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1. Introduction 

Included in the marine impact assessment (MIA, Toxikos 2007) for effluent discharged to 

Bass Strait from the proposed Bell Bay ECF pulp mill was consideration of potential chlorate 

toxicity on macro-brown algae. Concerns regarding the effects of chlorate on brown algae 

arise because there were significant adverse impacts on Fucus vesiculosus, a macro-brown 

algae in a shallow bay of the Baltic Sea that in the 1980’s received effluent from the 

Mönsterås pulp mill located on the east coast of Sweden. The mean chlorate concentration of 

the Mönsterås effluent was 53 mg/L whereas the chlorate concentration in effluent from the 

proposed Bell Bay mill is estimated to be 1 – 3.7 mg/L (average 1.9 mg/L). In 6 month 

mesocosm studies which had continuous flow of water from the Baltic Sea (0.7% salinity 

compared with ocean seawater at 3.5% salinity) to which was added various concentrations 

of chlorate, it was found that chlorate caused reduction in frond growth of Fucus vesiculosus 

and Fucus serratus. The no observed effect concentrations (NOECs) for these Baltic Sea 

brown algae species was 5 µg/L and 60 µg/L respectively (Rosemarin et al. 1986, 1990, 

1994).  Apart from the Mönsterås pulp mill, there is no evidence to suggest negative impacts 

of ECF mill effluent on brown algae, the effect appears to be specifically confined to the area 

near the Mönsterås effluent discharge in the Baltic Sea. Reviews published in the scientific 

literature on the aquatic toxicity of chlorate indicate lack of significant toxicity on organisms 

other than the above named Fucus species of brown algae (Stauber et al. 1994, van Wijk and 
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Hutchinson 1995, van Wilk 1998, British Columbia 2002, US EPA 2006). These are species 

not known to occur in waters off south eastern Australia1.  

 

Not withstanding the above, additional information has been sought by the Commonwealth to 

assist in clarifying the potential impact of chlorate on brown algae, and the ecological systems 

it supports, in the vicinity of the proposed Bell Bay mill ocean outfall. Questions revolve 

around: 

1) the stability of chlorate,  

2) the sensitivity of Tasmanian brown algae species to chlorate,  

3) the prevalence of the algae species at potential risk to chlorate toxicity in the 

receiving waters, and  

4) an appropriate environmental guideline value (‘trigger value’) for chlorate in 

marine waters to help define the extent of chlorate impact.    

 

To assist with the above issues Gunns contracted: 

• EnviroGulf Consulting to review the fate and toxicity of chlorate in the marine 

environment,  

• Ecotox Services Australasia (ESA) to conduct laboratory experiments investigating 

the effect of chlorate on the growth of two species of brown algae known to reside in 

northern Tasmanian waters (Hormosira banksii and Ecklonia radiata), and 

• Aquenal Pty Ltd to undertake additional surveys of the occurrence of algae beds in 

the wider vicinity of the effluent outfall, specifically in Commonwealth waters. 

 

This brief commentary draws together and summarises the above additional information 

which is contained in the following reports EnviroGulf (2007), ESA (2006, 2007) and Aquenal 

(2007). 

 

 

2. Review of the fate and toxicity of chlorate 
The review undertaken by EnviroGulf (2007) indicates there are no documented natural 

sources of chlorate in the environment and no anthropogenic sources in the vicinity of the 

proposed Bell Bay mill effluent outfall. Therefore the background concentration of chlorate 

can be taken to be zero. 

 

                                                 
1 Personal communication from Aquenal 2006. 
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The review also concluded that, despite some authoritative sources to the contrary, chlorate 

is chemically and environmentally stable. Due to its high water solubility chlorate is confined 

to the water column however phytoplankton can take up chlorate and thus sediment is an 

ultimate sink for chlorate. There are chlorate reducing bacteria in the aquatic environment 

that have the capability to degrade the substance but a half life is not reported. Thus the 

report considers that chlorate anion is relatively stable in the water column but ‘non-

persistent’ in the sense that there are biological mechanisms or processes that attenuate 

chlorate concentrations in the water column and remove chlorate from the natural 

environment. 

 

The following observation regarding the fate of chlorate in the discharged effluent is made, 

“due to the positively buoyant plume created by the initial effluent discharge, secondary 

mixing will normally be restricted to the upper layers of the sea until the relative densities are 

such that mixing can take place vertically throughout the water column. It is only when the 

diluted effluent plume becomes fully mixed throughout the water column that bottom-living 

brown algae will be exposed to chlorate concentrations in the diluted effluent plume”. Using 

the far field hydrodynamic modelling results (which accounts for build up), a maximum 

predicted chlorate effluent concentration of 3.7 mg/L, and an assumption of no chlorate 

degradation, the EnviroGulf (2007) report concludes that by the time full vertical mixing of the 

diluted effluent in the water column is achieved, effluent-derived chlorate in bottom waters 

(where benthic brown algae are located) will typically be diluted more than 4,000- to 5,000-

fold to very low concentrations (<1 µg/L). That is, to a concentration much less than the 

NOEC for chlorate induced growth inhibition of local brown algal species (see below). 

