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ABSTRACT

A new framework was developed and used to derive the Australian and New Zealand (ANZECC & ARMCANZ 2000)
water quality guidelines for metal, inorganic and organic toxicants. This framework incorporates the principles of
risk and recent advances in ecotoxicity modelling. As such, it is a significant advance on the previous ANZECC
(1992) and other international water quality guidelines. Two different methods were used to derive the guidelines:
a modification of the Canadian (CCME 1991) assessment factor method, and a new statistical distribution method
called the Burr Type Il method (Campbell et al. 2000) which was developed from the Aldenberg and Slob (1993)
method. This paper provides the rules governing the framework, details of the collation and screening of the

toxicity data and the methods used to derive the guidelines.
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INTRODUCTION

The National Water Quality Management Strategy of
Australia (ANZECC & ARMCANZ 1994) provides for
the derivation and periodic review of the water quality
guidelines (WQGs). The previous Australian water
quality guidelines (ANZECC 1992) were published in
1992 and therefore required review of both the
guideline values and the methods used to derive them.
As part of this review, the author was commissioned
by the Environmental Research Institute of the
Supervising Scientist of Australia to review the current
methods of derivingWQGs for toxicants and determine
the most appropriate toxicity data to use for this
purpose. The review (Warne 1998) examined the
merits of the assessment factor (AF) and the more
recently developed statistical distribution (SD)
approaches in terms of: the assumptions of each
approach; the magnitude of the assessment factors;
whether or not the approaches provided the stated
degree of environmental protection; how well they
adhered to the Precautionary Principle; and how
conservative were the guidelines they derived. The
review led to the development and approval by
ANZECC, of a framework for deriving toxicant trigger
values (TVs) (Warne 1998). The key features of this

framework were the use of both a statistical distribution
and an assessment factor method to calculate the TVs
and a risk based approach (Warne 1998).

The framework used to derive the toxicant TVs in the
earlier Draft ANZECC & ARMCANZ water quality
guidelines (1999), was that recommended by Warne
(1998). The framework used in ANZECC & ARMCANZ
(2000) was modified in order to reflect the advances
that occurred in the three-year period between
commencing the review in 1996 and the completion
of the public consultation phase in 1999. While details
of the framework used in ANZECC & ARMCANZ (2000)
were different from that recommended by Warne
(1998), it retained the key features described above.
This paper describes the framework that was used to
derive the TVs in the new water quality guidelines
(ANZECC & ARMCANZ 2000).
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OVERVIEW OF THE NEW

FRAMEWORK

In the previous ANZECC WQGs (ANZECC 1992) the
environmentally safe levels were termed guidelines,
whereas in the new guidelines (ANZECC & ARMCANZ
2000) they are termed Trigger Values (TVs). This term
is used because, if the TVs are exceeded, it triggers one
or more of the following: further investigation,
development and implementation of management
strategies, or remediation. This concept is discussed in
broad terms by McAlpine and Humphrey (2001) and
in greater detail by Chapman (2001).

The new framework is hierarchical, having three grades
of TVs - high, moderate and low reliability (HR, MR
and LR respectively). Within the LRTVs there are two
types of TVs, the interim (LR (interim) TV) and
environmental concern level (LR (ECL) TV). The
different grades of TVs reflect the certainty that they
would provide adequate environmental protection,
which in turn was related to the quantity, type and
representativeness of the available toxicity data from
which they were derived.

The highest possible grade of TV for which there were
adequate, suitable toxicity data, was derived. If there
were insufficient suitable data to derive a HR TV, then
the hierarchy was descended until the available data
met the minimum data requirements for a particular
grade of TV.

The framework used two different methods to calculate
TVs. The preferred method was the Burr Type Il
statistical distribution (BT 11l SD) method developed
by Shao (2000) which was based on the Aldenberg and
Slob (A&S) (1993) SD method. The alternative method
was a modification of the Canadian (CCME 1991) AF
method, developed by Warne (1998), which is
henceforth referred to as the ANZECC & ARMCANZ
AF method.

