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Review of the Marine Impact Assessment of effluent from 
the proposed Bell Bay Pulp Mill 
Prepared by the
Environment Protection Branch
Department of the Environment and Water Resources 

EXECUTIVE SUMMARY

Background
Gunns Limited proposes to build and operate a large bleached Kraft pulp mill at Longreach, 
Bell Bay (northern Tasmania) sourced from hardwood and softwood forests and plantations.  
The mill will use elemental chlorine free (ECF) bleaching technology and plans to discharge 
secondary treated effluent into Bass Strait.  On an average monthly basis, approximately 
64,000 tonnes per day of treated effluent will be discharged into the ocean approximately 
2.7 km off-shore.  
The Department’s Environment Protection Branch (EPB) has reviewed the Preliminary 
Documentation and supplementary information submitted by Gunns, public submissions, the 
scientific literature and other sources, with a particular focus on possible impacts from 
pollutants in the ocean outfall on the marine environment in Commonwealth waters.

Conclusions
Based on the available evidence, EPB has not identified any likely significant impacts on the 
marine environment in Commonwealth waters from the proposed pulp mill.  There are some 
areas where it would be desirable for monitoring and analysis to be conducted should 
approval be given for the pulp mill to proceed.
Competent monitoring programmes should give early warning of any unexpected trends and 
adequate opportunity to correct them.
Proper design of these monitoring programmes would benefit from access to an agreed and 
reliable hydrodynamic model. EPB has not offered detailed advice on the design of these 
monitoring programmes in this report as it is aware that there are differences of opinion to be 
resolved between the hydrodynamic modellers engaged by Gunns and by the Department, as 
well as public submissions, which require resolution in the likely rate of flushing, diffusion 
and transport of the pollutants and their direction.  Delays in resolving the hydrodynamic 
modelling should not, however, be a reason for delaying effective monitoring programmes.

The areas for monitoring and analysis should approval be given for the pulp mill to proceed 
are:

a) The Preliminary Documentation has assessed the potential risk for most substances in the 
effluent as being very low.  While the analysis was adequate for hydrophilic substances,
EPB considers that it would be desirable to reassess the Risk Quotients (RQ) for 
hydrophobic substances considering all media rather than only the water column.  Should 
this identify further substances with an RQ≥1, the need for a monitoring programme or 
other action should be discussed and agreed with the Department. 
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b) While agreement on the hydrodynamic modelling is needed to predict chlorate (ClO3) 
fate in the marine environment, it seems unlikely that chlorates will have a direct impact 
on Commonwealth waters provided, as indicated in the available surveys, that the brown 
algae species which may be sensitive to ClO3 do not occur in Commonwealth waters.  

While EPB does not anticipate any indirect effects on Commonwealth waters, it suggests 
that a monitoring programme be established to detect whether there is any long term 
impact of chlorate on more sensitive inshore brown algae which could result in food 
chain or other indirect impacts on biota in Commonwealth waters.  

The monitoring procedure should follow specifications agreed with the Department and 
include testing of:

• the wastewater effluent;
• the algae habitats; and
• the species living in the affected areas.

If problems are encountered in the testing, then the measures necessary to rectify the 
situation should be implemented as agreed with the Department.

c) The estimated maximum concentration of dioxins and furans (PCDD/PCDF) in the 
discharge effluent of 3.376 pg TEQ/L comfortably meets world’s best practice (13 pg 
TEQ/L).  

The Preliminary Documentation has used US EPA equations to predict that the future 
level of dioxins and furans in the sediment will be below the Canadian Sediment Quality 
Guideline of 850 pg TEQ/kg sediment.  Public submissions have criticised the 
appropriateness of values used in the calculations and have predicted much higher levels 
of dioxins and furans in the sediments.  EPB agrees that some of the assumptions in the 
Preliminary Documentation calculations can be questioned, as can some of the 
assumptions in the public submissions.  EPB is not confident that the results of the US 
EPA equations currently provide an appropriate model for predicting realistic outcomes 
in the Bell Bay context.  The US EPA has advised that the equations were developed for 
water bodies such as lakes and rivers rather than ocean outfalls.  There appear to be no 
examples in the scientific literature of these equations being used to predict dioxin and 
furan sediment concentrations from pulp mill effluents.  

