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Executive Summar

Phoslock® is a modified clay product that was developed by the Commonwealth
Scientific and Industrial Research Organisation (CSIRO), Australia to remove
phosphorus from water bodies and eliminate the chance of blue-green algal blooms.
The use of Phoslock® with its active ingredient lanthanum, is a new but fast emerging
effective P-inactivation and blue-green algae management tool. To assess and manage
any possible adverse environmental side effects of any new product, it is crucial to:
assess the eco-toxicity; ensure that the product specifications meet various regulatory
standards; and ensure that it is safe for organisms contained in natural aquatic
ecosystems at proposed dose rates. The objective of this eco-toxicity report is therefore
to analyse and interpret historical toxicity and assessment studies using Phoslock® and
the often substituted, however not comparable, lanthanum chloride. The Phoslock®
toxicity assessment on human health is addressed in a separate document.

During the manufacturing process of Phoslock®, the lanthanum ions are incorporated
into bentonite by using the cation exchange capacity of clay minerals. This renders the
lanthanum in Phoslock® almost entirely non-bioavailable and therefore optimal over the
addition of the soluble LaCl; to a water body. After an application of Phoslock®, the
lanthanum ions react with the phosphate (and other dominant anions) in the water body
or remain bound within the clay structure under a wide range of physiological conditions.
The only exception to the rule is in water bodies that have very low alkalinity (<20 mg/L)
and/or low phosphate concentrations (<0.005 mg/L) where a small concentration of
lanthanum (e.g. loosely bound or residual lanthanum) may leach out of Phoslock® (due
to low anion concentrations), not being taken up by dominant anions in the water body
as rapidly as in water bodies with high alkalinity and phosphate. Even in these
environments, the concentration of dissolved lanthanum associated with the product is
very low. Laboratory studies with granular Phoslock® demonstrated that no lanthanum
was leached out within 24 h when granular Phoslock® (10 mg/L) was dissolved in Milli-Q
water; and only a small concentration of lanthanum (~16 ug/L) was leached out from the
10 mg/L concentration of Phoslock® when dissolved in low alkalinity natural water or
synthetic soft water.

A large number of acute and chronic eco-toxicity tests using Phoslock® and/or
lanthanum chloride have been undertaken on a number of sensitive organisms and
algae including: water fleas (Daphnia); several species of Rainbow fish; freshwater
shrimp; benthic organisms such as amphipods, mayflies and midge larvae; and various
species of algae. The results of these toxicity tests using Phoslock® and lanthanum (in
the form of LaCl;) demonstrates a wide variation in responses of test organisms to
Phoslock® solutions or leachates and lanthanum chloride. There are several factors that
may be responsible for these variations including: differences in experimental methods
used among separate experiments such as: TCLP method; the use of a suspension of
Phoslock® granules or using synthetic lanthanum chloride instead of Phoslock®; different
types of test media such as artificial soft water, hard water, Milli-Q water, nanopure
water and natural lake or pond water; all resulting in differences in the concentration of
lanthanum leaching among different tests.



During an application, once the Phoslock® granules or slurry (granules mixed with
application water) are added to the water body, the Phoslock® moves down through the
water column, and settles on the sediment. Therefore, it is suggested that the toxicity
tests be conducted in a manner designed to simulate the application of granular
Phoslock® to freshwater and utilise a range of exposure concentrations in order to
encompass potential application scenarios. This can be achieved by using suspensions
of different concentrations of Phoslock® granules in the toxicity tests. Results from
recent toxicity studies using suspensions of Phoslock® granules that were dissolved in
low and high alkalinity natural waters demonstrated no toxic effects of Phoslock® to
aquatic organisms in the solution using up to 13,600 mg Phoslock®/L which is several
thousand times higher than that of usual 100:1 (100 g Phoslock® for 1 g FRP)
application dose rate. When applied to natural water, the lanthanum toxicity of
Phoslock® significantly reduces due to phosphorus and/or carbonate uptake. Reaction of
lanthanum with phosphate to the insoluble LaPO4 or with carbonate to the Lay(COg3)3
and subsequent precipitation would result in the residual lanthanum being unavailable to
aguatic biota.



