they have to be in their 

om which the seston is falling contains 
issolved oxygen and while it contains 

xidised state which is a rather sticky 
state providing the binding agent betw
the solid material that’s falling and the 
phosphate, the arsenate and other trace
elements that are adsorbed onto those 
solids.  That's what it looks like (left).  
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oxidised state and they provide the link between the anions such a phosphate and arsenate 
and that surface.   
 
Now the problem arises that as the lakes become more eutrophic the accumulation rate of 
this falling organic matter to the seston will eventually exceed the total dissolved oxygen 
in the water into which they are falling.  As the micro-organisms break down that organic 
matter, they first utilise the dissolved oxygen and then when that’s run out they start to 
reduce the manganese and the iron.  When that happens the iron and the manganese 
become soluble, released into the pore waters and the adsorbed materials that they are 

y 

l start to oxidise and readsorb the nutrients, the 
hosphate, the arsenate and other trace elements.   

a 

th
m
th
th
 
W
w
ir
ve
to

holding are let go.  Once they are let go they are free to move with the water and through 
the water and back into the bottom of the lake.  Now in a lake that is oxygenated, as the
approach the bottom waters, they are approaching a zone in which there’s oxygen and 
once more the iron and the manganese wil
p
 

So if we look in Lake Tarawera which is 
Iron in Tarawera Seston

 

e Tarawera eruptive 
alous.  

From here on u ial 
that has accum
Geochemists h ores 
for decades and seeing profiles like this, and 
up until very re

ese and have said, “Ah there’s been a sudden rapid increas
aterial going into the lake.”  But that, I think, is actually w
at the material in the seston is being remobilised and mate striking 
e oxygen in the lake and re-precipitating.   

e can see this if we look at the concentration in the waters  
e look at the pore waters in the same material (left), we can see what is happening to the 
on and whereas we see very high iron concentrations in the
ry low concentrations in the pore waters and higher conce  
 20 cm below the surface.  Here we see the pore water con s 

being released in
down and reoxidi
precipitate.   

good example of this, here are the 
concentrations in the seston itself.  Thirty 
cm down we’re into th
material, so that's going to be anom
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pwards, this is the mater
ulated in the last 100 years.  
ave been sampling lake c

cently they have looked at 
e in the amount of that 
rong.  What is happening is 
rials are moving up, 

 within these same cores.  If

 seston at the top, we find 
ntrations in the zone from 10
centrations(left), so the iron i
 the zone roughly 10 cm 
sed higher up to re-

 
Iron in Lake Tarawera Pore Waters
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Here's the same thing for manganese, 
Manganese in Tarawera Seston

 

p
s ak 
i h 
c  
a a 
v t 
d
t
 
 

As it does this it’s bringing up with it arsenate 
and p

 can 

at the very top in the pore waters there are 
concentration gradients like this and those 
gradients are the driving force driving these 

e and 

ulate 

eaking  in the top 2 or 3 cm in the 
eston(left), but in the pore waters the pe
s 5 to 15 cm down and these are quite hig
oncentrations (below left).  Concentrations
re up to typically 70 mg/litre which is 
ery high concentration for manganese, bu
isappearing to zero right at the surface of 
he lake where it’s oxidised.   
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th
 c
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hosphate and these two curves are very 
similar, there’s the arsenic re-precipitating 
(below left), it's being redissolved down here, 
moved and re-precipitated there and you
see it going through the water column, 
dropping off right at the surface(bottom left).   
 
 
The phosphate is doing the same thing.  Right 

ions out of the seston and into the overlying 
lake (next page).  From the slope of thos
once we know how fast materials can diffuse 

through this material, we can calc
the rate at this these trace elements and Arsenic in Tarawera Seston

Manganese in Lake Tarawera Pore Waters
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 in 
Tarawera that accumulation has given a 
total of about 1 mg/square cm.   

ut 

t to 

ial 
number and the worry is what happens next? 

nutrients are being re-released back into 
the lake.  So the iron, the manganes
the phosphate and the arsenic co
to accumulate in that intermediate zone 
where the seston meets the lake, and

 
Now that doesn’t sound very much, b

if you multiply that up by the area of the lake, 
that’s 800 tonnes of phosphorus.  Compare tha
what's flowing out of the lake which is about 8 
tonnes per year.  This is now a rather substant
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If we get to a state where the bottom waters of the lake run out of oxygen, and in fact al
they have to do is go below about 3 mg/litre of oxygen,  the manganese is reduced and 
there's lower oxygen concentration, the iron is reduced as well and this phosphorus wil
be available to come back into the lake.   
 

l 

l 

hen those surface waters cool and the lake turns over, the material is carried up into the 

 

it

W
light and massive eutrophication will then happen.  We’ve now seen this happen.  It’s 
happening to a smaller extent in the three small lakes we talked about.  Tikitapu stratifies 
in the summertime and once it stratifies the oxygen levels in the bottom waters drop off to
essentially zero, so the bottom part of Tikitapu is now doing this.   
 

Okataina does the same 

d
th
O
a
y
a
o
 
F
b
th

Phosphorus in Tarawera Seston
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 continue to accumulate in the  continue to accumulate in the 
ygen is able to reach. In Lake xygen is able to reach. In Lake 

umulated phosphate = 1mgm/cm2;mulated phosphate = 1mgm/cm2;
Over 40km2 = 800 tonnes of POver 40km2 = 800 tonnes of P
Annual discharge to Tarawera River is about 8 Annual discharge to Tarawera River is about 8 
tonnes of Ptonnes of P

 

thing, there’s stratification at 
around about 30 metres 

riod 

become anoxic and here also 
iron is reduced and 
phosphorus escapes.   
 
Sampling these, here's the 

’s 

to the 

it 
s wrong 

e’s a lake that goes anoxic 
nd you can see the concentrations in the pore water right to within 1cm from the bottom 

 is now diffusing into the lake.   

ing 
to 

’s diffusing upwards and being reduced and then the concentrations are lost right at the 

water depth and in the late 
summer/early autumn pe
the bottom waters also 

technique used.  This is the 
seston corer (not shown), it
a little gravity corer that is 
dropped onto the bottom of 
the lake, brought up 
surface, a bung is put in the 
bottom and then this whole 

evice assembled on a screw and the bung is forced up through the tube and we scrape of 
e seston layer by layer and sample the seston and the pore waters contained within it.  
nce we’ve got this material we can separate the solids from the fluids by centrifuging 

nd then analyse those fluids.  We’ve only got a few millilitres, so if you get thing
ou've lost it forever, and this is what we find (above left).  Her

f the lake and there everything

rom this, in the case of Lake Rotoiti, we now find that there is more phosphorus com
ack into the lake from the bottom in the period of anoxia, than there is transported in
e lake from Rotorua.  The abundance of the trace elements increases towards the top as 
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very top by diffusion into the lake water.  
Pore Water ChemistryPore Water Chemistry
 The rates at which this happened can be 

calculated from the diffusion gradient 

 is that 

 
are put 

rol.   

So the first message, the most important 
essage of all is that this process should be prevented.  The process will continue until 

e, 
 

om 
so 

 

monium back up as well.  It stays in solution because 
e water is anoxic, but then in the autumn you get the remixing and that iron and 

d 
hey 

ecause 
t 

ng off 

 

 
 

 

once you know the permeability of that 
material.   The problem we’ve got
once these lakes become sufficiently 
eutrophic to have anoxic bottom waters,
then the rate at which the nutrients 
back into the lake accelerates enormously 
and eutrophication then becomes very 
difficult and very expensive to cont
 

The abundance of trace elements (iron, manganese, The abundance of trace elements (iron, manganese, 
phosphorus and zinc) in the pore waters of the Lake phosphorus and zinc) in the pore waters of the Lake 
Okareka core are shown Okareka core are shown aboveabove. Concentrations rise . Concentrations rise 
steadily towards the top of the core, where they steadily towards the top of the core, where they 
exhibit a sharp decrease towards the bottom waters. exhibit a sharp decrease towards the bottom waters. 
This is the result of diffusion of all of the trace This is the result of diffusion of all of the trace 
elements into the bottom waters. elements into the bottom waters. 

The rates at which the trace elements are The rates at which the trace elements are 
transported to the lake can be estimated from the transported to the lake can be estimated from the 
slope of this diffusion gradient. Similar but much less slope of this diffusion gradient. Similar but much less 
steep diffusion gradients were observed in Lakes steep diffusion gradients were observed in Lakes 
Tikitapu and Okataina.Tikitapu and Okataina.

m
you either wash the nutrients out of the lake, you seal the nutrients below something els
you prevent the bottom waters from becoming anoxic so they lock up chemically
naturally within the lake, or you remove the sediments completely.  I want to thank a 
number of organisations for helping in this work.  Initially we had a lot of assistance fr
the Department of Conservation while Jo Deely was there and subsequently.  We’ve al
had assistance from Environment Bay of Plenty, particularly in providing boat access, and
assistance within the University from various other peoples to do this.  So thank you very 
much. 
 
QUESTIONS 
Noel Burns, Lakes Consulting:   A question that has always bothered me for a long time, 
is about when you get the iron and manganese dissolving back into the water and 
releasing the phosphorus and the am
th
manganese that's in the water becomes oxidised, re-precipitates in the water column an
at that point they should scavenge out the manganese so trapping the phosphate that t
released.  In fact I see this happening in Lake Pupuke where the lowest phosphorus 
concentration is the month after the highest, because of the precipitated iron and 
manganese.  What happens in these lakes here?  What happens in Lake Rotoiti?  B
you've got a huge release of iron and manganese into those bottom waters which ge
mixed up into the surface waters. 
 
C.H.:  If I can attempt to answer that, our work on Rotoiti didn’t see sudden peaks in re-
precipitated phosphate, iron or manganese at that time, but we were only successfully 
sampling in four sites.  Many other sites where we tried to sample we kept bounci
the bottom and Max Gibbs who has run a camera along the bottom, says a lot of it is 
covered with manganese nodules.  So it’s possible that the process is occurring in these
manganese nodules, but we haven’t had the opportunity of sampling them to know. 
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Economic aspects of the lakes situation 
 

lan 

f 
e cost 

y tables 
ere regionalised to assess the multiplier effects through the local economy. Impacts on 

e 

ng 

 

ntroduction 

 
e 

istrict and the wider Bay of Plenty looking 
t what people thought about the deterioration in the quality of the lakes and what they 

ay to improve that situation. And lastly I will look at some of the 
sues that need to be addressed in the economics of water quality and provide a 

to the income from present land use?  Secondly, what 

Brian Bell 
Nimmo-Bell & Co Ltd., Wellington 

 
Abstract 
 
This paper summarizes the findings of economic analysis on the impact of the P
Variation to reduce nitrogen inflow into lakes Rotorua and Rotoiti. The work was 
undertaken for Environment Bay of Plenty by Nimmo-Bell and evaluated a number o
land use change options for the Rotorua Lakes district. Specifically it looked at th
benefit and opportunity cost of land use change scenarios and the potential cost of the 
proposed restrictions and changing land-use to land owners in Rotorua and Rotoiti 
catchments. 
 
The analysis was widened to assess the potential impact on the local economy associated 
with a change in land use to improve lake water quality. The national inter-industr
w
tourism were also factored in to highlight the potential opportunity cost of not applying 
restrictions. A survey of the willingness to pay to improve lake water quality was also 
undertaken using the contingent valuation method. This showed how much local peopl
use the lakes and value the lakes. 
 
In looking ahead, the paper discusses some of the important issues relating to assessi
the economic impacts of changing water quality. A framework including real option 
analysis is offered to assess economic impacts when uncertainty is high and the lags in the
system may exceed 100 years.  
 
 
I
 
Good morning ladies and gentlemen, it's certainly a pleasure to be here.  I would like to 
acknowledge the organizers for inviting me to the symposium and to acknowledge the 
financial support of Environment Bay of Plenty who funded the research. I'm going to be
talking about the economic evaluation of policy changes to improve water quality and th
talk is going to be broken down into four parts. Firstly, I am going to look at the 
implications of the policy changes from a landowner point of view, then go on to look at 
what are the wider implications of these changes to the community at large. Then I will 
look at some results of a survey we did in the d
a
would be willing to p
is
framework about how you’d go about future work in the area. 
 
Implications for landowners 
 
First of all, implications for landowners. We used a financial modelling approach to 
evaluate economic loss to landowners through three key value drivers (Nimmo-Bell, 
2004a). Firstly, what would happen 
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would be the implications of changing land use? And thirdly what implications are there 
about restrictions on the ability to benefit from productivity gains in the future?   
 
We considered six scenarios for Lake Rotorua and three for Lake Rotoiti. We looked at 
what would be the situation without policy change under two scenarios. Firstly a 
moderate land use change, in other words if the policy wasn’t put in place, what wou
happen to land use over the next 15 years under moderate assumptions of growth. And
then we looked at what would be a more substantive change in land use. Then w

ld 
 

e 
ompared that with the policy where the intention is to put a cap on nutrient output across 

’ and the 
ithout the policy’ situations.  

nder moderate land use change that rises to about $78 million. If you’re looking at a 
lue 

 to 
to 

 
e involved here. There’s the landowners themselves, there are 

eople in the district who benefit from the flow-on effects from the economic activity that 
the overall implications to New 

ealand as a whole - the taxpayers. 

 the conclusions fro f dy we st of ikely to be 
quite a large impact o rs e ally ual lo ld suffer 
would depend on things like how accurately we got the land use changes in our analysis. 
Because we’re lookin utur nown.  We have to make 
certain assumptions which could change substantially. Secondly, the form of the 

hat are ac ly put into e has a earing on onomic loss. 
e the nit n reductio re sough hether we t airy land out of 
d put it forestry or e sheep beef land a t it into forestry is a 

 How that ctually implemented would have a big implication on the cost 
 la wners resp  to this y. Whether they respond positively 

logue ot be estab ed and a ne wall goe between the 
d the co unity and the policy m s. Landow might dig their toes 

inimi e changes  have to ke. So all these things affect what 
tual ec omic loss. It is a dynam vironment and substantial change 

ected. 

dy was to lo  at what would be the im  on the wider district 

c
the whole of the catchment and then look to see what would occur if we had to take out 
150 tonnes, 200 tonnes and 250 tonnes of nitrogen over the whole catchment. The 
implications for the landowners is the difference between the ‘with the policy
‘w
 
When we looked at moderate land use change and a nutrient cap, we found that the net 
present value of the loss of benefit to landowners was about $31 million. That's 
discounting back the future returns, the difference in income stream between having the 
policy and not having the policy. And if you then move to more and more restrictions 
u
substantial land use change, then it gets up to about $90 million. That's the present va
of the economic loss that would be suffered by landowners with the policy. The reason
do this work is to estimate the burden being put on landowners, and if that burden was 
be shared, the quantum of it. If we’re looking at sharing burden, maybe you could look at
three major groups who ar
p
is undertaken by farmers and then you could look at 
Z
 
So m this part o

n landowne

g into the f

the stu
conomic

re that fir
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e obviously that's an unk
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Impacts on the wider district and the region 
 
Here we were looking at the changes in output, household income, value added and 
employment (Nimmo-Bell, 2004b). We considered the impacts from farming and forestry
and also tourism, because we wanted to have some measure of what is the opportunity
cost of not trying to fix up the lakes. And the tourism sector is the one we could attempt 
to quantify. The data we used here was based on the National Inter-Industry Tables which 
are a set of input-output tables that break down all the economic activity that is 
undertaken in New Zealand. We then regionalise to the specific attributes of Rotorua and 
use multiplier analysis to assess the impacts. Now, in term

 
 

s of the economic benefit, 
rstly there's the direct effects of the actual economic activity itself like farmers 

wool and dairy products. But then there's a second round of benefits 
s farmers spend money on supporting businesses, going to the stock firm and spending 

at 

cts 

 were 

ecline in tourism.  If you had the 250 
nne nitrogen reduction to be taken out of the catchment, that would require 93% of all 

 

t a figure on what would happen to 
urism numbers, so we had to fall back on this approach of saying what if?  But it does 

e-offs that may be required. And the conclusions from 
is part of the study are that changing land use to improve water quality has substantial 

he 
0 

 

ow I’ll move on to the third part of what I want to talk about and that is a willingness to 

t angling population here and make a substantial 
conomic commitment to coming down from Auckland to fish the lakes. We sought all 

 

fi
producing meat and 
a
money there, the processing that goes on and so on. So that’s an indirect effect from th
direct farming activity and that's part of the second round of multipliers that the 
community benefits from. And then there's a third round where you have induced effe
as householders spend more money and that money is re-spent in the community. 
 
So what we’re trying to do here is assess the wider implications of a restriction on land 
use that would result in less economic activity in the region. The results of this study
very interesting. To get an idea of the quantum of change that would be necessary for 
what we’re talking about here, we looked at the economic effect on Rotorua if all the 
dairy land was converted into forestry. The reason to do that is because forestry has a 
lower nitrogen output than dairying. Based on the input-output data this would be a 
similar effect in terms of economic loss to a 10% decline in tourist numbers, assuming 
that the deterioration of the lakes caused that 10% d
to
the dairying land to be converted into forestry and that would be equivalent to a saving in
tourism numbers of about 7%. 
 
Now we couldn’t find anyone who would actually pu
to
give you an idea of the sort of trad
th
economic implications for all of us in the region. If we capitalise the annual loss to t
district and the region, then depending on the assumptions, it’s of the order of about $50
million to around $1.3 billion to the region. That really sets the outer and the higher end 
of the impacts that could be suffered and the challenge is how can we implement a policy
to reduce that figure, that would be effective? 
 
Value of the Lakes 
 
N
pay survey we did of 1,000 households in Rotorua district, Bay of Plenty region and also 
a sub-sample of trout anglers from Auckland (Nimmo-Bell, 2004c).  The Auckland 
anglers form a big proportion of the trou
e
their views on lake water quality and we tried to estimate the value that they put on the
lakes and improving water quality. 
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Views about water quality.  Both Lakes Rotorua and Rotoiti have poor water quality and
they blamed it on septic tank sewerage, farming, industry and city sewerage. When
asked them who should pay to fix that up, half the residents said that the Government 
the polluters should pay, where the polluter is obviously the 

 
 we 

and 
source of the nutrient going 

to the lakes. There was also another interesting view that made it clear that there was a 
wareness to overcome some misconceptions about what is 

appening. The one that really cames to mind is a view amongst a lot of people in the 

es 
e lakes. The value that would be lost by 

aving the blooms worked out to about $800,000 a year, just through their direct travel, 

% 

 

hange in usage of HH affected by algal blooms 

in
need for education and a
h
district that city sewerage is still a contributor to nutrients going into the lakes. 
 
What did people think were important?  First of all passive attributes, just the lakes being 
there, were ahead of active use of the lakes.  Secondly, algal blooms have affected 
directly more than half of the respondents in terms of their use of the lakes.  
 
We also looked at the revenues forgone from Auckland anglers coming down to the lak
- they represent about 27% of total anglers of th
h
their equipment and so on and the amount of money they spent when they were fishing. 
So that's a significant amount of money for this relatively small group.  
 
Going back to the presence of the blooms and their effect on use, we see here that in 
Rotorua 69% of the respondents said yes it did affect their use, 20% said no and 11
were unsure. It’s interesting that when we went wider to the rest of the Bay of Plenty, 
there was not much difference really.  The table below shows how the use of the lakes is
affected by algal blooms. 
 
C
 
 
  Additional 

Days w/o 
blooms 
(median) 

With 
blooms 
Number of 
days usage 
(average) 

Without 
blooms 
Number of 
days usage 
(average) 

% change 
(average) 

Swimming 20 17 40 128 
Wind sailing 15 3 27 756 
Picnicking 12 18 30 70 
Motorised boating 10 17 34 97 
Trout angling 10 19 38 104 
Walking 10 29 38 31 
Scenic driving 8 15 33 124 
Yachting 8 8 14 71 
Jet Skiing 5 3 11 282 
Gathering traditional 

od 
4 6 49 687 

fo
Kayak/rowing 3 17 25 44 
Bird watching 2 12 54 362 
Shooting 2 3 5 60 
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If we just have a look down the left- , these are activities ranked in 
rder of the median use in terms of additional numbers of days use without algal blooms. 
he median is where half the population is on one side and half the population is on the 

mming is most important, followed by windsailing, picnicking, motorised 
alking, sc c driv  yach jet ski atherin adit

, bird wa  an tin
mb s  q ignif ro e If we 

ompare that to ‘with’ blooms and ‘without’ blooms, you can see the percentage change 
 the final column. So for swimming the difference between ‘with’ blooms and ‘without’ 

 

creased rates. When we broadened that out to the whole region, it dropped substantially 
on 
ared 

45 a 
ear if they could have good clean lakes to fish in. 

ust to state whatever 
ey wanted to. The key themes that came out of that were first of all Environment Bay of 

e doing its job and the second thing was to get on and do 
omething. So there was a very clear message there. 

e 
or 

econdly, that we’re expecting (from what the scientists tell us) that there's going to be a 
ig increase in nitrogen coming into the lakes. 

Thirdly, that land use does not significantly affect the level of phosphorus going into the 
lakes. So our work is focused on nitrogen, and Environment Bay of Plenty are doing other 
things about the phosphorus situation.  
 
The next thing is that depending on who you are and where you fit in the system, you 
have a different viewpoint about the lakes and how it affects you and I’ll talk about that a 
little bit more soon. We don’t know a lot about what is going on underground yet and 

hand column there
o
T
other side. Swi
boating, trout angling, w eni ing, ting, , g g tr ional 
food, kayaking, rowing tching d shoo g in that order. If we have a look at the 
next column, the average nu er of day  varies uite s icantly f m the m dian. 
c
in
blooms is a 128% difference in usage. 
 
Willingness to pay 
 
We asked people through a stratified process, one question for each group within the 
sample about whether they would be prepared to pay a certain amount in extra rates to 
clean up the lakes. The amount went from $5, $15, $45, $135 and $405. But we only 
asked a proportion of the population each amount for that question. What we found was 
that within Rotorua district the willingness to pay was about $91 per annum with less than 
half the respondents said they would be willing to pay the increase. If we could say we
could fix this problem, that’s how much they would be prepared to pay each year in 
in
to about $12 and the weighted average for the whole region was $32. If we took that 
aggregate, that would add another $2.8 million to the rates that people would be prep
to pay to fix this problem. Very interestingly, the anglers said they would be prepared to 
pay significantly more. In fact 62% of them said they would be prepared to pay $2
y
 
In the open ended question at the end of the survey we asked them j
th
Plenty didn’t seem to b
s
 
Framework for future analysis 
 
If we have a look at the framework for future analysis, the key thing is the delay in 
receiving economic impacts. There's the delay between the time that the nutrient enters 
the ground water to the time that it gets to the lakes. And here we’re looking at huge tim
frames from a few years to over 150 years (GNS, 2004), so that has big implications f
how you analyse the implications about doing something.  
 
S
b
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there's a lot more work to be done, so there's uncertainty there and if there’s uncertainty 
we need to be able to look at options. We don’t want to get locked into one line of 
moving forward. The last thing I want to say is that economic spill overs can be both 
positive and negative and we need to be very aware of that. 
 
Cost Benefit Analysis 
 
The way we analyse this is the accepted methodology of cost benefit analysis. The results 
of this are very dependent on what the discount rate is. The discount rate is the factor by 
which we decrease future costs and benefits to get it back to a present value  because of 
the fact that a dollar in the hand today is worth more than a dollar that’s out in the future. 
The discount rate depends on people's time value for money. How much they regard a 
dollar today compared to a dollar in the future, their attitudes towards risk and what is 
their required rate of return for a particular economic activity they’re undertaking. So 
we’ll have a look at some discount rates here.  
 