In the absence of a reliable model, field data from a new ECF mill in a “greenfields” site 
might have allowed direct comparison of effluent and sediment levels over time.  No 
such data from a “greenfields” site are yet available; however, overseas experience 
demonstrates that conversion from elemental chlorine to ECF pulp mills with non-
measurable dioxin effluents has resulted in dramatically reduced levels of dioxins and 
furans in sediment and biota, rather than producing environmental or health problems 
caused by dioxins.  As a result, regulators have endorsed the ECF process and 
PCDD/PCDF effluent guidelines.  EPB is not aware of any examples of regulatory 
agencies predicting significant build up of dioxins and furans from such low effluent 
concentrations.  The confidence of regulators consulted by EPB in the dioxin and furan 
performance of modern ECF pulp mills was high, especially for mills with ocean 
outfalls.  

EPB considers the balance of available evidence does not suggest that there is likely to 
be a significant impact on Commonwealth waters from dioxins and furans, noting that 
the proposed pulp mill meets best practice international guidelines for effluent levels and 
is discharging via an ocean outfall.
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EPB suggests, however, that programmes for monitoring long term dioxin and furan 
sediment levels in the sediment and biota be implemented.  The hydrodynamic modelling 
should be used to inform the choice of sampling locations.
The monitoring procedure and specifications should be agreed with the Department and 
include testing of:

• the wastewater effluent; 
• the sediment; and 
• the marine biota.

If problems are encountered in the testing, then the measures necessary to rectify the 
situation should be implemented as agreed with the Department.

d) The toxicity testing using whole effluent samples from pulp mills in Thailand and Chile 
on Australian biota requires better scientific design and information to allow proper 
appraisal:  

• If new samples from the foreign mills can be obtained under scientifically rigorous 
conditions, the whole effluent toxicity testing should be repeated, provided the 
effluents are sufficiently similar to the proposed Bell Bay mill. 

• If the Bell Bay mill is approved, operational whole effluent toxicity testing using the 
Bell Bay mill effluent should be conducted on species relevant to Commonwealth 
waters following specifications agreed with the Department.

EPB agrees with the Preliminary Documentation and supplementary information that the 
levels of aluminium and chloroacetic acids in the effluent are unlikely to have significant 
adverse impacts on the marine environment.
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MAIN REPORT

Introduction
Gunns Limited proposes to build and operate a large bleached Kraft pulp mill at Longreach, 
Bell Bay (northern Tasmania) sourced from hardwood and softwood forests and plantations.  
The mill will use elemental chlorine free (ECF) bleaching technology and plans to discharge 
secondary treated effluent into Bass Strait.  On an average monthly basis, approximately 
64,000 tonnes per day of treated effluent will be discharged into the ocean approximately 
2.7 km off-shore.  

Gunns considers that a combined closed-cycle Kraft mill and bleach plant (fully enclosed 
operating circuit) is not yet technically proven or economically viable.

The Department’s Environment Protection Branch (EPB) has reviewed the Preliminary 
Documentation and supplementary information submitted by Gunns, public submissions, the 
scientific literature and other sources, with a particular focus on possible impacts from 
pollutants in the ocean outfall on the marine environment in Commonwealth waters.

This report focuses on five key areas of the Preliminary Documentation:
1. Proposed pulp mill processing technology (Attachment A);
2. Proposed wastewater treatment technology (Attachment B);
3. Treated effluent chemical contaminant concentrations and risk assessment (Attachment 

C);
4. Chemicals of concern in the wastewater effluent (Attachment D); and
5. Effluent testing procedures (Attachment E).
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Attachment A

Proposed Pulp Mill Processing Technology

Background
The proposed pulp mill is designed to achieve best practice environmental guidelines set by 
the Resource Planning and Development Commission (RPDC, i.e. the recommended 
environmental emission limit guidelines for pulp mill effluent from bleached eucalypt Kraft 
pulp mills in Tasmania) and relevant international guidelines such as the Stockholm 
Convention Best Available Techniques (BAT) and Best Environmental Practices (BEP) 
guidelines.