 

 

3. Chlorate testing with Hormosira banksii and Ecklonia radiata 

The toxicity of chlorate to brown algae is modulated by nitrate levels in the water. At low 

nitrate levels (approximately 5 – 80 µg/L) chlorate toxicity is potentially enhanced due to 

limited competitive inhibition of chlorate uptake (Toxikos 2007, EnviroGulf 2007). The effects 

of chlorate on brown algae growth were therefore tested in the presence of low and high 

nitrate concentrations (i.e. filtered seawater plus 50 and 500 µg/L nitrate). The maximum 

amounts of chlorate and nitrate in effluent are estimated to be 3.7 mg/L and 1.93 mg/L 

respectively. When effluent potentially comes into contact with algal beds it has been diluted 

at least 4,000 times; at this dilution the respective maximum chlorate and nitrate 

concentrations are < 1 µg/L and <0.5 µg/L. Since this amount of nitrate will have little effect 
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on background concentrations 2  for this commentary only the results for chlorate are 

presented in Table 1. 

 

The data shows Tasmanian brown algae to be much less sensitive to the growth inhibition 

effects of chlorate than Baltic Sea Fucus sp. The NOEC for these species is ≥ 100 µg/L 

compared with 5 µg/L for the Baltic Sea Fucus sp.  

 

 

Table 1: Summary of chlorate toxicity testing on brown algae. Values are 
NOECs (µg/L) for germination and plant growth a. 

 
Growth Species 72 hr germination 14 days 21 days 

Hormosira 
banksii (Expt 1) 

10,000 200 100 

Hormosira 
banksii (Expt 2) 

10,000 100 100 

Ecklonia radiata >10,000 10,000 1,000 
a Chlorate test concentrations were background seawater plus 2, 10, 50, 100, 200, 

1000, and 10000 µg/L, note the large concentration gap between the top two 
concentrations.  Data are from ESA (2006, 2007).   

 

 

4. Algal bed surveys 
Aquenal (2007) gauged the distribution of algae near the proposed effluent outfall site using a 

video lowered to just above the seabed and trawled behind a boat.  This survey, which 

extended seaward into Commonwealth waters only recorded areas where algae existed, it 

was assumed by Aquenal that all areas with algal present would contain some brown algae 

but did not report how much could be brown algae. The survey did not find algae in 

Commonwealth waters.  

 

Most of the seabed within approximately 3 – 5km of the coast is characterised by low- or 

medium-profile reef which is a suitable substrate for algal growth. Previous surveys have 

                                                 
2 The background/biological monitoring program currently underway shows nitrate concentrations in 
summer in both top and bottom layers of the water body are < 5 µg/L (n = 27 samples over 2006 & 
2007). Limited sampling in the spring of 2006 suggested nitrate concentrations in the bottom waters 
were slightly higher than in the top layer (16.5 ± 12.9 µg/L for bottom [n = 4] and 9.2 ± 11 for top [n = 
5]). The number of spring samples does not allow any definitive statements to be made regarding 
seasonal variation in nitrate concentrations. Nevertheless background nitrate concentrations are very 
low and there would be expected to be little competitive inhibition of chlorate uptake by background 
nitrate plus effluent derived nitrate concentrations. In areas where effluent interacts with algae total 
nitrate concentrations are expected to be about the same as exists for background only.  
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shown total flora cover to be about 30% of the surveyed area 3. Of this, about 6 – 7% was 

brown algae (Aquenal 2005, 2006). Thus, assuming the majority of the wider area is similar to 

the areas surveyed, the percentage of seabed potentially at risk to the impacts of chlorate is 

6% of 30% = 1.8% (i.e. about 2%).  

 

The toxicological testing shows local species of brown algae not to be as sensitive as the 

brown algae from the Baltic Sea. Hydrodynamic modelling indicates that effluent will be 

diluted to at least < 1µg/L when it interacts with algal beds which is well below the no 

observed effect level of ≥ 100 µg/L for local species. 

 

With a background chlorate concentration of zero, a trigger value of 10 or 50 µg/L (see 

Section 5) for chlorate will require the effluent to be diluted just 370 or 75 times. This will 

easily be achieved within the proposed mixing zone. To achieve the NOEC of 100 µg/L the 

effluent needs only to be diluted 37 times; the diffuser is designed to achieve a 100 fold 

dilution within 70 – 100m.  

 

Thus the combination of relative insensitivity of local brown algal species to chlorate and 

rapid dilution to meet any of the important ‘no effect’ concentrations for chlorate means 

minimal or no impact on algal beds due to chlorate is expected within the receiving waters.  