If you were going into a green fields sort of operation, maybe buying a dairy farm, you 
might be looking for a return of about 20%.  If you’re currently in an economic activity 
and you know what the risks are, you might only require a return of 8%. If you are 
involved in allocating industry-good type money to do research, you might require a 

wer rate of return again. And then there is the question of what is society's time 
reference rate.  What are the trade-offs that we as a society are willing to make today for 
ome future benefit or cost.  Generally, I think most economists would say that it is the 

e 

s they had and what 
f 

dn’t 

 

andowner discount rate is 8% and the 

lo
p
s
growth of GDP that is the rate of time preference of people today.  So that’s about 3% 
that we’re achieving in New Zealand. 
 
But what about future generations?  How do we take them into account?  There are two 
schools of thought here, one says that there shouldn’t be any discount rate because futur
generations have as much right as we have to resources. The other view is that future 
generations are going to be much richer than us. If you think about our parents, our 

randparents and our great grandparents and think about the lifestyleg
we have. We’re much better off than they were in most ways and I think this school o
thought says that future generations are going to be far better off than us so we shoul
take them into account too much at all. So there's this big conundrum about discount 
rates.   
 
To illustrate the effect of discount rates on the way people think I’ve set up a table 
showing how a landowner would view income today, in 25 years and in 100 years.  Then
I've contrasted this same income with that of the community over the same period - today, 

5 years and in 100 years.  We assume the l2
community discount rate is 3%.  Now assume the economic farm surplus from dairying is 
$1500 per hectare today.  From the landowner’s point of view $1500 today is worth $219 
in 25 years time and only $0.70 in 100 years.  Looking at it from community's discount 
rate of 3% this same $1,500 is worth $716 in 25 years time and $78 in 100 years time.   
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Value foregone 
 
 Community Land Owner 
Discount rate 3% 8% 
Mean residency (years) 0 25 100 0 25 100 
EFS Sheep & Beef/ha $300 $143 $16 $300 $44 $0.1 
EFS Intensive Dairying/ha $1,500 $716 $78 $1,500 $219 $0.7 
 
 
So stopping that 70 kg of nitrogen on an intensively-farmed dairy unit in 25 years time 

as revenue foregone to the land owner of $219 while to the community that is worth 

h 
ut 

ies 
f 

he implications of this are firstly that removing land from putting nitrogen into the 
as a short time frame is much better than trying to remove the nitrogen 

here it’s going to take a long time frame to get into the lake.  You get a bigger bang for 

 

eal option analysis 

to account.  A relatively new 
chnique called real option analysis can take these options into account in the analysis 

 into 

h
$716.  One hundred years out the difference is even more stark.  From the community's 
point of view that $1500 has a value of $78 but the landowner regards it as virtually 
worthless.  This means that from a commercial point of view landowners have a muc
shorter time horizon than that of the community.  Given this difference in the view abo
future benefits particularly when they are a long way off there is bound to be a divergence 
of views about how to deal with long-term problems.  It puts the focus on having polic
that are able to adapt to changing circumstances.  This is very important when the costs o
the policies are large and new technology comes along that can reduce nitrogen.  The 
income foregone is very high for landowners in comparison to that of the community. 
 
T
system that h
w
your buck if you aim for the land where you know that the return period is short.  
 
I would now like to talk about alternatives to cost benefit analysis through what's called
real option analysis and then finish by looking at spill over effects. 
 
R
 
Real option analysis allows for the fact that things do not progress linearly but there are 
usually key milestone points in a project where there are options to do something 
different.  Standard cost benefit analysis does not take this in
te
(Faulkner, 1996).  It generally means that the benefit/cost ratio rises because we take
account the fact that if things go wrong we can stop the project and therefore limit the 
downside cost.  On the other hand if things go better than expected we can put more 
resources into a project and therefore the benefit/cost ratio goes up.   
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Cost Benefit Analysis

2004 2009

20%

Real O

200 2009
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N
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in 
iew we have a decision point where 

if the nitrogen levels are still high then we might need to take more drastic action.  
However, if nitrogen levels are falling (possibly due to successful application of R&D) 
then we may be able to take less drastic action.  When this is incorporated into the 
analysis there can be a significant difference in the outcome compared to standard cost 
benefit analysis.  Real options incorporate the value of flexibility.   
 
We should recognise that the community gets spill over benefits from the economic 
activity of farmers.  Farmers get the direct benefits of their economic activity.  The 
community gets the indirect benefits on spending by supporting businesses as the money 
spent by farmers is used on goods that are supplied to them, and then the induced effects 
as money that goes into pay packets is spent by households buying more goods.  The 
analysis of these spill over benefits and costs needs to be taken into account when 
comparing the existing scenario and making a policy change that restricts this economic 
activity for the benefit of the environment. 
 
Another benefit of using real option analysis is that it can draw attention to the benefits of 
delaying action, particularly where there is major uncertainty.  “…the greater the 
uncertainty and the longer the remaining life of the project, the more incentive there is to 
delay.” (Brealey and Myers, 1988, p498).   
 
A major problem with the draft policy is that implementing it is expected to result in 
inequities – between land activities (livestock versus forestry) and between intensive and 
extensive land use (dairy versus low productivity sheep and beef).  If a delay of one or 
two years meant that the results of R&D could show that the policy could be modified to 
reduce these inequities then the benefits of delay could far outweigh the social cost of 

 
 
In the diagram I make the point that under standard cost benefit analysis we go forward 
a straight line.  Under real options after a five-year rev
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community friction.  This is not just theory.  There is a new technology based around 
nitrate inhibitors that is very exciting for landowners and for the com
because it has the potential of reducing nitrogen inflow into the ground water by around 
60%.  This is three times the desired level at this stage.  The product is being tested in the 
catch

reenhouse gas emissions and it delivers a positive economic benefit through additional 
l, 2004).   

 market solution in a regulatory environment 

 
 in 

ithin 
ory environment, and this is where the regional Council has a very important 

nction (and a statutory responsibility).  The key attributes of a trading system are that 

the 

are too prescriptive.  This 
ould leave landowners with very little incentive or ability to adapt their operations to 

 

ological 
hange as it occurs.  Real option analysis could quantify the net benefit of incorporating 

y 

he last point I would like to make is that it is very important that landowners have 
on 

nd a win 

hank you very much. 

eferences 

realey, R., and Myers, S. (1988).  Principles of Corporate Finance.  3rd ed., NY: 

munity at large 

ments now and looks very promising, not only for water quality, but also for 
g
grass growth (Cameron et a
 
 
A
 
A market solution to the nitrogen problem is to allow trading of nitrogen credits (MAF,
2004).  This will allow those landowners that can reduce nitrogen to trade the reduction
nitrogen that they are able to achieve with a person who wishes to increase nitrogen 
output.  The trade will ensure that overall impact is zero and just as important that the 
economic outcome is better than if there is no trade.  This market can only operate w
a regulat
fu
there are good information flows about the market, that it provides incentives to change 
activities in the direction that is desired and that it produces the maximum benefits to 
community. 
 
Conclusion 
 
Let me conclude.  Under uncertain outcomes we need to have policies that are flexible.  
The worst outcome would be for councils to adopt policies that 
w
produce desired environmental outcomes while remaining economically viable.   Thus the
benefits of their activities for the rest of the community could be lost as well.   
 
A further most important point is that policies need to be able to incorporate techn
c
new technology (nitrate inhibitors) and reduce the cost of implementing a socially risk
policy, while still maintaining progress on the environment. 
 
T
incentives to change.  In an environment that is uncertain where there are big informati
gaps it is very important to ensure people are able to change in the right direction.  I hope 
that these points give some thought to you as members of the community about a more 
open view on going forward - one that can produce a win for the environment a
for us in terms of our ability to keep viable and thriving land use activities and a cohesive 
community.   
 
T
 
 
R
 
B

McGraw-Hill, Ch 20, 21. 
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Why we decided to host this symposium 
 

Nick Miller 

es of 

s a consultant working on the fringes of limnology, I feel a certain diffidence in making 
n, on behalf of the LakesWater Quality Society.  The LWQS wanted to 

d 

gathering hosted 
y the Society, in cooperation with the Rotorua Branch of the Royal Society of New 

es 
 and 
iety. 

siness do we have in “interfering” in matters of such grave import? And why 
ave we decided to organise this event, on our own resources? 

001 Symposium was first announced, a friend of 
dering why 

e were hosting such an event, with the unspoken implication that we were “meddling” 
in matters that were none of our business.  Here is part of my email reply to him. 
 
“We're merely representing the poor so-and-so’s that have to drink water potentially 
contaminated with algal toxins and refrain from swimming in the stuff during the 
successive public health closures that have been posted in the last few years. 
 
“As far as status and authority go - that is determined by the people that attend, what 
they have to say, and what is decided and acted upon at the outcome.  We (the LWQS and 
Royal Society) are acting as facilitators to channel concern, funding and action into what 

representing the people most concerned.  When the LWQS sent out a newsletter regarding 
our interest in lake water quality our financial membership rose virtually 
overnight from c. 20 to >200.  'Nuff said!” 
 
(The response I got from my NIWA friend was short and to the point – “Well said!”) 
 
 
 
 

his photograph shows, better than any words, why local residents were concerned.   

 
LakesWater Quality Society, Analytical & Environmental Consultants, Rotorua 

 
Good afternoon everyone. 
My apologies for the rather bland title of  this paper – it sounds rather along the lin
“What I did on my holidays”. 
 
A
this presentatio
make sure that a full range of viewpoints was represented in the discussion of N and P 
targets, and to air some issues that are not included in the main focus of research on the 
lakes.  Here I am going to discuss the lakes from the viewpoint of a biologist who straye
into analytical chemistry some 17 years ago, who also happens to live beside Lake 
Rotoiti. 
 
As most of you will be aware, this occasion is the fourth such scientific 
b
Zealand.  Two of these gatherings have been organised in response to direct approach
from local government agencies.  However, both the Rotorua Lakes 2001 Symposium
this year’s event have been direct results of initiatives of the LakesWater Quality Soc
 
So what bu
h
 
To answer the first question, when our 2
mine in NIWA emailed me mentioning that some of his colleagues were won
w

is emerging as a major issue in this region.  Someone had to do it, and we are 

 T
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Te Weta Bay, Lake Rotoiti, February 2003. 

 
 
At the time the photo was taken, the waterway shown was the source of the domestic 
water supply for a number of households.  I expect it still is, for some of them. 
 

03. 
d then jumping into the lake to cool 

Many of us remember the time when at least the Eastern end of Rotoiti was beautifully 
clear, and you could see the sandy lake bed several metres down.  To those who use the 
lakes the deterioration has been very obvious. 
 
Here is a popular tourist spot, the Manupirua Hot Pools, at Lake Rotoiti, in March 20

he popular activity there was sitting in hot water anT
off again.  As you can imagine the second part of that activity is not so popular as it used 
to be, but people still do it which makes one a little concerned.  I think  I have shown 
enough on our reasons for concern. 

 

now, we have been endeavouring to bring home, to various levels o
potential seriousness of the problem.  We have made numerous representations as to the 
need for urgent action, often in the face of contrary advice from offi

 
The Society has, unfortunately, been right about the lakes situation.  For several years 

f government, the 

cials.  In the end, we 
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proved to be correct that the lakes were deteriorating and thankfully the offic
their stance.  They are still

ials shifted 
 doing so, as the situation evolves. Indeed we all have to shift 

ur stance and our views as the situation evolves.  We undertake the work involved in 
etting up such a Symposium, publishing Proceedings etc., because we think it may be 

.  

l 

 
und 

e Chair in Lake Management and Restoration at the University of Waikato.  The 
e.  

wering 

d they have.   

nd 
orting on research, as 

thers here today are doing, I will be posing questions that we would really like to see 

re closely interwoven. 

UTRIENTS 
here has been much debate, over some decades, as to whether nitrogen or phosphorus 
ere the limiting nutrients in the Rotorua lakes, as far as algal and cyanobacterial growth 

.  Fo xample, reports have been appearing on nutrient enrichment studies 
s on Lake Rotorua wat  at least the year 19781.    In general, these 

reports conclude that nitrogen is the probable limiting nutrient.  For example, a 1988 2 
report discusses the findings of seven such papers and comments “The algae of Lake 
Rotorua have never been found to exhibit a ‘demand for phosphorus’”. 

studies have been made on various Rotorua lakes, over some decades.  
ents have often been made using in-lake enclosures, to which selected 

itation does nor 
 the respo es to addi  were d d in one often-quoted study as 

o
s
valuable and  someone should do it.- we do not do it because we like running such events
 
Our first Symposium, in 2001, was hailed as being ‘very timely’ and it served to revea
how many gaps there were in our knowledge of the Rotorua lakes.  A direct result of this 
symposium was that John Keaney, the Chairman of Environment BOP at the time, was so
fired up that he went back to Whakatane and persuaded his Council to establish and f
th
residents of the Rotorua lakes region should be forever grateful to John for this initiativ
The incumbent of this Chair, plus some of his students, have made presentations at this 
symposium.  Another direct outcome of that 2001 symposium has been a great flo
of research work on the Rotorua lakes.  We predicted at the time that research contracts 
would flow from the symposium, an
 
As to why we are hosting this Symposium, we are doing it on behalf of the interested 
public and various sector groups.  We also  feel there are still uncertainties out there a
the rest of this presentation will address this matter.  Rather than rep
o
answered and  making some observations.  I will be discussing nutrients and their 
measurement, concentrating on phosphorus, and then stormwater and the potential 
impacts of forestry – all topics which a
 
N
T
w
is concerned
and bioassay

r e
ers since

 
f A number o

These experim
nutrients are added.  In general the conclusions have been that P-lim
occur, though ns tion of P escribe
“mixed”. 
 

“Possible ph
f
os imita
 e a oten osphorus 

or sa tak e Waikaremoana. 
….none of the samples indicated shortage of phosphorus in 
samples from Lake Rotoiti.  The samples from Lakes 

Payne et al 1988

phorus l
ight criteri

mples 

tion 
indicated p

en from Lak
Seven out o
limitation f

tial ph

Okataina and Tarawera produced mixed responses.” 
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Thi o where “phosphorus is often a key 
elem  . 
Du

 
 

 
 

ion. 

t of 

s c ntrasts somewhat with overseas experience 
3ent in regulating algal biomass”

ring the Rotorua lakes 2003 Symposium Dr Kit Rutherford commented : 
 

 
“Blue-green algal blooms.  I think we need some more 
thought.  I don’t think the scientific community can really 
honestly say we know what causes blue-green algal 
blooms.” 
Dr Kit Rutherford, NIWA 
Rotorua Lakes 2003 Symposium 

 
 
 
 

It appeared that scientific opinion was by no means unanimous or certain on the quest
 
In January 2004 Environment BOP released a document titled: 
‘A Statement of the Significance of Phosphorus and Nitrogen in the Managemen
Lakes Rotorua/Rotoiti’, which was prepared by a Technical Advisory Group. 
 
Paragraph 14 read: 
 
 
 
 
W
 
H

T
s
o
t
d
 
P
o
b
n
t
r
y
u

 

“Reduction of  nitrogen and phosphorus inputs should be 
undertaken concurrently.” 
s Symposium. We felt that such a critical issue deserved public 
ebate, rather than discussion behind closed doors. 

apers presented yesterday and today by researchers from both NIWA and the University 

hich we thought was promising. 

owever, Paragraph 16 read: 
 
 
 
 
 
 
 
 
 

his statement did give our Society some concern, not because we could see any strong 
cientific evidence to contradict it, but because we considered that, once adopted as 
fficial policy, it might tend to become dogma.  It is this paragraph that probably lead to 
he conception of thi

“The collective view is that nitrogen is driving 
phytoplankton productivity and therefore needs to be 
targeted if the community is to see water quality 
improvements in the medium term (10 — 20 years). 
Dependent on actions taken for Lake Rotoiti, 
improvements in that lake could occur more quickly.” 

f Waikato strongly suggest that the picture is still clouded, and that it is far too early to 
e dogmatic as to which nutrient should be regarded as most critical if, indeed, any 
utrient can.  In addition, the overall expectation has been that phosphorus inputs (other 
han those due to internal recycling from the sediments) can be expected to remain 
elatively constant, due to the ability of local soils to retain phosphorus.  However, 
esterday Dr  Ghani from AgResearch served us warning that such complacency may be 
nwise.  These and other papers, in my opinion, amply justify the presenting of this 
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Symposium, and here I feel I do need to make the point very strongly, because there
been some impressions to the contrary, that the Symposium was not conceived in ord
knock over some particular v

 have 
er to 

iew on whether nitrogen or phosphorus was most important.  
e merely felt that it needed a good and vigorous public debate and scrutiny.  I would 

sing 
re not probably going to be able to do 

uch to halt, possibly it might turn out to be, shall I say, less impossible to undertake 

Symposium, Dr Bill 
Vant from 

ikato 
omment, 

presentation about 
Lake Taupo and its 

d 

ult it is, using this technique, to detect  ‘phosphate’, 
enerally regarded as the main bioavailable form of phosphorus) as the orthophosphate 

 it 

enetic 

 
atural waters (next page).  The final stage relies on the formation of a blue complex, 

W
comment however that if it turns out that nitrogen is the major critical and limiting 
nutrient, then based on the evidence we have heard from GNS about its ever-increa
inflows into the Rotorua lakes, inflows that we’
m
work that might end up resulting in our making phosphorus the limiting nutrient.  There 
might be sound economic drivers towards that. 
 
I now want to talk about phosphorus for a few minutes.  At last year’s Rotorua Lakes 

Environment Wa
made this c
at the end of his 

cyanobacterial 
problem:   
 

 
Speaking from personal experience, for some fourteen years I have owned and operate
an Ion Chromatograph, which is an instrument used for accurately and sensitively 
detecting a variety of ions, including all of the major ionic plant nutrients, in water.  I 
have often been struck by how diffic

“And, by the way, we can never find dissolved 
phosphorus in the water at Lake Taupo when we look 
for it.  There just doesn’t seem to be any there for any 
luxury uptake.” 
Dr Bill Vant 
Rotorua Lakes 2003 Symposium 

(g
ion, even in waters which the literature tells me are well-endowed with phosphorus. 
 
I have seen the element phosphorus referred to as ‘remarkable and paradoxical’ and
certainly has some extraordinary chemical behaviours.  However, when we are talking 
about it in its limnological context we generally just dismiss it as “another major 
nutrient”.  It is a vital element for life, with roles in cellular energy metabolism, g
material and many other functions. 
 
Phosphorus occurs as a huge range of different chemical compounds in the environment.  
The analysis and measurement of phosphorus compounds in water is a problematical 
business.  There are many factors which can affect the final result. 
 
Here is the usual, traditional method for analysing the various forms of phosphorus in
n
known as phosphomolybdenum blue. 
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sample 

Analytical 
Procedure 

 Whole 
Water 

 

 

Filtration 
To remove 
particulate P 

Filter   

 Digest Digest Digestion 
To break down 
organic P 

Colorimetry 
to form a blue 
complex 

Soluble 
Reactive P 

(SRP) 

Soluble 
Organic or 

unreactive P 
(SOP) 

Total P 
(TP) 

 
Some of the factors which can give varying resul

• Sampling and sample storage 

. 

bviously, any alterations in the various analytical procedures may result in changes in 
e final concentrations that you may obtain in the final results.   

 to 

procedures are generally regarded as giving similar results.  The filtration step usually 
utilises a 0.45 µm membrane filter, which excludes most particulates but does not exclude 
some colloidal phosphorus. 
 
For many decades the final stage of phosphorus analysis in natural waters has been a 
colorimetric procedure based upon the formation of a complex compound known as 
phosphomolybdenum blue.  The concentration of this coloured complex is directly 
proportional to the concentration of phosphorus compounds that will react with 
molybdenum to form the blue complex.  Phosphorus compounds are known as reactive or 
unreactive depending on whether they form this complex.  Phosphorus compounds that 
are described as soluble and reactive are generally regarded as being the forms readily 
available for uptake by plants, algae and cyanobacteria.  They are often referred to as 

sphate 

y cycled due to biological and chemical activity.   Orthophosphate may 

ts in phosphorus analysis include : 

• Filtration media and procedures 
• Sample digestion methods and procedures 
• The colorimetric procedure 
• Varying proportions of complex phosphates (polyphosphates) or colloidal P

 
O
th
 
Digestion methods (where organically-bound phosphorus is broken down or ‘digested’
simpler inorganic forms) have changed over the years, but the various digestion 

‘phosphate’.  Frequently phosphate’ is regarded as being equivalent to the orthopho
ion. 
 
Orthophosphate is generally present at low concentrations in most natural waters and is 

ery rapidlv
undergo polymerisation processes and occur as ‘condensed’ phosphates or 
polyphosphates, such as pyrophosphate (also known as diphosphate (P2O7

4-)), 
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triphosphate (P3O10
5-) and a whole series of linear chain compounds of increasing lengt

together with ring compounds (metaphosphates) such as trimetaphosphoric acid (H
h, 

).  
ly 

ion 

hese hydrolysis reactions are catalysed 
y algae and other organisms, and they also occur in the standard colorimetric 

 

ady-

ptake 
tes of radiolabelled phosphorus and uses these rates to calculate dissolved 

 
 

hese lakes (which ranged from clear nutrient-
oor lakes to turbid nutrient-rich ones) range from 27 to 885 picomolar.  The lakes 

idely in characteristics, from soft to hard, shallow to deep, and with 

 carried out in the Sargasso Sea (North Atlantic) and using a new chemical 
chnique , reported phosphate concentrations in the picomolar range, 2 orders of 

nkton in temperate lakes and some oceanic areas, and that 
uch remains to be learned about phosphorus budgets in lakes and other waterways, 

een significantly overestimated. 

hosphorus, plus other non-phosphorus compounds such as arsenate and silica (which can 

 further complication is that the phosphomolybdenum blue procedure has also changed 
rferences from those other elements such as 

rsenic or silicon.  Each change in procedure changes the reaction conditions under which 
 is formed, and also causes varying degrees of hydrolysis of  the various 

polyphosphates referred to earlier.  All of this means that data collected over the past 
decades may not be directly comparable.  Very often, research papers or reports do not 
give sufficient information on the analytical methodology to allow us to factor in these 
variations when assessing the data. 
 

3P3O9
Pyrophosphate is believed to have played a major role in the energy metabolism of  ear
life on Earth .  These polymeric phosphate species play a major role in the complexat
of metal ions in natural waters,  are readily hydrolysed, and form a major reservoir of 
readily available phosphorus in natural waters .   T

4

5

b
determination of ‘soluble reactive phosphorus’, leading to the overestimation of 
orthophosphate 6.  A number of low-molecular-weight phosphate esters also occur and are
similarly labile.  Various colloidal organic compounds of phosphorus which will pass 
through a 0.45µm filter also exist.  Any or all of these may be referred to as ‘phosphate’ 
by various authors. 
 
So what is ‘phosphate’ and have we been measuring it accurately? 
 
A recent paper 7 described research carried out on 58 Canadian lakes using a new ste
state mass balance procedure 8 for measuring phosphorus as the  phosphate ion (PO4

3-), 
which is generally regarded as the bioavailable form.  This procedure measures the u
and release ra
phosphate concentrations.  The authors reported that phosphate concentrations can be 2 to
3 orders of magnitude lower than estimated with current conventional techniques.  They
estimated that phosphate concentrations in t
p
studied varied w
varying biotic communities. 
 
Other research,

9te
magnitude lower than previous measurements. 
 
Both papers point out that dissolved bioavailable phosphorus, in the form of phosphate, 
limits the growth of phytopla
m
particularly if nutrient studies have been based on apparent phosphate levels that have 
b
 
The problem derives from the fact that the traditional analysis for what is known as 
soluble reactive phosphorus (SRP) actually analyses for a number of forms of 
p
be compensated for with varying degrees of success).  
 