This represents a significant improvement on previous generation pulp mills where exposure 
to bleached and unbleached pulp resulted in acute toxicity and a wide range of sub-lethal 
effects in biota.  These pulp mills had poor bleaching and process controls and discharged 
high levels of chlorate, particularly due to poor spill control processes.  Many pulp mills also 
produced polychlorinated dioxins and furans (PCDD/PCDF), mainly due to their single stage 
pulping process, which resulted in high residual lignin content, and use of elemental chlorine 
as the bleaching agent.

The history of adverse ecological impacts focused regulatory authorities on reducing total 
effluent loads, which caused mills to implement extensive cleanup measures and invest in 
significant processing modifications.

Major changes to pulp mill processes which have improved effluent quality include:

• Inclusion of a pre-bleaching stage, such as extended delignification and oxygen pre-
bleaching;

• Elimination or reduction of elemental chlorine (Cl2) as a primary bleaching agent 
(replaced with chlorine dioxide (ClO2); and

• Improved spill control measurements.
In addition to industrial process improvements, modern mills have also implemented major 
changes to their Effluent Treatment Plants (ETP), especially by implementing secondary 
treatment technology such as aerated lagoons or activated sludge treatment.

Issues
The Bell Bay Pulp Mill Plant proposes to use a combination of treatment technologies to 
reduce production of PCDD/PCDF and other chemical contaminants during processing.  The 
main treatment procedures include: 

1. delignification of pulp (i.e. removal of residual lignins); 
2. oxygen pre-bleaching treatments (to improve washing prior to chlorination, thereby 

further reducing residual lignin); and 
3. Elemental Chlorine Free (ECF) technology.

It is well documented in the literature that delignification and oxygen pre-bleaching 
treatments, together with use of ECF technology, reduce the production of chlorinated 
organic compounds by 80 to 90%, as well as minimising the production of many other 
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chemical contaminants (e.g., Smith et al., 2004; Bright et al., 2003; Servos et. al., 1996; 
Proceedings of SEPA Conference, Stockholm, Sweden, 1991).  

EPB Conclusions
EPB agrees that the proposed technology for wood processing (delignification and oxygen 
pre-bleaching treatments together with ECF) in the Bell Bay Plant should reduce the 
production of chlorinated organic compounds by 80-90% compared with previous 
technologies.  Furthermore, the use of delignification and oxygen pre-bleaching treatments 
should minimise the production of many other chemical contaminants. 
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Attachment B

Proposed Wastewater Treatment Technology

Background
Biological treatment is an effective technology to minimise chemical contaminants in 
wastewater (Johnson et al., 2000, Baronti et al., 2000, Ternes et al., 1999).  Various studies 
on pulp mill effluents with biological wastewater treatment have also reported decreased 
chemical contaminants in the treated effluent compared to pulp mills without this facility 
(Proceedings of SEPA Conference, Stockholm, Sweden, 1991).  Bright et  al. (2003) 
concluded that pulp mills employing 100 % ClO2 substitution, combined with secondary 
treatment and discharge into receiving waters (with dilution factors typical of most North 
American mills), present an insignificant risk to the environment from organochlorine 
compounds. 

Issues
The Bell Bay Pulp Mill Plant proposes to use an Effluent Treatment Plant (ETP) that 
comprises a primary and secondary treatment facility, with the biological treatment stage 
featuring an extended aeration activated sludge process, following an integrated anoxic stage 
(two-stage selector).  This plant will release approximately 63.77 mega litres (ML) of treated 
effluent per day.  Dewatered sludge will be conveyed to a sludge silo and then onto a power 
boiler for incineration.  The ETP was designed based on the expected chemical contaminant 
removal efficiency.

