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Summary 
The DGVs and associated information in this technical brief should be used in accordance with the 

detailed guidance provided in the Australian and New Zealand Guidelines for Fresh and Marine 

Water Quality website (www.waterquality.gov.au/anz-guidelines). 

Chlorination is commonly used to control biofouling organisms; however, chlorine rapidly hydrolyses 

in seawater to hypochlorite which undergoes further reaction with bromide. Hypochlorite can also 

react with organic matter. These reaction products—collectively termed chlorine-produced oxidants 

(CPO)—can be toxic to marine biota. Because the residence times of the most toxic forms are limited 

to several days, appropriate water quality guideline values must be based on short-term (acute) 

toxicity tests, rather than chronic tests. Flow-through toxicity tests are the most appropriate, 

whereas static-renewal tests generate variable results dependent on the renewal rate.  

Literature data for acute CPO toxicity from flow-through tests, combined with values from two 

sensitive 15 min static tests, (data for 29 species from five taxonomic groups) passed the quality 

assessment and screening processes and were used to derive default guideline values (DGVs). The fit 

of the species sensitivity distribution (SSD) to the data was good, resulting in very high reliability 

DGVs. The CPO DGVs for 99%, 95%, 90% and 80% species protection are 4.3 µg/L, 10 µg/L, 16 µg/L 

and 26 µg/L, respectively. The 95% species protection DGV for CPO is recommended for application 

to slightly-to-moderately disturbed ecosystems.  

These are the first marine DGVs for chlorine to be derived using SSDs; all other formal international 

guideline values are based on using assessment factors applied to data for the most sensitive species. 

In applying these DGVs, it must be demonstrated that CPO concentrations would be reduced to 

below the DGV within an acceptable mixing zone both through dilution and dissociation.  

The DGVs can be applied to the use of chlorine in the biocidal treatment of heat-exchanger pipes or 

other systems. This treatment is often continuous; however, where the discharge is into the marine 

environment, the impacts of the discharge are intermittent because of tidal currents and wave 

action. The DGVs in this document are conservative because they are mostly based on toxicity testing 

where the toxicant is continuously renewed, and not on static-renewal or static tests. The DGVs can 

be applied to all discharges, both continuous and intermittent. 

 

http://www.waterquality.gov.au/anz-guidelines
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1 Introduction 
Chlorination, either by the addition of sodium hypochlorite (NaOCl) or electrolysis of seawater, is one 

of the most effective approaches for the control of biofouling organisms in seawater (Nguyen et al. 

2012; Rajagopal 2011). When discharging chlorine-treated waters, there are concerns for the impacts 

of chlorine and its decomposition products on the health of non-target aquatic biota. This treatment 

is often continuous; however, where the discharge is into the marine environment, the impacts of 

the discharge are also influenced by varying rates of dilution of chlorine-produced oxidants (CPO) 

due to tidal currents, wave action and losses through volatilisation. CPO include free chlorine and a 

number of chlorine reaction products that are rapidly formed as a result of its strong oxidising 

property (Section 3). The derivation of water quality guideline values for chlorine is complicated 

because chlorine is highly reactive in seawater, first hydrolysing to hypochlorite and then rapidly 

oxidising bromide (UK Marine SAC 2019). Since these reactions are rapid (Wallis and Chidgey 2022), 

chlorine or hypochlorite are not expected to pose a direct toxicity threat; however, toxicity from 

their reaction products remains and can be assessed in the laboratory. On that basis, it is possible to 

generate guideline values that relate to the original chlorine or hypochlorite concentration.  

Guideline values for chlorine and its reaction products have already been derived by a number of 

jurisdictions (USEPA 1985; CCME 1999; ANZECC/ARMCANZ 2000; Sorokin et al. 2007). However, with 

improvements in guideline value derivation methods (e.g. Batley et al. 2018), and the availability of 

newer toxicity data, there was an opportunity to derive more robust default guideline values (DGVs) 

for Australia and New Zealand.  

In evaluating the toxicity data from experiments with reactive chemicals, there is the option to use 

either static tests (to simulate one-off discharges) or flow-through tests that model continuous 

discharges over several days and avoid decay of toxic reaction products. Flow-through tests are more 

appropriate for the derivation of DGVs for ecosystem protection. Further, given that toxicity is time-

sensitive, it is appropriate to derive DGVs based on short-term (acute) data rather than on long-term 

(chronic) data.  

The oldest marine chlorine guideline value is from USEPA (1985), which recommended that ‘except 

possibly where a locally important species is very sensitive, saltwater aquatic organisms and their 

uses should not be affected unacceptably if the four-day average concentration of CPO does not 

exceed 7.5 µg/L more than once every three years on the average and if the one-hour average 

concentration does not exceed 13 µg/L more than once every three years on the average’.  

CCME (1999) noted that the four most sensitive species endpoints in its database were 5-min EC50 

reduced egg fertilisation successes for sand dollars and green sea urchins (both echinoderms) of 

2 µg/L as CPO and 5 µg/L as CPO, respectively (Dinnel et al. 1981), the 48-h LC50 for the eastern 

oyster larvae of 5 µg/L and the 48-h EC50 for hard clam larvae of 6 µg/L (Roberts et al. 1975). These 

were not considered acceptable by CCME (1999) due to the analytical methods and testing protocols 

used. The CCME (1999) default acute guideline value (termed a short-term guideline value) was 

derived by applying an ‘application factor’ of 0.05 to the 10 µg/L LC50 for the next most sensitive 

species, which included the blue crab (Patrick and McLean 1971), American oyster (Capuzzo 1979), 
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rotifer Brachionus plicatilis (Capuzzo et al. 1976) and phytoplankton (Eppley et al. 1976), giving a 

guideline value of 0.5 µg/L. 

A risk assessment report for the UK Environment Agency (Sorokin et al. 2007) identified the lowest 

reliable short-term toxicity data point as a 24-h LC50 of 5 µg/L as free available chlorine for the 

freshwater crustacean Ceriodaphnia dubia. A standard assessment factor of 100 was applied 

resulting in a predicted no effect concentration (PNEC) in saltwater of 0.05 µg/L. This was 

recommended as a replacement for the existing environment quality standard (EQS) as part of the 

European Water Framework Directive. The existing EQS for total residual oxidants (TRO) (Lewis et al. 

1994) was based on an assessment factor of ~2 applied to an acute LC50 value of 28 µg/L for both 

plaice and sole. This resulted in an EQS of 10 μg/L, substantially higher than the proposed PNEC in 

saltwater. 

In Australia and New Zealand, the absence of sufficient toxicity data for marine species led to the 

adoption of a moderate reliability freshwater chronic DGV of 3 µg/L as a low reliability environmental 

concern value for marine water (ANZECC/ARMCANZ 2000). Although ANZECC/ARMCANZ (2000) 

noted that the marine chlorine 95% species protection value was relatively close to the acute toxicity 

value for the most sensitive species, it was considered sufficiently protective due to its 

decomposition rate in seawater, the narrow difference between acute and chronic toxicity, and the 

lower sensitivity of other data for this species. 

CPO analysis of environmental samples must be undertaken in the field, where possible, due to the 

reactivity and volatility of chlorine and the reaction products. Colorimetry is the most common 

analysis method that can be used in the field as well as in the laboratory. Laboratory methods (e.g. 

amperometry) have lower detection limits, but analysis must be undertaken immediately to avoid 

loss of analyte. Laboratory detection limits are as low as 2 μg/L, depending on the method used, 

while most field test kits are unable to reach this limit. However, common analytical methods can 

also be affected by various interferences (e.g. other oxidising agents, manganese compounds, 

bromide and turbidity (Harp 2002)). The N,N-diethyl-p-phenylenediamine (DPD) colorimetric method 

(APHA 4500-Cl G (APHA 2017)) has been used for freshwater and, according to the method, can be 

used for seawater (APHA 2017). A range of newer methods was reviewed by Wilson et al. (2019) and, 

of these, the 2,2’-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid-diammonium salt (ABTS) 

colorimetric method was the most promising, with a detection limit of 2 µg/L. Compared to DPD, the 

greater stability of the colour of the ABTS means that samples could be prepared in the field and 

measured in the laboratory. Using the ABTS method, chloramine and total residual chlorine can be 

determined separately, and free chlorine, if required, can be determined by the difference. However, 

the application of the ABTS method to seawater has yet to be described. A sensitive iodometric 

method for use in seawater has been described by Wang et al. (2008).  