A
over the years, to eliminate various inte
a
the blue complex
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So when we are talking about bioavailable phosphorus, as examined in different studies, 
we may in fact be comparing apples and oranges, depending on who carried out the 
analyses and how and when they were done.  In addition, different organisms have 
differing abilities to take up and utilise polyphosphates or organically-bound phosphorus.  
Orthophosphate, the most common ionic form, is known to be immediately bioavailable.  
However, other forms may be bioavailable to a greater or lesser extent, possibly 
depending on the organisms involved.    For example, the unicellular algae 
Chlamydomonas reinhardtii was shown to be able to utilise all size fractions of organic 
phosphorus compounds, including the large colloidal phosphorus fraction (0.2 – 0.45 µm) 
which made up 58% of the algae-available phosphorus in the Perth (Western Australia) 
wetland where the trials were conducted 10.  C. reinhardtii is known to produce 
phosphatases and it is believed that these rendered organic phosphorus bioavailable.  
Orthophosphate was shown to provide only 10% of the algae-available phosphorus. 
 
So when we discuss ‘phosphate’ or ‘SRP’ or even ‘TP’ we are discussing a variable, 
hard-to-measure set of rather vague entities, and it is important not to get too definite in 
any conclusions we may come to.  When we examine the results of nutrient enrichment 
experiments, whether carried out in bottles or in-lake enclosures, we should again bear in 
mind that we do not really know for certain what forms of phosphorus are present, how 
long for, or how bioavailable they really are to the organisms we are interested in.  We 
should also keep in mind that water samples for phosphorus analysis should never be 
stored in plastic bottles, due to the strong ability of phosphates to be adsorbed onto the 
walls of such bottles.  It is interesting to consider whether this effect also occurs in the 
polyethylene enclosures so often used in in-lake nutrient bioassays. 
 
I should also mention that, to a lesser extent, these problems also apply to nitrogen 
compounds in the aquatic environment, but we won’t go down that byway! 
 
Also we should consider the possible role of other nutrients in stimulating cyanobacterial 
blooms.  Lake Rotoiti residents have commented to me that “the blooms have appeared 
once they started clearing the pine trees”.   

 
This photo was taken a couple of years 
ago in the Rotoiti catchment, quite close 
to the lake.  A paper delivered at last 
year’s Rotorua Lakes Symposium 
examined the increased losses of N and P 
to streams, following logging, and 
suggested that although such increases 
occur, they are of relatively short 
duration.   However, there are other 
nutrients that may be involved.  An 
interesting paper passed on to me by 
Susie Wood lead to an invitation to 

Simon Albert to deliver a paper at this Symposium.  I certainly found his presentation 
yesterday, on organic carbon and iron, thought-provoking.  To be sure, his work has been 
carried out in a marine environment, but nutrients in aquatic environments have generally 
similar behaviours and effects in fresh water or salt. 
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Finally, stormwater. 
A paper delivered at last year’s Symposium examined the effects of urban stormwater 
runoff on Lake Rotorua, and concluded that the effects were minor, with stormwater 
discharges contributing about 2% and 5% of the total catchment input of  N and  P 
respectively.  I wonder whether we can afford to ignore even those inputs, considering the
state of Lakes Rotorua and Rotoiti?  The nutrients N and P, as well as heavy metals, we
examined. 

 
 Here is a photograph taken, from my 
bathroom window, a few weeks ago, 
during the early stages of the rainstorm 
event that caused such problems in the
Bay of Plenty.  It appears washed out 
because it was shot through moderately 

 
re 

 

heavy rain, during a brief break in the 

d 

logical Survey, from his keynote address from last year’s 

 
t 

a 
It 
 a 

downpour.  If you look closely you can 
see the plume of discoloured water 
flowing out into the lake, and the torrent 
of water cascading down the bank 
beside the shoreline.  One of our 
committee members very intrepidly 

ventured out onto the lake during this event and reported similar scenes right around the 
shores of Rotoiti.  I hope the canopy of her boat is reasonably watertight!    
 
It would have been interesting to sample the site at which this photograph  was taken, 
during this rain event.  How much sediment, nutrients and organic carbon, in a variety of 
forms, would have entered the lake?   Such rainstorm events happen every few years in 
this District and it may or may not have been a coincidence that the bloom which initiate
the first closure of all of Rotoiti commenced just a few days after a similar rainstorm.   
 
One problem is that field workers are, naturally, reluctant to carry out field sampling in 
such conditions.  Instead of taking photographs I should have been out collecting water 
samples, but I was preoccupied  by an imminent departure for Taranaki, to attend a 
funeral.  At least we missed the subsequent earthquakes!  I will finish up by quoting Dr 
ake Peters, of the US GeoJ

Symposium. 
“I feel that it is a good idea for folks to listen to even the most hair-brained ideas.  These 
ideas might lead to the right solution. We may have pre-conceived ideas of how things 
work, but they may not be the right ones.”  
 
QUESTIONS 
Ann Green, a local resident of Rotoiti: I did want to ask one question.  With Phoslock if
we threw it into our lake to get rid of the phosphorus, what happens to a lake withou
phosphorus?   
 
N.M.: A lake totally without phosphorus would be a most improbable thing, but if such 
thing was possible there would basically be virtually no biological productivity in it.  
would be to all intents and purposes very nearly a dead lake, so although phosphorus is
curse, it is also a blessing.   
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A.G.: So can there be repercussions if you put Phoslock in and remove the phosphorus? 
 
N.M.: I would be very surprised if Phoslock or any other material was capable of reducin
the concentrations of phosphorus to such low levels that really severe repercussions 
I’ve just described occurred, but other people might have a different view on that.   
 
Unknown: We could always just not top dress the farms and just top dress the lak
instead. 
 
N.M.: In years gone by that happened. 
 

g 
as 
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DISCUSSION: THE SCIENCE AND ECONOMICS 
Ian McLean, LWQS:  Ladies and Gentlemen, I wish to record our thanks and yours to a 
few people.  First of all  to Dairy Insight for their generous sponsorship, to Margaret 
Winslade who was on the front desk, to Sally Brock who sat silently on the stage for one 

 

 

he 

tio we’ve got one of two things we can 

 

 

 

a strong 
 

 
ry 

and a half days, thank you Sally.  To Deirdre of Dynamics who have done a great job 
with all the technical gear, to Wade Tozer who's looked after the audio tapes, to Mark, 
Colin and Nick the roving microphones, Richard Wilson who's been liaising on the 
catering, to those who I thanked the other day – Elizabeth Miller, Nick Miller and
Brentleigh Bond, and also thanks to the Hotel.  I hope you all enjoyed their hospitality, 
it’s certainly great to run a Symposium in this hotel.  So would you express your thanks to 
all these people please.  It's now my pleasure to introduce Campbell Johnstone who is a 
member of the Committee of LakesWater Quality Society and also Chair of Lake 
Okareka Ratepayers’ Association and who will be chair for the sessions this afternoon.  
Thank you Campbell. 
 
Campbell Johnstone, Chair:  Thank you Ian.  The first part of this afternoon’s session up
until afternoon tea anyway is designed for the opportunity to ask questions of the 
presenters that you were unable to ask because a) there were too many questions or b) t
presenters used their fully allocated period time thus avoiding the opportunity to answer 
your questions.  There were a couple this morning so I’ll open it to the floor and we’ll 
keep it reasonably free running, but if it gets out of hand then I will call you to order.  So 
does anyone have any questions to start with?  You may choose to direct it to one of the 
presenters or you can leave it open and we have somebody answer it. 
 
Brentleigh Bond, LWQS:  In a report produced by Kit Rutherford in October 2003  I read 
the statement that a high TN:TP ratio is desirable to make it more likely maximum 
phytoplankton biomass remains low and that diatoms and greens predominate over blue-
greens.  Now presumably to get a high TN:TP ra
do.  We can chuck in nitrogen or we can reduce phosphorus.  But if we can achieve the 
higher ratio and we can replace blue-greens with diatoms and greens, we’ve possibly got
a solution to the fish problem we heard about yesterday and we’re not going to have 
health warnings around the lakes.  Is there any relevance in attacking phosphorus first to
change that ratio?  Perhaps I should direct that question to Dr Ian Hawes who I believe 
spoke for Kit Rutherford. 
 
Ian Hawes, NIWA: I’ll just say a few words about nitrogen and phosphorus ratios because
they’ve come up a lot.  In the limnological world you can divide us into the round ends 
and the square ends on the issue of nitrogen to phosphorus ratios because there's 
school of thought which says that the ratio is only significant when the nutrients become
limiting.  And by that I mean that if you've got 100 phosphorus and 1000 nitrogen you've 
got a ratio of 10 : 1.  If you've got 1 phosphorus and 10 nitrogen you've got a ratio of 10 : 
1.  But when you've only got 1 phosphorus, then phosphorus can become limiting, but if 
you've got 100 phosphorus then it's not going to become limiting.  The first thing you
have to consider is the concentration and the situation that you’ll end up with if you t
and increase your N to P ratio by adding nitrogen and not worrying too much about 
phosphorus.  But let’s take that one to its most ridiculous extent and you’re not limiting 
anything at all.  You’re going to end up with a situation where nutrients aren’t limiting 
and light will become limiting and under those conditions you will almost certainly get 
cyanobacteria growing, because cyanobacteria just ultimately take over those really thick 
soupy environments except in very weird places like sewage pond effluents where you 
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would get greens, but I'm sure we wouldn’t want a sewage pond effluent-type situat
So the nitrogen to phosphorus ratio is something that is important to bear in mind, but 
only once you get to the situation where those nutrients are limiting.  And if you have a
low nitrogen to phosp

ion.  

 
horus ratio and a low phosphorus, then you will probably tend to 

vour those algae which can fix their own nitrogen by nitrogen fixation. These are 

d 
e 

dy 
tio or a low ratio, then that presupposes that we know what the normal ratio 

.  Now there's a thing that chemists talk about called the Redfield number and it 
.  

e 
 a 

ay ratios of 
me of 

 

 your question, Brentleigh?  Then let’s keep going 
nd see if we can get the answer.  I think the crux of Brentleigh's question was do we 

dsorbance.  We’ve had the paper from Forest Research yesterday and we’ve had one 

t 

ts 

eve, was that it's only worthwhile attacking 
hosphorus if you intend to drive it down to a limiting nutrient.  So that comment was 

fa
cyanobacteria and some diatoms but not many.  But if you have a low nitrogen to 
phosphorus ratio but a good supply of phosphorus, then if you’re adding more nitrogen 
that certainly won’t help.  So nitrogen to phosphorus ratios are slightly mischievous 
because most people would probably agree that if the phosphorus isn’t limiting at all an
the nitrogen is, then you can favour cyanobacteria, but it's the concentrations that ar
available that is really the critical thing. 
 
Bill Vant, Environment Waikato:  I just want to add to what Ian said.  When somebo
says a high ra
is
describes in a typical organism the ratio of the carbon, nitrogen, phosphorus and oxygen
But from what I understand, the weird world isn’t that simple and in lakes you can hav
some lakes with a nitrogen to phosphorus ratio of maybe 8 and that's normal, through to
range of maybe 15 and that’s normal too.  So I suspect Limnologists would s
20 are high and ratios of 3 are low, but between 8 and 15 they are normal.  And so
the changes that people are talking about are going well if we double the amount of 
nitrogen, for example we might change the ratio from 8 normal to 15 or 16 which is also 
normal.  Nature isn’t plastic.  Organisms vary, there is no magic ratio. 
 
Warwick Silvester, University of Waikato:  If I may add just one more comment.  We’ve 
got to realise that not all cyanobacteria fix nitrogen, some of the worst ones don’t and 
they fill another niche which of course is filled when you get high nutrient concentrations
and that's what Ian was alluding to.  The cyanobacteria start filling that niche as the 
nutrient concentration gets up and so Microcystis which doesn’t fix nitrogen is a very 
important organism and is one of the worst bloom-forming organisms that we’ve had. 
 
Chair:  Does that sufficiently answer
a
focus in on P to start with to get the ball rolling? 
 
John McIntosh, EBOP:  In terms of whether we should or we shouldn’t this is not what 
I'm addressing, but there's a lot of research coming together at the moment on phosphorus 
a
from Fouad on Phoslock.  There is also other bench testing being done by URS the 
engineering firm, looking at various adsorbance.  We’re bringing those together and tha
will eventually come out through the focus group and the Rotorua/Rotoiti Working Party.  
We expect to put up proposals and trials looking at removing phosphorus from the inpu
to Lake Rotorua, possibly treating the lake, but the first trial will be looking at removing 
phosphorus in the inputs to Rotorua.  I just want to add the quote that Nick put up about 
the collective view that nitrogen is driving photo-synthetic productivity, etc.  The 
comment that came after that, I beli
p
made there somewhere and that is an avenue of investigation, anyway, Brentleigh. 
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Brentleigh Bond: In my mind the statement that's contained in that October 2003 report 
still remains, that it is desirable to get a TN:TP ratio to change to the diatoms and green
rather than blue-greens.  The statement is there in the book, it sta

s, 
nds.  Frankly I haven’t 

eard the answer to that. 

 that Ian, Warwick and Bill have hit on it, is you 
reatly increase the likelihood of getting cyanobacterial blooms and that's where 

y 

 

ehave in a linear fashion, they often go through long periods of quite prolonged “no 

ough to a relatively turbid and no-weed- 
ominated phase.  So I think that we shouldn’t take the focus away from nitrogen when 

ted 
 

 actions 

oel Burns, Lakes Consulting:  I knew both Rick Pridmore and Eddie White and it was 
s 
 

e 
 

u switch from the one type of algae to the other and 
either algae gets a dominant position, but if you have a lake like Rotoiti which is 

Lc.  In other words they create quite a lot of chlorophyll for the 
itrogen and if you look at the phosphorus-limited lakes like Okareka, the TLc is about 

e 
ou 

ys 

h
 
David Hamilton, University of Waikato: I think the situation where you have a lot of 
phosphorus and low nitrogen, and I think
g
phosphorus is essentially no longer limiting and where you have eutrophic type 
conditions.  But having said that, if you have a fairly balanced type of situation or maybe 
you have a slightly nitrogen-limited situation and you say “well, we’re not going to worr
about nitrogen any more and we’ll let the ground water aquifer and the nitrate seep 
through and we’ll just focus on phosphorus” - you do run the risk of getting a flip in the
system and that's what I tried to demonstrate this morning.   
 
Anybody who has been on Rotoiti also through 2002/2003 would know that lakes don’t 
b
response” or “little response” to a forcing and then a sudden flip.  In shallow lakes it's 
called alternative stable states and in fact it probably applies to Rotorua, which went 
through a weed-dominated clear water phase thr
d
we’re not sure.  Wwe’ve shown that at some times and in some spaces, nitrogen is limi
and at other times it's phosphorus and the balance is quite clearly.  In many of the Rotorua
lakes it's very hard to decipher, which David Burger’s work pointed to this morning.  If 
you take the pressure off one, you’re simply reducing your ability to control the system. 
To go back to Justin Brooke’s talk yesterday morning, he said you want multiple
to give yourself every opportunity to control the biomass and if you simply take the focus 
off one, that to me is providing an opportunity. 
 
N
about 10 years ago that we had to knock some heads together and decide whether it wa
nitrogen or phosphorus which they wanted to see removed from these lakes, and in the
end they said both, you have to take out both.  I also gave a talk here about 2 years ago 
when I looked at the characteristics of nitrogen and phosphorus in these 12 lakes.  You'v
got 4 of the lakes which are strongly phosphorus-limited such as Okareka, Tikitapu and
Rerewhakaaitu, and you've got 4 which are strongly nitrogen-limited and they are 
Rotorua, Rotoiti, … there are about 4.  The 4 which are nitrogen and phosphorus-limited 
are about imbalance.  What I found in those 4 with the nitrogen and phosphorus 
imbalance was that the chlorophyll wasn’t high, the trophic level TLc, which is 
chlorophyll, was about the same as the TLn and the TLp.  What seems to happen in the 
lakes is that in the springtime the algae use up the phosphorus first and then in the autumn 
they begin to use up the nitrate.  So yo
n
strongly nitrogen limited, nitrogen-efficient algae are always the ones that are there, 
active, and they become very good at using their nitrogen.  You find the TLn is very 
much lower than the T
n
3.8 and the TLp is about 2.8, so again in that phosphorus-limited system the algae becom
very efficient at using the phosphorus in creating chlorophyll.  So really what I think y
need to do is bring down both, keep reasonably close to that N to P ratio of 10, but alwa
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favour phosphorus-limitation rather than nitrogen, but only slightly.  And the most
important thing is as Ian was saying, is to get the concentration down so that your trophi
level is, I think, under 3.8.  It seem

 
c 

s to me if you get TLIs over 3.8 you’re really going 
to the danger zone. 

erewhakaaitu which have quite 
igh TLIs and no evidence of algal blooms.  I’d like to know the difference between 

 be doing an Action Plan 
hich is solely on nutrient inflow into the lake and yet we’ve got a highly nutrient-

 of 

erewhakaaitu is phosphorus-limited, and the phosphorus limitation restrains the blue-

ey 
 

to 

ting the 

et a 

t talking about shallow lakes then, liken it to a lake like 
otorua, because we’ve got highly nutrient-rich lakes that aren’t being closed because of 

l 
looms.  So compare Rerewhakaaitu to Lake Rotorua which has that same mixing effect. 

s-
ot let 

ent 
 it 

ally Brock:  And it’s just a silly question, but can you make a lake phosphate-limiting to 

in
 
Sally Brock, LWQS:  You say to get the TLI down below 3.8 because then you reduce the 
amount of blooms in the lake and yet we have lakes like R
h
Rotoiti and Rerewhakaaitu, because remember we’re going to
w
enriched lake like Rerewhakaaitu which doesn’t experience the nuisance blooms.  In 
comparison, for Rotoiti which is less nutrient rich, we’re trying to reduce the amount
nutrients going into that lake to reduce the algal blooms.  So I can’t understand the 
relationship. 
 
Noel Burns:  Rotoiti is actually stratified and Rerewhakaaitu usually isn’t.  I think that 
makes quite a bit of difference.  The other thing is that Rotoiti is nitrogen-limited and 
R
greens.  The fact that its shallow and, I think, that the wind can actually mix 
Rerewhakaaitu all the way to the bottom nearly all the time, gives the diatoms an 
ecological advantage over the blue-greens, because the blue-greens like the stability. Th
like to sit at the surface and go down to the thermocline where you've got nutrient leaking
up from the hypolimnion into the thermocline and they absorb that and then they go back 
up into the light.  Whereas the diatoms in a stratified condition just sink down and get in
the thermocline and they get trapped there and never come back up because they’re not 
vertically mobile,  and so the blue-greens out-compete them in a stratified situation.  In a 
thermal situation I think the diatoms are more efficient at using light.  You’re get
circulation from the wind, the water in the surface is often going down, we get these 
spirals of circulation as you move down wind and that means the diatoms come up, g
dose of light which they use very efficiently and then go back down into the dock.  They 
are more efficient at using that occasional exposure to light than the blue-greens are and 
so they out-compete them that way. 
 
Sally Brock:  So if we’re jus
R
algal blooms and we have less nutrient-rich lakes that are being closed to nuisance alga
b
 
John McIntosh: The target TLI for Rerewhakaaitu is 3.6 and the target TLI for Rotoiti is 
3.5 so they’re very similar, but the current quality of Rerewhakaaitu gives a TLI of 3.3 
and the current quality of Rotoiti gives a TLI of 4.3.  So Rerewhakaaitu is not nutrified at 
all, in fact it has a reasonable quality and the reason is because it's highly phosphoru
limiting.  The farmers have their own group there and the big issue for them is to n
more phosphorus go in to the lake.  The indications with the little stream at the mom
are that the phosphorus is increasing.  So that's an issue for them. They are dealing with
before they get any bad problems. 
 
S
stop the blue-green algae? 
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John McIntosh:  Well, I think we going to look at those possibilities, but it could be v
costly so then you’ll have to sit down and do the cost benefit analysis as well.  But for 
Rotorua we will certainly put that on the table to be discussed.   
 
Noel Burns:  The current Rotorua TLI is 4.9, a very big difference you see.  The water 
quality is definitely being reflected in the TLI.  The lakes which have a poor perception
water quality also do have the high TLI. 
 

ery 

 of 

ichard Wilson, Lake Rotoiti Ratepayers’ Association:  My question firstly is to Brian 
t 

ouncil.  In light of Susie Wood's report that says that there is a potential human health 

rian Bell:  Certainly this is something that can be analysed, so the answer is always yes. 

ohn Cronin, Chairman, EBOP:  With regard to funding, that’s an issue we’ll take back 

ary Stanton, Iwi Te Arawa:  I know the water quality in our lakes is deteriorating so 

ho 
ve been 

using 
 scientists do 

ou believe that we should be deprived of water?   

 

 destroyed.  We are 
oing to have a sewage treatment plant for Okawa Bay and Mourea and I believe the first 

 
r 

 serve all our 

 

n Hawes:  I think I probably speak for all of the people involved in lake sciences that 

R
Bell and secondly to John Cronin and perhaps a representative from Rotorua Distric
C
risk from the consumption of trout tissue on Lake Rotoiti, would Nimmo Bell do further 
analyses as to the economic aspects of this to the Rotorua economy?  Secondly, would 
Environment Bay of Plenty or Rotorua District Council fund this?   
 
B
 
J
to the new Council because we haven’t considered that.  I haven’t read the report so I 
can’t give you an answer on that at this forum. 
 
M
much that I would like to cry, but I will save my tears and move forward.  We have to be 
positive for our people around the lakes, Maori and Pakeha, friends and our children w
will benefit long-term.  We need to look at our water supplies.  The15 years we ha
waiting has been a long time.  We find where the water (source) is closer to the 
waterways along the Ohau Channel in particular and the Mourea Bridge, people are 
muddy water.  This is a health issue we have to be aware of.  I ask any of our
y
 
Another question I would like to bring forward to the public arena is policy changes.  
There was a time when because of the cost the Government subsidised our treatment 
plants.  My father Stan Newton blessed the treatment plant in Rotorua in 1991.  He knew
and all our Maori people knew the lake so well and they tried to save the lakes because 
they were our food basket and just imagine your food basket being
g
lot of turf is being turned over next Wednesday and it's going to cost us, people who own 
properties, far too much money.  Why should we carry that burden when we are trying to
save the lakes, it's a problem for everybody and we need a subsidised treatment plant fo
Okawa Bay and Mourea, then we should move beyond that particular area to
14 lakes.  I believe that's the best possible solution.  We must face the fact that it’s money 
that is the biggest problem.  Kia ora. 
 
Chair:  So the first part of the question was to some of the scientists about water quality.  
I think the answer, Mary, is no, nobody wishes to accept that, but somebody may wish to
answer on my behalf. 
 
Ia
our passion is lake environments and none of us want to see them go downhill in any 
way.  In fact the reason why we’re in this job is to come up with robust and reasonable 
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solutions to try and improve things or at least do what we can.  So I think nobody 
considers the situation which has evolved from the social setting that we’re working i
now to be what we really want.   
 
Chair:  In terms of the second part of your questio

n 

n Mary requesting policy changes, who 
ould you direct that question to please.  Is it an RDC question or an EBOP question.  If 

uality 

 
 through the Ohau Channel is Lake 

otorua water so the objective is to improve that water flowing through there.  I don’t 
 up on 

 but things are moving at a reasonable pace now, I would think. 

om 
lopment I think one 

ature of the hydrology of this area would have been the very considerable constancy of 
and 

ig 
rphosphate and there were some 

ndoubtedly huge but poorly documented pulses of phosphorus getting into some of the 

akes 

p in 

a new look at storm flows and concentrations of nutrients coming in on storm 
ows and I think that work is actually work in progress through Kit Rutherford and others 

, we have witnessed from 

w
you could be specific then we can get an answer for you. 
 
Mary Stanton:  I will direct it to John McIntosh.  Thank you. 
 