Whenever the available toxicity data permitted, TVs
were calculated for both marine and freshwater
environments. However, this was not always possible.
In such cases, the TVs for organic and inorganic
chemicals (excluding metals) derived for one medium
were adopted for the other medium but the grade was
reduced to LR. For example,a freshwater MRTV would
be adopted as a marine LR TV. This was done because
the chemistry and toxicity of organic chemicals is not
greatly affected by the change in salinity. For metals,
TVs were not adopted from one medium to another
because their chemistry and hence toxicity could be
markedly different under saline and fresh conditions.
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The new ANZECC & ARMCANZ (2000) framework is
similar to the USEPA (1986), OECD (1992), Danish
(Petersen and Pedersen 1995), South African (Roux et
al. 1996) and The Netherlands' (Van de Plassche et al.
1993) frameworks in that it preferred SD methods to
the AF methods. It differed from some overseas
frameworks in three ways. Firstly, it used a new SD
method. Secondly, the toxicity of mixtures was taken
into account, which is not done in any of the overseas
frameworks. How this issue was dealt with is described
in Chapman (2001). Thirdly, the potential for secondary
poisoning is accounted for but not in a direct manner,
as is done by the USEPA and The Netherlands.

THE NEW FRAMEWORK

Collecting toxicity and physicochemical
data

Acute, chronic, laboratory, field, mesocosm and
microcosm toxicity data were obtained by conducting
searches of the USEPA (1994) AQUIRE database, the
Australasian Ecotoxicology Database (Warne et al.1998;
Warne and Westbury 1999; Markich et al. in press), the
in-house literature collection of the Ecotoxicology
Section of the New South Wales Environment
Protection Authority and various water quality
documents of Canada, Denmark,The Netherlands,The
United Kingdom and the USA. Additional searches of
abstracting services such as Cambridge Abstract Service,
Biological Abstracts and Pollution Abstracts were
conducted for meso- and micro-cosm toxicity data. As
a general rule, toxicity data published prior to 1980
were not included, as they were considered to be
unreliable due to advances in experimental and
analytical capabilities since that time (Warne 1998). All
TV values, except for the LR TVs of non-polar narcotic
chemicals, were derived using only toxicity data that
were obtained from the above sources. Low reliability
TVs for non-polar organics also used data generated by
guantitative structure-activity relationships (QSARS)
that are described in a following section.

Wherever possible, the following information was
obtained for every chemical for which a TV was derived:
Chemical Abstract Services number (CAS no.), IUPAC
name, common name, aqueous solubility, boiling and
melting point, chemical formula, half-life in water and
sediment, molecular weight, octanol-water partition
coefficient,bioconcentration factor, specific gravity and
vapour pressure. This information was obtained from
sources such as Hansch et al. (1995), Mackay et al.
(1992a and b, 1993, 1995), Shiu et al. (1994), Tomlin
(1994),Verscheuren (1983) and Weast (1987).
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Screening the toxicity data

The quality of the toxicity data obtained from AQUIRE
had already been assessed (USEPA 1994). This
assessment examined how the toxicity data were
generated and a score was awarded on the basis of
answers to a series of questions similar to those
presented in Table 1. Toxicity data were classed as:
complete (C) with a score between 85 and 100,
moderate (M) with a score of 51-84 or incomplete (1)
with a score of 50 or less. Only complete and moderate
quality data were used to derive the TVs.

The quality of toxicity data used by the Dutch and
Danish (eg. Petersen and Pedersen 1995; RIVM 1995)
had also been assessed. Both countries only used data
that passed their quality system to derive their WQGs.
Such data were assumed to be equivalent to the C and
M classes of AQUIRE and were therefore also used to
derive the new TVs. The quality of all other toxicity
data (eg. that obtained from journal articles) was
assessed using a system based on the AQUIRE method
(Table 1) and classed as complete, moderate or
incomplete using the USEPA ranges stated previously.
It is worth noting that the quality assessment scheme
used to derive the new TVs has subsequently been
substantially improved and used in the published
version of the Australasian Ecotoxicology Database
(Warne et al. 1998; Warne and Westbury 1999; Markich
et al.in press).