Recently in Australia and New Zealand, there have been at least two efforts to derive guideline 

values for chlorine in marine water. Batley and Simpson (2020) derived short-term exposure 

guideline values for chlorine in marine water based on the derivation method of Warne et al. (2018). 

They reported 99%, 95%, 90% and 80% species protection values (as CPO) of 2.2 µg/L, 7.2 µg/L, 

13 µg/L and 22 µg/L, respectively. Subsequently, Wallis and Chidgey (2022) challenged some of the 

data used in the derivation by Batley and Simpson (2020) and, using a slightly modified dataset, 

reported 99% and 95% species protection values (as CPO) of 12 µg/L and 18 µg/L, respectively.  
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The DGVs derived and reported in this document are largely based on the work of Batley and 

Simpson (2020), taking into consideration the work of Wallis and Chidgey (2022), and they supersede 

the ANZECC/ARMCANZ (2000) DGVs. To ensure that the DGVs account for the rapid formation of 

chlorine reaction products, they are expressed as the concentration of CPO. However, as CPO 

measures the oxidising power of a solution, methods for CPO analysis may also measure oxidants 

that are not covered by the DGVs. Nevertheless, the use of CPO as a measure of chlorine and its 

reaction products is considered the most appropriate approach for the DGVs.  

2 Aquatic toxicology 
2.1 Mechanism of toxicity 

The toxicity of chlorine is strongly related to its oxidising capacity (ATSDR 2010). It is a well-known 

respiratory toxicant and, although the mechanism by which it affects respiratory tissues is not fully 

known, it is thought to be due to CPO interacting with functional groups in components from cells in 

the respiratory epithelium (ATSDR 2010). Other reported mechanisms of CPO toxicity include 

chlorination of amino acids and the inhibition of biological processes such as enzyme function. In 

fish, oxidative damage to the gills affects respiration, while oxidation of haemoglobin is also possible, 

affecting oxygen transport (Sorokin et al. 2007). For algae and aquatic plants, El-Sherbiny et al. (2021) 

hypothesised that chlorine may damage chloroplasts or interfere with enzymes. 

2.2 Toxicity 

The toxicity of CPO to aquatic organisms is dependent on the species, the exposure duration and 

how they are exposed. Acute LC50s reported in the literature for over 30 species of marine 

organisms range from <5 µg/L to almost 3 000 µg/L. 

Of the species assessed for CPO toxicity, the most sensitive are the echinoderms Strongylocentrotus 

droebachiensis and Dendraster excentricus (Dinnel et al. 1981). In this study, sperm viability for the 

echinoderms was assessed by quantifying egg fertilisation after 15 min of incubation with sperm that 

had been exposed to chlorine (as hypochlorite) for 5 min. Prior to exposing the sperm, the chlorine 

solutions were subject to several different reaction times from 1 min to 48 h depending on the 

species, where reaction time refers to the time allowed for chlorine in the test solution to react with 

the seawater diluent before adding the sperm. The EC50s (expressed as TRO, which is analogous to 

CPO) for D. excentricus and S. droebachiensis in unfiltered seawater ranged from approximately 

2 µg/L to 13 µg/L and 5 µg/L to 6 µg/L, respectively (Dinnel et al. 1981). For D. excentricus in filtered 

seawater, the EC50s (after 1–2 h reaction time) were higher, at 0.018–0.020 µg/L (Dinnel et al. 1981). 

For both species, reaction time did not appear to affect toxicity, suggesting that reaction products 

other than CPO were causing toxicity (Dinnel et al. 1981). Wallis and Chidgey (2022) also recognised 

that the reaction times used by Dinnel et al. (1981) were long enough for no CPO to remain in 

solution, and that the sensitive responses of the echinoderms must have reflected some other 

stressor in the test water. As the chlorine exposure duration was only 5 min in these fertilisation 

experiments, the tests are classified as acute (Warne et al. 2018); chronic tests with this species and 

endpoint require ≥1 h exposure duration to chlorine. The implications for the inclusion of the Dinnel 

et al. (1981) echinoderm data in the DGV derivation are addressed in Section 4.1. 
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The next most sensitive species is the fish Pleuronectes platessa, with a 96-h LC50 of 24 µg/L 

(Alderson 1972). Crustaceans appear to exhibit a wide range of sensitivity to chlorine, with acute 

LC50s ranging from 29 µg/L for the copepod Acartia tonsa (Roberts and Gleeson 1978) to 1 420 µg/L 

for shore crabs Hemigrapsus spp. (Thatcher 1978) and to 2 890 µg/L for the lobster Homarus 

americanus (Capuzzo et al. 1976). Also, in contrast to the high sensitivity of the two echinoderms 

reported by Dinnel et al. (1981), Wallis and Chidgey (2022) reported an EC50 (1-h fertilisation 

success, no pre-exposure reaction time) of 133 µg/L for the echinoderm Heliocidaris tuberculata; 

however, this would generally be considered a chronic test for this life stage and endpoint. 

There are toxicity data for only a few marine microalgal species. The available data suggest that algae 

are not the most sensitive species to chlorine. Lopez-Galindo et al. (2010) reported chronic 96-h IC15 

values of 172 µg/L for Isochrysis galbana and 481 µg/L for Dunaliella salina. Their respective IC50 

values of 1 390 µg/L and 824 µg/L were the highest of any tests reported. The relatively low 

sensitivity might be attributed to the test methods employing static exposures. Flow-through tests 

with algae are difficult to undertake and are, therefore, rarely reported. However, Vannoni et al. 

(2018) assessed the toxicity of chlorine to two marine microalgae using both static and flow-through 

procedures. Based on static exposures, 72-h EC50s (fluorescence) for Navicula pelliculosa and 

Achnanthes spp. were 2 790 µg/L and 230 µg/L, respectively. Based on flow-through exposures, the 

toxicity of chlorine was increased, with 72-h EC50s (fluorescence) for the same two species being 

430 µg/L and 80 µg/L, respectively. There appear to be no chlorine toxicity data available for marine 

plants such as macroalgae or seagrasses. 

Ebenezer and Ki (2013) examined the effects of chlorine on the population growth of the marine 

dinoflagellate Prorocentrum minimum in static tests. Unfortunately, test salinity was not reported. 

They reported a significant (>50%) reduction in population growth at the lowest concentration 

tested: 0.1 mg/L. However, concentrations had decayed to below the detection limit of 0.01 mg/L 

over this duration, suggesting that it was the initial exposure that governed the impact.  

The following are general observations of static and flow-through tests. 

• Static tests with regular renewal (24 h) show lower toxicity (higher LC50 values) than continuous 
flow-through tests because of the reactivity and volatility of chlorine (hypochlorite). For 
example, a 30-min flow-through test with the rotifer Brachionus plicatilis had an LC50 of 90 µg/L 
(as CPO, Capuzzo et al. 1979) compared to a 24-h static test LC50 of 586 µg/L (as CPO, Lopez-
Galindo et al. 2010).  

• In flow-through systems, short-term exposures (30 min) generally show lower toxicity than 96-h 
exposures for the same species. The former may better reflect discharge conditions and the high 
reactivity of chlorine and its reaction products in seawater. For some species in flow-through 
tests, LC50 values decreased significantly as exposure duration increased from 24 h to 96 h as 
shown by Wan et al. (2000) for two marine amphipods. Although, for studies on Menidia 
beryllina fish embryos, Fisher et al. (1994) found little difference between 24-h and 48-h LC50 
values. 

There have been few studies that have examined the toxicity of reaction products. The oxidation 

products from bromine were found to be less toxic than those from chlorine (Dinnel et al. 1981). 