EPB Conclusions
EPB agrees that biological treatment is an effective way of removing chemical contaminants 
from wastewater effluent (Onda, 2003; Holbrook, 2002; Takigami, 2000).
Various studies on pulp mill effluents with biological wastewater treatment have also 
reported decreased chemical contaminants in the treated effluent compared to pulp mills 
without this treatment (Proceedings of SEPA Conference, Stockholm, Sweden, 1991).  
However, verification of chemical contaminant removal by the proposed biological 
treatment (and therefore the final chemical concentration in the treated effluent) cannot be 
confirmed until the plant is operating. 
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Attachment C

Treated Effluent Chemical Contaminant Concentrations and Risk Assessment

Background
Approximately one hundred compounds have been identified in effluent from pulp mills 
using ECF bleaching.  The total quantity of chlorinated material in ECF bleaching effluent is 
only 10-20 % of that found in chlorine based bleaching effluent.  Nearly 60 % of the 
chlorinated compound comprises two chemical classes – chlorophenols and chlorinated 
hydrocarbons.  The remainder represents a variety of acids, furanones, aldehydes and 
ketones.  Most attention has been directed towards monitoring the formation of PCDD, 
PCDF and chlorinated phenols; however, numerous reports have now firmly established that 
ECF bleaching reduces levels of PCDDs, PCDFs and polychlorophenols in bleaching 
effluent to below current detection and/or proposed US EPA regulatory limits.  These results 
have commonly been achieved with pulp produced by conventional pulping methods, 
without extended delignification or pre-bleaching (Bright, 2003).

Issues
Analysis by Gunns
To estimate the chemical concentration of the treated effluent, the Preliminary 
Documentation considered the following factors:

• the emission targets (which have to comply with the RPDC limits); 
• the emission levels at operating pulp mills in Europe and elsewhere in the world; and 
• the environmental performance of critical machinery to be used in the mill (obtained 

from various third parties, such as machinery vendors).  
The estimation included consideration of occasional process upsets (e.g., start-up and shut-
down situations) and then incorporated redundancies in the design of the plant and external 
safeguards to contain potential emission peaks in the mill system, and to eliminate or 
significantly mitigate the variability of final effluent quality.  The Preliminary 
Documentation estimated concentrations for 131 compounds using this methodology.

To evaluate the potential risk of these chemical contaminants from the Bell Bay mill in to the 
aquatic environment the Preliminary Documentation considered the following factors:

(a) Chemical concentrations in the zone of initial dilution 
To estimate the chemical concentration in the zone of initial dilution, the Preliminary 
Documentation did not use the mixing zone parameter provided by the hydrodynamic model 
because “at the time of the assessment the extent of the regulatory mixing zone boundaries 
had not been confirmed; the size of the mixing zone imparts inconsistency to the effluent 
concentration associated with any particular parameter or constituent”.  

Instead, the chemical contaminant composition in the zone of initial dilution was estimated 
by assuming a hypothetical body of water containing evenly mixed effluent at 1-in-100 
dilution (approximately 70-100 m from the release point), referred as to DV100.  

(b) Physico-chemical properties of compounds
An understanding of the physico-chemical properties of each chemical is required to 
determine its fate and behaviour in the receiving environment.  These properties can also be 
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used to select the appropriate guidelines with which to estimate the potential risk of the 
chemical to the environment.  However, in the exposure assessment presented by the 
Preliminary Documentation, this step was not addressed; rather, an assumption was made 
that all chemicals in the treated effluent are hydrophilic, as evidenced by the sole use of  
water-only guideline values in the estimation of potential risk to the aquatic environment.

(c) Selection of guidelines
The selection of guidelines in the Preliminary Documentation to assess the potential risk of 
the potential Bell Bay mill effluent chemical contaminants to the aquatic environment was 
based on several authorities.  Where available, Australian guidelines for the protection of 
marine waters were adopted (ANZECC 2000).  Where Australian marine guidelines were 
not available, the low reliability guideline derived for marine and freshwater by ANZECC 
(2000) was used.  In the absence of national values, guidelines were sought from other 
international agencies which use similar procedures (i.e., risk policies) as Australia for 
deriving these values.  

(d) Risk Assessment
To assess the impact of the effluent constituents on the marine environment, concentrations 
of DV100 were compared in the Preliminary Documentation with the relevant guidelines and 
the potential risk (risk quotient = RQ) was estimated.  The criteria used for judging if 
effluent constituents were likely to impact the DV100 water were:

• If effluent constituent concentrations in the DV100 were below the guideline value 
(i.e. RQ < 1), the risk to the marine environment was considered negligible.