The above system for assessing the quality of toxicity
data was not suitable for either data generated by
guantitative structure-activity relationships (QSARs) or
for multiple species (MS) toxicity data generated in
meso- and/or micro-cosms. The quality of the former
was not assessed as the quality of the QSARSs had already
been assessed (refer to the section on QSARs for details).
The quality of the latter was assessed using the
following rules that were based on those recommended
by the OECD (1992). In order for MS data to have been
used to deriveTVs,the mesocosms and/or microcosms:

1. should have included fish or shellfish or the
endpoints measured should have been directly
relate to these species;

2. must have represented the basic properties of
ecosystems including photosynthesis, nutrient
cycling and trophic structure;

3 should have had at least three dose treatments and
a suitable control and all treatments should have
been at least duplicated,;

4. should have measured the chemical and physical
properties that can affect exposure to the toxicant
or the bioavailability;

5. should have covered individual, population and
community level biological endpoints; and

6. tests should have been of sufficient duration to
account for the life-history of the organisms and
the fate of the toxicant.

The most common failings of the MS toxicity data that
were examined were that they had insufficient
treatments, replication and/or controls.

Once the quality of the toxicity data had been
determined and all incomplete quality data removed,
the remainder were screened further using a number
of other variables that are presented in Table 2. Data
that had these characteristics were not used to derive
TVs. The toxicological endpoints of the data used to
derive the TVs were limited to those that were
considered to have ecological relevance (Table 2)
(Warne 1998).

Only chronic no observed effect concentration (NOEC)
data were used to derive HR TVs while only acute fifty
percent effect data (LC50 and EC50) were used to
derive MRTVs. Thus, it was necessary to define these
terms and determine whether each datum was chronic
or acute. Chronic exposures was defined for multi-
celled organisms, as being greater than 96 hours,while
for single-celled organisms it was defined as being equal
to or greater than 72 hours. Thus, data classified as
chronic in this study contained data that would
normally be classified as chronic and sub-chronic. Acute
exposure was defined as being greater than 24 hours
but shorter than the duration for chronic data. Data
based on exposures of less than 24 hours were not
used to derive TVs.

An ACCESS®database (Sunderam et al.2000) containing
all the toxicity data used to derive the TVs and the
physicochemical data for every chemical that aTV was
calculated for, is supplied on a CD-ROM as part of the
ANZECC & ARMCANZ (2000) water quality guidelines.
The database will be integral to the implementation of
the toxicant TVs, particularly if site-specific
investigations are conducted or site-specific TVs are
derived. How these data can be used for these purposes
is described in Chapman et al. (2001).

125




Warne Australasian Journal of Ecotoxicology Vol. 7, pp. 123-136, 2001

Derivation of toxicant trigger values

Table 1. The questions used and the marks awarded to determine the quality score and quality class of
the toxicity data. Modified from the USEPA (1994).

Question Possible Marks'
Was the duration of the exposure stated? 20 0r 0
Were there appropriate controls (eg. a solvent control if solvents are used)? Sor0
Were the characteristics of the test organism stated? Sor0
Were the chemical concentrations measured? Sor0
Was the type of exposure (eg. static, flow through) stated? Sor0
Was the test location stated? 40r0
Was the grade or purity of the test chemical stated? 40r0
Was the type of test media used stated? 4o0r0
Was the hardness (for freshwater) or the salinity (for saltwater) measured and stated? 2o0r0
Was the alkalinity (for freshwater) or salinity (for saltwater) measured and stated? 20r0
Was the dissolved oxygen content of the test water measured at some stage during or after 20r0
the test?

Was the temperature measured during the test? 20r0
Was the pH of the test water measured at some time during the test? 20r0
Was the biological endpoint clearly defined? 20 or 0
Was there a concentration-response relationship either observable or stated? S50r0
Was the biological effect quantified ie. 50% effect, 25% effect? Sor0
Was the statistical level of significance for any statistical tests stated (for NOEC/LOEC 4o0r0
data)? Was a valid model used to derive the LC50/EC50 values (for LC/EC data)?