John McIntosh:  The policy is in our regional water and land plan that deals with q
of the rivers, the lakes, the Ohau Channel and we have set standards for those water 
bodies.  The standard that we’ve set for Rotorua is a better quality than it is now and that's
really what the work is going for.  The water flowing
R
think we need a policy change.  I suppose that's what people have been gingering us
is to get along with it,
 
Rowland Burdon, Royal Society of New Zealand:  The question I would like to revisit is 
that of the relative importance of fluctuations in inputs of these nutrients as distinct fr
absolute inputs over a period of time.  In the past before land deve
fe
inflow seasonally and perhaps from year to year, both in terms of the volume of water 
the amount of nutrients.  It would seem, although we do not have good documentation, 
that all the lake systems here handled that very well despite amounts of nutrients that are 
really pretty high by world standards.  But land development started, then there were b
changes in inputs.  Certainly there was the supe
u
lakes.  I think that's probably much less of an issue now but it's probably not totally 
disappeared.  Perhaps now the issue could be more a matter of pulses of nitrogen inflows 
in the short-term after high intensity rains following drought periods and if one has l
with high phosphorus loadings, nitrogen-limited at the time, some of those pulses might 
destabilise the situation.  So I just wonder if any of the speakers or anybody else would 
like to respond to that one. 
 
Chair:  Okay so that's about the importance of fluctuations of the important nutrients. 
 
David Hamilton:  I think you make a very valid point and it's a point that I've picked u
discussions recently and which in fact has been picked up by Environment Bay of Plenty 
also.  It’s 
fl
at the moment.  I asked some colleagues about this and their response was that any 
phosphorus that comes in whether it's with sediments or whether it's dissolved, is 
potentially available.  With the way that the lakes are with some of them going into 
anoxia, then you simply liberate that phosphorus and it becomes available again.  So I 
think it’s an absolutely valid point that any phosphorus that comes in whether it be 
particulate or dissolved is potentially available. 
 
John Green, LWQS:  Could I address this to John McIntosh please.  As a Rotoiti resident 
and an observer along with a lot of my colleagues at the lake
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time to time aerial topdressing in which the pilot has headed towards the lake while 

t 

? 

nk 
ssue.  

ich is 
perative but we will be reviewing those rules particularly for the concern with the lakes. 

e air plan and we’re just in the initial stages of that, so it will be within the 
ext year. 

o get a formula mix which is mandatory for the 
rmers when they are fertilising near the lake.  Because you can get slow release 

al 
s to 

So 
 give 

t 

hate going in just as wind drift.  The little things on the back of a quad bike are 
praying pellets out across the field and a great cloud of white dust goes across.  

 a 
ey 
 

dropping and we’ve seen superphosphate going straight into the lake, and I could give 
many many examples of that.  I even witnessed that last week while watching the pilots 
go over the farm down by Honeymoon Bay and there is no doubt in my mind that the 
fertiliser was heading to the lake.  Could we please have a policy change on fertilising 
around the lake edge and also could you please address what fertilisers the farmers are 
putting on, to try and get a formula or mix which obviously is beneficial for farming, bu
also beneficial for nutrient release into the lake.  Thank you. 
 
John McIntosh:  I wonder if Ruth would like to answer on the policy on fertiliser
 
Ruth Feist, Environment Bay of Plenty:  I’m an environmental planner so, I guess, tha
you John for passing that question on to me.  We are aware of the aerial topdressing i
At the moment aerial topdressing is controlled by rules in our regional air plan, wh
o
 
John Green:  When will you be reviewing them? 
 
Ruth Feist:  To be honest I'm not too sure of the exact date for those but we have got a 
review of th
n
 
John Green:  Could I also ask that when you’re doing that review, could you please work 
with Federated Farmers or whoever t
fa
fertilisers, there are so many different types of fertilisers and mixes.  Farmers are still 
putting cobalt in their mixes. It seems to me that we should get a scientific focus to 
actually agree what is the best formula for applying in and around the lakes. 
 
Ruth Feist:  Certainly I think the application of fertiliser, the timing, the volumes are 
something that is involved with defining what best management practices are for rur
land uses and addressing the effects of fertiliser use in also about reducing the cost
farmers, so they are not putting on so much fertiliser that it's just leaching through.  
yes, it would be something that we develop through best management practices and
that information to the farmers and landowners in the catchments. 
 
Max Gibbs, NIWA:  Can I pass a further comment on the issue of topdressing.  It's not jus
near lakes, it's also alongside streams.  Farming practice and common sense dictate that 
you shouldn’t actually have the downstream side of your wind drift of fertiliser and so 
forth going across a waterway.  I've studied lakes and watched the effect of 
superphosp
s
Phosphorus levels in one lake went up from around about 5 ppb up to over 350 ppb in
single pass.  Those are the sort of problems that you've got.  They can get into rivers, th
can get into the streams and many of us think that topdressing is a great way because it
covers a large area.  Unfortunately it's very unspecific and it will get into streams as well, 
so perhaps a bit of common sense in the way fertiliser is applied is also in order. 
 
John McIntosh:  Within the Rotorua/Rotoiti action plan process, Environment Bay of 
Plenty intend to form a land use technical advisory group, much in the way we had the 
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lake technical advisory group and we will also get them talking, so that would be 
something that could go on the table.  And already, as you might be aware, there are 
ompanies promoting alternative fertilisers and they feel they’re not getting a good 

d 

g 

omments on board. 

ally Brock:  I'm going to be a bit of a mischief-maker and go back to this P versus N 

f 

 

ity 

e 

use Lake Rotorua has got higher phosphorus 
ontent than Lake Rotoiti, I think you do still want to take the safety precaution of 

an 

e 

, 
hen it comes to the reality. 

c
hearing with them.  So we can get a technical advisory group to look at all those 
alternatives, evaluate them and make that public. 
 
Nick Miller:  Can I put in a comment here as a resident.  I think it would be a reasonable 
observation to say that in the last 2 or 3 years in particular the level of topdressing aroun
Lake Rotoiti has increased quite significantly, and whether it's people making hay while 
the sun still shines, as it were, I don’t quite know.  And following on John Green's 
comments, I live just across Te Weta Bay from him and I don’t think John was in 
residence at the time, but I recall quite vividly just a few months ago after one topdressin
run, seeing fine material drifting down across his property and straight into the bay.  So I 
certainly would agree with and endorse his remarks. 
 
Chair:  Perhaps some representatives of Federated Farmers can take some of those 
c
 
Robin Ford, Regional Councillor:  Just an answer to Mary’s concern.  We have recently 
approved a considerable amount of money that will go a long way to alleviating her 
concerns, so we hope that helps Mary and all her other residents. 
 
S
query.  I asked Noel how you make a lake phosphate-limiting and he said you cut off the 
supply of phosphate.  So I now refer that back to my good friend Brentleigh's question.  I
we cut off the supply of phosphate into a lake like Rotoiti, can we make it phosphate- 
limiting to reduce the cyanobacteria blooms?   
 
Noel Burns:  This problem is actually world-wide and it's even more intense in America 
than it is here, because so many of their lakes are in really bad condition and most of the
American lakes are phosphorus-limited.  It's this problem that we’re increasing the 
number of humans all the time, we’re increasing land use, we’re increasing the intens
of land use and we’re just continually increasing the supply of phosphorus to water.  So 
we have to go back, for example, to the Lake Rotoiti situation, where you've got Lake 
Rotorua supplying a lot of the phosphorus, so you would have to try and diminish first of 
all the supply of phosphorus to Lake Rotorua, which is not an easy situation but it's being 
tackled.  That means all this land use, conversion of pasture to forestry, improving th
way the treatment plant in the forest works, being much more careful about the storm 
water drainage from the city of Rotorua.  Each one of these things is going to cost a lot of 
money.   
 
Then when you've got that done, beca
c
diverting as much of that Lake Rotorua water down the Kaituna River, which means 
building quite a strong structure to get the water to go straight down the river rather th
all the way down to the far end of the lake.  Even when you've done that, you've then got 
the problem of what to do about all the phosphorus which you've regenerated from th
bottom which is now cycling annually through the lake system.  And it’s going to take 20 
years to diminish that recycling phosphorus.  So it's easily said, cut down on phosphorus
but it's difficult and expensive w
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Chris Hendy, University of Waikato:  If I could just add a little bit to the last answer a
address the problem of phosphorus in the bottom of the lakes, say Rotoiti in p

nd 
articular.  

he problem is that we may actually be getting worse rather than getting better.  Even if 
 

nt 

 
 which 

 at 

 modelling work 
at David Hamilton’s doing at NIWA will provide answers on what the effect of that 

to 

n or 

 
mes.  Let’s equate pollen with cyanobacteria because it 

oes exactly the same thing, gives us the same impression.  Cyanobacteria float to the 

 

hen 

’t 
yet.  I've got some preliminary numbers which indicate it is within the 

range of measurement error rather than as a significant amount.  It's very much like the 
cyanobacteria in some ways because it does accumulate by floating and by moving 
sideways. 
 
Bob Martin:  I hadn’t actually finished my question.  The other one is the fact that as 
farmers, we are quite aware that when we put phosphate on we get growth of what I’ll 
call the good weeds, grass, etc. and when we stop fertilising we get the rogue weeds.  
Now Brentleigh asked the question which basically was that if we got rid of the phosphate 
in our lakes, would we have the rogue algae starting to perform.  Is that what you’re 
trying to tell me?  I can give you a situation where I have got one property that has not 
had fertiliser for 20 years and I've got another property that we’ve fertilised to the stage of 
about 300 kgs per hectare.  What I am seeing now is that the property with the 20 year 

T
you were to turn off completely the phosphorus supply into Rotoiti, as the eutrophication
has raised the level to which the bottom waters have become anoxic, both the area exte
and the fraction of the year that it is anoxic were actually increasing the feedback from 
the bottom of those lakes.  To get that out would in my opinion take  a lot more than 20
years.  I haven’t done the calculation, but it's only a very short period of the year in
you effectively flush that water and you've got a large volume with only a small 
throughput.  So if you really want to get that phosphorus out you may have to look
alternative ways of doing it, such as either removal from the lake by precipitation or 
removal of the sediment from the bottom or capping of the sediment.  Those options 
probably will have to occur if you want a solution in less than perhaps a century. 
 
John McIntosh:  I don’t think we necessarily have to wait a century.  The
th
diversion will be and then they’ll be able to tell us what the likely time frame is for 
improvements in the lake and then we’ll be able to assess whether more actions need 
be taken.   
 
Bob Martin, RDC Councillor:  My question is pretty straightforward and goes to the 
scientists.  Radiata tree pollen, what elements does it contain?  Does it contain nitroge
phosphates?  What elements please. 
 
Warwick Silvester:  N to P ratios again.  It contains both nitrogen and phosphorus and this
question has been raised many ti
d
surface and then get blown in to the beach and we have this enormous concentration.  
Pollen does exactly the same, it hits a puddle, runs to the edge and we see this yellow
scum and we think there's an enormous amount of pollen out there.  There is not an 
enormous amount, but it appears to be an enormous amount.  In terms of the total 
nitrogen cycling of an ecosystem, the amount of nutrients (and there's nitrogen and 
phosphorus in pollen), is in fact quite small compared with the annual turnover of 
nitrogen and phosphorus.  The impression that we get is of a very large problem and w
we see it floating on the lake, and accumulating at the edge of the lake.  I'm actually 
trying to get some numbers to really quantify this.  I've been asked to do that.  I haven
got those numbers 
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lapse of fertiliser or phosphate has actu
eeds.  Would that same situation appl

ally reverted back into some real rogue-type 
y within the lake? 

en 

 
ering pines, one of the things that we would 

 

e 
trogen.  There is no size of a number for phosphorus yet emerged.  

 a 

sury.  So my question 

 it 

 
inning that model of course is the best possible data and it's a combination of 

w
 
Rowland Burdon:  I’d like to return to the previous question following on from Professor 
Silvester's response concerning the pollen nutrient inputs from pollen, particularly of 
Pinus radiata.  This issue of the inputs resulting from pollen dispersal is something that 
has been the subject of more than one grant application for research and it just hasn’t be
funded.  I certainly agree that it is something that needs to be addressed.  If Warwick is 
happy to address it as a gentleman of leisure these days, then good on him.  I would add
also that if we get on to genetically-engine
certainly want to do would be to stop them producing pollen.  There would be various 
reasons that would be in the interests of containment of genetically-engineered material 
which is a very sensitive issue with the public.  And the other things is that we would be 
producing trees that would focus more than ever on making wood, not love. 
 
Chair:  Thank you, a valid point.  We still require an answer to the second question. 
 
David Hamilton:  I guess I’ll give a quick answer, that in low-nutrient environments we 
see fairly bio-diverse environments, we see a mixture of phytoplankton species and zoo
plankton species in general.  By comparison, in highly eutrophic systems which have high 
nutrients, one or two species dominate and I guess that's what this forum is about, because 
typically those species are cyanobacteria. 
 
Ian McLean, LWQS:  Can I say I've got great sympathy for Tim Bennetts, because Tim's 
the guy who is going to be persuading Treasury to write a cheque out.  He is persuading 
his Minister and he’s going to get a lot of help from Steve Chadwick and we’ll be very 
grateful for that.  I think he's got problems.  He knows now one of the numbers, the size 
of the number in the cheque, a very tentative one from Brian Bell, about $90 million for 
the change in land use to get rid of 250 tonnes of nitrogen, more or less.  So that's the siz
of the number for ni
What Treasury is going to be asking him when he fills in the number, is how much of
bang for our buck are we getting with phosphorus and how much for nitrogen.  How 
much do we do of each?  And I've got to say with, great respect to some of the scientists 
who’ve answered today in this session and who’ve told us about the problems, that that 
approach won’t get one dollar out of Treasury.  To talk of the complexity of the situation, 
of the delays of all the troubles, that won’t get one dollar out of Trea
is to the scientists, who is doing the modelling work which will enable a reasonable 
specification, a reasonably confident specification of the effect of reducing nitrogen and 
phosphorus by different amounts, rather than generalities?  Who is doing that work?  Is
being funded at the moment?  Is there a dynamic model which is currently being run 
which can produce those answers, so Tim can write the numbers on his cheque and 
persuade Treasury to countersign it? 
 
David Hamilton:  Thank you Ian and that model is the one that I presented this morning. 
Underp
using all of the information that's available, pulling it together, trying to understand it and 
using it in that modelling package.  There's a phrase that the modellers use which is 
garbage in and garbage out.  We need good information, we need as much information as 
possible in order that we can refine the predictions and give quantitative answers to the 
sort of question you just raised. 
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Chair:  What level of risk or probability would you look to take the modelling work 
forward to, to be able to put it into a commercial model for funding a grant? 
 
David Hamilton:  The types of models that we use, the ecosystem models, are a bit like 
the global climate change models, there are uncertainties in them.  What a lot of those 

 

ry 

member we’re dealing with systems that have 200/250 
ifferent species interacting at any one given point in time in that lake.   

are 

 

arly 

 

use these tools, they are the best in the world that we’ve got and 
ey are the ones that are going to take us forward to guide a lot of the management 

 a 

t 

people who use those global climate change models are doing continuously is to try and 
refine the uncertainties.  At the moment, as you know, there is enough uncertainty for
people to still say that it is the solar flares that are causing climatic variability and 
potentially warming.  So that's very much the same with the type of lake ecosystem 
models that are being used.  They have inherent variabilities, but they are the best 
available tool.   They capture the physics in general very well, they capture the chemist
generally pretty well and they capture the biological variables with less certainty.  That 
just illustrates exactly where the science is, that we are still trying to quantify how 
different species interact. Re
d
 
In that regard we also don’t know how invasive species are going to impact and they 
an event that we can’t necessarily model with any certainty.  We know that invasive 
weeds came and caused problems in Lake Rotorua through the 60s and 70s and likewise
in terms of algal species we’ve got species such as Cylindrospermopsis, a new blue-green 
that's started turning up in some of the Waikato lakes.  And that's another species that, for 
example, in Lake Rotorua could potentially be a very real problem.  When Anabaena 
planktonica came in about 2 years ago, particularly into Lake Rotoiti, Vivienne Cassie 
Cooper, who many of you will probably know, and who is one of the most experienced 
phytoplankton taxonomists said she thought it was a weed, she hadn’t seen it particul
before and so we don’t know.   
 
Again it's another one of those things that we’re right at the boundaries of and some of the
certainties are good with physics, less so with chemistry and a little bit less so with 
biology.  But we have to 
th
decisions.  In that regard, what we try to do is to predict from past data as accurately as 
possible and get the model to essentially be calibrated to that past data.  We then run
series of scenarios and those scenarios might be such things as taking away the Ohau 
Channel, use of flocculants, destratification or oxygenation, a variety of different things 
that are going to be used to actually test what’s going to guide the best managemen
decision forward. 
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GENERAL DISCUSSION 
 
Campbell Johnstone, Chair:  To open this last session, it is an open forum as you've been
advised and I think that comments on the quote that Nick left you with just prior to lunch 
would sum up this session succinctly, so I will repeat it and it is from Dr Jake Peters.  “I 

el that it is a good idea for folk to listen to even the most hare-brained ideas.  These 

 

s 

 

e don’t consider that we’re a 

 what 

 
t 

 

a 
er 

ty in 

 

fe
ideas might lead to the right solution.  We may have preconceived ideas on how thing
work, but they may not be right ones.”  So with that I open the ultimate session of this 
symposium and ask for questions please. 
 
Richard Wilson:  My question is to John La Roche.  I listened with great interest to your 
presentation yesterday about your advanced on-site domestic waste water treatment 
system.  I do understand that you are a special case and I acknowledge that, but don’t you
think that sewerage schemes are going to be better for everyone than your on-site 
domestic waste water treatment system, which regardless of how good it is, will leach 
some nutrients into the lake? 
 
ohn La Roche, Rotoiti resident:  Thank you, Richard.  WJ

special system, a special case.  We offered to put in the system as a trial working with 
Environment Bay of Plenty so that tests could be taken.  The results from our trials would 
indicate that we can achieve very similar results to what would be achieved from a 
treatment plant attached to a piped sewerage system and I also don’t think that 
everywhere around the lakes is going to get a piped sewerage system.  So hopefully
we are doing will provide some sort of information and a model for people who will not 
be able to get piped sewerage.  We do realise that there's a possibility of a piped sewerage
system coming in at Gisborne Point where we are.  Just where that will leave us we’re no
too sure at the moment, but we’re certainly keen to continue with the experiment and to
provide whatever information we can to anybody who’s interested in systems similar to 

hat we’ve put in. w
 
Terry Beckett, Lake Tarawera Ratepayers’ Association:  I'm not sure who I should 
address this question to, but it's related to Lake Okataina which seems to me to be a bit of 
an enigma.  There the situation is that we have deoxygenation below the thermocline in 
lake that is apparently pristine and has never had any direct inputs of N and P or whatev
around it, other than possibly from the small habitation at one end. 
 
John McIntosh:  In Okataina, what’s happened there that's caused poor water quali
the past is the fluctuation in lake level.  The lake level has fluctuated 4 or 5 metres at 
times and the poor quality resulted as the lake filled again, because it goes down fairly 
slowly but it fills rapidly and I presume it was the nutrient that was entrained into the 
water that was around that 4 metres of shoreline going back into the water, causing the 
quality to get worse for short periods.  It does almost go to anoxia in the bottom waters, 
there's a small part that does go anoxic.  Perhaps someone would like to talk about that.  
Noel? 
 
Noel Burns:  I had a monitoring programme for 4 years on Lake Okataina as part of the 
New Zealand lake monitoring programme and we did notice that occasionally it was only
the bottom 1 or 2 metres that would run low in oxygen and it was because some of the 
algae had settled down I think and made a coating on the bottom.  So I particularly asked 
the field people to sample that bottom water and analyse it.  And while it was low in 
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oxygen, it never had the regenerated phosphorus in it, because when you have a lake th
goes anoxic you've got to actually drop the electrochemical potential down quite low to 
get the release of the phosphorus.  The anoxia was never that severe, because it was 
getting a small amount of oxygen coming in from the water above.  So at the moment I 
think it's just a natural phenomenon that’s probably been happening for most of the past.   
 
David Hamilton:  I'm actually going to contradict you a little bit Noel because the most 
recent data shows quite clearly that Okataina has become slightly more anoxic in the 
bottom waters an

at 

d that, to me, is a complete anomaly.  I really can’t explain it, I've 
rown up some ideas and obviously John just mentioned the water levels which I haven’t 

 

at 

sity, I have a great interest in native trees and I say that by 
oking at our wetlands we have natural plants which could help with nutrients.  We have 

y 
ays 

lakes 

s 

u want to look 
t sustainable water quality, I ask the question do you believe that swamp lands should be 

g 
e environmental plans that we have 

ad for a long time looked at restoring wetlands for bio-diversity reasons.  The wetland at 

e 

ere is an area that 
ould be suitable for regenerating as a wetland; we will certainly be looking for places.   

ve 

on 
e volcanic plateau.  The reason that they did this was they found that there was a 

o put trace 
lements into the fertiliser that they put on.  So from the time of 1940 and continuing 

th
really considered before, but there is a very consistent trend from 1970 through to 80s/90s
and the zone of anoxia has basically extended fairly consistently through on a decadal-
type sequence.  So there's considerably more anoxia in those bottom waters now than th
there was in the past.  If anybody's got any ideas, then it’s a case for the wacky ideas 
because it's got me baffled. 
 
Mary Stanton:  For restoring lake health, would our wetlands help to restore our lakes?   I 
am interested in bio-diver
lo
the raupo, we have the wiwi, and if you have a close look at the roots of the raupo the
are like a sponge and they take in huge amounts of nutrients.  As our grandparents alw
said, these plants were put there for a purpose, to cleanse the lakes.  I have seen the 
deteriorate, I have seen housing move in and development and population increase, and a 
lot of people who have moved into the foreshore line, in particular around Okawa Bay 
and Lake Rotoiti.  They don’t regard these natural plants as anything other than weed
and they pull them out and I think we’ve got something in there that is natural, costs 
nothing and it should be looked at.  Also, get rid of willow trees because they’re a pest, 
they’re a noxious weed and the twigs break off and move down the waterways.  They are 
actually saturating our swamp lands.  So Environment Bay of Plenty, if yo
a
taken more notice of?  . 
 
John McIntosh:  That's a good question, and for the lakes that we’ve prepared action plans 
for, it has been one of the strategies to construct wetlands to intercept the inflowin
waters to the lakes to clean them up.  But we also hav
h
the mouth of the Ohau Channel, there is work going in there, there are negotiation 
between our staff and the Iwi to clear the willows out of there, because it is a big valuabl
wetland.  So it is certainly part of our bio-diversity strategy, but it's also part of our 
strategy for cleaning up the lakes.  We’re interested if anyone thinks th
w
 
Robin Sinclair, LakesWater Quality Society:  I've got wacky question number 1.   I’ll gi
a little bit of background to it before I put the question.  In 1940 the Lands & Survey 
Department and also the development system here in Rotorua started developing land 
th
problem with cattle sickness and to overcome the cattle sickness they then had t
e
right through until today, the trace elements, in particular cobalt along with others, have 
actually been added to the total area of  the volcanic plateau.  Now my question is, and 
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most probably Ian Hawes might be able to answer this for us, that some of these trace 
elements are essential for the growth of blue-green algae and would it be that if we looked 
at the increase in the amount of cobalt and these trace elements from 1940 through until 

day, which must have gone into our water system, could they be and would they be 
of 

e 
 is not required and lots of experiments have 

een done to try and show cobalt as an essential element.  It only has one essentiality in 

 
 as 

n 

 

 of a combination of wetland 
ontaining plants such as raupo with a beach on the lake side of this.  That would 

e 
 

ler:  Can I comment further on the raupo matter.  Raupo is sometimes proposed 
r use in artificial wetlands and so on which are being used for water treatment, but it has 

e, but 

s 

r on 
now? 

 

to
something that makes the blue-green algae grow and if you could then isolate these out 
the system, would it actually restrict the growth of blue-green algae? 
 