• Where the effluent constituent concentration at the DV100 was equal or greater than 
the guideline value (i.e. RQ ≥ 1) further investigations were undertaken to determine 
the relevancy of the guidelines to local conditions, or detailed ecotoxicity assessment 
of the constituents.

In the Preliminary Documentation calculations, only the estimated risk quotient values for 
aluminium, chlorate and monochloroacetic acid in the DV100 water were greater than 1, 
thus implying potential problems for the aquatic environment.  Consequently, only these 
three substances were examined in further detail in the Preliminary Documentation.

Further, even though the emission limits for pulp mill effluent for PCDD/PCDF were met, a 
risk assessment was performed by the Preliminary Documentation because dioxins are 
defined as persistent organic pollutants (POP) by the Stockholm Convention.

EPB Comment
Exposure assessment requires that a model of the receiving environment adequately 
considers all media (e.g., air, water column, sediments) into which a pollutant is released or 
is likely to partition, as well as the endpoint organisms which may be significantly affected 
(Suter II, 1993).

The exposure assessment performed in the Preliminary Documentation only considered the 
water column as the receiving environment.  This resulted in the selection of endpoints based 
only on this environmental medium (i.e., water guidelines).  While this method is suitable 
for assessing potential risks associated with hydrophilic chemicals, it is not adequate for 
assessment of the toxicity effects of hydrophobic chemicals (i.e., chemicals such as resins, 
fatty acids, sterols, chlorophenols and dioxins/furans etc.).  In addition, many of these 
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hydrophobic chemicals are highly persistent and readily accumulate in marine sediments.  
They also may have long-term exposure effects, such as acute and chronic toxicity or 
endocrine disruption effect.

To satisfactorily evaluate the wide range of likely effluent compounds, the risk assessment 
should have used a combination of acute and chronic toxicity endpoints.  The risk 
assessment also should have used sediment quality guidelines in addition to water or 
endpoints to estimate the potential risk of hydrophobic chemicals to the aquatic environment.  
Furthermore, when calculating the concentration of hydrophobic chemicals in the polluted 
zone, other critical factors which should have been considered include the: 

• the total chemical load into the polluted zone (concentration over a year), 
• the chemical partitioning preference,
• volumetric flows, 
• dissipation rates, and
• dissipation volume.

If these factors were also considered, then the final risk quotient (RQ) values would be more 
realistic and accurate, and would thus better represent the potential risk. 

EPB does not a priori expect that any more of the substances will prove to have values of 
RQ≥1 but notes that the full assessment is appropriate to identify whether there is cause for 
concern or not.  

EPB Conclusions
e) The Preliminary Documentation has assessed the potential risk for most substances in the 

effluent as being very low.  While the analysis was adequate for hydrophilic substances,
EPB considers that it would be desirable to reassess the Risk Quotients (RQ) for 
hydrophobic substances considering all media rather than only the water column.  Should 
this identify further substances with an RQ≥1, the need for a monitoring programme or 
other action should be discussed and agreed with the Department. 
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Attachment D

Chemicals of Concern in the Wastewater Effluent

Aluminium 

Background
High concentrations of Aluminium (Al) in freshwater with low pH (<6.5) have caused fish 
mortality in both laboratory and field studies (ANZEC, 2000).  The limited data for seawater 
have also shown that Al toxicity to fish in estuarine seawaters is also pH dependent (Hyne 
and Wilson, 1997).  The proposed pulp mill will release 14 tonnes of aluminium per year 
into the marine environment.

Issues

Analysis by Gunns
The calculated Risk Quotient value of Al in the Preliminary Documentation was of 
significant concern (RQ = 12).  Several arguments related to Al chemistry were presented in 
the Preliminary Documentation suggesting that Al is unlikely to have a detrimental impact 
on the receiving waters.  These were: 

• The toxicity of Al varies with pH because at different pH, different chemical forms 
of Al are present (ANZACC, 2000; Hyne and Wilson, 1997).