Was the stated significance level 0.05 or less (for NOEC/LOEC data)? Was there an 4o0r0

estimate of the variability of the LC50 or EC50 (for LC/EC data)?
Total Score
Class (C, M, )

! There are only two marks that can be awarded in answering a question — the full mark or zero.

Table 2. The types of toxicity data that were excluded from the calculation of trigger values and
environmental concern levels.

Type of Variable Conditions excluded
For all Chemicals
Concentration ranges, >, 2, <, and < values
Experimental design Where the test concentrations differed by a large amount (eg. 10 or greater)
Duration of exposure not stated and/or < 24 hours duration
Toxicological endpoint not stated and/or

endpoints other than lethality, immobilisation, growth, population growth, and
reproduction or the equivalent

Measure of toxicity not stated and/or
measures of toxicity other than 50% effects, NOEC, LOEC and MATC values
Aqueous solubility values greater than twice the aqueous solubility

For Metals in Freshwater

pH Not stated and/or the pH was outside the range of 6.5 to 9
Water hardness Not stated and/or varying considerably during the test
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Table 3. Quantitative structure-activity relationships (QSARs) used to generate toxicity data for non-polar narcotics

(from Van Leeuwen et al. 1992).

Species

QSAR (NOEC expressed as mol/L)

Bacteria

Clostridium botulinum

Bacillus subtilis

Pseudomonas putida

Vibrio fischeri

(previously called Photobacterium phosphoreum)
Algae

Skeletonema costacum

Scenedesmus subspicatus

Pseudokirchneriella subcapitata

(previously called Selenastrum capricornutum)
Fungi

Saccharomyces cerevisiae

Protozoans

Tetrahymena pyriformis

Coelenterates
Hydra oligactis

Molluscs
Lymnaea stagnalis

Arthropods

Nitocra spinipes

Daphnia magna

Aedes aegypti

Culex pipiens

Fish

Pimephales promelas and Brachydanio rerio
Amphibia

Ambystoma mexicanum

Rana temporaria

Xenopus laevis

Log NOEC =-0.82 log Kow - 0.29
Log NOEC =-0.64 log Kow - 2.03
Log NOEC = -0.64 log Kow - 1.60
Log NOEC =-0.68 log Kow - 1.52

Log NOEC =-0.72 log Kow - 1.42
Log NOEC = -0.86 log Kow - 1.41
Log NOEC =-1.00 log Kow - 1.71

Log NOEC = -0.78 log Kow - 0.35

Log NOEC = -0.80 log Kow - 1.28

Log NOEC = -0.86 log Kow - 2.05

Log NOEC =-0.86 log Kow - 2.08

Log NOEC =-0.78 log Kow - 2.14
Log NOEC = -1.04 log Kow - 1.70
Log NOEC = -1.09 log Kow - 1.36
Log NOEC = -0.86 log Kow - 1.98

Log NOEC = -0.87 log Kow - 2.35

Log NOEC = -0.88 log Kow - 1.89
Log NOEC =-1.09 log Kow - 1.47
Log NOEC =-0.90 log Kow - 1.79

Estimation of the chronic toxicity of non-
polar narcotic chemicals using
Quantitative Structure-Activity
Relationships (QSARS)

Non-polar narcotics are chemicals, such as alkanes,
alkenes and alkyl and halogen substituted benzenes,
that exert their toxicity in a non-specific, reversible
manner and are the least toxic group of chemicals (eg.
Warne et al. 1991; OECD 1995). The chemical
characteristics of these chemicals have been specified
(OECD 1992, 1995;Verhaar et al. 1996). If there were
insufficient toxicity data to derive either HR or MRTVs

for a non-polar narcotic, then the QSARs presented in
Table 3 were used to estimate the chronic toxicity to
19 species. Only these QSARs were used as: they
predict chronic toxicity; their quality had been
rigorously assessed (Van Leeuwen et al.1992);and they
were recommended for use by the OECD (1995) and
the Dutch (Van de Plassche et al. 1993). The limitations
and strengths of QSARs are discussed inWarne (1998).