With regard to the toxicity of chloroform and bromoform (both produced by reactions with 

organics), a recent review showed that—at least for chloroform—effects on algae and fish are 

typically seen at mg/L concentrations, orders of magnitude above those for hypochlorite toxicity (UK 
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Marine SAC 2019). The LC50 values for larval survival for the oyster Crassostrea virginica, estimated 

from the published dose-response curves (Stewart et al. 1979), were 2 mg/L, 1 mg/L and 0.1 mg/L 

respectively for chloroform, bromoform and bromate. They noted that chloroform and bromoform 

were both lost from solution by volatilisation. The toxicity of chloramine and bromamine products 

that are formed only when ammonia concentrations are elevated in the seawater was not 

considered. 

3 Factors affecting toxicity 
The rapid hydrolysis of chlorine (Cl2) leads to the formation of hypochlorous acid (HOCl) and its 

dissociation product, the hypochlorite ion (OCl–) (Wallis and Chidgey 2022). At the pH of seawater 

(~8.1), HOCl is 80% dissociated to hypochlorite (pKa = 7.54). The term ‘free chlorine’ refers to the 

mixture of these three components in equilibrium.  

Both chlorine and the hypochlorite ion are powerful oxidants. In particular, bromide ion, present in 

seawater at approximately 65 mg/L, is rapidly oxidised by hypochlorite to form hypobromous acid 

(pKa = 8.6), which is only some 20% dissociated to hypobromite ion at the pH of seawater. This 

reaction is 99% complete in 10 seconds (Jenner et al. 1997). Hypobromous acid is an effective 

oxidant, although weaker than hypochlorite. The antifouling and oxidative capacity of electrolysed 

seawater is, therefore, largely due to hypobromite rather than hypochlorite.  

The term ‘total residual chlorine’ (TRC) used for freshwater is the equivalent of the term CPO for 

seawater. CPO are mostly bromine-based in seawater and include hypobromous acid and (in the 

presence of ammonia) chloramine/bromamine compounds referred to as combined chlorine. By 

definition, CPO largely refers to the oxidative products hypobromous acid (HOBr), hypobromous ion 

(OBr-), and bromamines as discussed in detail by Kinani et al. (2022), but does not include chloroform 

or bromoform. 

In water where ammonia is present at elevated concentrations, the formation of chloramines (NH2Cl) 

(and bromamines) is also possible. Sugam and Helz (1977) estimated that for these to be significant, 

ammonia concentrations would need to exceed 10 µg/L for chlorination at 1 mg/L, but values of this 

order are uncommon in seawater. Because the majority of hypochlorous and hypobromous acids are 

consumed by reaction with organic compounds, the main products are a diverse range of 

halogenated organics, particularly trihalomethanes. Jenner et al. (1997) found that bromoform was 

the major product in cooling water discharge from a coastal power station using seawater for cooling 

purposes. Bromoform was measured at 16 µg/L following a mean chlorine dosage of 0.5–1.5 mg/L as 

Cl2. The high volatility of such compounds means they are rapidly lost. The half-life of bromoform 

varies from 16.9 h at 1 m depth to 85 h at 5 m (Abarnou and Miossec 1992), considerably longer than 

the half-life of chloroform of approximately 30 min (Dilling et al. 1975). Measured CPO includes free 

chlorine and combined chlorine (as chloramines). 

In assessing the ecological impacts of chlorine discharges, the rates at which chlorine and 

hypochlorite species initially react to form hypobromite species, and further react with other 

receiving water constituents such as ammonia or natural dissolved organic matter (DOM), are critical. 

Few studies have examined this in detail. Zeng et al. (2009) showed that at 15°C, an initial chlorine 

concentration of 2.35 mg/L reduced to approximately 0.8 mg/L in less than 1 min. This reduction 
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resulted from the oxidation of bromide to hypobromous acid, which was too fast to measure. This 

was followed by a slower first-order decomposition over 15 min to 0.5 mg/L and almost to 

completion in 30–40 min. The higher the water temperature, the faster the reactions and the 

reduction in chlorine concentration. They noted that in summer the CPO had fully decayed before 

discharge, whereas in winter the CPO decomposition was slower and could be incomplete at 

discharge.  

Using CPO decomposition data and models from the literature (Wang et al. 2008; Saeed et al. 2015), 

a CPO concentration of 100 µg/L is predicted to decay to 50 µg/L within 2 h (~50%), and 25 µg/L 

within 24 h (~75%) in a 5–15°C receiving seawater environment. The CPO decomposition is slower at 

salinity <35‰. The rate of reaction with DOM is slower than the reaction with bromide and increases 

with increasing DOM concentrations (Wang et al. 2008). Similar findings were obtained by Saeed et 

al. (2015).  

The above findings are relevant to how the toxicity testing data might be interpreted and applied to 

derive DGVs to protect the aquatic receiving environment. In flow-through tests with continuous 

hypochlorite addition, reaction with bromide would be presumed to have occurred (available 

bromide reacts rapidly), whereas in static tests, depending on the duration, further oxidative 

reactions might have progressed (slower reactions with DOM). Applying toxicity data derived in this 

way must account for the time of exposure required to elicit either acute or chronic toxicity to 

determine the nature of an impact.  

4 Default guideline value derivation 
4.1 Toxicity data used in derivation 

Because of the high reactivity of chlorine, and the short residence time of the reaction products (i.e. 

several hours maximum) (Wallis and Chidgey 2022), it was more appropriate to derive DGVs that are 

protective against short-term (acute) effects rather than long-term (chronic) effects. Data from acute 

toxicity tests are relevant for deriving guideline values for contaminants that are short-lived and non-

persistent due to dispersion, volatilisation or degradation—as is the case with chlorine in marine 

water. Thus, the literature search focused on data from acute exposures. 

Because of the short half-lives of chlorine and its reaction products in marine water, flow-through 

toxicity tests are usually conducted, resulting in the continuous renewal of test water and 

maintenance of a near-constant chlorine (hypochlorite) exposure to the test organisms. CPO 

concentrations must be measured frequently to demonstrate that substantial reduction in 

concentration is not occurring. Static-renewal tests where hypochlorite-containing seawater was 

replaced regularly (usually daily) have been used in some studies. In static laboratory tests, 

organisms are exposed to rapidly decaying hypochlorite concentrations, and the LC50 values from 

such tests are generally higher (i.e. toxicity was lower) than those for flow-through tests. Flow-

through tests best simulate continuous rather than intermittent discharges, and they provide a 

controlled environment that results in less-variable decay rates compared to static and static renewal 

tests. This has implications for selecting data for DGV derivation. Toxicity tests that use flow-through 

systems to attempt to maintain a constant chlorine concentration and/or prolong the exposure 

period will result in higher exposure concentrations than tests undertaken using static/static-renewal 
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conditions. Therefore, the DGVs derived using such flow-through data will be conservative. For static-

renewal tests, it is the frequency of renewal (if any) in the context of reaction rate that is important. 

Hence, 1–15 min static exposures for early life stages (e.g. eggs, sperm, embryos) may be appropriate 

for use in DGV derivation, whereas static tests where renewal of CPO is ≥24 h should not be used.  

The data in Appendix A: Toxicity data that passed the screening and quality assessment and were 

used to derive the default guideline values are composed of the available acute toxicity data from 

Chariton and Stauber (2008), CCME (1999), USEPA (1985) and additional recent literature data, all of 

which were assessed for quality according to the process specified by Warne et al. (2018). Warne et 

al. (2018) recommends using toxicity data for studies with salinities ≥25‰ for marine guideline 

values (Table A 1) and not using data from studies where the test salinity <25‰. However, for 

chlorine, there were a number of tests conducted at salinities just outside the ≥25‰ criterion (i.e. 

15–<25‰) as shown in Table A 2. An assessment was undertaken to determine whether data from 

appropriate tests conducted at 15–<25‰ salinity could be added to the dataset based on tests 

conducted at ≥25‰. The assessment concluded that the two datasets could be combined 

(Appendix B: Assessment of datasets for DGV derivation).  