1. Introduction

Phoslock® is a modified bentonite clay product containing the active ingredient
lanthanum, a rare earth element. Phoslock® was developed during research undertaken

at the CSIRO Department of Land and Water and funded by the Western Australian

St at e Government 0s Wat er a n de SRanvRivers Trus€.o mmi s
Phoslock® removes phosphate (Filterable Reactive Phosphorus i FRP or Soluble

Reactive Phosphorus - SRP) from water. Phoslock Water Solutions Limited (PWS)
manufactures and applies Phoslock® to water bodies ranging from recreational lakes,

drinking water reservoirs and intensive aquaculture ponds in order remove excess
phosphate and control algal blooms.

Phoslock® has been applied to water bodies in over 20 countries in order to reduce and
control the concentration of algal biomass (e.g. blue green algae or cyanobacteria). The
amount of Phoslock® applied to an individual water body depends on the amount of
bioavailable and total phosphorus present in the water body, hydrobiology of the water
body such as inflows and runoff, sediment phosphate release as well as the chemical
properties of water. As a general rule Phoslock® is applied at the rate of 100:1, i.e. 100 g
Phoslock® is required to remove 1 g of bioavailable phosphorus (FRP). Before
application to a water body, the Technical Team at PWS assesses the historical
physico-chemical conditions of an application and calculates an applicable quantity of
Phoslock® to dose for each individual water body. This is calculated by considering all
aspects of the aquatic ecosystem including chemical and biological attributes.

Phoslock® consists of bentonite clay and lanthanum; bentonites are a group of clays
formed by crystallisation of vitreous volcanic ash that were deposited in water. Bentonite
is not considered toxic to humans or the environment. The expected acute oral toxicity of
bentonite in human is very low (LDso>15 g/kg) (HSDB, 2000). In addition to several other
commercial uses, bentonite has been approved as a food additive in Australia (NICNAS,
2001).

Lanthanum (La®*") is not influenced by redox reactions (as in the case of A**), and when
bound with PO,> forms the insoluble compound, LaPO, (Rhabdophane). Lanthanum
and lanthanum salts are not on the NOHSC List of Designated Hazardous Substances
(NOHSC, 1999a) and they are unlikely to be classified as hazardous substances in
accordance with the NOHSC Approved Criteria for Classifying Hazardous Substances
(NOHSC, 1999b). However, it has also been found that the free/unbound lanthanum can
be toxic to aquatic organisms depending on its concentration and application rate
(Peterson et al.,, 1974). The toxicity problem of free lanthanum limited its use
significantly, until an appropriate carrier that could lock the lanthanum ions into its
structure was discovered in the mid 1990s by the CSIRO. Lanthanum toxicity and the
availability of its free form was dramatically reduced by incorporating the lanthanum ions
into the structure of a high exchange capacity mineral, such as bentonite, hence the
development of the innovative product, Phoslock®.

In order to assess and manage any possible adverse environmental side effects of any
product (e.g. Phoslock®), it is crucial to assess the eco-toxicity of the product and ensure



that the product specifications meet various regulatory standards. The objective of an
eco-toxicity assessment or an environmental risk assessment is therefore to prove that
the properties of Phoslock® and the Phoslock® product are safe for natural aquatic
ecosystems at proposed dose rates.

