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Executive Summary

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 LaCl3 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 µg/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 LaCl3) 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.
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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
thousands 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 La2(CO3)3

and subsequent precipitation would result in the residual lanthanum being unavailable to
aquatic biota.
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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
State Government’s Water and Rivers Commission and the Swan River Trust.
Phoslock® removes phosphate (Filterable Reactive Phosphorus – 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 (LD50>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 (La3+) is not influenced by redox reactions (as in the case of Al3+), and when
bound with PO4

3- forms the insoluble compound, LaPO4 (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
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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 – 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
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that, during the manufacturing process, the lanthanum content of the Phoslock® granule
is 50±2 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.