Nearly all reported marine toxicity tests for chlorine were classified as acute, as defined by Warne et 

al. (2018). The only chronic data reported (as defined by Warne et al. 2018) were for 72-h algal tests 

(Lopez-Galindo et al. 2010), a 1-h sea urchin fertilisation test (Wallis and Chidgey 2022) and an 8-d 

fish test (Alderson 1974). For acute effects, usually only LC50 or EC50 data are recorded; however, 

given that such estimates represent a 50% effect on species survival or some sub-lethal effect, it is 

more reasonable to use acute negligible effect concentrations such as LC5/EC5 or LC10/EC10 values 

to derive a DGV that is intended to protect aquatic ecosystems, as these estimates represent a point 

of incipient toxicity, not 50% lethality/effect (Warne et al. 2018). An exception to this may be where 

regulations have stipulated that an acute LC50/EC50-based guideline value not be exceeded in a 

mixing zone. Acute negligible effect values were not available for most species, and it was not 

possible to estimate these values based on concentration–response data or curves for chlorine 

toxicity because these data or curves were not published for most of the studies. However, Morgan 

and Prince (1977) reported both LC5 and LC50 values for flow-through tests on eggs and larvae of 

five estuarine fish species. Ratios of LC5/LC50 were 0.55, 0.50, 0.66, 0.53 and 0.76 (mean = 0.6). In 

static tests on the rotifer Brachionus plicatilis, Lopez-Galindo et al. (2010) found an LC10/LC50 ratio 

of 0.75. Given the uncertainties in measurement of LC5 and LC10 values, and in the effects of salinity 

and temperature, and in flow-through versus static tests, the differences between these acute 

‘median effect to negligible effect’ ratios are likely not significant. Therefore, adopting an alternative 

and more conservative default ratio of 0.2, as used to convert chronic EC50 values to EC10 values 

(Warne et al. 2018) cannot be justified. Thus, for chlorine, the species sensitivity distribution (SSD) 

was based on an LC50/EC50 dataset, with a ‘median effect to negligible effect’ conversion factor of 

0.6 applied to the resulting protective concentrations (PCs) from the SSD to derive the DGVs. 

Notably, the DGVs derived by applying the conversion factor to the PCs from the SSD were effectively 

the same as applying the conversion factor to each EC50/LC50 value prior to constructing the SSD. 

Also, the adopted approach allows for jurisdictions to use the unconverted EC50/LC50 PCs for other 

purposes (e.g. assessing the likelihood of significant short-term toxic effects). 

The majority of the data used in the derivation were from studies in the 1970s, 1980s and 1990s and, 

while their quality was acceptable, additional data that looked more closely at the effects of 
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exposure time, salinity and temperature as well as reporting LC10 and LC50 values and 

concentration–response curves would improve the quality of the dataset.  

No chlorine toxicity data for algae or plants were used in the DGV derivation. The European 

Chemicals Bureau (ECB 2002) recommended using the 72-h (or longer) algal EC50 values as an 

equivalent a short-term result, with EC10 values being the long-term result. However, most of the 

available algal toxicity values for chlorine were from chronic static tests lasting 72–96 h, and were 

not included in the derivation because of the decay in concentration that would occur over this test 

duration. The single study that assessed chlorine toxicity to two algal species using flow-through 

exposures (Vannoni et al. 2018) used fluorescence as the endpoint, which is not considered an 

ecologically relevant endpoint; therefore, the data from this study were not used. As algae are not 

among the most sensitive species to chlorine (Section 2.2), their exclusion from the derivation does 

not have a marked influence on the DGVs.  

For the oyster C. virginica, Capuzzo (1979) found an LC50 of 80 μg/L after a 30‐min exposure in water 

of 28‰ salinity. Roberts et al. 1975 obtained a 96‐h LC50 of 23 μg/L at 20‰ for the same species. 

Both studies used a flow‐through test. Although the shorter exposure was possibly more appropriate 

for a chlorine discharge, for consistency with other data, the 96‐h value was used in the final SSD. For 

the copepod Acartia tonsa, an LC50 of 820 μg/L after 30-min in 28‰ water (Capuzzo 1979) was 

compared with an LC50 of 29 μg/L after 96-h in 20‰ water (Roberts and Gleeson 1978). The reasons 

for this difference were unclear. Again, the lower value was used in the final SSD.  

As noted in Section 2.2, Wallis and Chidgey (2022) questioned the reliability of the chlorine toxicity 

data reported by Dinnel et al. (1981) for the two echinoderm species S. droebachiensis and 

D. excentricus, and suggested that they should not be included in any dataset used to derive 

guideline values for chlorine in marine water. The arguments presented by Wallis and Chidgey (2022) 

were scrutinised (Appendix C: Assessment of reliability of echinoderm toxicity data from Dinnel et al. 

(1981)), and it was concluded that, on the basis of the reaction times used by Dinnel et al. (1981), the 

data for S. droebachiensis should be excluded from the DGV derivation and the data for 

D. excentricus should be included in the derivation. For D. excentricus, six tests were run using 

reaction times of 1 min (three tests), 5 min, 15 min and 60 min. Although toxicity across these 

reaction times did not differ, the geometric mean of the three EC50s from the 1 min reaction time 

tests (6.4 µg/L) was selected over the other tests. This value was effectively the same as the EC50s 

from the other reaction times (i.e. 7 µg/L for 5 min, 6 µg/L for 15 min and 8 µg/L for 60 min) (Dinnel 

et al. 1981). 

Based on the key decisions described above, the final dataset used to derive the DGVs for chlorine 

(as CPO) in marine water comprised toxicity data from 29 species from five different taxonomic 

groups across a salinity range of 15–35‰ (Table 1). All of the data used in the DGV derivation were 

based on CPO measurements using either amperometry or iodometric titration. An assessment of 

the modality of the dataset concluded that the dataset was unimodal and that the data could be 

used for the DGV derivation (Appendix D: Modality assessment for chlorine).  

Further details on the data that passed the quality assessment, and were subsequently used to 

derive the DGVs, are presented in Table A 1 and Table A 2. Data that passed the quality assessment 

but were excluded from the DGV derivation are in Table A 3. Details of the data quality assessment 

and the data that passed the quality assessment are provided as supporting information. 

Commented [A1]: Note to DCCEEW: Add hyperlink to data 
quality assessment spreadsheet once url known. 

Commented [A2]: Note to DCCEEW: Add hyperlink to data 
entry spreadsheet once url known. 
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Table 1 Summary, single acute toxicity values, all species used to derive default guideline values for 
chlorine (CPO) in marine water  

Taxonomic 
group 

Species Life stage Exposure 
duration 

Test type Toxicity 
measure 

Test 
medium 

Concentration 
(µg/L) 

Echinoderm Dendraster 
excentricus 

Sperm 5 min Static Fertilisation 
(EC50) 

Seawater 
(28‰) 

6.4 

Rotifer Brachionus plicatilis – 30 min Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

90 

Mollusc 
(bivalve) 

Crassostrea 
virginica 

Larva 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

23 

Crustacean 
(copepod) 

Acartia tonsa – 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

29 

Crustacean 
(amphipod) 

Pontogeneia sp. Adult 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

687 

Anonyx sp. Adult 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

145 

Crustacean 
(lobster) 

Homarus 
americanus 

Larva 1 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

2 890 

Crustacean 
(mysid) 

Neomysis sp. Adult 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

162 

Mysidopsis bahia Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20–20.5‰) 

68 

Crustacean 
(shrimp) 

Pandalus danae Juvenile 
and adult 

96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

178 

Pandalus goniurus Adult 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

90 

Crangon nigricauda Adult 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

134 

Palaemonetes 
pugio 

Adult 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

220 

Crustacean 
(crab) 

Hemigrapsus nudus 
and H. oregonensis 

Juvenile 
and adult 

96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

1 420 

Fish Menidia peninsulae Fry 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(22–27‰) 

54 

Pleuronectes 
platessa 

Larva 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(35‰) 

24 

Oncorhynchus 
kisutch 

Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

32 

Clupea harengus 
pailasi 

Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

65 

Gasterosteus 
aculeatus 

Juvenile 
and adult 

96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

167 

Cymatogaster 
aggregata 

Juvenile 
and adult 

96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

71 

Ammodytes 
hexapterus 

Juvenile 
and adult 

96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

82 

Parophrys vetulus Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

73 



Toxicant default guideline values for aquatic ecosystem protection: Chlorine in marine water 

Australian and New Zealand Guidelines for Fresh and Marine Water Quality 10 

OFFICIAL 

OFFICIAL 

Taxonomic 
group 

Species Life stage Exposure 
duration 

Test type Toxicity 
measure 

Test 
medium 

Concentration 
(µg/L) 

Menidia menidia Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

37 

Menidia beryllina Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20–20.5‰) 

135 

Synnathus focus Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

270 

Gobiosoma bosci Juvenile 96 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

80 

Morone americana Egg 76 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(15‰) 

270 

Morone saxatilis Egg 48 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(15‰) 

200 

Alosa aestivalis Egg 48 h Flow-
through 

Mortality 
(LC50) 

Seawater 
(15‰) 

240 

4.2 Species sensitivity distribution 

The cumulative frequency (species sensitivity) distribution (SSD) of the acute marine toxicity data for 

chlorine (CPO) in Table 1 is presented in Figure 1. The SSD was plotted using the Burrlioz 2.0 software 

and was based on acute EC50/LC50 data. The model provides a good fit to the data (Figure 1).  