Warwick Silvester:  Yes, it’s very true that cobalt was put on to fight bush sickness.  
Cobalt is a micro-element which is not required for any plant growth except for legumes 
which produce haemoglobin.  Cobalt is required to produce haemoglobin in animals.  Th
only plants that produce it are legumes.  It
b
plants that we know of.  The other possibility of course is molybdenum but molybdenum 
has been put on in only very small traces.  There does not seem to be any significant 
molybdenum deficiency across most of New Zealand and that is one that is required for
the nitrogen-fixing enzyme as well as for nitrate reduction.  So a good question which
far as I'm concerned has a simple answer.  I don’t think there's any relationship other tha
the fact that there was a timing relationship. 
 
Chris Hendy:  I want to add a little to Mary’s suggestion about the raupo which of course 
is often used as a plant for cleaning up waters going into wetlands.  The problem is that it
is often in competition with beach shorelines which are also rather valued.  I wonder 
whether some thought could be given to construction
c
certainly intercept ground water flowing into the lake which carries a lot of phosphorus 
with it.  I’d like to make one further wacky suggestion.  This is another alternative to th
sewerage problem and that is to consider putting holding tanks on the outlets of septic
tanks and have these holding tanks collected on a regular basis, as opposed to having 
them connected to a permanent pipe pumping system back to our treatment plant. 
 
Nick Mil
fo
one problem.  In areas like Rotorua with cold winters it's more or less deciduous and it 
tends to shut down much of its biological activity in the winter.  Also it tends to form a 
monoculture which is not looked on with favour.  There are other native aquatic plant 
species that are more effective. 
 
Martin Hawke, Bay of Plenty Farm & Pastoral Research:  Just an observation on 
Okataina and it really comes from a lot of the evidence we’ve heard about the age of the 
water that's coming through into the lakes.  This is something that is before my tim
the area run by the Education Trust was farmed.  Now I don’t know how well it was 
farmed or how many animals were on it or how much fertiliser went on it, but they say it'
a pristine catchment.  But there was an area that was farmed that we’ve all forgotten 
about.  Is that taken into account in terms of what might happen 30 or 40 years furthe
and if that's the case, something might be happening from that 
 
Anaru Rangiheuea, Chairman, Te Arawa Maori Trust Board:  I have a strong interest in 
Okataina and I am Chairman of the Okataina Scenic Board.  I manage the reserves right
around the lake in conjunction with DOC.  We have made a commitment not to establish 
any more developments around the lake that would create any effect on the quality of the 
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water.  I am very worried about the comment made by David that he doesn't have any 
answers, because I don’t want Okataina to be isolated and just left because no one has
answer.  I want answers to be found for all our lakes including Okataina.  The only p
that I have concerns about is the farming activity on the southern side of the lake whic
may have some run-off that could get into the lake.  But I am doing my best to ensure 
that lake remains pristine for all the generations to come and that's the commitmen
am making for that lake, even to the effect of reducing boating activities and I mean spe
boating activities, so that you can go and enjoy that lake on holidays at any time that you 
want to do so.   
 

 an 
art 

h 
that 

t that I 
ed 

here was a farm down there where the Education Trust was.  It was a small Maori farm 

t 
k into 

 out in 

oel Burns:  When I first gave my comment on Lake Okataina it was on the basis of 

ies 

can extract a certain amount of phosphorus 
om the shoreline which was previously not exposed to the water.  So while the lake is 

o 

t of the 
e lake and we had to go down and 

ick them up and remove them and bury them somewhere else.  So it fluctuates, we know 

 

 

d 
et I understand there have been no real water quality problems reported in that lake. 

times when there has been a considerable breadth of shoreline that at one stage was quite 

T
with probably about 25 cows and I don’t think they would have been in the activity of 
fertilising that much because some of us didn’t and some of us couldn’t afford it, but i
was an activity carried out by one of our whanau at that time before they moved bac
town.  They cleared that and also they grew crops out there, a lot of potatoes were
front of the lodge as you might know.  So that's all I want to say about Okataina.  I want it 
to remain clean and I hope that David and other scientists can find answers to that to help 
me keep it clean as well. 
 
N
1992-1996 information and David being the professor he is, spoke about the modern 
information.  I've just checked it in the EBOP data and the oxygen in Okataina has 
decreased, the chlorophyll has increased a bit and the Secchi depth has diminished a bit.  
So there is something happening, but as John mentioned the lake level in that lake var
considerably and it's gone up by 2 metres since 1995 to the present.  It means you’re 
getting water invading fresh shoreline and it 
fr
getting worse, it might just be part of a natural cycle and it does mean that there needs t
be careful monitoring and possibly some careful observation of the lake. 
 
Anaru Rangiheuea:  I remember a time when the lake went down and exposed a lo
bones that had come out from burial grounds under th
p
it comes up and I know the jetties from time to time are covered in water, but it's 
something I guess to make us work and think more. 
 
John McIntosh:  On Lake Okataina, we’re not forgetting about any lakes and you might
remember I mentioned yesterday that the method in the Water and Land Plan is that we 
have to do a risk assessment on all the other 5 lakes and prioritise when we do an action 
plan for every lake.  So there's no question about forgetting any lake. 
 
Rowland Burdon:  Concerning the hypothesis that level fluctuations may have something
to do with the situation in lake developments in Lake Okataina, what about the case of 
Lake Rotoma which certainly has fluctuated very considerably in level in recent years an
y
 
John McIntosh:  Are you going to put forward the evidence for that Rowland? 
 
Rowland Burdon:  Well, what I've seen driving past Lake Rotoma is that there have been 
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well-vegetated and it’s since been completely covered with water.  I certainly don’t have 
hard figures on the level fluctuations in Rotoma, but I think one can be very sure that they 

ave been considerable. 

th the 

nd it would 
erhaps trigger an action plan according to the method of the plan, but one will be done in 

I’ll follow up with my cousin Mary down there with the raupo (Typha 
rientalis Ed.) and paupau (tall lake rush, Schoenoplectus validus Ed.).  If you drove to 

 
lly 

 

 

ake, 
s and he said to put a request in to 

im and he would consider it, so Anaru did offer and perhaps we could follow that up 

f Rotokakahi and make recommendations when the trees come down that they 
eren’t to be replanted any closer than 200 metres from the shore.  That's what they came 

 

ill 
ation 

t all 

, to look at how close the trees, especially Pinus 
adiata and all the others, to our lakes now, so that when they come back with their 

 

om 

h
 
Chair:  I think there's no doubt about that, but John may well just provide you wi
answer to your observations and if the water quality is deteriorating in Rotoma … 
 
John McIntosh:  Rotoma, according to our TLI, is on a declining phase a
p
any case on that lake.  It does fluctuate perhaps as much or almost as much as Okataina 
and it doesn’t appear to have bad results. 
 
Tai Eru, Ngati Pikiao:  I’d just like to comment that I notice that there are no tests taken 
with Rotokakahi, the Green Lake, and Anaru over here is one of the major people in that 
area.  My grandmother once told me “when the frogs don’t croak or make a noise, the 
lake is dead.”  
o
Rotokakahi, there's an abundance of it there and frogs are singing every morning.  In my
little establishment down at Lake Tahapua which is just off Honeymoon Bay, we actua
restricted stock from going in for the last 4 years and the raupo and paupau has come back
in abundance.  But we have this dreaded things that fly around called Canada Geese and 
the swans, and they tiko everywhere, they drop their faeces, they eat so much grass and I
wonder how much of that is a problem to our lakes? 
 
John McIntosh:  With Lake Rotokakahe we did sample in the early days, perhaps in the 
1980s, with permission and then when we came in in the 90s as a Regional Council to 
sample, the owners asked that we didn’t go on the lake. So what we’ve been doing is 
sampling the outlet to the lake as a surrogate, because that's the surface water of the l
we do that.  I talked to Anaru during one of our meeting
h
Anaru? 
 
Anaru Rangiheuea:   I took the moment specifically to look at the ground cover around 
the side o
w
on to look at, not to test the water or anything else.  But before that I've gone out several
times with Dr Peter Mylchreest  for other reasons I guess, for the development of fish 
species, but I am happy to entertain the idea of people if they want to come on it.  It w
be a help to us, it will be a help to the Rotokakahi Scenic Board to have the inform
that's coming through now, especially at this time when everybody is concerned.  
Rotokakahi is one that could be under stress.  We’ve got farms around it, we’ve go
sorts of trees, but that's what I went out for, about 3 or 4 months ago, I took the boat out 
just to do that.  And it’s important, I guess
r
recommendations, they don’t plant close to the lake anymore. 
 
Brian Bell, Nimmo Bell Ltd.:  I would just like to return to the question that John Green
put earlier in the afternoon about optimum fertiliser applications.  Part of the policy of 
capping N coming out of farms will be in auditing of the amount of nitrogen coming fr
farms and that will require nutrient budgeting.  By the very fact of nutrient budgeting and 
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targeting nutrients, I am sure there will be a reduction in nutrient use.  Doug Edmeades
who is a freelance soil scientist, did some research where he monitored about 5 dairy 
farms, I think.  On every on

, 

e they were applying more than the optimum amount of 
rtiliser, so I think that will have an impact.  That capping is something that is in the 

ry 

and 
 
 

  

member rightly.  Now, there's a proposal afoot at the moment to oxygenate the 

, in 

e 

 Unless you reduce that external nutrient loading 
our effects are going to be very short-lived.  So you can reduce the internal nutrient 

hen it is found that there is a thermocline in 
e lakes, then aeration is put into operation.  So it's not a new process and there's 

l 

al 
 

ese things and I don’t think it's going to be very cost-effective to do this one. 

 

fe
policy and I understand will be reviewed in 5 years.  I still don’t think we know ve
much about the science of this at all.  Maybe what we’re seeing now is a spike of 
nutrients coming into the lakes that had happened right at the beginning when this l
was first brought into farming.  That's one view of this and it may go down in a few years,
again it may keep going up.  So the important thing I think is to be flexible in terms of the
policy so that we don’t shut off options when we don’t know what the science really is. 
 
Nick Miller:  This question is for Justin Brookes and then for anyone else who cares to 
comment.  When Justin was talking yesterday about aeration in Lake Myponga I was 
impressed at how far the effects of that spread out from the aerator, 700 metres if I 
re
hypolimnion of Lake Rotoiti which will be quite an expensive exercise, I imagine.  I’d be 
interested in comments from people as to the possible relative effectiveness of aeration
other words destratifying the lake by bubbling air through it, or oxygenating the 
hypolimnion.  Perhaps in particular the cost benefit analysis and so on. 
 
Mike van den Heuvel, Forest Research:  I can’t say that I know the relative costs of th
oxygenation, but it doesn’t matter whether you do oxygenation or whether you do 
capping or any of the other approaches. 
y
loading, but if you continue externally putting nutrients in you’re going to create the same 
situation again, so there's no easy quick fix. 
 
John La Roche:  Aeration of water supply lakes is quite common.  In Auckland all the 
water supply lakes for the regional water supply are aerated when required.  There's 
regular chemical testing on the lakes and w
th
certainly a lot of experience in the country with that. 
 
Max Gibbs, NIWA:  The situation in Rotoiti is quite interesting because instead of having 
an air gun in the bottom of the lake, we have in fact got a hot water jet.  This is the 
geothermal crater in the bottom of the lake.  The evidence is that it's producing vertica
mixing, stirring the hypolimnion and keeping it mixed.  It's associated with the bubble 
field, the bubbles go through the thermocline but they don’t break it up.  The geotherm
heat associated with that rising plume is insufficient to break down the thermocline as it
comes up.  The amount of energy involved in getting an aeration system which could 
disrupt the strength of the thermocline in Rotoiti is going to be rather colossal, and 
somebody worked out that it would take a small nuclear reactor to provide the power to 
actually drive the breakdown of that thermocline.  So there is a cost efficiency, a benefit 
to doing th
 
Mike van den Heuvel:  With oxygenation it's not required to break the thermocline, it's 
performed very successfully in Canada with oxygen injection directly into the 
hypolimnion, without breaking the stratification at all.  They managed 50% reduction in 
internal total phosphorus loading and the lake went from eutrophic to mesotrophic, but it
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was a lake with very high internal loading rates and very low external loading rates s
was qui

o it 
te successful. 

ation, we have actually costed out to oxygenate Lake 
otoiti.  We’ve had some engineering consultants looking at different means of 

ld 
e 

onnes per 
ay after a little while, that's during the stratified season.  So in very approximate terms I 

f 

aused by Lake Rotorua, so I have a question regarding the research being done about 
 

ata 
 of 

o 

 of 

m the bottom layer, because that occurs only when you get 
eoxygenation of the bottom of the lake, you get release of the nutrients.  By stopping the 

its to 

at 

u 
Channel, but it’s about 20 tonnes in very approximate figures through the Ohau Channel,  

 
John McIntosh:  Just on the oxygen
R
oxygenating it, so we do have a document.  Perhaps seeing as there is a lot of interest it 
could be released, although generally we don’t release reports until they’ve been through 
the Council, so if you do want that report we could let you have a look. 
 
David Hamilton:  I guess what we did was to calculate the amount of oxygen that wou
be required in order to provide the consultants with the feasibility of what they were abl
to do.  And the estimates were that about 45 to 50 tonnes per day would be required to 
oxygenate Lake Rotoiti, hopefully going down quite quickly to maybe 20/25 t
d
think that was about two tankers per day coming from Auckland to provide oxygen for 
Lake Rotoiti. 
 
Meriana Thompson, Rotorua resident:  As a matter of interest can I just have a show o
hands of how many people actually live around Rotorua.  I'm very impressed with the 
amount of research that's been presented over the last couple of days.  I'm also aware that 
maybe there's more being done around Lake Rotorua that we haven’t been made aware of 
and that’s my prime concern.  Because clearly a lot of the problems at Rotoiti are being 
c
Lake Rotorua.  Is any of the research factoring in what used to happen prior to the town's
water supply being drawn from the 4 or 5 natural springs around the lake?  What is the 
volume of water that used to flow from those springs into the lake in what we as Tang
Whenua believe was a flushing system that circulated the water, destratified the waters
the lakes and help to push that water into the Ohau Channel and on into the Kaituna 
River.  Is there research being done along those lines? 
 
David Hamilton:  Offhand I don’t know how much is actually taken out for water supply, 
but that's certainly quite readily testable in terms of the modelling which is simply to run 
a scenario in which we put back all the water and take out the water and compare the tw
of them. 
 
Sally Brock:  David Hamilton, with regard to oxygenation of Lake Rotoiti to prevent it 
deoxygenating in the bottom waters, has the modelling been completed on the benefits
that once, and if the diversion goes ahead?  By benefits I mean the prevention of the 
release of nutrients fro
d
phosphorus coming through the Ohau Channel with the diversion and then if you 
oxygenate the lake, is there any science that is available now to tell us what the benef
Lake Rotoiti in the short-term would be? 
 
David Hamilton:  In very approximately terms there’s about 20 tonnes of phosphorus th
is released from the bottom sediments during the period of stratification.  Some 
phosphorus release occurs naturally, it doesn’t matter whether it’s anoxic or not, but it 
would appear that a lot of that phosphorus is indeed released from anoxic regeneration.  I 
think that John might be able to comment better on what is coming through the Oha

 226



Summary and Discussions 

perhaps 25.  I guess if you oxygenated, if you had the money to oxygenate and divert, 
you’d have a very high probability of success because you’re hitting those two major 

utrient sources in one go. 

e likely 
 

e 

f course the result 
f the test on the control was totally negative as far as the toxins were concerned.   

s 
e 

ti, 

erefore if there is a significant difference 
etween that controlled area and the fish that we would expect to catch in Lake Rotoiti, 

hair:  Is Susie here?  No, well perhaps the funders can take on board that request and put 

ance Fulton:  When there is an algal bloom, do the fish migrate away from that bloom 

a 

 

n’t 

 are 

ite 

n
 
Robin Sinclair:  On Lake Rotoiti this time, I’d like to comment on Susie Wood’s 
presentation yesterday.   The outcome of this, as we saw in this morning’s paper, is an 
extremely would-be negative situation as far as Rotorua and the Rotorua lakes are 
concerned, in as much as it has portrayed a picture of poisoned fish or fish that ar
to be subject to poisoning a human being.  I note that the fish that were actually analysed
in this particular test came from a controlled area, an area which I understand and hav
seen to be very, very high in the blue-green algae.  I have also questioned Susie about a 
control as far as the tests were concerned and the control that they used were fish from the 
Ngongataha hatchery which in fact has absolutely pristine water and o
o
 
My concern is, and it may be able to be passed on to the faculty and Massey University, i
that fish should actually be taken from a broader spectrum of Lake Rotoiti and mayb
Lake Rotorua and a comparison made of the toxin contents of these, so that we would get 
a better picture of what is actually the norm for the Rotorua lakes, especially Lake Rotoi
rather than dealing with a specific test control.  Rotorua needs some good news, they 
don’t need too much of the bad news, so th
b
then I think it ought to be made public. 
 
C
it in for further funding which she may seek to achieve. 
 
V
area, so are they still going to be exposed to the concentrations of the cyanobacteria?  
Maybe Rob might be able to answer that. 
 
Rob Pitkethley, Eastern Region Fish & Game:  With regard to the experiment that was 
done in Rotoiti, what wasn’t stated yesterday was that the fish that were held in the 
enclosure were actually based upon an absolute worst case scenario.  They were confined 
behind a net in a bay where any decent living trout shouldn’t probably stay, so that was 
point that didn’t come through yesterday.  There were some fish taken from the main 
body of the lake itself that did have elevated levels of microcystins in them.  And again
what wasn’t expressed quite as well yesterday was that those guidelines are set on the 
assumption that someone would eat trout every day for the rest of their life, and I do
know too many people who actually do that.  So there were those points that we’d like to 
bring in.  In answer to Vance there, trout generally wouldn’t like a still warm area of the 
lake that has an incredibly high algal bloom, so the uptake of toxins in that sort of area
perhaps a little over-inflated compared to what might be happening in a realistic and wild 
situation. 
 
Anaru Rangiheuea:  I'm quite concerned about the press release that’s come out, it's qu
negative and I'm worried about the impact that is going to have on us.  We need to have 
some response to that because knowing our news media they’ve picked up on anything in 
the last 8 months and continue to.  It could affect the tourist industry in some manner if 
this got across to other places.  I think that someone from here needs to make a response 
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to that or even to report how we are moving forward and not backward like that has 
stated. 
 
Chair:  Is the press reporter here?! 

re 
k the 

iti.  

anical 

n use the natural force 
f the weight of the water that goes through there to help put oxygen back into the water? 

Max Gibbs:  There are one or two fundamentals about generating electricity for energy- 
producing mechanistic devices from flowing water.  One is that you have to have a head. 
The head between Rotorua and Rotoiti is not particularly large, the build-up in back 
pressure there might actually be detrimental to Mourea if that was implemented.  We 
would have to effectively raise the level of Rotorua or else drop the entire level of Rotoiti 
to achieve the head that you need.  Modelling might be quite useful on that.  The 
possibility of stripping nutrients out of the Channel was the other part of your question.  
We’ve had a number of people talk about Phoslock or the equivalent zeolite -  aluminium 
treated zeolite.  People have come to me with ideas of using gabion bags, there were iron 
pellets.  SteelServe in Auckland have a product which apparently works for removing 
phosphorus.  It's possible you could do that, it would block the channel because you 
would no longer have a navigable system going through it.  What it wouldn’t do is 
remove the nitrogen and if we come back to a question that was raised very early on by 
our member over the far side, about would it be useful to remove phosphorus now?  I 
think it would be useful to remove nutrients now.  The whole point of the exercise here is 
to restore the lakes.   
 
I'm going to throw a wacky idea at you.  Rotorua is the cause of the problem in Rotoiti.  
The water from Rotorua has for hundreds of years gone into Rotoiti, then during the 
seasonal cycle goes down the Kaituna River to the sea.  This cycle has changed because 
the nutrient loading in Rotorua has gone up, therefore the nutrient loading in Rotoiti has 
gone up, so one follows the other.  We can see that in the TLI index that Environment 
Bay of Plenty have been telling you about.  If you’re going to clean up Rotorua you have 
to get rid of something like 250 tonnes of nitrogen a year to start to improve it and you've 
got to get rid of about 30 tonnes of phosphorus out of Rotorua.  It's got to go somewhere 
and next door is Rotoiti, so it's got to go into Rotoiti under the present system.  To 

 
Steve Smith, Eastern region Fish and Game:  (tape change) … but we don’t want to sca
people from enjoying the opportunities that remain and from our point of view I thin
key thing is we need to inform the public what to expect if they want to fish Roto
Come in the spring or come in the winter, don’t come in February or March.  We were 
heartened by the Medical Officer of Health who was very clear in stating they didn’t 
believe there were any pubic health concerns through eating fish.  So until they change 
that point of view, and it’s their responsibility, we’ll certainly not be telling people to stay 
away from the Rotorua lakes and I think everyone should be doing the same. 
 
Ron Marsden, LakesWater Quality Society:  I've been hearing today about the amount of 
energy, equals cost, that's required to do anything to artificially stimulate the lakes.  I 
wonder why we don’t look at the natural forces, the energy that perhaps to take the Ohau 
Channel as the example, that is seething through there at the moment.  Why can’t we 
harness that energy to aerate or oxygenate Lake Rotoiti, to turn some form of mech
device which will introduce oxygen into the water and then distribute it.  My question is, 
is it feasible at the Ohau Channel outlet to strip the P and N and the
o
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manage Rotorua to get that clean, are we going to sacrifice Rotoiti or are we going to do a 

fected by the differential of the water 

 

re 

n.  

 

id 

package deal which looks at both lakes?   
 
Perhaps the answer is there that what we’re dealing with at the moment is developing a 
model which will look at what comes out of Rotorua, how it reacts with Rotoiti and how 
we can manage that flow to reduce the loading on both lakes.  Part of it is that there is a 
hydraulic residence time in these things.  We’ve mentioned springs and the possibility of 
the flushing rate in Lake Rotorua being affected by the extraction of water.  The 
extraction of water from the springs is a very minute amount of the actual water budget 
on the lake.  A lot of it actually goes back into the catchment and is recirculated and 
comes down back into the lake, so we don’t lose water from the system.  The flushing of 

e nutrients that get into Rotoiti from Rotorua are afth
from Rotorua flowing under the lake and pushing out Rotoiti water.   
 
So you've got a possibility there if we deflect the Ohau Channel down to the Kaituna, of 
changing the residence time of water that’s lifting Rotoiti and that has to be modelled to 
make sure that we are not creating a worse mess by taking a short-term measure for 
deflecting the nutrients out.  A far cry from the original question can we generate energy 
to oxygenate the lake, but the oxygenation has been considered, it's been modelled, the 
energy one I think perhaps that should also be included in the model.  I think people have
actually thought about it and looked at it. 
 
John Green:  I'm not an expert on this but if you haven’t got a head at the Ohau Channel, 
you've got a head at the Kaituna end. 
 
Nick Miller:  I understand plans are being dusted off on that one.  That's called the Oke
Falls Power Scheme. 
 
Mary Stanton:  I was born on the Ohau Channel and I just about slept on it, because my 
bedroom was from here to where John is.  So during my journey of life I have seen many 
things happen on the Ohau Channel.  It was a swamp land when I was a baby and then 
they decided to straighten the Ohau Channel because the belief was that by straightening 
it, it was going to increase the flow.  So everything went ahead and my Dad said very 
good, I have agreed with this plan because it will take our children out of the swamp land. 
We were suffering rheumatic fever, but we enjoyed it because you listened to the frogs 
wake you up in the morning, you had the bird life, you had native plants, everything was 
just so joyful and natural and the water was crystal clear.  It was a paradise to live i

nyway along came the big machinery and they ploughed through the Ohau Channel and A
things changed very quickly.  There were piles of what was the lining of the Ohau 
Channel as shingle on the bottom, a terrible mistake.  When they took that shingle off the 
Ohau Channel, in came the mud and after the mud came the weeds.  That became the end 
of that era of was a fishing paradise to our family and our neighbours.    The bird life
disappeared, then they went and pushed all the shingle and everything else, the mud, you 
name it, where the tennis courts at Mourea are and it became like a parkland.   
 