In order to use the QSARs the logarithm of the octanol-
water partition coefficient (log Kow) for each non-polar
narcotic was substituted into the QSARs. The units of
the resulting data were converted to pg/L, and then
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the data were inserted into the Burr Type Il (BT 1)
SD method (described later in this paper) in order to
calculate the TVs. In this method only one toxicity
value is used to represent each species. Therefore, if
there were more than one experimental toxicity value
for a species the data were manipulated according to
the rules set out in the section of this paper describing
the BT 111 SD method. Toxicity values predicted by the
QSARs were then combined with manipulated
experimental values, except when they were for the
same species. In such cases, the manipulated
experimental data were used in preference to the QSAR
predicted values. The combined toxicity data were then
entered into the BT 111 SD method. The result was then
divided by an AF of 10 in order to obtain theTV. This is
done to account for the fact that the data are estimates
of chronic toxicity. Greater information on the BT Il
SD method is provided later in this paper. Despite
having toxicity data for at least 19 species for each
chemical,only LR (interim) TVs were calculated, as the
bulk of the data were estimates of chronic toxicity.

The Calculation of Acute to Chronic Ratios
Acute to chronic ratios (ACRs) are the ratio of the acute
toxicity to the chronic toxicity data for a particular
chemical and were calculated using the following
formula:

ACR = acute toxicity/chronic toxicity 3)

The acute and chronic data did not have to have the
same measure of toxicity or endpoint but, they must
be for the same species, and have been presented in
the same paper or at least determined in the same
laboratory. ACRs were either calculated directly from
the toxicity data collated for this project or were
obtained from a USEPA compilation (Thursby, pers.
comm.).

The ACRs were used in the framework to provide
estimates of chronic toxicity when there were only
acute toxicity data available. They were used by both
the BT 111 SD and the ANZECC & ARMCANZ AF methods
to calculate TVs. Details of how they were used is
provided in the sections of this paper describing those
two methods. There are however, some limitations to
the use of ACRs, which are discussed by Warne (1998).

Conversion of chronic toxicity data to
chronic NOEC values

Generally, once the metal toxicity data had been
screened, limited data remained to derive TVs. Most of
the remaining data were chronic measures of toxicity
(eg.LC50 and LOEC) other than the chronic NOEC data
required to derive HRTVSs. In order to overcome this
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problem, the chronic non-NOEC data were converted
to chronic NOEC values using a series of conversion
factors. The chronic LC50 or EC50, LOEC and the
maximum acceptable toxicant concentration (MATC)
(where the MATC is the geometric mean of the NOEC
and LOEC) data were divided by 5, 2.5 and 2
respectively. A similar procedure was used by the Dutch
(eg.Van de Plassche et al. 1993), except that they used
larger conversion factors. The conversion factors used
were the expert opinions of the author and Dr John
Chapman (NSW EPA) and were based on examining
the data collated to derive the TVs.

This procedure was only used in the derivation of the
TVs for metals and metalloids. It was not necessary for
the organic and inorganic chemicals as the chronic data
for such chemicals were predominantly NOECs.

Correcting toxicity data for water
hardness

The toxicity of cadmium, chromium (I11),copper, lead,
nickel and zinc is affected by water hardness (ie. the
agueous concentration of Ca and Mg ions). Therefore,
this modifying factor was considered when the TVs
for these metals were derived. Prior to calculating the
TVs for these metals, all the toxicity data were modified
to a standard water hardness of 30 mg CaCO,/L
(Markich et al. 2001). The hardness corrected metal
toxicity data were then used to derive TVs using either
the BT 111 SD or the ANZECC & ARMCANZ AF methods
that are described later in this paper.

DETERMINING THE GRADE OF TV

THAT CAN BE DERIVED

The new ANZECC & ARMCANZ (2000) framework is
hierarchical and the highest possible grade of TV that
could be derived, was. A number of rules, presented
below, govern this hierarchical framework. These rules
were only applied to those data that passed the
screening process, described earlier.