 

Note: dotted line shows the concentration of CPO (17 µg/L) at which 5% of species are potentially affected. 

Figure 1 Species sensitivity distribution, chlorine (CPO) in marine water 
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4.3 Default guideline values 

It is important that the DGVs and associated information in this technical brief are used in 

accordance with the detailed guidance provided in the Australian and New Zealand Guidelines for 

Fresh and Marine Water Quality website (ANZG 2018). The chlorine DGVs are expressed as the 

concentration of CPO.  

As the SSD in Figure 1 is based on EC50/LC50 data, PCs derived from the SSD do not represent DGVs 

but rather the concentrations predicted to protect x% of species from effects greater than 50%. 

These PCs for the 1st, 5th, 10th and 20th percentiles of the SSD were 7.1 µg/L, 17 µg/L, 27 µg/L and 

43 µg/L (as CPO), respectively. The DGVs were calculated by multiplying these PCs by the ‘median to 

negligible effect’ conversion factor of 0.6 (Section 4.1). The resulting DGVs for 99%, 95%, 90% and 

80% species protection are shown in Table 2. The 95% species protection DGV for CPO in marine 

waters is recommended for application to slightly-to-moderately disturbed ecosystems.  

Table 2 Default guideline values, chlorine (CPO) in marine water, very high reliability 

Level of species protection (%) DGV for chlorine (CPO) in marine water (g/L) a 

99 4.3 

95 10 

90 16 

80 26 

a The DGVs were derived using the Burrlioz 2.0 software. They have been rounded to two significant figures. 

These are the first marine DGVs for chlorine to be derived using SSDs; all other formal international 

guideline values are based on using assessment factors applied to data for the most sensitive species. 

Due to the variation in bioassay durations, but limited overall toxicity data, it was not feasible to 

develop DGVs for specific exposure durations. 

Although marine algae were not used to derive the DGVs, they do not appear to be among the most 

sensitive of taxonomic groups to chlorine, and the available toxicity data were well above the DGVs. 

Therefore, the DGVs should be protective of marine algae. Although there are no data for marine 

plants, they are unlikely to be more sensitive than algae and, therefore, are likely to be protected by 

the DGVs. 

Although short-term DGVs are the most appropriate way to manage the impacts of chlorine in 

marine water, consideration of the longer-term impacts on biota is also relevant. In terms of defining 

a chronic exposure guideline value, one option is to apply an acute-to-chronic ratio (ACR) to the PCs 

based on the LC50 values (Table B 1). Fisher et al. (1994) reported ACRs for flow-through exposures 

of 3.7 for the mysid Mysidopsis bahia and 1.5 for the silverside Menidia beryllina. Using the 

geometric mean of these values (2.4), chronic PC99 and PC95 values of 1.5 µg/L and 5.0 µg/L (as 

CPO) were obtained. However, these are also conservative, as the most toxic CPO are depleted 

within 1–2 d, leaving products that are less toxic by at least an order of magnitude. The implication is 

that compliance with the conservative short-term DGVs is likely to also be protective against long-

term effects.  

https://www.waterquality.gov.au/anz-guidelines
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The current DGVs should apply to all field situations, whether the discharges are continuous or 

intermittent, as there is unlikely to be any significant build-up of CPO beyond a defined mixing zone 

due to the decay processes and tidal mixing.  

4.4 Reliability classification  

The chlorine (CPO) in marine water DGVs have a very high reliability classification (Warne et al. 2018) 

based on the outcomes for the following three criteria: 

• sample size—29 (preferred) 

• type of toxicity data—acute LC50 converted to acute LC10 and acute EC50 converted to EC10 

• SSD model fit—good (Burr Type III). 
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Glossary 
Term Definition 

acute toxicity A lethal or adverse sub-lethal effect that occurs as the result of a short exposure 
period to a chemical relative to the organism’s life span. 

acute-to-chronic ratio (ACR) The species mean acute value (LC/EC50) divided by the chronic value (e.g. NOEC or 
EC10) for the same species. 

assessment factor A unitless number applied to the lowest toxicity figure for a chemical to derive a 
concentration that should not cause adverse environmental effects. The size of the 
assessment factor varies with the type of data. Also called ‘application factor’ or 
‘safety factor’. 

chlorine produced oxidants (CPO) The sum of free and combined chlorine and bromine, largely involving oxidative 
products [hypobromous acid (HOBr), hypobromous ion (OBr-), and bromamines, 
but not chloroform or bromoform] in saltwater. It is generally analogous to total 
residual chlorine (TRC). 

chronic toxicity A lethal or sublethal adverse effect that occurs after exposure to a chemical for a 
period of time that is a substantial portion of the organism’s life span or an adverse 
effect on a sensitive early life stage. 

default guideline value (DGV) A guideline value recommended for generic application in the absence of a more 
specific guideline value (e.g. site-specific), in the Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality. 

DOM Dissolved organic matter.  

EC50 (median effective 
concentration) 

The concentration of a substance in water or sediment that is estimated to produce 
a 50% change in the response being measured or a certain effect in 50% of the test 
organisms relative to the control response, under specified conditions. 

ECx The concentration of a substance in water or sediment that is estimated to produce 
an x% change in the response being measured or a certain effect in x% of the test 
organisms, under specified conditions. 

endpoint The specific response of an organism that is measured in a toxicity test (e.g. 
mortality, growth, a particular biomarker). 

guideline value  A measurable quantity (e.g. concentration) or condition of an indicator for a specific 
community value below which (or above which, in the case of stressors such as pH, 
dissolved oxygen and many biodiversity responses) there is considered to be a low 
risk of unacceptable effects occurring to that community value. Guideline values for 
more than one indicator should be used simultaneously in a multiple lines of 
evidence approach. 

LC50 (median lethal 
concentration) 

The concentration of a substance in water or sediment that is estimated to be lethal 
to 50% of a group of test organisms, relative to the control response, under 
specified conditions. 

LCx The concentration of a substance in water or sediment that is estimated to be lethal 
to x% of a group of test organisms under specified conditions. 

PC  Protective concentration. 

species (biological) A group of organisms that resemble each other to a greater degree than members 
of other groups and that form a reproductively isolated group that will not produce 
viable offspring if bred with members of another group. 

species sensitivity distribution 
(SSD)  

A method that plots the cumulative frequency of species’ sensitivities to a toxicant 
and fits a statistical distribution to the data. From the distribution, the 
concentration that should theoretically protect a selected percentage of species can 
be determined. 
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Term Definition 

total residual chlorine (TRC) The total amount of chlorine present in a sample, equal to the sum of the free 
chlorine residual and the combined available chlorine residual. The term is mostly 
used for freshwater and is generally analogous to chlorine produced oxidants (CPO). 

toxicity The inherent potential or capacity of a material to cause adverse effects in a living 
organism. 

toxicity test The means by which the toxicity of a chemical or other test material is determined. 
A toxicity test is used to measure the degree of response produced by exposure to a 
specific level of stimulus (or concentration of chemical) for a specified test period.  
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Appendix A: Toxicity data that passed the screening and 
quality assessment and were used to derive the default 
guideline values 
This appendix documents all toxicity data that passed the screening and quality assessment processes. Table A 1 contains the ≥25‰ salinity data that were 

used in the DGV derivation. Table A 2 contains the ≥15–<25‰ salinity data that were used in the DGV derivation. Table A 3 lists the ≥25‰ salinity and ≥15–

<25‰ salinity data that were excluded from the DGV derivation. 