Several independent organisations have conducted extensive laboratory and field
studies on the toxicity of Phoslock® using a range of aquatic organisms and the United
States Environmental Protection Agency toxicity testing criteria. Most of the results
showed that Phoslock®is not toxic to aquatic organisms and humans at normal dose rates
applied in to water bodies (NICNAS Public Report, 2001; Clearwater, 2004; Martin &
Hickey, 2004; Ecotox report, 2006a,b; Uniquest report, 2006 & 2007; Ecotox report,
2008; Watson-Leung, 2008; Lurling et al., 2008; Lurling & Tolman, 2009). However,
some results indicated that Phoslock® may be toxic to some organisms at higher dose
rates in certain waters, e.g. low alkalinity.

This report, therefore, summarises the properties of Phoslock® and the results of eco-
toxicity tests conducted by the CSIRO Centre for Advanced Analytical Chemistry, NIWA
(National Institute of Water & Atmospheric Research, New Zealand), Ecotox Services
Australasia, Institut Dr. Nowak Germany, Wageningen University Netherlands, Ontario
Ministry of the Environment, Ontario (Canada) and other researchers who published
their work in journals, and eco-toxicity assessments undertaken by UniQuest Pty Ltd
Australia and NICNAS (National Industrial Chemicals Notification and Assessment
Scheme, Australia).

2. Manufacturing process of Phoslock®

During the manufacturing process of Phoslock®, modified bentonite clay and lanthanum
chloride are mixed in an aqueous solution (Figure 1). The lanthanum is absorbed into
sites within the bentonite and becomes the active compound that removes phosphate.
The lanthanum ions are incorporated into bentonite via cation exchange in the clay. This
exchange capacity is a result of a charge imbalance on the surface of the clay sheets,
which is balanced by surface adsorbed cations that are exchangeable in aqueous
solutions. In the preparation of Phoslock®, the lanthanum ions are exchanged with these
surface-adsorbed, exchangeable cations. Lanthanum ions are strongly associated with
the bentonite clay and are not released as soluble lanthanum into the water. The
lanthanum will either react with the phosphate anion in the water body or remain bound
within the clay structure under a wide range of physiological conditions (Douglas et al.,
2000).

Phoslock® was originally formulated in the form of a slurry. A dry, free flowing granular
form was developed in 2004 (Figure 2 i 4), resulting in ease of transportation and
reduced application cost. Another advantage of granular Phoslock® is that during the
manufacturing process (granulation process) significant dewatering of the slurry occurs
which significantly reduces the amount of residual lanthanum associated with the
product. The Quality Control (QC) program of Phoslock Water Solutions Limited ensures



that, during the manufacturing process, the lanthanum content of the Phoslock® granule
Is 502 mg/g i.e. 5% (£0.2%).

Figure 1: Mixing bentonite clay and lanthanum chloride at the Phoslock® manufacturing
factory in Kunming, China.

Figure 2: Dewatering and drying processes during the Phoslock® manufacturing at
Kunming factory, China.



Figure 3: Packaging dry, free flowing granular Phoslock® in the factory at Kunming,
China.
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Figure 4: a) Dry, free flowing granular Phoslock® (0.5 1 3 mm), b) 25 kg Phoslock® bag.

3. Properties of Phoslock®

Phoslock® was originally manufactured and applied in the form of a slurry, containing
20% (w/w) of the active Phoslock®. With the introduction of its granular form, the active
Phoslock® concentration was increased to more than 90% (w/w). The major properties



of granular Phoslock® are listed in Table 1. By adhering to strict quality control
measures, Phoslock Water Solutions Limited maintains a high concentration of the
active Phoslock® consistently in the supplied product. Moreover, the low dust level and
the acceptable degree of packaging stability of Phoslock® make the transportation and
the application of the product convenient as well as minimising any possible health risk
associated with dust levels to the personnel involved in these processes.

Physical & Chemical Description

Properties

Phoslock® content >90%
(Bentonite content is ~95% and Lanthanum is ~5%
on a dry matter basis)

Water content 8% - 10%

Appearance Light brown free flowing granules

Packaging stability No deterioration of the packaging or physical
appearance of the product

Size of the granules 0.5 1T 3 mm

Bulk density 85071 1200 kg m™

Dust content <1% weight 50 e&m

pH 701 7.5

Table 1: Summary of properties of Phoslock® granules.