HR TVs can be derived using two different types of
chronic toxicity data and by two different methods.
The preferred data to use was multiple species (MS)
toxicity data followed by laboratory based single
species (SS) toxicity data. Thus, if the MS data met the
guality and minimum data requirements then they were
used in preference to the SS data. Similarly, provided
the data met the rules set out below, the BT Il SD
method was used in preference to the ANZECC &
ARMCANZ AF method. The following rules applied to
the MS data:
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1 If the data met the minimum data requirements
(Tables 4 and 5) of the BT 111 SD method, then that
method was used to derive the TV. If the data did
not meet the minimum data requirements of the
BT 11l method then rule 2 was applied.

2. If the data met the minimum data requirements
(Table 6) of the ANZECC & ARMCANZ AF
method, then that method was used to derive the
TV. If the data did not meet the minimum data
requirements then rule 3 was applied.

3. IfaMSHRTV could not be derived, it was
determined whether a SSHRTV could be derived.

The same rules were applied to the derivation of a
SS HR TV, with the exception that rule 3 was
modified so that if a SS HR TV could not be derived
then the data were examined in order to determine
whether a MR TV could be derived.

Rules 1 and 2 for the MS data were also applied to
the derivation of MRTVSs. Rule 3 was, however,modified
so that if a MR TV could not be derived, then the data
were examined to determine whether a LR (interim)
TV could be derived.

When deriving LR (interim) TVs the following rules
were applied:

1 Ifthe chemical was a non-polar narcotic (as defined
by the OECD 1992,1995; Verhaar et al. 1996) then
the QSAR derived data as well as any manipulated
experimental toxicity data were used by the BT IlI
SD method to derive the TV.

2. If the chemical was not a non-polar narcotic and
met the minimum data requirements of the
ANZECC & ARMCANZ AF method (Table 6) then
that method was used to derive the TV.

3. IfaLR (interim) TV could not be derived thena LR
(ECL) TV was derived using the ANZECC &
ARMCANZ AF method (Table 6).

METHODS USED TO DERIVE TRIGGER
VALUES

Two different methods were used to derive the TVs.
These were the Burr Type Il statistical distribution (BT
[l SD) and the ANZECC & ARMCANZ AF methods.
Details of these methods are provided below. In
addition, information is provided on the use of ACRs,
which were used by both methods to derive TVs.

The Burr Type Il Statistical Distribution
Method

Background

Warne (1998) reviewed the three SD methods (Stephan
et al.1985; Aldenberg and Slob 1993; Wagner and Lakke
1991) used by regulatory authorities to derive WQGs.
He recommended that the Aldenberg and Slob (A&S)
method be used to derive the ANZECC & ARMCANZ
WQGs. This method was used to derive the TVs in the
earlier Draft ANZECC & ARMCANZ guidelines (1999).

The A&S method has several assumptions, the validity
of which were discussed in Warne (1998). The most
important assumption is that the sensitivity of species
to toxicants has a log-logistic distribution. This

Table 4. The minimum data required by the Burr Type Il statistical distribution method for the three grades of Trigger

Values (based on Aldenberg and Slob 1993).

Level of Trigger Value Minimum data requirements

HR requires chronic NOEC toxicity data for five different species that
belong to at least four different taxonomic groups (see Table 5).

MR requires acute toxicity data for five different species that belong to
at least four different taxonomic groups (see Table 5).

Interim requires nineteen estimates of chronic toxicity derived by QSARs (see

(for non-polar narcotic chemicals only)

Table 3).

Table 5. Types of taxonomically different organisms and the major subdivisions of organisms these

belong to.

Major subdivisions of organisms Types of organisms that are considered as being taxonomically different
Fish Fish

Invertebrates Crustaceans, insects, molluscs, annelids, echinoderms, rotifers, hydra

Plants Green algae, blue algae, red algae, macrophytes

Others Blue-green algae (cyanobacteria), amphibians, bacteria (excluding Vibrio

fischeri"), protozoans, coral, fungi

" This species was excluded as the endpoint is biochemical (refer to Table 2).
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distribution is very similar to the log-normal, however
it has fewer individuals near the median and has more
individuals in the tails (Warne 1996). During the
derivation of the TVs in the earlier Draft guidelines
(ANZECC & ARMCANZ 1999) it was found that while
the toxicity data for many chemicals met the minimum
data requirements of the A&S method, the method
could not be used as the data did not have a log-logistic
distribution. In such cases the A&S method could not
be used and the less preferred AF method had to be
used to derive the TVs.