As my father put it, it had it's benefits and it had its disadvantages, because no longer 
were his children living in the swamps.  Quite often we had to row the boat to get down to 
the main road because of the flooding.  So it took us away from the swamp lands.  He sa
it would be our generation, the children who would experience the after effects.  Today 
we are experiencing just that.  Now when people are talking about the change, there may 
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be places, there may be times you may have to do it, but my strong opinion is hol
your shingle and the sand that made the swamp lands, that created the bottom of your 
lakes.  Once you take that away you will never get it back again.  And  after that, perhaps 
your lakes w

d on to 

ill be polluted.   

ontribution.  There has been commendation during the last two days of people who have 
 

r 

n 
ast 

 at 
interests, but is perhaps 

articularly happy when studying biological denitrification.  Professor Silvester, it’s over 

 
Chair:  Okay it's now 4.15 and I'm going to call this session to a halt.  Thank you very 
much for the questions, the observations and thank you very much to the scientists, 
professors, learned friends and also members of the community who provided a 
c
participated in this and delivered much in the way of science, but perhaps I as a member
of the community and an interested party in the lakes region wish to pass gratitude and 
ask those that are in attendance from the various universities to pass our gratitude to you
supporting colleagues, many of whom you recognised during your discussions and 
speeches by name, but for us their contribution was obviously just as great as your own i
your attendance.  So please take that back when you return to work on Monday.  The l
speaker today is Professor Warwick Silvester.  Warwick is a former head of department at 
the Department of Biological Sciences at the University of Waikato.  He currently works 
on a part-time basis.  He's familiar with some of our committee members from his days
University of Auckland.  He has a wide range of research 
p
to you to provide a personal view on this symposium.  Thank you. 
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SUMMARY BY PROFESSOR WARWICK SILVESTER 
I’m glad it was put on the programme as a personal view because that's what it's got to b
Attempting to objectively summarise what's been going on the last two days is pretty w
impossible.  I want to start off in the way I started off the last time I did this, by giving 
few little quotations that came through that in some way encapsulate many of the 
scientific approaches that have had to be made.  Things like “Histeresis is a fact of life,” 
there's some great truth in that.  “Blooms will continue.” “Patience is a necessity.” Thank 
you for that one Ian and again Ian, “Climate is a wild card, how wild it is too.”  And a 
couple of my own: “The average never occurs” and that's an interesting one for biologis
And then “Biology is chaotic and also idiosyncratic.”  So some of those things under
where we’ve been in 

e. 
ell 
a 

ts.  
line 

the last two days.   

’ll 

se 

 
 
s 
ll 

oing to solve that problem by hitting each 

n 
OP, 

d rather than 

r 

 

d them colonise the 
aquatic environment so extraordinarily well.  They have these attributes of floatation, 

 
I want to remind you what we set out to look at, our nutrient targets and cyanobacteria.  
We’ve strayed a fair way outside of that, I’ll try and keep within it if I can, but I think I
also stray.  I've made 7 major points, so I've got about 1 ½ minutes for each.  First of all, 
the history of this meeting, this is the fourth meeting, this is the fourth time I have stood 
up here and attempted to summarise.  I’ve found it a very interesting evolution over tho
3 years and I’ll allude to that as we go along.  One of the most important aspects that has 
been an undercurrent was the change from that first meeting when there was significant 
political tension between the various authorities and some of their staff.  One could feel
this palpable jockeying for position in tension that had been created by this big problem
that came in between people.  I have noticed that as we have gone through the last 3 year
and in this now our fourth symposium, that has virtually been cast aside because we’ve a
come to agree there is a problem, we’re not g
other, we’re going to solve it by getting together.  I believe there's been a very distinct 
change in attitude regarding that.  It may also be significant that it's about time for the 
elections as well and that's a good thing too.   
 
Some of this relationship-building, of course, has evolved some very important players i
it and I want to make mention of the Lakes Water Quality Society and Environment B
because they have been two of the major players in setting up this forum and continuing 
the research forward.  I want to give justice to both of those groups for the way in which, 
despite the tensions that have been and perhaps still are between them, because they’re 
looking at things from a slightly different point of view, the way in which they’ve worked 
together and co-operated to produce forums such as this and to move forwar
fight standing in the one place.  And I want particularly to mention people like Ian 
McLean and his team and Paul Dell and his team in both of those arenas.  
 
Now moving forward and discussing some of these things here, cyanobacteria, we’ve 
heard a lot about them in the meeting and I have to thank the Australians for coming ove
and telling us about cyanobacteria.    There have been some very useful insights that 
you've given us and we appreciate that.  I was particularly interested in the Lyngbya 
situation because  
a) that's added a new name to our group of cyanobacteria that we’ve heard about and  
b) the iron situation.   
The cyanobacteria, we were told, have 3½ billion years of evolution and what an amazing
group of organisms have evolved over that period of time, adapted to virtually every 
environment on this planet.  They are without doubt the most widely distributed of any 
group of organisms and their adaptation to the environment has helpe
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affinity for nutrients, production of toxins, nitrogen fixation, carbon fixation, all 
encapsulated in the cell which is only about 15 thousanths of a millimetre across.  One of 
those cells can do all of those things and there are no other cells on the planet that can do 
that, none.   
 
Cyanobacteria are so well adapted to the environment and if we think we can fight them, 
think again!  Eventually they will win, but in the meantime we’re going to win and w
learnt a lot about the possibilities of, at least in the short-term, keeping up with that battle.  
 
Water age, a fascinating paper on water age which puts us in the picture as to the battl
that we’re looking at.  The fact that the Hamurana water has a mean residence time of 145 
years and currently only 18% of the water coming out of those springs is in fact recent 
water, is a ve

e’ve 
 

e 

ry significant finding.  Also, the fact that there are 5 cubic kilometres of 
ater in the Hamurana Spring catchment waiting to come out.  I did a quick calculation 

e 
ads 

d with that when David gave me the quick calculation of how 
uch nitrogen is contained in the water underneath the Canterbury Plains.  You do that 

t is 

itrogen is going to go on, so perhaps the nitrogen/phosphorus ratio is going to take care 
keep 

f 

 And of 
ourse the conclusion we have from the bioassays, both the older ones and the more 

recent ones that David Burger mentioned, is that we’re actually sitting in the middle of a 
nitrogen/phosphorus limitation.  Sometimes it's one and sometimes it's the other and 
unlike the northern hemisphere where all this literature has come from, we’re not 
concerned with an acute phosphorus deficiency or a response to phosphorus, we’ve got 
both here in reasonable quantities roughly equating to the 10 ratio.  I like the point that 
Nick made that phosphorus is absorbed so rapidly by cells that sometimes we never see it 
and sometimes the concentration of phosphorus in water is the result of what's happened, 
not a measure of what might happen in the future.  A lot of that phosphorus has entered 
cells and we’ve heard that many cyanobacterial cells can live for 20 or 30 days on their 
stored phosphorus, which is quite a number of generations of cell growth.   
 
Now we come to what for me is the high point of this conference and I put this in a 
historical context.  We have moved in the last few years from being jigsaw modellers to 
being three-dimensional, physiological modellers and I think the papers that were 

w
while I was sitting down there.  If that water has in it the current concentration of th
pristine water, it's got 150 tonnes of nitrogen waiting for us, which in fact is 30 trucklo
of urea, and that's pristine water.  But if that water becomes enriched to the extent that the 
recent ground water is enriched, it actually has got 15,000 tonnes of nitrogen which is 
1000 truckloads of urea waiting to come out and hit us.   
 
So we’re up against a big problem.  If you start quantifying that there are enormous 
problems and I was face
m
sum, it's actually unbelievably staggering and it's all waiting to come out, albeit perhaps 
rather slowly but it's building all the time.  Of course the phosphorus that's coming ou
not going to increase with time because that seems to be part of the background, but the 
n
of itself in not too long.  Now the vexed question of bioassays and N:P ratio that we 
on coming back to.  To me the overlying conclusion that we come to all the time is first o
all, as Ian so nicely put, that N:P ratios of themselves do not have any biological meaning 
of themselves.  It is the concentration of nutrient elements which is important.   
 
So I’d just like to say that from a personal point of view I’d like to get away from always 
considering N:P ratios.  They of themselves have no biological significance.  The 
concentrations of those two elements do and that's what we should be looking at. 
c
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presented first of all by Eloise and then by David, illustrate the way in which we are no
able to get this enormous amount of information in a three-dimensional, that's time and
space, context and

w 
 

e 
, I think are leading us to an enormous and better understanding of the situation.  

u
w
another place and get 10.  Now you can get 10,000 in a day and put them together in a 
dynamic model.  It's like comparing a jigsaw with a very complex engine, there's an 
infinite difference.   
 

o we are now developing this dynamic understanding of the way in which these lakes 
 just like to emphasise yet again, and this perhaps is a prejudice of 

e knew 

st.   

e can 

e 
that 

e 
, of 

however for tactical management 
articularly perhaps of small water bodies, there is some possibility there.   

 
 

my approach to Powerpoint today.  
here are three places which we can actually start to manage this whole system and 

bout 

rt manipulating the outputs into the lakes, then we’re 
lking about a 1 to 20 year range of time over which that will have some effect.  If we 

e manipulations we’re talking from a 0 to 10 year, perhaps an immediate 
 

 put it together in realistic physiological and dynamic models.  This 
really has blown me away and I think many of you as well.  The ability to gather 
enormous quantities of data and compute that and then present it in the models that w
have seen
J st compare what we did 30 years ago when I did a little limnology where you’d go out 

ith a thermometer and drop it down, you might get 10 measurements and then move to 

S
move.  And I would
mine, that the principles that underline this have not changed and our understanding of 
those principles has hardly changed.  What we’ve been able to do is to put them together 
to express what each lake is doing, because each lake is different but the principles on 
which they operate remain the same.  I was intrigued about the DCM the Deep 
Chlorophyll Maximum, because I first heard of the Deep Chlorophyll Maximum, I think 
it was on Lake Tahoe where the first finding of this deep chlorophyll layer was.  They 
dropped probes down and they found chlorophyll down there, tiny wee organisms.  In 
those days they were called LRGT’s Little Round Green Things, because no on
what they were.  They discovered them in the 1960s and suddenly this deep chlorophyll 
layer became the centre of a lot of intere
 
Then I just want to refer to low tech/hi tech, a fascinating group of papers on how w
actually do some hands on management of nutrients.  I want to talk about John La 
Roche’s paper and his wonderful enthusiasm for that.  Unfortunately we didn’t get to th
numbers, so I asked him for the numbers and he gave them to me and sure enough, 
system of his is rapidly getting towards the planned output and reducing the nitrogen 
content very significantly.  Of course we had the other technology approach which is 
locking phosphorus up using either Phoslock or zeolite, so we have on the horizon som
technological possibilities for actually manipulating nutrients.  The economics of them
course, at the moment, doesn’t look particularly bright, 
p
 
And then finally some of the management and economic situations.  As we were looking
at some of the possibilities I just put together a little scenario which helped me understand
the sorts of ways of managing the lake and this is 
T
thinking about those and thinking about the emphases that we’ve been given, I think it's 
important for us to realise that if we start manipulating catchment use, we’re talking a
a 10 to 100 year time-frame in which that manipulation is going to have significant 
downstream effects.  If we sta
ta
look at in-lak
effect by capping or by oxygenation up to a 10-year effect.  So in considering the way in
which we might start managing the lake systems, we need to bear this in mind and think 
about what that means in terms of the whole management scenario.   
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Finally I'm going to finish because the sun is shining, the kowhai is flowering, the p
producing pollen and all things are happening out there and it's shortly time to go home.  I 
just want to finish with something perhaps a bit more light-hearted and that's to talk abou
modellin

ine is 

t 
g, because there's an interesting model I’d like someone to actually work on 

ere.  This is the model of this meeting or the model of what some people have to be 
oing regarding this.  This is a model of the way in which different agencies (and I've left 

f course) and their interactions that have to be coped with.  I've put 
d 

l for the way in which 
at works. 

l 

nt 
rogress.  Also I want to give a tribute again to LakesWater Quality Society, to Ian, Nick, 

ly 

. 

.  I should say toWarwick that Brentleigh Bond tried to use Microsoft Chart 
r some such programme to map all these things and his machine blew up, it just couldn’t 

n’t handle the complexity.  I’ll be very brief.  Again thank you to all for 
tin, we 

reciate it very much.  Thanks to everybody who has made this Symposium successful 
 all for loving the lakes and being willing to 

, thank you.  

h
d
the number off o
EBOP in the centre, sorry about that EBOP but it does seem that you’re in the big gun an
we’ve got LakesWater Quality Society here and various interactions, Royal Society, 
District Council, Central Government, Ministry of Energy, Federated Farmers, CRIs, 
University and Tourism Rotorua.   I think it would be wonderful if someone could model 
all these interactions and give us a social science interaction mode
th
 
But let me just finish off by saying that I want to give a tribute to Paul Dell, he's in 
Wellington doing a lot of this stuff today actually.  He's the one that has to handle al
these interactions and I think the way in which things are moving ahead is a tribute to the 
way in which he is handling many of these things and I believe we are making excelle
p
Elizabeth, Brentleigh and that crew for this conference, which again has been enormous
successful in really opening up some of these issues and allowing you to question them.  
Thank you very much. 
 
Chair:  Thank you very much Professor Silvester for that enlightening address and it may 
well stay on the whiteboard for some time.  I welcome Ian McLean, Chairman of the 
LakesWater Quality Society, back to the lectern, to bring the symposium to a conclusion
 
Ian McLean, Chairman, LWQS:  Thank you, Campbell, for chairing that session so 
competently
o
handle it, it could
participating.  Special thanks to our two Aussies for coming over, Simon and Jus
app
and thank you for something else, thank you
spend some of your time looking after them.  On behalf of the lakes
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PO
presenters) 
Editors’ note.  Many of these were supplied in Acrobat (pdf)
did not convert satisfactorily to Word format.  In such cases the graphics have been 
omitted. 
 
The role of fish and invertebrates in distributing trace elements 

in Lake Tarawera 
 

 
s the recycling of nutrients though the food chain and removal though death and decay. 

 

he species studied consisted of the major native fauna which were accessible, and 
resent in the greatest concentrations per biomass. The common smelt  (Retropinna 

retropinna), transferred to the lake as a source of trout food feeds on small insects and 
crustaceans, and is very motile in its habitat, roving in large schools in open water 
throughout the lake (see Fig. 1).  The common bully (Gobiomorphus cotidianus) was 
another species transferred from ocean-accessible habitats to the land-locked lake. Also a 
source of trout food, this species grazes on all manner of insects, crustaceans, fish and 
insects. The common bully is found throughout a wide range of habitats, though it is 
uncertain as to the extent of its migration (see Fig. 1).  
 
 
The freshwater mussel (Hyridella menziesi) spends its adult life slowly moving through 
the sediments as a detritus feeder, making it ideal as a gauge for an average composition 
of the elements present in the organic sediment.  
 
The mussel is also found to inhabit most of the lake. The freshwater crayfish, or koura 
(Paranephrops planifrons) is the largest benthic organism, and lives for perhaps the 
longest of all the fauna present in the lake. Koura feed on all manner of detritus, and rove 
across the whole lake basin. 
 
METHODS 
The twenty one samples collected in April 2004 were from six sites across the lake (see 
Fig. 2). They were gathered with the use of a seine net for the pelagic species (see Fig. 3), 
whilst the benthic organisms were gathered by hand. Species were separated and frozen 
for future analysis at the laboratory.  There the benthic organisms were separated into 

STER PRESENTIONS (listed in  alphabetical order of  

 format, and some graphics 

Robert Bagnall & Chris Hendy 
University of Waikato 

 
INTRODUCTION 
The fauna native to Lake Tarawera is a potential mechanism for super-concentration and 
transfer of elements, both spatially and from one medium to another.  The mobility of the 
tudied species allows for redistribution of elements to other areas of the lake bed, as wells

a
This can occur in forms where the environment is unable to re-release the elements, such
as deep sediments, or in shells and carapaces. The most significant exchange of elements 
is probably that of removal of large amounts bound up in game fish such as trout, which 
feed on the studied species. This report on elemental concentrations present in 
limnological fauna has been created as part of the greater effort to understand the fluxes 
of elements within the Tarawera basin. 
 
T
p
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flesh an
samples were digested in 
OES and colorimetry were f elements within each 
sample. 

 
D
S f particular elements, 

ith high levels of sodium, potassium, phosphorus, sulphur and calcium (see Fig. 4, Fig. 
ussels bore particularly high levels of sodium, manganese, phosphorus, 

ulphur and calcium (see Fig. 6). Their concentrations of arsenic, cadmium and iron were 

s more localized in distribution 
ere found to have very high concentrations of certain trace elements (see Fig. 4-7).  

 particular, the bully and koura carapace (shell) concentrations of arsenic, cadmium, 
at 

pecies' concentrations on site.  

ements most strongly concentrated were calcium, magnesium, phosphorus, 
 sulphur in all samples.  All elements have been super-concentrated in the 
 of the Lake Tarawera fauna, and will continue to be biomagnified to the 

p consumer.  This poses a problem if toxic elements such as arsenic are consumed via 
out or koura (the two common food sources) in quantities that would result in poisoning 

ewis M H 1976.  Freshwater Crustacea of New Zealand. (Fig. 
) 

4. New Zealand Shells. (Fig. 1) 
cDowall R M 2001. Freshwater Fishes of New Zealand. (Fig. 1) 

d shell, and all were freeze-dried using liquid nitrogen. After weighing the 
aqua regia and filtered for later analysis of elements. AES, ICP-

used to determine the concentration o

 

ISCUSSION 
melt, Bullies and Koura generally show similar concentrations o

w
5, Fig. 7).  The M
s
higher than those of other species, especially in the mussel flesh.  
 
 
A site of note is Hot Water Beach (HWB), which is characterized by geothermal activity, 
with geothermal spring waters running into and extruding below the lake surface at 
multiple points over the area. Within this area, those specie
w
 
In
iron, magnesium, manganese, phosphorus, sulphur and zinc were all much higher than 
other sites and from those other s
 
Overall, the el
potassium and
flesh and shell
to
tr
to humans. 
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Restoration, enhancement, and construction of freshwater 
wetlands 

 
Sarah Beadel, Willie Shaw, Andy Garrick 

 
www.wildlands.co.nz 

Wildland Consultants Ltd 
 

B

re multi-functional and multi-purpose ecosystems – including 

y 
 of 

ew wetlands is not a new 
henomenon, but is becoming increasingly important and is being done on larger scales. 

Wildlands have undertaken many wetland projects, on large and small scales, including 
ecological surveys, restoration planning, physical works, planting, weed and pest control 
(including predators), monitoring, and project management.  Soundly-based wetland 
restoration requires careful integrated planning, utilising a range of technical disciplines.  
Practical experience over many years has led to the development of cost-effective 
methods and implementation. 
 

 

A
 

STRACT 

Freshwater wetlands a
habitats for indigenous plants and fauna, sediment removal, nutrient capture, and many 
human uses. Wetlands have been heavily reduced and are now nationally and regionall
threatened ecosystems and habitats.  Healthy wetlands should be an integral component
sustainable land management.  Restoration and construction of n
p
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Trace element distribution in Lake Tarawera sediment 
 

Michelle Carmine & Chris Hendy 
University of Waikato 

 
1. Aim  

To characterise the distribution of trace elements present in Lake Tarawera sediment  
and the reasons behind the sediment distribution 

wera 
ea of 41.6 km2. 

he lake is considered to be a good quality oligotrophic lake. Five other lakes drain into 

 

 off the Environment Bay of Plenty boat using a 
er at water depths of:  

 

ested using Aqua-regia, filtered, then analysed using:  
CP-OES for As, Ca, Mg, Mn, Cd, Fe, P, S, Zn  

ults 

tic sediment in Lake Tarawera is considerably more uniform than in other 
Rot he initial 
phase o n cores, but at the base of the 
cor  n. 
The bu ur 
content
rew
 
5. Disc
 
The h n 
of t l
from
has litt
 

a) 
b) To underst

 
2. Introduction 
 
Lake Tarawera formed 5000 years ago from lava flows originating from Mount Tara
and Haroharo. The maximum depth of the lake is 87.5 m with a surface ar
T
Lake Tarawera, along with geothermal inputs. Recent research has shown that the lake 
water quality has been declining. The nitrogen and phosphorus levels are increasing,
which is very concerning for the future of Lake Tarawera. 
 
3. Method  
 
Four cores of sediment were collected
piston cor
80m (core 3)  
60m (core 4) 
45m (core 6) 
20m (core 5) 
 
 
The cores were then split and described with small samples taken from along each core.. 
After drying the samples were dig
1
AAS for K& Na 
 
4. Res
 
The clas

orua lakes, thanks to the overwhelming impact of the Tarawera Eruption. T
f the eruption has not been captured in the 1 m pisto

es, the high iron and magnesium content reflects a basaltic character of the eruptio
lk of the sediment consists of Rotomahana mud, with higher arsenic and sulph
. This sediment is made up of layers of alternating mud and sand, possibly being 

orked in the lake during the eruption, as well as rapid erosion following the eruption. 

ussion 

 c emical composition of the sediments is quite different to the chemical compositio
he ake. A layer of seston, which acts as a buffer layer, separates the water column 

 the sediments. The buffering effect of the seston means that the underlying sediment 
le influence on the water quality. 
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6. n
 

a)  made up entirely of material from the 
Mount Tarawera eruption in 1886  

race element distributions found indicate that the sediment is basaltic in 

c)  the core indicate these 

d) ra 
 
 ... ... .. ..
Ackno

 would like to thank the following people who assisted me in this project: Professor 
arker, Steve Cameron, Professor David Hamilton, Jacob Croall, 

Co clusion 

The sediment from the cores sampled are

b) The t
nature  
High sulphur and arsenic levels at shallow depth within
sediments are derived from the Rotomahana Mud  
The sediments are not having an effect on the water quality of Lake Tarawe

wledgements 
1
Chris Hendy, Annie B
Sarah Milicich: Environment Bay of Plenty, and the 304 Class 
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elements in Lake Tarawera 

 
I

The analyses of the water column may also show any stratification events and plots of any 
inpu l s studies 
of other Rotorua lakes it has been shown that some elements have a greater tendency for 
mobility in sol le in suspension. Therefore the results of 
this investigati trends in other areas and as a basis for the 

tal lake budg
____ _

______ _

et d
 were taken along a line running from Hot Water Beach, north 

ace to the lake bed, 
allow g µm to 

mo e dent analysis. 

upled plasma optical 
em o nalyse the 
pre e
 

he de ncentrations of the elements 
ds.  This allowed for combined site averaging as a percentage of depth to be 

 
Result

gh these sites, 
 diluted in the main lake. 

 

um (Na) are conservative in behaviour and show little 
he bottom waters and the lake bed. 

Concentrations and distribution of major and minor trace 

 
Shane Carter & Chris Hendy 

University of Waikato 

ntroduction 
As part of  an element accounting project of Lake Tarawera the various inputs and outputs 
(streams, ground waters, geothermal), the lake bed (seston) and suspended matter 
including biota were analysed.  The lake water concentrations can then be used as a 
measure of concentration of these inputs.  At the interface of the lake waters and the 
seston we would expect to see results of elemental exchange equilibrium. 
 

t p umes, such as geothermal inputs from ‘Hot Water Beach’.  From previou

ution, whilst others are more mobi
on can be utilised to determine 
et. to

__ _____ _____________________________________________ 
_____ _____________________________________________ 
ho  M

Water column samples
throu h g the main lake.  At each site a tube was run from the surf

lumn.  All the samples were filtered to 0.2 in  sampling down the water co
v suspended matter for indepenre

 
AA (aS tomic absorbtion spectroscopy), ICP-OES (inductively co

issi n spectroscopy) and UV/Vis spectrophotometry methods were used to a
par d water column samples. 