4. Trace elemental composition of Phoslock®

Bentonite clay, which occupies ~95% of the Phoslock® content (on a dry matter basis),
is not toxic to humans or the environment (LDsy to human is >15 g/kg) and has been
approved as a food additive in Australia (NICNAS, 2001). The potential toxicity of other
trace elements in Phoslock® such as Cr, Cu, Pb and Zn and the metalloid arsenic were
assessed on the basis of the ANZECC/ARMCAZ guidelines (ANZECC & ARMCAZ,
2000). The recommended ANZECC guidelines for the lower limit, provided in Table 2,
signify the lowest concentration, above which the biological effects are observed and
rare toxicological effects occur. On the other hand, the upper limit corresponds to the
concentration above which there is a high probability of observing biological effects.

AsS Cr Cu Pb Zn
High 70 370 270 220 410
Low 20 80 65 50 200

Table 2: Recommended ANZECC sediment quality guidelines for a range of elements
(all concentrations are in ppm) (ANZECC & ARMCAZ, 2000).

Trace metal composition of Phoslock® granules are regularly measured for QA & QC.

The most recent results are contained in Table 3 along with the lowest detection limits
(LLD) used for analysis of each of the elements.
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Parameter As Cr Cu Pb Zn

LLD 3 10 6 6 4

Mean 29.75 <10 39 <6 105.25

Table 3: Trace elemental composition of Phoslock® (all concentrations including the
Lowest Level of Detection (LLD) limit are in ppm).

5. Active ingredients of Phoslock®

Lanthanum (La*") is the main active ingredient of Phoslock®. Lanthanum has been found
to be toxic to sensitive species (e.g. Daphnia) depending on its concentration and
application rate (Peterson et al., 1974). Although lanthanum ions are strongly associated
with the bentonite clay and are not released as soluble lanthanum into the water,
physico-chemical properties of water such as alkalinity, hardness and pH may influence
the release of loosely bound lanthanum from Phoslock® and have the potential to cause
toxicity to the aquatic ecosystem. Therefore, it is essential to measure the
release/leaching rate of lanthanum in different types of water and assess the eco-toxicity
of Phoslock® in order to prove that it is safe for natural aquatic ecosystems at proposed
dose rates.

6. Eco-toxicity assessment

Aquatic Eco-toxicology is the study of the effects of manufactured chemicals and other
anthropogenic and natural materials (collectively termed toxic agents or substances) on
aguatic organisms at various levels of organisation, from sub cellular through individual
organisms to communities and ecosystems (Rand et al. 1995). Effects can cause both
positive and negative deviations from previously existing circumstances, but aquatic
toxicology focuses primarily on the deviations that are considered to be adverse in
nature on recovery processes in biota. Adverse effects at the organismal level include
both short-term and long-term lethal and sub-lethal effects.

The goal of an eco-toxicity assessment is to understand the concentration of chemicals
at which organisms in the environment will be affected. An eco-toxicity assessment
establishes the relationship between the contaminant/s of concern and the receptor.
Toxicity tests quantify the effects of a chemical which is absorbed into the body, usually
via the mouth, but sometimes also through the skin or the lungs. These tests provide a
database that can be used to assess the risk associated with a situation in which the
chemical agent, the organisms, and the exposure conditions are defined.

There are two types of toxicity tests:

6.1. Acute (short-term) toxicity tests
Acute toxicity tests are rapid (2 to 4 days) procedures used to measure the
concentration of a chemical that will affect the test organisms, i.e. make them sick or

immobile. The most common end points of acute toxicity tests are ECsy (Effective

1C



Concentration) or LCsp (Lethal Concentration) or LDsp, (Lethal Dose) which is an
estimate of the concentration of chemical that would produce a specific effect (response
i immobilization or mortality) in 50% of an infinitely large population of the test species
under the stated conditions.