There is no theoretical reason why the distribution of
toxicant sensitivity should be log-logistic (eg. Forbes
and Forbes 1993). In fact, Aldenberg and Slob (1993)
stated that the log-logistic distribution was chosen
because it has 'some nice mathematical features that
make certain calculations relatively easy'. Shao (2000)
noted that the log-logistic distribution belonged to a
family of distributions called BurrType 111 (BT IlI). The
variety of shapes that BT IlI distributions can have is
large (Shao 2000). Thus, attempting to fit a BT Il
distribution to any given toxicity data set has a greater
probability of success, than attempting to fit only the
log-logistic distribution.

The BT Il SD method uses a maximum likelihood
method to determine which particular statistical
distribution best fits the toxicity data for a particular
chemical. This method is guaranteed to fit a statistical
distribution to the toxicity data at least as well as the
A&S method because the log-logistic distribution is a
BT Il distribution (Shao 2000). Therefore, if another
distribution could not be found that fitted the data
better than the log-logistic, then the log-logistic by
default, fitted the data the best. Greater detail of the
BT 11l method is provided in Shao (2000).

An additional difference between the BT Il and A&S
SD methods is the term used to describe the values
that are calculated. The A&S method calculates the
concentration that should be hazardous (HCx) to 'x'
percentage of species in an ecosystem. Whereas,
ANZECC & ARMCANZ (2000) refer to the
concentration that should protect 'x' percentage of
species (PCx). Thus, PCx = HC100-x.

The BT Il SD method uses a maximum likelihood
method to determine which particular statistical
distribution best fits the cumulative frequency plot of
toxicity data for a chemical. The maximum likelihood
method also estimates the parameters that
mathematically describe the selected distribution.
Because the equation that describes the selected
distribution is known, it is very simple to calculate the
concentration that should theoretically protect any
chosen percentage of species.To do this the cumulative
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frequency that corresponds to the percentage of
species to be protected is entered into the equation
for the distribution that best fitted the toxicity data.
Thus, the 5" percentile of the selected distribution
becomes the concentration that if not exceeded will
protect 95% of species and the 10" percentile will
protect 90% of species.

As PC values were derived using a sample of species in
the environment to be protected rather than all species
then, depending on the species that comprise a
particular sample, a range of different estimates of PC
values for the same chemical could be obtained
(Figure 1).Aldenberg and Slob (1993) overcame this
problem by developing two confidence limits, 95% and
50%. These indicate the degree of certainty that the
calculated trigger value will protect the selected
percentage of species.Thus,a PC95 50% value means
that there is a 50% certainty that the concentration will
protect at least 95% of species in an ecosystem, or
alternatively, this can be expressed as,50% of PC95 50%
values will protect at least 95% of species. However, in
the ANZECC & ARMCANZ (2000) framework only the
50% confidence limit was used as it was considered
more statistically robust than the 95% (Fox 1999).

Strictly speaking the PC values calculated by the BT IlI
SD method and reported in the Guidelines (ANZECC
& ARMCANZ 2000) do not have confidence intervals.
This was not viewed as necessary, because if there is a
large sample size, the chosen percentile will
approximate the median of estimates of the PC value.
Thus, the 5" percentile should equal the PC95 50%.
Despite PC values with confidence intervals (eg. PC
95 95%) not being used in the Guidelines (ANZECC &
ARMCANZ 2000) the BurrliOZ software can calculate
confidence intervals of any magnitude for any
percentage of species to be protected (eg. PC5 30%,
PC80 70%). This is done using a bootstrap technique
that randomly selects data from the toxicity dataset, to
provide 501 estimates of the concentration that should
protect the desired percentage of species. The
percentile of these estimates corresponding to the
chosen confidence limit is then calculated. Thus, the
5t percentile of 501 estimates of the PC95 would
become the PC95 95%.