T
f

pths at each of the sites varied but in many cases the co
ollowed tren

used. 

s 
There is some stripping o• f phosphate from the surface by biota and also 
indications of mineralization in the bottom waters.   
Site 1 and 2 show increases in the bottom waters from geothermal inputs.  This • 
can be seen as a plume flowing out from the southern arm throu
becoming

• Fe, Mn, P, Zn show no real increase with depth.  Mn, Fe, Zn all show some redox
effects in the bottom waters.  Phosphorus (P) shows an increase in concentration 
at the surface i.e. from the presence of biota. 

• Arsenic (As) shows an increase, peaking at 50 metres, indicative of geothermal 
inputs. 

• Both potassium (K) and sodi
concentration changes until t
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• S, Ca, Mg are also conservative in their behaviour.  There is little change in 
concentration until the bottom where there is a slight increase as part of the 
exchange equilibrium with the lake bed. 

 
Discussion 

• Na, K, Ca, Mg and S have lake water concentrations that are averages of the 
inflows.  For example, concentration of non-
geothermal streams but 1/ reams. 

teresting that the large quantities of phosphorus seen entering the lake water 
n. 

Associate Professor Chris Hendy, Mrs Annie Barker, Jacob Croall, 

• P, Mn and Fe have much lower concentrations than the inflow waters (1%,  0.1% 
and 1% respectively) and are being actively removed. 

 sod  the ium, which is 10 times
10 that of geothermal st

• It is in
have not resulted in either algal blooms or a build up in lake water concentratio

 
cknowledgements A

Special thanks to 
Sarah Milicich, Steve Cameron, Rossana Untaru, Kim Sullivan, Andrew Lang and the 
RDC Harbour Master Team. 
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The significance of ground water to nutrient/trace element influx into 

Lake Tarawera 
 

David Cornes & Chris Hendy 
University of Waikato 

 
INTRODUCTION 

The aim of this research is to determine the contribution of nutrients through groundwater 

ainage occurs through groundwater flow. 
utrophication is a natural process of lakes but it is accelerated by human activities. 

arawera 
catchment:  

Insert groundwater piezometers.  

• Collect sample(s) in flask ld. 
 
Laboratory Analysis  

• Centrifuge samples and filter through Millipore filters.  
 HCL to preserve. 

Cd were analysed  by ICP-OES. 

rmal 
eothermal groundwaters - high sodium, sulphur, phosphate, 

arsenic and manganese. 
rs – low sodium, sulphur, some high phosphate and 

 to lead to eutrophication of Lake Tarawera. Research into the cause of  these 

hy is there so much Manganese? 

 
ACKNOWLEDGEMENTS 

to the budget at Lake Tarawera. The different land uses around the lake are characteristic 
of the different trace elements entering the lake. As surrounding landscapes are composed 
of porous ignimbrite, a large proportion of dr
E
 
METHODS 

• To sample the representative groundwaters surrounding Lake T

Abstract groundwater sample. 
 

and measure pH in fie

• Add 1 mL
 
Analysis 

• Elements - Na. K, were analysed on the Auto-Analyser. 
• Elements – Fe, Mg, Ca, Mn, P, S, As, 
• Nitrogen and phosphorus are not reduced to  pure elements therefore analysed  as 

P04, NO3  and NH4. These were done by colorimetry. 
 
RESULTS 

• Ground  water samples collected around the lake indicate two types -geothe
and non-geothermal. G

• Non-geothermal groundwate
nitrate, high manganese (unusual) plus iron in reducing waters.  

Is this natural? Could be agricultural, septic tanks or even gardens…. 
 
CONCLUSION 
High levels of phosphate ~1 mg/L in residential/rural shallow groundwater are alarming 
and likely
high phosphates., and comparisons between unmodified shallow groundwater (i.e. bush 
areas around the lake) and urban influenced ground water needs to be undertaken. 
 
W
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I would like to acknowledge the following people who gave assistance and guidance 
while undertaking this research project: Assoc. Prof. Chris Hendy, Annie Barker, Steve 
Cameron, Sarah Milicich, Jake Croel, Shane Carter and the 2004 Geochemistry class. 
 
 
 
Trace element uptake of aquatic macrophytes in Lake Tarawera 

 
Alison Leslie & Chris Hendy 

University of Waikato 

e been introduced accidentally.  Lake Tarawera supports a thriving community 
n contrast to Lake Rotorua, where they have been displaced by 
This poster attempts to quantify the role played by the macrophytes of 

e ICP. 

pled were Egeria, Lagarosiphon, Ceratophyllum and 
er 

itude higher than in 

rsenic concentrations were also around four orders of magnitude higher than in lake 
ater. 

. Discussion 
ery large concentrations of manganese, arsenic and phosphorus were found compared to 
e background level indicating that they are very efficient at the removal of these 

lements from the lake water and sediments.  This is an important mechanisms in the 
ycling of nutrients within the lake as the macrophytes remove nutrients from the 

sediments and water column, only to return those nutrients to the sediments as seston 
upon death. 
 

 
. Abstract 1

Macrophytes play an important role in removing manganese, phosphorus and arsenic 
from L. Tarawera’s water column to the lake sediments. 
 
2. Introduction 
A number of trace elements (especially phosphorus, arsenic and manganese) enter the 
lake at higher concentrations than they leave.  Native macrophytes have been largely 
displaced by exotic species such as Ceratophyllum demersum and Lagarosiphon major 

hich havw
of macrophytes i

hytoplankton.  p
Lake Tarawera in removing trace elements from solution. 
 
3. Methods 

• Samples collected from various points around the lake. 
• Samples were bagged, labelled with site and date then placed in a chilly bin to 

await transport back to the lab. 
• In the lab the samples were separated by species, weighed and dried. 
• Following this they were digested using aqua regia, diluted to 100 ml and 

analysed using th
 
4. Results 

he most common species samT
Myriophyllum.  Manganese was found to be very high in most samples, with many ov
500 mg/kg.  The macrophytes are also a reservoir of phosphorus with results of 3000 – 
4000 mg/kg being common.  This is around two orders of magn

spended matter, and around four orders of magnitude higher than in lake water.  su
A
w
 
5
V
th
e
c
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O
sulphur and cadm
sample were within the norm mon in environmental 
pollution (such as urban runoff) and en from a suburban area.  Thus, it 
is considered more likely that the high values returned  are due to environmental 
contamination rather than the mishandling of the sam ple may also have 
suffered from environmental flocculation. 
 
6. Conclusion 
Macrophytes play an important role in nutrient cycling in Lake Tarawera, particularly for 
rsenic, phosphorus and manganese, rem ents from the water column and 

ch, 

. Introduction 
he overall aim of this project was to quantify the fluxes of trace elements and nutrients 
 and

water ere 
influenced by seepag
Cores were extruded from the sediment and seston, biotic samples were collected which 
included fish, invertebrates an  weed). 
A fine floc of organic matter and silt settles to the bottom of the lake as seston. While 

ity corer from the top 45cm of the bottom 

 

a 

ne sample (33) had very high levels of some trace elements with zinc, iron, phosphorus, 
ium well above most other samples.  However the other elements in this 

al range.  These elements are com
 this sample was tak

ple.  The sam

a oving these elem
returning them to the sediments upon death. 
 
7. Acknowledgments 
Many thanks to Tristan Leslie, Chris Hendy, Annie Barker, Jacob Croall, Sarah Milici
Steve Cameron and the EBOP Harbour Master Team for all their help. 
 
 
 
The exchange of elements between sediments and lake waters in 

Lake Tarawera 
 

Carmel Mangan & Chris Hendy 
University of Waikato 

 
1
T
in  out of Lake Tarawera. Water samples were collected from inflows, outflows, lake 

 and ground water and included geothermal springs and areas of the lake that w
es of geothermal water. 

d macrophytes (algae and water

oxygenated, iron and manganese act as adsorbers, binding phosphate, arsenate and other 
trace elements. When deprived of oxygen the iron and manganese may be reduced 
releasing the phosphorus etc. 
 
2. Field and laboratory methods 
Seston samples were collected using a grav
sediments in the lake bed.   Seston was extruded in centimetre segments and pore water 
samples were obtained by centrifuging 
in the laboratory. Cores T. 1 and 12 were taken at a lake depth of 85m and T.7 at 39m. 
• Pore water samples were filtered using a 0.45 µm Millipore filter and preserved using l

l HCL. m
• Analysis of pore water was for a range of trace elements and nutrients using AAS: N
and K, Colorimetry: NO3

- and NH4
+, 1CP-OES: As, Cd, S, Fe, Mn, Mg, P and Zn.  

 pH and Eh were measured from the seston in situ. •
 
3. Results 
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Concentrations of ammonia are typically 10 mg/L.   Deep water core ammonia rises to the 
sediment surface and shallow water core ammonia decreases to the sediment surface
Concentrations of nitrate are generally low. Phosphate is high and decreases at
surface.  Arsenic shows a similar pattern but at lower concentration. 
Iron and manganese are low at the sediment-lake water interface but ris

. 
 the 

e in concentration, 
eaking at 5 - 15cm below the surface. 

otassium concentrations with increasing depth. 
ow 

nese oxides, between five and twenty centimetre depth, is 
which diffuse toward the lake and is reprecipitating 

ithin the top few centimetres of the seston column (see seston poster).  Manganese is 
g, 

using back into 
e lake. 

uried, bacterial degradatio duces iron and manganese to soluble 
nd manganous states and results in arsenate, phosphate and ammonia 

bilisation.  Near the sediment-lake interface. the iron and manganese are reoxidised, 
e and arsenate are readsorbed ( e is lost by diffusion to the lake). 

ontinue to accumulate in the upper 10cm of the sediment so long as the 
ter remains oxygenated. If  the bottom waters ever become anoxic, the 

d phosphate (and other elements) will be released back into the  lake causing 
utrophication. 

nowledgements 

ould s project; Mrs Annie Barker, Steve 

p
There is a slight increase in sodium and p
Magnesium and sulphur show similar patterns with greater concentrations in the shall
water core. 
 
4. Discussion 
 
The solution of iron and manga
releasing phosphate and ammonia 
w
dominant over the iron due to an unspecified parameter.  The conservative elements (M
Na, K, and S) show peaks in concentrations between 5 & 10cm depth and exhibit a 
typical diffusion gradient to the sediment-lake water interface and are diff
th
 
5. Conclusions 
 
As the seston is b n re
ferrous, a
remo
and phosphat a littl
 
These will c
overlying wa
accumulate
serious e
 
6. Ack
 
I w  like to thank those people involved in thi
Cameron, Jacob Croall, Sarah Milicich, Rossana Untaru, Dr Chris Hendy, Andrew Lang 
(B.O.P Harbour Master)and my fellow Geochem 304 students. 
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Geothermal Sources of Ammonia in Lakes Rotorua and Rotoiti; 
A Stable Isotope Study 

Amanda McCabe 

Private Bag 3105 
Hamilton 

 

 dilution range 
om -2‰ to +4‰ which is within the isotopic ranges of the source waters.  The large 

ake Tarawera is oligotrophic but has experienced blue-green algal blooms.  This paper 
valuates the significance of geothermal discharges to the quality of the lake water and 
specially the nutrient budget of the lake. 

 
2. The setting 
The geology of the surroundin and physical processes of 
Lake Tarawera which lies within the south-western section of the Haroharo Caldera. The 

blocked the outflow of the Tarawera River, resulting in a lake 

 

Warwick Silvester 
Chris Hendy 

 
The University of Waikato 

 
The Tikitere geothermal field releases high quantities of ammonium-derived nitrogen 
each year which drains through various stream channels into both Lakes Rotorua and
Rotoiti.  Research done at Hells Gate and the surrounding geothermal area shows that 
geothermal source waters contain as much as 200mgL-1 of ammonia N, with normal 
geothermal source ammonia being in the range of 50mgL-1.  In-stream dilution further 
reduces this concentration to 2mgL-1. 
 
The N isotope enrichment in source waters ranges from -9.5‰ to +7‰ with no consistent 
pattern in isotopic signatures.  The isotopic signals associated with stream
fr
isotopic range of the source waters makes it difficult to assign an isotopic value to 
ammonia derived from this geothermal field and thus determine the extent of ammonia 
exports from the geothermal field into Lakes Rotorua and Rotoiti. 
 
 
 

The Significance of Geothermal Activity to Nutrient/Trace 
Element Influx into Lake Tarawera 

 
Olivia Motion & Chris Hendy 

University of Waikato 
 
1. Introduction 
L
e
e

g area influences the chemical 

Tarawera eruption in 1886 
level rise of approximately 12 m, as well as modifying the southern shore. 
 
Numerous geothermal springs enter the lake on the southern shore between Rapatu Bay 
and Wairua Stream, and are associated with the Paeroa fault. 
 
 
3. Methods 
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19 samples were collected from various springs and seepage areas located at Te Ra
and from Wairua Stream in April 2004.  Samples were analysed for pH and Ca, Mg, As, 
P, Fe, Mn, S and Zn by Inductively Coupled Plasma-Optical Emission Spectrometry 
(ICP-OES). Na and K were analysed by Atomic Emission Spectrometry (AES), 
ammoniun and phosphate by Colorimetry and nitrate by autoanalyser. 

ta Bay 

e 

anganese, about 17 tonnes/year 

 elements, the geothermal springs contribute about 5200 tonnes of 
sulphur per year.  Although not measured, the geothermal 

also probably the most significant source of silica to the lake. 

alculated annual flux of ies into Lake Tarawera from all geothermal 
ources based on an assum .sec  discharge. 
PECIES TONNES PER YEAR 

 
4. The Geothermal Contribution 
Geothermal springs emerge at the southern end of Lake Tarawera.  Sodium analyses 
indicate that geothermal water contributes 5 – 10% of the flow (~0.5m3.sec-1), thus th
trace element loadings are:- 
Phosphorus, about 20 tonnes/year 
Nitrogen, about 7 tonnes/year 
Arsenic, about 12 tonnes/year 
M
 
In addition to trace
sodium and 1100 tonnes of 
springs are 
 
C Chemical Spec

-1s ed 0.5m3

S
Ammonium (N) 6 
Arsenic 12 
Iron 3 
Magnesium 165 
Manganese 17 
Nitrate (N) 1 
Phosphorus 19 
Potassium 450 
Sodium 5,200 
Sulphur 1,100 
Zinc 0 
 
5. Significance of Geothermal Discharge 

 high pH and high sodium indicating core geothermal water.  
 Lake Tarawera, they must contribute 5% - 10% of the water 

sulphur, arsenic, ammonia and 
hosphate, influenced by the underlying geology.   The phosphate concentration would 

trophication of L. Tarawera, but is now overshadowed by shallow 
r sources, which are accelerating the decline in water quality. 

to thank the following people for their assistance with this project: 
Ass i vid 
Ham class. 

The Geothermal springs had
To account for the sodium in
in the lake.  They contain significant concentrations of 
p
have led to eventual eu
ground wate
 
Acknowledgements 
I would like 

oc ate Professor Chris Hendy, Annie Barker, Dr Gabi Palmer, Professor Da
ilton, Sarah Milicich, Jake Croall, Steve Cameron and the 2004 Geochemistry 
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Lake Okaro Alum Trial 

Centre for Biodiversity and Ecology Research, University of Waikato, Private Bag 3105, 
 Zealand. 

wjp4@waikato.ac.nz 
 

 

e O reen algal blooms and is considered to have the poorest 

g/m3 (0.45g/m3 

luminium) based on the epilimnion volume of the lake. The principal aim of this trial 
roxide, 

 blue-green algae such as Anabaena sp. are capable of fixing 
tmospheric nitrogen, reducing phosphorus concentrations to the point where phosphorus 

03 to 13 January, 
2004) and dissolved reactive phosphorus concentrations were high in the presence of an 

 

 bloom dominated by Anaebaena spiroides was present at the time of the application, 
n 

om an increase in ammonium 
oncentrations rather than a reduction in phosphorus per se. There was no immediate 

minium sulphate application on the density or biomass of Anabaena 

tering Lake Tarawera 
 

. Introduction 
 group effort with Chemistry-304 students at the University of 

Tarawera.  
snap-

. Background Information 

 
Wendy J. Paul, David P. Hamilton 

 

Hamilton, New

d.hamilton@waikato.ac.nz

 
Lak karo has recurrent blue-g
water quality amongst the lakes of the Rotorua region. It is classified as hyper-trophic. 
With declines in water quality of several Rotorua lakes, Environment Bay of Plenty 
(EBOP) trialled flocculation with aluminium sulphate at a dose rate of 5
a
was to reduce phosphorus in the epilimnion through adsorption by aluminium hyd
produced by a series of reactions following aluminium sulphate application. As 
heterocyst-bearing
a
limits growth has the potential to reduce problematic Anabaena blooms.  
 
The lake was stratified throughout the sampling period (2 December, 20

anoxic  hypolimnion. Surface pH exceeded 8 throughout the sampling period, including
the time of alum application.  
 
A
and dosage of the aluminium sulphate was low compared with applications elsewhere i
the world. From 12 to 22 December, 2003, the TN:TP mass ratio in the epilimnion 
increased from 12:1 to 34:1, but this resulted mostly fr
c
impact of the alu
spiroides; Staurastrum sp. was the dominant species in the presence of low phytoplankton 
biomass while Anabaena sp. dominated when biomass was higher. 
 
 
 

Analysis of Stream Inflows en

Lisa Pearson & Chris Hendy 
University of Waikato 

 
1
This study is part of a
Waikato to understand the budget of nutrients and trace elements for Lake 
This poster examines the role of the stream inflows into the lake.  It is essentially a 
shot of the lake’s condition as of the 20th to the 23rd of April 2004. 
 
 
2
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Lake Tarawera is a large deep lake located within the south-western section of the 
Ha  
Tar
Mount Tarawera eruption the Tarawera River.  
Geothermal springs enter the lake on the southern and northern shores. 

directly the catchment includes five other lakes within the Lake Tarawera 'system'. 
hi (Green Lake) drains into Lake Tarawera via the Te Wairoa Stream. 

0% of the lake volume. 

Catchment information 

roharo Caldera, where it was formed and held back lava flows from the Haroharo and
awera volcanoes.  The lake level was raised approximately 10 metres following the 

 in  to 1886, which blocked the outflow

 
In
Lake Rotokaka
Lake Okareka does also via the Waitangi Spring. Lake Rotomahana has an artificial 
overflow to Lake Tarawera that operates only during high lake levels, There are no 
surface outlets from Lakes Tikitapu (Blue Lake) or Okataina. However, subsurface flows 
from these lakes, and from Lake Rotomahana, are believed to drain into Lake Tarawera. 
The annual drainage of Lake Tarawera is about 1
 
3. 
Catchment Usage 
Tarawera Catchment Area 14,494 ha 
Lake Area 4165 ha 
Land Cover- - Indigenous forest/scrub 60.1 % 
 - Exotic forest 15.4% 
 - Pasture 21.1 % 
 - Wetlands 0.0% 
 - Urban development 0.7% 
Sample Sites  
Sample 1. Kotukutuku Bay - Te Wairoa Stream 
Sample 2. Kotukutuku Bay - Orchard Park Waterfall 
Sample 3. Kotukutuku Bay - Pipe at Landing jetty 
Sample 4. Kotukutuku Bay - Inflow through rocks 
Sample 5. Kotukutuku Bay - Small stream

 ...... 

 
ample 6. Waitangi Bay - Waitangi Spring 

. Te Karamea Bay - Spawning Stream 1 

Sam
Sample
Sample
Sample
Sample
Sample
 
. Methods 

Fie
The wa other than 
geother er Lake Tarawera as possible. Two samples from each water source 

ere taken. 

lding the bottle underwater and flood-filling the bottles. 
• Gauge inflow, if possible, using a Pygmy meter (Velocity-Area method). 
• Store sample in an ice bucket for transport back to the lab. 

 

S
Sample 7
Sample 8. Te Karamea Bay - Stagnant Drain 

ple 9. Te Karamea Bay - Spawning Stream 2 
 10. Te Karamea Bay - Stream at bridge 
 11. Hot Water Beach 
 12. Twin Stream 1 
 13. Twin Stream 2 
 14. Te Tapahoro Bay - Tarawera River Outlet 

4
ld work 

ter samples were collected from as many streams, inflows and springs (
mal) that ent

w
• Rinse both the 250 ml bottles with stream water before taking sample. 
• Take sample by ho

 249



Poster Presentations 

Lab work 
• Measure pH and dissolved oxygen (D.O.). 
• Filtered through acid-cleaned Millipore filters to remove all suspended sedi
• Preserve sample using 1 ml HCL. For a blank use deionised water preserved with 

1 ml HCL. 
• Analyse using the following 

ment. 

methods:  
- AAS: Na and K 

, Cd, S, Ca, Fe, Mg, Mn, P and Zn 

he pH of the water leaving the lake, via the Tarawera River, is higher than the stream 
flows into the lake (Geothermal springs not included). Sample 11 taken from Hot Water 

Be
 
The streams are pred  elements. 
Geothermal influences are the hur, calcium and potassium 
entering the lake. 

 are sodium and sulphur.  The 

hich is as expected for surface waters. Sample 8 has a lower D.O. because the water was 

 
, 

ue to the anoxic reducing conditions. 

hosphorus than the groundwater but 
hig  e 

pa n

I w d
Ass i
Ham

lass. 

- ICP-OES: As
- Colorimetry: N and NH4

+

 
5. Results and discussion 
T
in

ach has the highest pH due to the geothermal influences in the area. 

ominantly rainwater fed therefore low in all major
 major sources for sodium, sulp

 
The dominant elements flowing through the lake system
gauged streams provided only a small fraction of the total flux of water and trace 
elements through the lake. Significant sources remain unaccounted for. 

 
The dissolved oxygen (D.O.) level of the water entering the lake is between 80 - 90 % 
w
stagnant in a drain. 
 
In the minor elements an increase in iron and manganese are noticed in water passing 
through a wetland before entering the lake. A higher level of phosphate is observed 
entering in Sample 2 without a geothermal influence. 
 
. Conclusion 6

Geothermal Springs account for approximately 9% of water entering Lake Tarawera. As
shown by samples 11, 12 and 13 they have a major influence on the amount of sodium
sulphur and calcium entering the lake. They are also a significant source of phosphorus. 
 

he wetlands that samples 8 and 9 flow through have a higher amount of iron and T
manganese d
 
In egen ral the stream waters tend to be lower in p

her than the lake. Phosphorus is being removed from the lake by plant uptake from th
ria  zone and the water column. ri

 
Acknowledgements 

oul  like to thank the following people who assisted with this project:  
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 The Sign

 Chris Hendy 

 
 
ntroduction 

Lake Taraw
blue-green alg
Plenty annual 
respect to nitro e role of seston as a source 
nd sink for nutrients and other trace elements. 

 
Seston 
Seston is organ i-solid layer 

eneath the overlying water. It is composed of dying algae, animal excreta and silt that 
ough the water column. Bacterial and fungal activity metabolises 

g 

ined from three sites on the lake.  A seston corer was 
ropped and used to extract seston samples.  Back on shore the cores were extruded into 

arked and returned to the laboratory.  The pore waters were 

y 
 

ometry. 

Re
Analyses of the seston show two pronounced trends: 

1. Phosphoru  This is 

consumption of oxygen by bacteria etc. producing reducing conditions below 10 
cm depth. Iron and manganese are reduced from insoluble oxide phases to mobile 

 
e 

N
ne
 
 

ificance of Seston as a Sink for Nutrients and Trace 
Elements in Lake Tarawera 

Louise Stewart &
University of Waikato 

I
era is an oligotrophic lake that is unique in the Rotorua lakes for experiencing 

al blooms which have been noted since the 1950s.   Environment Bay of 
data (Gibbons-Davies 2003) suggests that Lake Tarawera is balanced with 
gen and phosphorus.  This project examines th

a

ic debris lying on the sediment at the lake floor as a sem
b
have descended thr
seston organic matter, consuming oxygen, releasing phosphorus and nitrogen and creatin
a reducing zone. 
 