 

 

5. Environmental guideline value 
To derive a trigger value ANZECC (2000) recommend using a species sensitivity distribution 

of chronic toxicity test NOEC data and provide software to facilitate the trigger value 

calculation. The marine impact assessment (MIA) contains a data set sourced from the 

scientific literature, this can now be augmented with the information derived specifically for 

brown algal species relevant for the site. It was cogently argued in the MIA (Section 12.5.4) 

that the Baltic Sea data showing high sensitivity of brown algae to chlorate were irrelevant for 

Tasmanian waters. In Table 2 below the trigger values have been recalculated using the 

original data set described in the MIA but including the new data for local brown algae. This 

makes only a small difference to the trigger value, raising it from 8 µg/L to 10 µg/L. However 

excluding the Baltic Sea data increases the trigger value to 52 or 60 µg/L and shows how 

much the trigger value derivation is biased by the Baltic Sea data. Figures 1 to 4 in  

Appendix 1 provide the graphical outputs of the trigger value reanalysis.  

                                                 
3 Low profile reef has about 10 – 60% algal cover and medium profile reef 30 – 60% (Aquenal 2005a, 
2007).  
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Table 2: Derivation of a trigger value for chlorate 

Data Set Description Trigger Value 
Data Set as per Marine Impact Assessment Report 
(Table 12.1) 8 

Data Set as per Table 12.1+ repeat H. banksii 
NOEC (100µg/L) a 9 

Data Set as per Table 12.1+ repeat H. banksii 
NOEC (100µg/L) + E. radiata NOEC (1000 µg/L) b 10 

Without Fucus sp NOEC of 5 µg/L c 60 
Without all Rosemarin (1994) data d 52 

a ESA (2006).  
b ESA (2007).  
c  For reasons argued in Section 12.5.4 of the Marine Impact Assessment report Fucus vesiculatus and 

Fucus serratus are of questionable relevance to Tasmanian waters.  
d The Rosemarin et al. (1994) study conducted with water of low salinity and many of the endpoints 

considered were evaluated qualitatively. It is therefore questionable whether any of these data are 
transportable to Australian waters and whether they should be included in a species sensitivity 
distribution used to derive a trigger value for chlorate in Australian waters that do not have the same 
characteristics as the Baltic Sea. 

 
 
6. Conclusions 
 
The following dot point summary and overview conclusions are made using the information 

in Chapter 12 of the marine impact assessment report and that contained in the reports 

appended to this commentary 4. 

 

• Only brown algae exhibit significant toxicity to low concentrations of chlorate. 

• The most sensitive effect is growth inhibition. 

•  Documented impacts of chlorate on the growth of brown algae are for specific species in 

the Baltic Sea, Fucus vesiculosus and Fucus serratus. 

• Fucus vesiculosus is the most sensitive species with a NOEC for chlorate of just 5 µg/L. 

• Reports of chlorate, or ECF effluent impacts on these or other brown algae species at 

other locations were not located.  

• It is considered there are a range of factors that contribute to make this species at the 

Baltic Sea location sensitive to chlorate. Not the least of which is the low salinity of the 

seawater at the location and used for toxicity tests on the species (0.7% vs 3.5% for 

open ocean seawater). 

• Fucus sp. are not known to be present in Tasmanian waters.  

• Toxicological tests investigating the effect of chlorate on the growth of two local brown 

algal species (Hormosira banksii and Ecklonia radiata) showed them to be much less 

sensitive than Baltic Sea brown algae. NOECs were 100 – 1000 µg/L.  
                                                 
4 Aquenal (2007), EnviroGulf (2007), ESA (2006 & 2007). Full citations are provided in the reference 
section of this commentary.  
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• The seabed of the coastal water body receiving the proposed effluent is approximately 

30% covered with flora, of this roughly 6% is brown algal species (i.e. about 2% of the 

seabed contains brown algae), which from the toxicological testing, plus biochemical 

considerations, is considered to be relatively insensitive to chlorate toxicity. In a recent 

survey no algae were observed in Commonwealth water seaward of the proposed 

outfall.    

• At the locations where the discharged effluent is likely to interact with algal beds chlorate 

concentrations in the receiving water are estimated to be < 1µg/L. This takes into 

consideration build up effects in the environment but does not include chlorate 

degradation.  

• Although some authoritative sources indicate that chlorate in the aquatic environment is 

labile, reactive and short lived, chemical thermodynamic considerations and other 

authorities point towards chlorate being chemically stable in water. It is however not 

considered to be persistent.  

• There are no known natural sources of chlorate and no anthropogenic sources in the 

larger region of the outfall. Background concentrations of chlorate are regarded as being 

zero. 