Table A 1 Summary, acute toxicity data that passed screening and quality assessment processes, chlorine (CPO) in marine water, salinity ≥25‰ – used in 
DGV derivation 

Taxonomic 
group 

Species Life stage 
Exposure 
duration 

Test type 
Toxicity 
measure 

Test 
medium 

Temp. 
(°C) 

Concentration 
(µg/L) 

Reference 

Rotifer Brachionus plicatilis – 30 min Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

25 90 Capuzzo 1979 

Value used in SSD 

Crustacean  
(amphipod) 

Pontogeneia sp. Adult 96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 687 Thatcher 1978 

Value used in SSD 

Anonyx sp. Adult 96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 145 Thatcher 1978 

Value used in SSD 

Crustacean 
(shrimp) 

Pandalus danae Juvenile 
and adult 

96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 178 Gibson et al. 1975; Thatcher 1978 

Value used in SSD 

Pandalus goniurus Adult 96  Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 90 Thatcher 1978 

Value used in SSD 

Crangon nigricauda Adult 96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 134 Thatcher 1978 

Value used in SSD 

Crustacean 
(lobster) 

Homarus americanus Larva 1 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

20–22 2 890 Capuzzo et al. 1976 

Value used in SSD 
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Taxonomic 
group 

Species Life stage 
Exposure 
duration 

Test type 
Toxicity 
measure 

Test 
medium 

Temp. 
(°C) 

Concentration 
(µg/L) 

Reference 

Crustacean 
(mysid) 

Neomysis sp. Adult 96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 162 Thatcher 1978 

Value used in SSD 

Crustacean 
(crab) 

Hemigrapsus nudus and 
H. oregonensis 

Juvenile 
and adult 

96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 1 420 Thatcher 1978 

Value used in SSD 

Echinoderm Dendraster excentricus Sperm 5 min Static Fertilisation 
(EC50) 

Seawater 
(28‰) 

14 6.4 Dinnel et al. 1981 

Value used in SSD 

Geometric mean of 3 values 

Fish Menidia peninsulae Fry 96 h Flow-through Mortality 
(LC50) 

Seawater 
(22–27‰) 

25 54 Goodman et al. 1983 

Value used in SSD 

Pleuronectes platessa Larva 96 h Flow-through Mortality 
(LC50) 

Seawater 
(35‰) 

8 24 Alderson 1972 

Value used in SSD 

Oncorhynchus kisutch Juvenile 96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 32 Thatcher 1978 

Value used in SSD 

Clupea harengus pailasi Juvenile 96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 65 Thatcher 1978 

Value used in SSD 

Gasterosteus aculeatus Juvenile 
and adult 

96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 167 Thatcher 1978 

Value used in SSD 

Cymatogaster aggregata Juvenile 
and adult 

96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 71 Thatcher 1978 

Value used in SSD 

Ammodytes hexapterus Juvenile 
and adult 

96 h Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 82 Thatcher 1978 

Value used in SSD 

Parophrys vetulus Juvenile 96 Flow-through Mortality 
(LC50) 

Seawater 
(28‰) 

15 73 Thatcher 1978 

Value used in SSD 

–: No data available/not stated.   
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Table A 2 Summary, flow-through acute toxicity data that passed screening and quality assessment processes, chlorine (CPO) in marine water, salinity 
≥15‰–<25‰ – used in DGV derivation  

Taxonomic 
group 

Species Life stage 
Exposure 
duration 

Test type Toxicity measure Test medium 
Temp. 
(°C) 

Concentration 
(µg/L) 

Reference 

Mollusc 
(bivalve) 

Crassostrea virginica Larva 96 h Flow-through Mortality (LC50) Seawater (20‰) 19–28 23 Roberts et al. 1975 

Value used in SSD 

Crustacean 
(copepod) 

Acartia tonsa – 96 h Flow-through Mortality (LC50) Seawater (20‰) 20 29 Roberts and Gleeson 1978 

Value used in SSD 

Crustacean 
(shrimp) 

Palaemonetes pugio Adult 96 h Flow-through Mortality (LC50) Seawater (20‰) 19–28 220 Roberts and Gleeson 1978 

Value used in SSD 

Crustacean 
(mysid) 

Mysidopsis bahia Juvenile 96 h Flow-through Mortality (LC50) Seawater (20.5‰) 20 73 Fisher et al. 1994 

Juvenile 96 h Flow-through Mortality (LC50) Seawater (20‰) 20 62 Fisher et al. 1999 

– 68 Value used in SSD 

Geometric mean 

Fish Menidia menidia Juvenile 96 h Flow-through Mortality (LC50) Seawater (20‰) 19–28 37 Roberts and Gleeson 1978 

Value used in SSD 

Menidia beryllina Juvenile 96 h Flow-through Mortality (LC50) Seawater (20.5‰) 20 128 Fisher et al. 1994 

Juvenile 96 h Flow-through Mortality (LC50) Seawater (20‰) 20 143 Fisher et al. 1999 

– 135 Value used in SSD 

Geometric mean 

Synnathus focus Juvenile 96 h Flow-through Mortality (LC50) Seawater (20‰) 17–28 270 Roberts et al. 1975 

Value used in SSD 

Gobiosoma bosci Juvenile 96 h Flow-through Mortality (LC50) Seawater (20‰) 17–28 80 Roberts et al. 1975 

Value used in SSD 

Morone americana Egg 76 h Flow-through Mortality (LC50) Seawater (15‰) 8–12 270 Morgan and Prince 1977 

Value used in SSD 

Morone saxatilis Egg 48 h Flow-through Mortality (LC50) Seawater (15‰) 8–12 200 Morgan and Prince 1977 

Value used in SSD 

Alosa aestivalis Egg 48 h Flow-through Mortality (LC50) Seawater (15‰) 8–12 240 Morgan and Prince 1977 

Value used in SSD 

–: No data available/not stated.   
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Table A 3 Summary, toxicity data that passed screening and quality assessment processes, chlorine (CPO) in marine water, salinity ≥15–<25‰ and ≥25‰ 
– not used in DGV derivation  

Taxonomic 
group 

Species 
Life 
stage 

Exposure 
duration 

Acute / 
chronic 

Test 
type 

Toxicity 
measure 

Test 
medium 

Temp. 
(°C) 

Concen-
tration (µg/L) 

Reference Comments 

Salinity ≥25‰ 

Green 
microalga 

Isochrysis galbana – 96 h Chronic Static Growth 
(IC15) 

Seawater 
(salinity not 
reported) 

20 172 Lopez-Galindo 
et al. 2010 

CPO measured every 
30 min. IC50 1 390 µg/L. 

Dunaliella salina – 96 h Chronic Static Growth 
(IC15) 

Seawater 
(salinity not 
reported) 

20 481 Lopez-Galindo 
et al. 2010 

Daily biomass (optical 
density) measurements. 
IC50 824 µg/L. 

Dinoflagellate Prorocentrum 
minimum 

– 6 h Acute Static Growth 
(IC10) 

– 20 914 Ebenezer and 
Ki 2013 

Decaying CPO by 75%. 
No IC50 calculable. 

Rotifer Brachionus 
plicatilis 

30 min 
old 

24 h Acute Static Mortality 
(LC50) 

Seawater 
(salinity not 
reported) 

20 586 (LC50), 
438 (LC10) 

Lopez-Galindo 
et al. 2010 

Measured concentrations 
in 0.3 mL well plates. 

Crustacean 
(amphipod) 

Hyale barbicornis Juvenile 96 h Acute 24-h 
renewal 

Mortality 
(LC50) 

Seawater 
(34‰) 

20 1 050 Anasco et al. 
2008 

Measured concentration 
decayed rapidly. Nominal 
concentration used for 
24-h exposure, measured 
concentrations for other 
exposure times. 