Concentration-Response Curve

100 -

% response

EC:
EC25 % ecys
Concentration

Figure 5: Dose-Response curve and the determination of ECsp.

6.2. Chronic (long-term) toxicity tests

Chronic toxicity tests are long-term procedures used to assess the toxic effects of a
chemical on the organism for a substantial portion of its lifetime (>5 days). Chronic
toxicity tests assess the effects on growth, reproduction and survival of the test
organisms. The end points of chronic toxicity tests are also ECsg or LCsg Or LDsp.

7. Test organisms

In order to extrapolate meaningful, relevant, and ecologically significant results from
aguatic toxicity tests, not only appropriate tests but also appropriate organisms should
be used. Several criteria should be considered in selecting organisms for toxicity testing
such as sensitivities and availabilities of organisms, representative of the ecosystem or
ecologically important and easy to maintain in the laboratory. Most common species
used for toxicity tests are water fleas (Daphnia sp.), fathead minnow, rainbow trout,
shrimp, and sediment dwelling organisms such as amphipods, worms, mayflies, and
midge larvae.

8. Methods of laboratory toxicity tests of Phoslock®

Phoslock® can either be applied to a water body in the form of a slurry (Phoslock®
granules mixed with the application water before an application) or as a direct
application of granules. Once applied, the Phoslock® moves through the water column
until it settles on the sediment. Therefore, the potential toxicity of Phoslock® could affect
the organisms living in the water column and on the sediment. Toxicity tests needs to be
conducted in a manner designed to simulate the application of granular Phoslock® to

11



freshwaters and utilise a range of exposure concentrations in order to encompass
potential application scenarios and determine the concentrations that affect the aquatic
organisms living both in the water column and on the sediment.

A large number of laboratory toxicity tests of Phoslock® and/or lanthanum chloride were
conducted by several independent organisations and researchers using a range of test
organisms. Most of the tests used US EPA TCLP (Toxic Characteristic Leach Protocol)
method (USEPA, 1986), but few tests also used suspension of Phoslock® granules. Both
types of tests used synthetic soft water or deionised water to prepare the Phoslock®
leachate or solution. The tests were performed in compliance with OECD/EEC Test
Methods and according to OECD Principles of Good Laboratory Practices.

The leachate solutions were prepared by gently mixing solid test materials (50 g of
Phoslock® granules) on a rotary tumbler with 1 L of phosphorus free synthetic soft water
or deionised water (Milli-Q, reverse osmosis) in a teflon bottle or plastic container for 18
hours. The solution was allowed to stand for 1 hour, and then the supernatant was
siphoned off and filtered through a 0.45 um filter (Stauber, 2000) or for some tests 40
pum filter (Martin & Hickey, 2004) before use in the toxicity tests.

For acute toxicity tests, the experiments were run for 24, 48 and 96 hours and the end
point was the 50% immobilisation of test organisms (ECsp). However, for chronic toxicity
tests, the experiments were run up to 28 days depending on the type and species of test
organism. The end points were measured as the effects on the survival and
reproduction of test species (ECso).

9. Results and discussion of laboratory toxicity tests

9.1. Toxicity tests using Daphnia

Results from nine acute and five chronic toxicity studies using three different species of
water fleas (Daphnia) are summarised in Table 4. Both Phoslock® (suspension of
granules and leachate extracted by TCLP method) and lanthanum chloride were used in
these studies.