• Substances such as fluoride, citrate, silica and humic acids (found naturally in water) 
can react with Al (forming various chemical complexes) and ameliorate its toxicity 
by reducing bioavailability to organisms (ANZECC 2000).

• Environment Canada (CCME 2003) chose not to set a guideline value stating “Al is 
not expected to be toxic in the natural marine environment due to the high 
concentrations of clay particles in marine waters and relatively constant pH of 
approximately 8.2.  Clay particles tend to bind rapidly with Al forming large colloids 
thus removing Al from the water column.  At pH 8.2, Al would be predominately in 
the anionic form of (AlOH4)-, and would be rapidly removed from marine waters 
through the formation of polymers and colloids”.

EPB Conclusions
Based on the scientific evidence, EPB agrees with the Preliminary Documentation’s 
conclusion, that “Al is considered unlikely to have an impact in the receiving waters”.
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Chloroacetic Acids

Background
Three chloroacetic acids (mono-, di-, and tri- chloroacetic acids) have commonly been 
identified in effluent from hardwood pulp mills (Stromberg, 1996).  The mono- and di-
chloroacetic acids are effectively removed (greater than 96%) in activated sludge and aerated 
lagoon wastewater treatment.  However, efficient removal of tri-chloroacetic acid requires 
longer retention times.  Studies have shown that di-chloroacetic acids are dominant in the 
chlorine dioxide filtrate (Smith, 1994).  Stromberg et al. (1996) reported chloroacetic acids 
effluent loads were reduced with ECF bleaching compared to Cl2.  The proposed pulp mill 
will release 5 tonnes of chloroacetic acids (approximately 1.7 tonnes of each chloroacetic 
acids) per year to the marine environment.

From the available data, green algae are the most sensitive taxonomic group to mono- and 
tri-chloroacetic acids (European Commission, 2005; Lewis, 2004).  No data are available for 
di-chloroacetic acid.

Issues

Analysis by Gunns
As only the RQ value of monochloroacacetic acid (MCAA) indicated a potential for concern 
(RQ = 1.17), this compound was further evaluated in the Preliminary Documentation.  The 
Preliminary Documentation presented several lines of evidence to indicate that MCAA is 
unlikely to have significant impact in the receiving waters.  The main points are:

• MCAA acid is readily biodegradable.  In biodegradation studies with activated 
sludge MCAA is readily degraded (60-70%) within 10-14 days and effectively all is 
degraded within 28 days.  It is expected that greater than 99% will be removed 
during biological treatment.  In a recent review, the removal rate in both industrial 
wastewater treatment plants and municipal sewerage treatment plants was found to 
be 99.9% (European Commission 2005).

• The risk quotient (1.17) for monochloroacetic acid is only marginally above unity 
(1.0).  Given that environmental guideline values are conservatively developed it is 
not expected that such a small increment above the guideline will significantly 
impact marine species. 

• The estimated concentration at the DV100 has been conservatively estimated at less 
than 5% of total organic acids in the effluent (JP 2006d and JP 2007) with the plant 
operating at maximum capacity. The Preliminary Documentation has assumed that 
MCAA will comprise 33% of the total chloroacetic acids.

EPB Conclusions
Based on the scientific evidence and calculations presented in the Preliminary 
Documentation, EPB agrees with the Preliminary Documentation’s final conclusion, that 
“Chloroacetic acids are considered unlikely to have an impact in the receiving waters”.  
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Chlorate

Background
Chlorate (ClO3) is released into aquatic environments in the liquid effluents of certain 
industries, including the pulp and paper industry.  Chlorate is a bleaching by-product and a 
well known herbicide (Estelle Couture, 1998).

It was only after the identification of chlorate as the effluent constituent responsible for toxic 
effects on brown algae in the Baltic Sea that chlorate reduction treatments were carried out 
in pulp mills (EnviroGulf Consulting, 2007).  Rosemarin et al. (1994) indicated that brown 
algae exhibit an extraordinary high sensitivity to chlorate and pulp mill effluents containing 
chlorate.  All brown algae tested (Fucus serratues, Fucus vesiculosus, Chorda filum, 
Pilayella littoralis and Ectocarpus siliculosus) during this study showed major signs of 
toxicity at all concentrations, down to microgram-per-litre levels.  The lowest concentration 
that affected 50% of the population (EC50) for growth of Fucus vesiculosus was about 80-
100 mg ClO3 litre-1.  Other algae (blue, green and red), di-atoms and phytoplankton were less 
sensitive (Rosemarin, 1994).  