It should be noted that the stated level of protection
of aTV (eg. 95% of species with 50% certainty) is
theoretical and may not occur in reality. This could
occur for a number of reasons, which include:

1 the fact that only 50% of the TVs will protect 95%
of species - so the percentage of species protected
could be higher or lower;

2. that the sensitivity of the remainder of the species
to the toxicant may not be the same as that used
to derive the TV,




Warne Australasian Journal of Ecotoxicology

Vol.7, pp. 123-136, 2001

Derivation of toxicant trigger values

0.5

0.4
0.3
0.2

0.1
0 X

Probability

-0.1 T T T T T T T 1
-4 -3 —Zl -1 0 1 2 3 4
log HC5S

Log concentration

XXX X X X
X XX X X
X XXX X

X X XXX

Figure 1. An illustration of how PC95 estimates are
distributed around the actual PC95 value for all species
(modified from Warne, 1998). The curve represents the
distribution of toxicity for a chemical on all species, with
the actual PC95 value indicated. The 'X's in the graph
represent log PC95 estimates from four sub-samples of the
toxicity data as shown below the figure (data sets 1-4).

3. the assumptions of the statistical model, used to
calculate the TVs, may not be appropriate or valid;
and

4. that the toxicity in the field and in the laboratory
may be different due to a number of parameters
including pH, organic matter, or suspended
particulate matter.

Use of the Burr Type Ill Statistical Distribution
Method

Before the TVs were calculated it was necessary to
determine which grade of TV could be derived and by
which method. This was done using the rules stated
earlier in this paper and the minimum data
requirements of the BT 111 SD method which are stated
inTables 4 and 5. Once this had been determined the
data that were identified as extraneous were not used
in any further calculations. For example, if a HR TV
could be derived then only chronic data were used in
subsequent calculations - the extraneous acute data
were not used.

The BT Ill SD method can be used to derive HR and
MR TVs for all chemicals that meet the minimum data

requirements (Tables 4 and 5) and LR (interim) TVs for
non-polar narcotics (refer to the section on QSARS).
The method can not be used to derive LR (interim)
TVs for chemicals other than non-polar narcotics, nor
LR (ECL) TVs for any chemical. This is because the
minimum data requirements of these types of TVs
(Table 6) do not meet the minimum data requirements
of the BT 111 SD method (Tables 4 and 5). The BT 111 SD
method can use toxicity data with any measure of
toxicity as long as only one measure is used for each
calculation (Aldenberg and Slob, 1993). Despite this,
TVs were only derived using chronic NOECs for organic
chemicals and estimates of chronic NOECs for metals
(refer to the section on converting chronic data to
chronic NOECs) and non-polar narcotics (refer to the
section on QSARS).

Only one toxicity datum is used in the BT 111 SD method
to represent the sensitivity of each species. However,
as there were usually multiple toxicity data for each
species, the data generally required some manipulation.
The rules governing the manipulations were adopted
fromVan de Plassche et al.(1993) and are stated below:

1. ifthere was only one toxicity datum,that was taken
to represent the species;

2. if there were several toxicity values for the same
endpoint, the geometric mean of the values was
calculated and was taken to represent the species;
and

3. if there were several toxicity values for different
endpoints, the endpoint with the lowest geometric
mean was taken to represent the species.

Once a single datum point was obtained for each
species for which there were toxicity data, the values
were plotted in a frequency versus toxicity histogram,
in order to identify the chemicals that had a bi-modal
toxicant sensitivity distribution. This was done because,
while the BT 11l SD method can model such data, the
range of the toxicity values would be very large, causing
the concentration that corresponds to high PC values
(eg PC 95 or the 5th percentile) to be unrealistically
low. Pesticides were one group of chemicals that
frequently had bi-modal distributions.

For chemicals with a bi-modal distribution all the data
of the less sensitive group of species were removed
from the calculations. The data for the more sensitive
group of organisms were then entered in the BurrliOZ
(Campbell et al.2000) computer program,which does
the BT IlI calculations. By using the BT 11l method on
the more sensitive group of organisms the data could
val