12



No. Species Media Method | Dura EC5o/LCso NOEC LOEC Ref.
Acute tests
1 | Daphnia Filtered tap | LaCls 72h | 2,800 pg/L La T T Peterson et
magna water Solution al., 1974
2a | Ceriodaphnia Synthetic Phos 48 h | 24,500 mg/L Pk | 12,500 mg/L Pk T Stauber,
dubia soft water TCLP 80 ug/L La 41 pg/L La 2000
2b | Ceriodaphnia Milli-Q Phos 48 h | 5,000 mg/L Pk T T Stauber,
dubia water TCLP 40 ug/L La 2000
3 Ceriodaphnia Synthetic LaCl; 48 h | 5,000 ug/L La 2,600 ug/L La T Stauber &
dubia soft water Solution Binet, 2000
4a | Daphnia Filtered tap | LaCl; 24 h | 484.5 ug/L La T T Barry &
carinata water Solution Meehan,2000
4b | Daphnia Filtered tap | LaCl; 48 h | 43 ug/L La T T Barry &
carinata water Solution Meehan,2000
4c | Daphnia ASTM LaCl; 48 h | 1180 pg/L La T T Barry &
carinata hard water | Solution Meehan,2000
5 Daphnia Synthetic Phos 48 h | >50,000 mg/L | 25,000 50,000 Martin &
magna soft water TCLP Phoslock mg/L Pk mg/L Pk Hickey, 2004
6 Daphnia Synthetic LaCls 48 h | 23,000 pg/L La T i Yasseri &
magna soft water Solution Nowak, 2008
7 Daphnia Artificial RT | LaNO;3 48 h | 14,100 pg/L La T T Lurling et al.,
magna medium Solution 2008
8 | Ceriodaphnia Natural Phos 48 h | *>50 mg/L Pk | 50 mg/L Pk | >50 mg/L Pk | Ecotox,
dubia Lake water | Solution > 330 pg/L La 330 pg/LLa | >330 pg/L La | 2008
9a | Daphnia Tap water Phos 48 h | 4,900 mg/L Phoslock® i T Watson-
magna Solution 91,183 ug/L La Leung, 2008
9b | Daphnia Natural Phos 48 h | > 6,800 mg/L Phoslock® i i Watson-
magna Pond water | Solution >14,000 pg/L La Leung, 2008
Chronic tests
1 | Ceriodaphnia Synthetic Phos 7d | 20,500 mg/L Pk | <3,125 mg/LPk | 3,125 mg/L Pk | Stauber,
dubia soft water | TCLP Sur. | 820 ug/L La <125 pg/L La 125 g/l La | 2000
2a | Ceriodaphnia Synthetic LaCls 7d | 510 yg/L La T T Stauber &
dubia soft water Solution Sur. Binet, 2000
2b | Ceriodaphnia Synthetic LaCls 7d | 430 pg/L La 50 ug/L La | 90 pg/L La | Stauber &
dubia soft water Solution Rep. Binet, 2000
3a | Ceriodaphnia Natural Phos 7d | *™>1mg/LPk | 1mg/LPk |>1mg/LPk | Ecotox, 2008
dubia Lake water | Solution Surv. | >24 ug/L La 24 ug/L La | >24 pg/LLa
3b | Ceriodaphnia Natural Phos 7d | *™>1mg/LPk | 1mg/LPk |>1mg/LPk | Ecotox, 2008
dubia Lake water | Solution Rep. | >24 ug/L La 24 ug/L La | >24 pg/LLa
4a | Daphnia Artificial RT | LaNO;3 5d 800 mg/L i i Lurling et al.,
magna medium Solution Weight Phoslock® 2008
4b | Daphnia Artificial RT | LaNO; 5d 3130 mg/L i i Lurling et al.,
magna medium Solution Length Phoslock® 2008
5a | Daphnia Artificial RT | Phos 5d 871 mg/L 100 mg/L i Lurling &
magna medium Solution Weight Phoslock® | Phoslock® Tolman, 2009
5b | Daphnia Artificial RT | Phos 5d 1557 mg/L | 500 mg/L i Lurling &
magna medium Solution Length Phoslock® | Phoslock® Tolman, 2009

* 50 mg/L was the highest concentration, ** 1 mg/L was the highest concentration, Phos or Pk = Phoslock®