Methods 
Seston core samples were obta
d
measured intervals, bagged, m
separated from the seston by centrifugation.  The seston was dried, ground, weighed and 
digested with aqua regia and subsequently analysed for As, Mg, Mn, Fe, S, Zn and P b
ICP-OES (Inductively Coupled Plasma - Optical Emission Spectroscopy) and K and Na
by AES (Atomic Emission Spectr
 

sults 

s and arsenic peak in the upper 5cm of all seston cores.
accompanied by peaks of iron and manganese at the same levels and results from 

Fe2+ and Mn2+. This in turn releases the adsorbed phosphate and arsenate.  As the 
pore waters migrate upwards they encounter the oxygenated lake waters causing 
iron and manganese to reprecipitate and readsorb phosphate and arsenate. 

2. Deeper in the cores is a transition to Rotomahana mud from the last phase of th
Tarawera eruption.  This can be seen in the increasing concentration of 
magnesium. 

 
.B. There was an increased abundance of  sulphur in the seston from the core site 
arest Hot Water beach. 
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Conclusion 
Iron and manganese oxidation in the upper 20 cm nt column is 
remob
situation will remain as long as the bott o not become anoxic.  With a total of 
approximately 400 tonnes of  phosphorus, such a release would cause a dramatic decrease 
in water quality and tr
 
Acknowledgements 

ith thanks to Annie Barker, Steve Cameron, Jake Croall, Sarah Milicich, Rossana 

hris Hendy 

ted 

ingly beautiful. However, over the past decades they have been 

 50 m.  Its surface area is 41.6 km2 
2

 

 lab 

y 

 of Lake Tarawera’s sedime
ilising phosphorus and arsenic but retaining both within the sediment.  This 

om waters d

ophic status.  

W
Untaru, Professor David Hamilton, Dr Gabi Palmer, colleagues in the Chem 304 class and 
the boatmasters from Environment Bay of Plenty. 
 
 
 

The Significance of Suspended Solids to the Nutrient & Trace 
Element Budgets in Lake Tarawera 

 
Kim Sullivan & C

University of Waikato 
 
INTRODUCTION 
This project assesses the significance of suspended matter as a reservoir and for the 
transport of trace elements into Lake Tarawera and was carried out as part of a group 
investigation (CHEM 304).  Samples of lake, stream and geothermal water were collec
in April 2004. 
  
BACKGROUND INFORMATION 
Rotorua's Lakes are stunn
under increasing pressure from human activities. The problem is too many nutrients 
(mainly nitrogen and phosphorus). which encourage algal growth and lead to 
deterioration of the water quality.  Decreasing dissolved oxygen suggests that Lake 
Tarawera is also deteriorating. 
 
Lake Tarawera formed 5000 years ago, following the eruption of Mount Tarawera. It has 
a maximum depth of 87.5 m and an average depth of 
and it has a catchment area of  144.9 km .  Five other lakes drain into Lake Tarawera, as 
well as geothermal inputs. The surface outflow from the lake is via the Tarawera River. 
 
METHODS 
Fieldwork 

• samples were collected into 250 m1 bottles  
• samples were then stored in an ice bucket/fridge until transported back to the

 
Labwork 

• samples were filtered and filter papers retained   
• filter papers were weighed and then digested  using aqua regia digestion methods   
• solutions were made up using diluted  distilled water and analysed for As, Ca, Cd, 

Fe, Mg, P, S and Zn by ICP-OES;  Na and K by AES; and PO4
2- by Colorimetr

 
RESULTS 
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1. The contribution of suspended matter to the trace element content of Lake 
                         

3. Excluding iron, suspended matter in the geothermal springs is also a minor 
ded 

wera 
 lake. 

NCLUSIONS 
ow that the suspended matter in the lake water,  the stream water, and the 

eothermal water is a minor source of transport of trace and major elements. This 

matter 
the lak
 

I would like to thank and acknowledge  the following people for their help and assistance 
with this project:  Associate Professor Chris Hendy, Annie Barker, Shane Carter, Lisa 

and En
 

New Tools for Monitoring Water Quality of the Rotorua Lakes 
 

ology Research, Private Bag 3105, University of Waikato, 
Hamilton, New Zealand. 

e present data collected with a Bio-Fish, a remote-controlled probe that oscillates from 
he surface down to 60 m depth as it is towed behind a boat. A 10-km lake transect can be 
measured in one hour. The probe measures variables such as temperature, conductivity, 

ation collected with the 
probe is initially examined in real time via an on-board computer.  Extensive post-

processing is used to present graphical images of the data over entire lakes basins. For 
lakes Rotorua and Rotoiti the Bio-Fish has been used to measure basin-scale changes as 

well as details of the Ohau Channel inflow to Lake Rotoiti.  The data clearly demonstrate 
the important influence of the Ohau Channel inflow on the dynamics of Lake Rotoiti.  
The Bio-Fish monitoring has recently been extended to lakes Okareka, Rotoehu and 

Rotoma.  Major horizontal variations in conductivity, dissolved oxygen and chlorophyll 
fluorescence occur in all of these lakes.

Tarawera is small compared to their abundance in the water column.          
There  appears to be a higher concentration of sodium in suspended matter 
in the lake than in the streams. 

 
2. The suspended matter in the streams is a minor source of transport for 

trace elements. 
 

source of transport for trace elements.  The concentration of suspen
major elements (sodium and potassium) in geothermal water appears to be 
higher than that of the lake and stream water. 

 
4. The phosphorus content of the suspended matter is considerably lower 

than in macrophytes.  The phosphorus content leaving via the Tara
river is considerably lower than that entering the

 
CO
The results sh
g
contrasts with results obtained from Rotorua and Rotoiti Lakes, where the suspended 

plays a large part in the transport of nutrient material. Phosphorus does not leave 
e as suspended matter. 
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Groundwater in the Lake Rotorua Catchment. 
 

 
Institute of Geological and Nuclear Sciences 

Private Bag 2000 
Taupo 

 load of nitrogen to Lake rom the catchme er 
past few decades (Ruther , due to incre

tream baseflow.  Groundwater supports flow in many streams in the catchment. Many
ng-fed and m s have a baseflow supported by 

isch ges directly to Lake R  
of surface water to land use change, often ma
ontrolled by the groundwater system because water flows in the Lake Rotorua catchment 

monly through the groundwater system. 

g 
source of 

n the catchment as most of the major springs are used for water supply.  

torua catchment and the 
imbrite, erupted from Rotorua approximately 220,000 years ago, is the 

us silts up to 40m thick that 
ke Rotorua. 

g catchments 
ed using this estimate of rainfall recharge, a detailed rainfall model and a map 

he largest catchment 
he area, at approximately 80 km .   

Rotorua catchment is divided into 13 ‘major’ groundwater subcatchments, 
 groundwater flux, 2) 

groundwater quality and 3) establishing the land catchments of the various 
ems 

l of 506 km in area, which is approximately 75 km  larger than the surface 

prings and Taniwha Springs have the largest groundwater 
flow. Groundwater flow in subcatchments where groundwater discharges directly to Lake 
Rotorua, and in sections of surface water catchments located between surface water 
recording sites and Lake Rotorua, is an estimated maximum of  3.3 m3 s-1.  This flow 
potentially contributes a significant nutrient flux to the lake yet is unmeasured by surface 
water recording sites.   

P.A. White,  S.Cameron,  G. Kilgour,  R. Reeves,  C. Daughney,  E. Mroczek 
G. Bignall 

 
The  Rotorua, f nt via streams, has increased ov
the ford 2003) asing concentrations of nitrogen in 
s  
streams are spri any stream groundwater 
flow; groundwater also d ar otorua. The time scales of response

ny decades (Morgenstern et al., 2004), is 
c
are com
 
 Therefore, an understanding of the groundwater system is important to the understandin
of nutrient discharges to Lake Rotorua. Groundwater is also an important 
drinking water i
 
Aquifers composed of ignimbrite are common in the Lake Ro
Mamaku Ign
thickest ignimbrite with over 1km of pumice and ash within the Rotorua caldera.  Huka 
Group sediments are fine volcanic ash and diatomaceo
surround La
 
A water balance study of the western Mamaku Plateau estimates 52% of rainfall is 
recharged to groundwater (Dell 1982). The areas and locations of 10 sprin
are calculat
of groundwater levels in the Lake Rotorua catchment derived from approximately 700 
regional groundwater level measurements.  Hamurana Springs has t

2of the springs in t
 
The Lake 
including spring catchments, for the purposes of: 1) estimating the
assessing 
groundwater systems. These subcatchments include springs and three geothermal syst

2 2and are a tota
catchment because the catchment of Hamurana Springs extends beyond the surface 
catchment boundary. 
 
Groundwater flux in all groundwater subcatchments is estimated as 15.8 m3 s-1 and the 
subcatchments of Hamurana S
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Nutrients from groundwater, and from the Tikitere/Taheke geothermal field and Roto
geothermal field, travel into Lake Rotorua directly or via springs and streams. Nutrients 
groundwate

rua 
in 

r include phosphorus, nitrate (the most common form of nitrogen in 
torua groundwater has a relatively high concentration of 

ncentrations in groundwater are generally less than 2 g m-3  in volcanic 
nd Wilson (1978) reported 

tions in the range 1 to 5 g m around Lake Rotorua. They concluded that 
itrate concentrations in 

ns of nitrate in shallow groundwater near the lake were 

g m .  

1982a.  The effect of afforestation on the water resources of the Mamaku 
 

arth Science, University of Waikato.  319p. 
 

 
eron, S. (2004). Groundwater Age, 

ends in Water Chemistry, and Future Nutrient Load in the Lakes Rotorua 
nstitute of Geological & Nuclear Sciences Client Report 

. 

 3). Lake Rotorua Nutrient Load Targets.  NIWA Client Report 
2003-155. 

groundwater) and ammonia. Ro
phosphorus, compared with other parts of New Zealand, as well as being relatively high 
in K, F and SiO2 (Morgenstern et al., 2004) because of the chemical composition of the 
ignimbrite and rhyolite aquifers.  
 
Nitrate co
lithologies in the Environment Bay of Plenty region. Grinsted a

-3 nitrate concentra
agricultural practices around the lake were impacting on n
groundwater because concentratio
typically higher, at around 2 g m-3, than concentrations of nitrate in groundwater 
underneath the forested Mamaku Plateau of around 0.5 -3
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GLOSSARY 

ry is intended as a guide to technical terms for those attendees who are 
in science.  Not all the technical words that you will hear can be expected to 

 Expressed as Full name 
milligram (1/1000 gram) 

1 x 10-6 g microgram (1/1000,000 gram) 
,000,000 gram) 

  

er million)  1 mg per litre (1 mg/l or 1 mg.l-1) 
3 -3) 

 refers 
spended in the water of lakes or the sea (also known as 

of algae present in the water. The concentration of chlorophyll-a is the most 

monia or NH4
+ as the ammonium ion) is the form of nitrogen that is 

plants to take up.  It may be released from the sediment of lakes during periods 
low. 

ote 
ce more than one type of toxin. 

genic 

 of a lake, pond, stream, etc. (in the broadest sense). 
13

t. 

d in lakes using a secchi disc (a disk painted in contrasting black and 
 

 
This short glossa
not involved 
be listed below, but we have done our best! 
 
UNITS   
Abbreviation
mg 1 x 10-3 g
µg 
ng 1 x 10-9 g nanogram (1/1000
 
Abbreviation  Equivalent to 
ppm (parts p

or 1 g per cubic metre (1 g/m  or 1 g.m
 
Algae  
Primitive plants, often almost invisible to the naked eye.  The term algae often also
to microscopic plants that are su
phytoplankton). Excessive quantities of these can result in algal blooms. 
Algal biomass 
The amounts 
widely used method to measure and describe algal biomass. 
Allophane 
A clay-like soil material, derived from volcanic ash, common in the central North Island.  
Very effective at retaining phosphate and other ions. 
Ammonia 
Ammonia (NH3 as am
easiest for 
when the dissolved oxygen concentrations in the bottom waters are 
Anatoxin 
Cyanobacterial toxins, originally isolated from Anabaena.  These are neurotoxins.  N
that some cyanobacteria may produ
Anthropo
Derived from  human activity. 
Benthic  
Organisms or processes associated with the benthos (see below). 
Benthos 
The bottom or bottom sediments
C-13 or C 
A non-radioactive isotope of the element carbon.  Uncommon in the natural environmen
Clarity 
Often determine
white ‘pie wedges’). This gives a measure of the vertical distance that objects can be seen
from the surface of the lake. 
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Chlorophyll-a 
Often abbreviated to Chl-a. Chlorophyll-a is the major plant pigment responsible for 

o give an indirect measure of the amount of algal biomass in 

nophyta) 
e very 

ns.  
on genera of cyanobacteria in the Rotorua lakes include Anabaena, 

menon and Microcystis. 

roalgae with silica shells, often very elaborate. 

eactive phosphorus 
 important plant nutrient. Dissolved reactive phosphorus is often 

on 
solved 

rify this in your mind, remember that a hypodermic needle goes below 

Eutrophic 
Eutrophic lakes have a high concentration of nutrients. This results in high algal biomass 
that in turn gives poor water clarity. 
Eutrophication 
Lakes develop from an oligotrophic state (high water quality) to a more eutrophic state 
(lower water quality) over geological time. Eutrophication is thought to be a natural part 
of lake development but the rate is increased by human activities which increase the input 
of nutrients, specifically phosphorus and nitrogen. 
Hepatotoxins 
Toxins that attack the liver. 
Hypolimnion 
The cool and relatively undisturbed lower layer of a stratified lake.  Often deficient in 
dissolved oxygen. 
Ignimbrite 
A rock formed by the welding together of  semi-molten particles during a pyroclastic flow 
from a volcanic eruption. 
Lanthanum 
A metallic element, uncommon in nature, which is generally regarded as one of the ‘rare 
earth’ elements, although, strictly speaking, it is not. 
Limnology 
Limnology is the study of surface freshwaters, their chemistry, interaction with land and 
air, and of the freshwater communities which they support. 
Littoral 
The interface zone between land and water (also used as an adjective). 
Lysimeter 
A device used for studying water and/or nutrients in soils. 
Macrophyte 
Macroscopic (i.e. larger than microscopic) plants. Aquatic macrophytes are water plants. 
 
 

photosynthesis. It is used t
the water. 
Cyanobacteria (cya
‘Blue-green algae’.  Generally not regarded as algae (see above) these days, but ar
primitive, usually microscopic, organisms that may sometimes produce powerful toxi
Comm
Aphanizo
Diatoms 
Unicellular mic
Dinoflagellates 
Unicellular microalgae with two flagella for locomotion. 
Dissolved r
Phosphorus is an
measured in water as it stimulates the growth of algae. 
Epilimni
The upper, warmer, and circulating layer of a stratified lake.  Generally high in dis
oxygen.  To cla
your epidermis. 
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Mesotrophic 
ic and 

icroalgae 
 not le w aid of a microscop
cys
bac xins,  Micro hepatotoxins. 
ox

s tha  the c
te 
e (N s a form

ajor plant nutrient, occurring in various chemical viated as 

n
 Nodularia.  These are hepatotoxins. 

op
otrop have utrie algal 

s a ater
yto

e or a  org  to su
phor
jor plant nutrient, occurring in various chemical bbreviated as 

toplan
a s or pla  living freel

ktivo
g o kton. 
on

p ally) o  freely suspen

ction tion po a measure of the electron activity in water etc., much 
d ygen a
 

 calderas. 
in

l toxi ally e ‘red tide ore recently 
r  Cyano al genus Anabaena.  They cause paralytic shellfish 

ning euro
 

nic d ing on ake floor beneath the 
ing

ca
 u  applies n, in w rface waters 
 th ation of three layers of water, warm, sharply cooling, and cold (as seen 

from the surface down). 
moc

The layer (usually narrow) of water between the epilimnion and the hypolimnion  is 
n as imn re ch ort distance in 

The water quality of mesotrophic lakes is intermediate between oligotroph
utrophic lakes. e

M
Algae  identifiab ithout the e. 
Micro tin 
Cyano terial to originally isolated from cystis.  These are 
Neurot ins 
Toxin t attack entral nervous system. 
Nitra
Nitrat 03

-) i  of nitrogen readily available for plant growth. 
Nitrogen 
A m  compounds.  Often abbre
“N”. 
Nodulari  
Cyanobacterial toxins, originally isolated from

otrOlig hic 
Olig hic lakes 

 w
 a low concentration of n nts. This results in low 

biomas
h

nd high  clarity. 
Perip n 
Alga lgae-like anisms growing attached bmerged surfaces. 
Phos us 
A ma  compounds.  Often a
“P”. 
Phy kton 
Very sm ll plant nt-like organisms y suspended in water. 
Plan rous 
Feedin n plan
Plankt  
Microsco
Redox po

ic (usu rganisms living ded in water. 
tential 

Redu -oxida
x

tential, 
influence

te
 by o vailability. 

Rhyoli
Volcanic magma that is high in silica and prone to explosive eruptions that form
Saxitox  
Alga ns, origin  isolated from marin ’ organisms, but m
isolated f om the bacteri
poiso  and are n toxins. 
Seston
Orga ebris ly  the sediment at the l  as a semi-solid layer 
overly  water. 
Stratifi

kes
tion 

In la sually  to thermal stratificatio hich warming of the su
leads to e form

Ther line 

know the metal ion, where the temperatu anges rapidly over a sh
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a stratified This s t is c   Also known 
c ity layer. 

l Kje itroge
r a

Total phosphorus 
hosphorus includ ms, phosphorus adsorbed to particles and 

horu  cell  can be us tate of 
s. 

s  
nous unds o
hic s
hic st ribes ductivity of lakes. It m  using single 

measures r quali y  combination of 

o
 d  body . 
 

A g  o osilic hich act as nat s. 
lank

all animal (non-plant) organisms living freel

 lake.  harp temperature gradien alled the Thermocline.
as the dis ontinu
Tota ldahl n n 
A measu e of ammoni  + organic nitrogen. 

Total p es dissolved for
phosp s in algal s. Total phosphorus ed to define the trophic s
lake
Toxin
Poiso  compo r elements. 
Trop tate 
Trop ate desc the pro ay be determined

of wate ty (e.g. algal biomass, clarit  and nutrients) or a
measures. 
Water c lumn 
The full epth of a  of water, from surface to bottom
Zeolites

roup f alumin ate minerals w ural ion-exchange material
Zoop ton 
Very sm y suspended in water. 
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LIST OF REGISTRANTS, AS AT 12 SEPTEMBER 2004 
 
First 
Name 

Surname Institution Email 

Simon Albert University of Queensland s.albert@uq.edu.au 
Geoff Angell Aqua-Ag Ltd aqua-ag@xtra.co.nz 
Dianne Atkinson LWQS donald.atkinson@xtra.co.nz 
Sarah Beadel Wildland Consultants Ltd sarah@wildlands.co.nz 
Terry Beckett Lake Tarawera Ratepayers Assn. becketts@clear.net.nz 
Brian Bell Nimmo Bell & Co 
Brentleigh Bond LWQS grahamb@clear.net.nz 
Lyn Briggs AgResearch lyn.briggs@agresearch.co.nz 
Sally Brock Lake Rotoiti Ratepayers & Residents Assn. 
Dr. Justin Brookes C.R.C. for Water Quality & 

Treatment 
Justin.Brookes@sawater.com.au 

Verene Buchanan LWQS  
Phil Campbell Rotorua Review rotorua.editor@wrcn.co.nz 
Bill Chisholm Landward Management Ltd bill@landward.co.nz 
Nicola Church Taupo District Council nchurch@taupo.govt.nz 
Nico Claassen Rotorua District Council nico.claassen@rdc.govt.nz 
Bill Cleghorn Environment Bay of Plenty bill.cleghorn@cgi.co.nz 
John Cronin Environment Bay of Plenty cronin@bopis.co.nz 
Paul Dell Environment Bay of Plenty pauld@envbop.govt.nz 
Lisa Dickson Rotorua Resident cayuga-ducks@paradise.net.nz 
Ian Dorset Primaxa Ltd iand@primaxa.co.nz 
Dr. Nick Edgar NZ Landcare Trust nick.edgar@landcare.org.nz 
Ruth Feist Environment Bay of Plenty ruth@envbop.govt.nz 
Robin Ford Environment Bay of Plenty 
Vance Fulton Environment Bay of Plenty vance@envbop.govt.nz 
Keith Garratt Rotorua Resident keith.garratt@xtra.co.nz 
Dougall A Gordon EBOP dougall@envbop.govt.nz 
John Green LWQS green.boys@xtra.co.nz 
Ann Green LWQS green.boys@xtra.co.nz 
Grahame Hall Rotorua District Council grahame.hall@rdc.govt.nz 
Martin Hawke Bay of Plenty Farm & Pastoral 

Research 
martin.hawke@xtra.co.nz 

Adrian Hoogerbrug Devan Group adrian@devan.co.nz 
Jim Howland Environment Waikato howland@xtra.co.nz 
Dr. Mark  James NIWA m.james@niwa.co.nz 
Rick Jamieson Alpha Inter-Trade Ltd rickj@alpha-trade.co.nz 
David Keeble Tauranga City Council 
Jane Kilsby Tauranga City Council janek@tauranga.govt.nz 
Susan La Roche LWQS suelaroche@slingshot.co.nz 
John La Roche LWQS johnlaroche@slingshot.co.nz 
Andrew Lang RDC Harbourmaster andrew.lang@rdc.govt.nz 
Cliff Lee Rotorua District Council 
Alison Lowe Rotorua District Council alison.lowe@rdc.govt.nz 
Gujja Magesan Forest Research gujja.magesan@forestresearch.co.nz 
Greg Manzano Rotorua District Council greg.manzano@rdc.govt.nz 
Trevor Maxwell Rotorua District Council 
John McIntosh Environment Bay of Plenty johnmc@envbop.govt.nz 
Ian McLean LWQS imclean@ihug.co.nz 
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Rosemary Michie Environment Bay of Plenty alan.michie@clear.net.nz 
Elizabeth Miller LWQS millern@wave.co.nz 
Nick Miller LWQS millern@wave.co.nz 
Dr. Uwe Morgenstern Geological & Nuclear Sciences 

(GNS) 
u.morgenstern@gns.cri.nz 

Wayne Morrison Rotorua Resident 
Sandy Morrison Rotorua Resident 
Janet Newbury Lake Rotoiti Resident janetnewbury@yahoo.co.uk 
Ian Noble Environment Bay of Plenty 
Peter O'Flaherty Agriculture New Zealand Ltd peteroflaherty@wrightson.co.nz 
Bob Parker Fruition Horticulture bobparker@fruition.net.nz 
John Paterson Rotorua Resident john.p@wave.co.nz 
Jim Pringle EBOP jim.p@clear.net.nz 
Robert Reeves Geological & Nuclear Sciences 

(GNS) 
r.reeves@gns.cri.nz 

Jeanette Robertson LWQS dj.robertson@xtra.co.nz 
Raewyn Saville Rotorua Resident 
Bill Scapens LWQS 
Melanie Schauer LandCare Trust tuatara76@hotmail.com 
Jan Sprosen AgResearch jan.sprosen@agresearch.co.nz 
Mary Stanton Te Arawa Iwi jim.stanton@xtra.co.nz 
Hannah Stone Daily Post hannah.stone@dailypost.co.nz 
Tamara Tait Geological & Nuclear Sciences 

(GNS) 
t.tait@gns.cri.nz 

Janet Wepa Rotorua District Council j.wepa@clear.net.nz 
Andrew Wharton Environment Bay of Plenty andrew@envbop.govt.nz 
Dr. Paul White Geological & Nuclear Sciences 

(GNS) 
p.white@gns.cri.nz 

Dawn Willix-Payne AgResearch dawn.willixpayne@agresearch.co.nz 
Richard Wilson Lake Rotoiti Ratepayers & Residents Assn. 
Kevin Winters Rotorua District Council 
Susie Wood Massey University s.wood@massey.ac.nz 

   
   