Crustacean 
(copepod) 

Acartia tonsa – 30 min Acute Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

20 820 Capuzzo 1979 Acceptable quality. 

Echinoderm Strongylocentrtus 
droebachiensis 

Sperm 5 h Acute Static Fertilisation 
(EC50) 

Seawater 
(28‰) 

14 <5 Dinnel et al. 
1981 

See Appendix C: 
Assessment of reliability 
of echinoderm toxicity 
data from Dinnel et al. 
(1981). Reaction time too 
long. 

Heliocidaris 
tuberculata 

Sperm 1 h Chronic Static Fertilisation 
(EC50) 

Seawater 
(salinity not 
reported)  

16 133 Wallis and 
Chidgey 
(2022) 

Deemed a chronic 
endpoint for exposures 
≥1 h according to Warne 
et al. (2018). 
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Taxonomic 
group 

Species 
Life 
stage 

Exposure 
duration 

Acute / 
chronic 

Test 
type 

Toxicity 
measure 

Test 
medium 

Temp. 
(°C) 

Concen-
tration (µg/L) 

Reference Comments 

Mollusc 
(bivalve) 

Crassostrea 
virginica 

Larva 30 min Acute Flow-
through 

Mortality 
(LC50) 

Seawater 
(28‰) 

25 80 Capuzzo 1979 Acceptable quality. 

Fish Oryzias javanicus Larva 96 h Acute 24-h 
renewal 

Mortality 
(LC50) 

Seawater 
(34‰) 

26 91 Anasco et al. 
2008 

Concentration decayed 
rapidly. Nominal for 24-h, 
measured for others. 

Larva 24 h Acute 24-h 
renewal 

Mortality 
(LC50) 

Seawater 
(34‰) 

26 152 Anasco et al. 
2008 

– 

Pleuronectes 
platessa 

Egg 8 d Chronic Flow-
through 

Mortality 
(LC50) 

Seawater 
(35‰) 

8 120 Alderson 
1972, 1974 

Low temperature. 

Salinity ≥15–<25‰ 

Crustacean Amphiporeia 
virginiana 

Juvenile 48 h Acute Static Mortality 
(LC50) 

Seawater 
(21‰) 

10 626 Wan et al. 
2000 

Acceptable quality. 

Eohaustorius 
washingtonianus 

Juvenile 48 h Acute Static Mortality 
(LC50 

Seawater 
(21‰) 

15 567 Wan et al. 
2000 

Acceptable quality. 

Mollusc 
(bivalve) 

Crassostrea 
virginica 

Larva 48 h Acute Flow-
through 

Mortality 
(LC50) 

Seawater 
(20‰) 

19–28 26 Roberts and 
Gleeson 1978 

Acceptable quality. 

Fish Menidia menidia Egg 48 h Acute Flow-
through 

Mortality 
(LC50) 

Seawater 
(15‰) 

8–12 300 Morgan and 
Prince 1977 

Acceptable quality. 

–: No data available/not stated.  
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Appendix B: Assessment of datasets for 
DGV derivation 
There were three possible datasets that were assessed for use in the derivation of DGVs for chlorine 

(CPO) in marine water:  

• Dataset 1: based on short-term tests conducted at ≥25‰ salinity, and comprising toxicity values 
for 18 species from five taxonomic groups 

• Dataset 2: based on dataset 1 minus toxicity values from static exposure tests  

• Dataset 3: based on short-term tests conducted at ≥15‰ salinity, and comprising toxicity values 
for 29 species from five taxonomic groups.  

An assessment of the most appropriate dataset to use for the derivation of the DGVs is presented 

below. The acute toxicity protective concentrations (PCs) reported below have not been converted to 

chronic-equivalent PCs via the application of the ACR of 0.6 described in Section 4.1. 

Using only the ≥25‰ acute toxicity data from flow-through or very short-term static tests (i.e. 

<15 min) from Table A 1, an SSD was plotted (Figure B 1) and used to derive PCs. The PCs for 99%, 

95%, 90% and 80% species protection were 6.1 µg/L, 15 µg/L, 24 µg/L and 40 µg/L (as CPO), 

respectively (Table B 1).  

If data from static tests were omitted, the PCs for 99% and 95% species protection increased to 

20 µg/L and 30 µg/L (as CPO), respectively. This increase was largely due to the removal of the most 

sensitive endpoint, which was from a static test using a sand dollar species. Therefore, this species 

was included in the dataset used for the DGV derivation (see Appendix A: Toxicity data that passed 

the screening and quality assessment and were used to derive the default guideline values).  

Given there were considerable additional chlorine toxicity data for salinity between 15‰ and 25‰, 

the differences in the toxicity of chlorine between ≥15–<25‰ and ≥25‰ salinity were assessed, with 

a view to potentially combine the datasets (Table A 1 and Table A 2), assuming that the lowered 

salinity did not result in different toxicity. This required a comparison between the ≥25‰ and 15–

<25‰ salinity datasets. The SSD of the 11 values in Table A 2 for salinity 15–<25‰ (Figure B 2) gave 

PCs of 3.2 µg/L, 15 µg/L, 29 µg/L and 57 µg/L (as CPO) for 99%, 95%, 90% and 80% protection, 

respectively (Table B 1), which was similar to the PCs based on the ≥25‰ salinity dataset (Table B 1), 

despite the 15–<25‰ salinity dataset not including the sensitive sand dollar species. Combining the 

data from Table A 1 and Table A 2 resulted in a dataset comprising 29 species from five  taxonomic 

groups and resulted in the SSD shown in Figure B 3 (and in Figure 1), and PCs of 7.1 µg/L, 17 µg/L, 

27 µg/L and 43 µg/L (as CPO) for 99%, 95%, 90% and 80% protection, respectively (Table B 1). The 

95% confidence limits of all of the data derived from the ≥25‰ and 15–<25‰ salinity datasets 

overlapped, and given there were only minor differences between the PCs from the different 

datasets (Table B 1), it was deemed appropriate to use the combined dataset (i.e. for ≥15‰ salinity) 

for deriving the DGVs.  

Data for two species were common to the datasets, namely for the oyster Crassostrea virginica and 

the copepod Acartia tonsa. For the oyster, Capuzzo (1979) observed an LC50 of 80 µg/L following a 
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30-min exposure in seawater at 28‰ salinity, while Roberts et al (1975) reported a 96-h LC50 of 

23 µg/L in 20‰ salinity (these were both flow-through exposures). While the shorter exposure was 

possibly more appropriate for a chlorine discharge, the lower of the two values was used in the SSD. 

For the copepod, an LC50 of 820 µg/L after 30 min in 28‰ salinity seawater (Capuzzo 1979) was 

compared to a 96-h LC50 of 29 µg/L in 20‰ salinity seawater (Roberts and Gleeson 1978). The more 

sensitive 96-h value was used in the SSD.  

 
Note: dotted line shows the concentration of CPO (15 µg/L) at which 5% of species are potentially affected. 

Figure B 1 SSD for chlorine (CPO) based on flow-through LC50 data, static EC50 data and water 
salinity ≥25‰ 

 
Note: dotted line shows the concentration of CPO (15 µg/L) at which 5% of species are potentially affected. 
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Figure B 2 SSD for chlorine (CPO) based on flow-through LC50 data and water salinity 15–<25‰ 

 
Note: dotted line shows the concentration of CPO (17 µg/L) at which 5% of species are potentially affected. 

Figure B 3 Combined dataset SSD for chlorine (CPO) – based on flow-through LC50 data, static EC50 
data and water salinity ≥15‰ 

Table B 1 Summary, short-term protective concentrations for chlorine (CPO) in marine water – 
three datasets assessed 

Level of species 
protection (%) 

CPO protective concentration values (µg/L) a 

≥25‰ salinity, flow-through 
data, static data (n = 18) 

15–<25‰ salinity, flow-
through data (n = 11) 

≥15‰ salinity, flow-through 
data, static data (n = 29) 

99 6.1  3.2 7.1 

95 15  15 17 

90 24 29 27 

80 40 57 43 

a Conversion to DGVs requires multiplication by an ACR of 0.6. 
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Appendix C: Assessment of reliability of 
echinoderm toxicity data from Dinnel 
et al. (1981) 
Wallis and Chidgey et al. (2022) questioned the reliability of the chlorine toxicity data reported by 

Dinnel et al. (1981) for the two echinoderm species S. droebachiensis and D. excentricus, and 

suggested that they should not be included in datasets used to derive guideline values for chlorine in 

marine water. An assessment of their arguments follows. 