Table 4: Acute and chronic toxicity of Phoslock® and lanthanum chloride to Daphnia.
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9.1.1. Acute toxicity tests using Daphnia

The US EPA investigated the nutrient inactivation efficiency of lanthanum chloride and
its toxicity as early as 1974 (Peterson et al., 1974). The acute 72 h LCs, for lanthanum
chloride (using Daphnia magna) was determined as 2,800 pg/L in filtered tap water
(Peterson et al.,, 1974). Barry & Meehan (2000) also used filtered tap water (total
hardness - 22 mg/L of CaCO3) and 48 h ECsy was determined as 43 pg/L La, which is 65
times lower than the value of Peterson et al. (1974). Lurling et al. (2008) used artificial
RT medium and the 48 h ECsy was determined as 14,100 ug/L, which is 328 times
higher than the value of Barry & Meehan (2000). The exact reasons for these huge
differences are unknown; however it is likely to be related to the different media used in
the experiments. Although two different species of water fleas (Daphnia magna and
Daphnia carinata) were used in these tests, it was unlikely that their sensitivity to the
toxicants was different; however, Ceriodaphnia has shown much more sensitive than
Daphnia (Krik & Gilbert, 1990). In hard water (160 mg/L of CaCOQOs3), the toxicity of
lanthanum chloride was dramatically reduced; 48 h EC5y was determined as 1180 pg/L
which is 27 times higher than the value of tap water ECsy (Barry & Meehan, 2000). In
synthetic soft water, lanthanum chloride demonstrated no/very less toxicity to Daphnia
(Stauber & Binet, 2000; Yasseri & Nowak, 2008). Stauber & Binet (2000) determined
ECso as 5,000 pg/L La using Ceriodaphnia dubia whereas Yasseri & Nowak (2008)
determined ECsp as 23,000 pg/L La using Daphnia magna in synthetic soft water.

CSIRO Centre for Advanced Analytical Chemistry in Australia (Stauber, 2000; Stauber &
Binet, 2000) and NIWA (National Institute of Water & Atmospheric Research, New
Zealand) (Martin & Hickey, 2004) used the TCLP method to extract leachate from
Phoslock®. Although the lanthanum chloride dissolved in synthetic soft water
demonstrated no/very less toxicity to Daphnia (Stauber & Binet, 2000; Yasseri & Nowak,
2008), Phoslock® leachate extracted in synthetic soft water demonstrated toxic effects to
Ceriodaphnia dubia (Stauber, 2000). The 48 h ECs, was calculated from the observed
immobilisation data as 49% for filtered (0.45 pm) leachate which corresponds to 24,500
mg/L of Phoslock® and approximately 80 pg/L of lanthanum respectively (Stauber,
2000).

Phoslock® leachate extracted in Milli-Q water was found to be more toxic to
Ceriodaphnia dubia than the soft water leachates (Stauber, 2000). However, no survival
of Ceriodaphnia dubia in the Milli-Q water controls made the interpretation of toxicity of
the filtered (0.45 pm) leachate difficult, suggesting that threshold concentrations of some
ions (possibly Ca®) in the water were required for normal survival of this species. The
Stauber (2000) report suggested that this species of cladoceran (Ceriodaphnia dubia)
would not survive in water with conductivity lowerthan1 00 € S/ ¢ m.

Martin & Hickey (2004) also used the TCLP method and extracted leachate in synthetic
soft water (hardness 32 mg/L CaCO3). However, they did not measure the concentration
of lanthanum in the leachate, therefore, EC5, was calculated as the concentration of
Phoslock®. The ECs, was calculated as >100% leachate or >50,000 mg/L of Phoslock®
which is more than double from the value of Stauber (2000). One difference between
these tests was that the supernatant Phoslock® solution was filtered through a 40 pm
nylon mesh filter (Stauber, 2000 used 0.45 um filter) before use in the toxicity tests in
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