• An environmental guideline value (trigger value) established by applying the 

recommended methodology of ANZECC to all the toxicity data gleaned from the 

literature plus that obtained by specific experimentation for the project yielded a trigger 

value of 10 µg/L. 

• It is argued the Baltic Sea data is not applicable to the specific situation of effluent 

discharge at Five Mile Bluff. If this data set is excluded from trigger value derivation the 

value becomes 50 - 60 µg/L.  

• With the highest estimated chlorate concentration in effluent, the above trigger values 

are achieved with dilutions of approximately 75 – 370 fold. The hydrodynamic modelling 

shows these dilutions will easily occur in an area smaller than the proposed mixing zone. 

 

Overview conclusion:   
It is arguable that data from the Baltic Sea is not relevant for judging chlorate impacts in the 

receiving waters of Bass Strait. The seabed of the coastal receiving waters is approximately 

30% covered with flora but only about 6% of this is likely to be brown algae. But the 

combination of insensitivity of local brown algae and low chlorate concentrations support a 

conclusion of no impacts of effluent derived chlorate being likely in either the mixing zone, or 

the more distant locations where effluent may interact with the bottom layers of water. 
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Appendix 1: Graphical outputs of chlorate trigger value derivations. 
(See Sections 12.4.1 and 12.5.4 of the Marine Impact Assessment report for discussion and 

detail of the technical process of trigger value derivation). 
 

 

Figure 1: Data set as per Marine Impact Assessment (Table 12.1 therein). 

Baltic Sea brown algae (F. vesiculosus) NOEC 5 µg/L 

Baltic Sea brown algae (F. serratus) NOEC 60 µg/L 

Local brown algae (H. banksii) NOEC 100 µg/L 

Diatom (N. closterium) NOEC 200 µg/L 

Seagrass (Z. marina) NOEC 290 µg/L 

Green, red, blue-green algal sp. 
NOEC 290 µg/L 

Green algae (D. tertiolecta) 
NOEC 2000 µg/L 

Fish (O. mykiss) 
NOEC 48,000 µg/L 

Diatom (P. tricornatum) NOEC 50,000 µg/L 

Trigger Value = 8 µg/L 
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Trigger Value = 10 µg/L 

Figure 2: Data set as in Figure 1 but with repeat H. banksii NOEC of 100 
µg/L and E. radiata NOEC of 1,000 µg/L. Legend for curves is the same 
as for Figure 1. 

Baltic Sea brown algae (F. vesiculosus) NOEC 5 µg/L 

Baltic Sea brown algae (F. serratus) NOEC 60 µg/L 

Local brown algae (H. banksii) NOEC 100 µg/L 

Diatom (N. closterium) NOEC 200 µg/L 

Seagrass (Z. marina) NOEC 290 µg/L 

Green, red, blue-green algal sp. 
NOEC 290 µg/L 

Fish (O. mykiss) 
NOEC 48,000 µg/L 

Local brown algae (H. banksii) NOEC 100 µg/L 

Diatom (P. tricornatum) NOEC 50,000 µg/L 

Green algae (D. tertiolecta) NOEC 2,000 µg/L 

Local brown algae (E. radiata) 
NOEC 1,000 µg/L 
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Trigger Value = 60 µg/L 

Figure 3: Data set as in Figure 1 but with repeat H. banksii NOEC 100 µg/L 
and E. radiata NOEC 1,000 µg/L and minus the Baltic Sea Fucus 
sp data. Legend for curves is the same as for Figure 1. 

Local brown algae (H. banksii) NOEC 100 µg/L 

Diatom (N. closterium) NOEC 200 µg/L 

Seagrass (Z. marina) NOEC 290 µg/L 

Green, red, blue-green 
algal sp. NOEC 290 µg/L 

Local brown algae (H. banksii) NOEC 100 µg/L 

Local brown algae (E. radiata) 
NOEC 1,000 µg/L 

Diatom (P. tricornatum) NOEC 50,000 µg/L 

Fish (O. mykiss) 
NOEC 48,000 µg/L 
 Green algae (D. tertiolecta) NOEC 2,000 µg/L 
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Trigger Value = 52 µg/L 

Figure 4: Data set in Figure 1 including repeat H. banksii NOEC 100 µg/L 
and the E. radiata NOEC 1,000 µg/L but minus all results from 
the Baltic Sea study of Rosemarin et al. (1994). Legend for curves is 
the same as for Figure 1. 

Local brown algae (H. banksii) NOEC 100 µg/L 

Diatom (N. closterium) NOEC 200 µg/L 

Local brown algae (H. banksii) NOEC 100 µg/L 

Local brown algae (E. radiata) 
NOEC 1,000 µg/L 

Green algae (D. tertiolecta) 
NOEC 2,000 µg/L 

Fish (O. mykiss) 
NOEC 48,000 µg/L 
 

Diatom (P. tricornatum) NOEC 50,000 µg/L 