The details of the echinoderm toxicity tests and associated results reported by Dinnel et al. (1981) 

are described in Section 2.2. A summary of the experimental design for both species is shown in 

Table C 1. In assessing the quality of the Dinnel et al. (1981) study for inclusion in current DGV 

derivation, the data for both echinoderm species received a score of approximately 60% (see quality 

assessment supporting information). While this is considered acceptable for deriving DGVs (i.e. a 

score of ≥50% is required for a toxicity value to be deemed acceptable), it is possible for acceptable 

quality studies to be excluded based on critical flaws that might not have been identified or did not 

sufficiently penalise the study during the formal quality assessment process. Consequently, the 

concerns raised by Wallis and Chidgey (2022) were individually addressed below. 

Table C 1 Bioassay details for assessing chlorine toxicity in unfiltered seawater to two sea urchins, 
sourced from Dinnel et al. (1981) 

Species Endpoint Reaction time a Sperm exposure 
duration 

Sperm-egg 
incubation duration 

Dendraster excentricus Sperm viability 1–60 min 5 min 15 min 

Strongylocentrotus 
droebachiensis  

Sperm viability 24–48 h 5 min 15 min 

a Reaction time refers to the time allowed for chlorine or bromine in the test solution to react with the dilution seawater 

before adding the sperm. 

Canadian guideline values for chlorine in marine water did not use the Dinnel et al. (1981) data 
CCME (1999) stated that there were reservations about the analytical methods and testing protocols 

reported by Dinnel at al. (1981). However, no further details of these reservations were provided in 

the CCME (1999) guideline document, making it difficult to assess the justification for this decision. 

Nevertheless, the data met the quality requirements for derivation of ANZG DGVs (as per Warne et 

al. 2018). Moreover, the methods were sufficiently clear in terms of the exposure regimes used 

(Table C 1). In terms of the analytical methods, Dinnel et al. (1981) clearly stated that they measured 

chlorine as total residual oxidant (TRO; analogous to CPO) and cited the APHA iodometric method by 

which this was done. They also reported the limit of detection, which was below the reported EC50 

values.  

Information lacking on the time gap between the toxicity tests and chlorine analyses 
The study did not state when and how often during the experiment the samples for analysis were 

collected. While this is a limitation, it does not automatically exclude the data from the derivation.  

Commented [A3]: Note to DCCEEW web team - add 
hyperlink to accompanying data quality assessment 
spreadsheet. 
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Long reaction times (24–48 h) would reduce chlorine in the test water to very low concentrations  
Theoretically, long reaction times reduce chlorine and CPO concentrations and, therefore, reduce 

toxicity. Wallis and Chidgey (2022) showed that, at CPO concentrations of approximately 600 µg/L, 

most of the CPO had reacted within 1 h. Both echinoderms exhibited very high sensitivity to chlorine. 

Dinnel et al. (1981) acknowledged the unexpected high toxicity of chlorine to S. droebachiensis after 

the longer reaction times of 24–48 h. In discussing chlorine fate, Dinnel et al. (1981) referred to an 

initial phase of rapid loss followed by a second phase of slower loss that is not measurable as TRO, 

but which represents a potential source of toxicity until shown otherwise. They also noted that 

measurable TRO may not be a completely adequate measure of toxicity, and that ‘lost chlorine’ may 

produce chlorinated by-products not measurable as TRO, which are persistent in the marine 

environment. 

Notwithstanding the discussion by Dinnel et al. (1981), the uncertainty introduced by the relatively 

long reaction times of 24–48 h for S. droebachiensis tests may provide sufficient justification for 

excluding these data from the DGV derivation. 

Using data for unfiltered water confounded the chlorine toxicity results 
Wallis and Chidgey (2022) claimed that the data for the D. excentricus in unfiltered seawater showed 

higher toxicity, which suggests that there was an additional stressor. However, there was no 

evidence for this. Moreover, no direct comparison can be made between the filtered and unfiltered 

seawater used by Dinnel et al. (1981) because the reaction time for the filtered sample was longer 

(1–2 h) than for the unfiltered sample (1 min to 1 h). Thus, the change in toxicity could also be 

attributed to the reaction time length. Also, if there was an additional stressor in the unfiltered water 

causing toxicity, this would presumably have been seen across all the chlorine treatments because 

there was no dilution series of the seawater, just straight seawater with different chlorine 

concentrations. However, Dinnel et al. (1981) stated that fertilisation in seawater control was ≥90% 

and that any tests for which control fertilisation was <90% were discarded. This provides evidence 

that: the seawater was not having an adverse effect on the sperm; and where control performance 

was below acceptability, the test data were not used for the analyses. These factors were not 

acknowledged by Wallis and Chidgey (2022). 

Replacement of Dinnel et al. (1981) echinoderm toxicity data with new toxicity data for another 
echinoderm species 
In deriving marine guideline values for chlorine, Wallis and Chidgey (2022) suggested replacing the 

Dinnel et al. (1981) data for S. droebachiensis and D. excentricus with new toxicity data for the 

echinoderm Heliocidaris tuberculata. However, the DGV derivation method (Warne et al. 2018) does 

not permit the replacement of data for one or more species from a taxonomic group with data for 

another species from the same taxonomic group. In such cases, if all data are acceptable, all species 

would be included. 

Conclusion 
Although the evidence is not strong, the relatively long reaction times (24–48 h) used for 

S. droebachiensis provide sufficient justification to exclude the data from the derivation. However, 

there is insufficient justification to exclude the data for D. excentricus. Thus, the final dataset for the 

DGV derivation included data for D. excentricus but excluded data for S. droebachiensis.  
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Appendix D: Modality assessment for 
chlorine 
A modality assessment was undertaken for the chlorine in marine water toxicity dataset according to 

the four questions stipulated in Warne et al. (2018). These questions and their answers are as 

follows. 

Is there a specific mode of action that could result in taxa-specific sensitivity? 
Although the specific mode of action of chlorine toxicity is unclear, it is understood to not be specific 

to any taxa-specific biological processes and, as such, its toxicity is not expected to result in taxa-

specific sensitivity. 

Does the dataset suggest bimodality? 
A histogram of the ln-transformed toxicity data (Figure D 1) indicates that the dataset has a 

unimodal, albeit slightly right skewed, distribution. Calculation of the bimodality coefficient (BC) on 

the ln-transformed data yielded a value of 0.26, which is below the BC threshold (0.55) that indicates 

bimodality, suggesting the dataset is not bimodal. 

 

Figure D 1 Histogram, ln-transformed chlorine marine acute toxicity data 

Do data show taxa-specific sensitivity (i.e. through distinct groupings of different taxa types)? 
The sample sizes for most taxonomic groups are very small, making it difficult to draw conclusions 

about taxa-specific sensitivity, except that fish appear to be slightly more sensitive to chlorine than 

crustaceans (Figure D 2). Based on the data of Dinnel et al. (1981), echinoderms appear to be highly 

sensitive to chlorine; however, the data of Wallis and Chidgey (2022) suggest the high sensitivity 

does not exist for all echinoderms.  
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Note: the line in the box represents the median; ‘x’ represents the mean; unfilled circles represent suspected outliers; filled 

circles represent known outliers; error bars represent minimum and maximum values. 

Figure D 2 Box plot, sensitivity of taxonomic groups to chlorine in marine water 

Is it likely that indications of bimodality or multimodality or distinct clustering of taxa groups are 
not due to artefacts of data selection, small sample size, test procedures, or other reasons 
unrelated to a specific mode of action? 
Based on the outcomes of the above questions, the dataset is not bimodal and, on this basis, was 

used for the DGV derivation. 
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