Five µg/L is the recommended guideline for chlorate to protect the most sensitive marine 
species, i.e., brown algae.  These include various species of kelp (Macrocystis – the genus 
that contains the largest brown algae) and Fucus (bladder wrack or Fucus vesiculosus) 
(Government of British Columbia, 2002).  

Several studies (Lucieer, 2007, Australian Government, 2006 ) have shown that the most 
abundant species along the North West Tasmania coastline is the kelp Macrocystis 
angustifolia (algae that belong to the order Laminariales).  As in other parts of the world, 
kelp communities in Australian marine waters are critical for large numbers of coastal fish 
and invertebrate species, as they provide extensive three-dimensional structures and a variety 
of micro-habitats, refugia, attachment opportunities and food sources.  Kelp forests produce 
very large amounts of phytal detritus which fuel high secondary production of invertebrates 
which, in turn, supports higher trophic levels.  This fuelling of marine food-webs occurs both 
within kelp forests and at remote distances and depths, through oceanographic transport of 
the phytal detritus.  For these and other reasons, Australian kelp supports a multitude of 
recreational, commercial, and scientific activities both directly and indirectly (Australian 
Government, 2006).

Chlorate is highly soluble in water and will therefore be uniformly distributed and readily 
available to aquatic organisms.  The high solubility of chlorate implies that it does not easily 
adsorb to particulates, nor bioaccumulate.  The chlorate anion is chemically stable in the 
environment (EnviroGulf Consulting, 2007).  

Issues

Analysis by Gunns
Chlorate was the main chemical of concern in the Preliminary Documentation as it did not 
meet the Environmental Quality Guideline (EQG) within the initial dilution zone (the 
DV100).  Therefore, it was used to set the regulatory mixing zone (a three-dimensional area 
of the receiving waters around a pollutant discharge point, within which the EQG for the 
receiving waters may not be achieved – Tasmanian State Policy on Water Quality 
Management, 1997) parameters by the hydrodynamic model.  
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The effluent treatment plant at the proposed Bell Bay Pulp Mill will include an anoxic 
selector, which is anticipated to reduce chlorate levels by 97.5%, resulting in the release of 
44-86 tonnes of ClO3 to the marine environment per year.

The chlorate risk quotient value was of significant concern within the DV100 zone (RQ = 
7.4); however, supplementary evidence from two algae surveys and experimental 
toxicological results were provided to indicate that ClO3 is unlikely to have a major impact 
in Commonwealth marine waters.

Algae Surveys
First Survey: Underwater habitats within a 1 km radius of the diffuser site were assessed by 
Aquenal (2005) by using remote video drop survey.  They indicated that approximately 22% 
of the total flora on the seabed around the outfall is brown algae and therefore potentially 
vulnerable to the effects of discharged chlorate.

Second Survey: The seabed was surveyed along four transect lines.  Three transects were 
parallel to the Commonwealth boundary (each two km long and centred on the effluent 
pipeline), while the fourth transect followed an extension of the outfall and extended 1 km 
into Commonwealth waters.  Given the broad nature of this assessment, all algal habitats 
were assumed to include some brown algae species.  Limited algae habitats were present 
around the outfall area.  Towards the sides of the valley the sand became shallower, reef 
habitats dominated and algae became more profuse.  No algae were observed in 
Commonwealth waters (Aquenal, 2007). 

Experimental Results
First Experiment (finalised on 10/10/2006 and 16/11/2006):
The Preliminary Documentation speculated regarding brown algae that “the chlorate anion 
is not directly toxic; the toxicity to susceptible organisms is indirect. Chlorate toxicity to 
brown macroalgae is mediated by the activity of the enzyme nitrate reductase (the enzyme 
requires a minimum level of nitrate to become active), thus the following can be observed:

• At very low nitrate concentrations (< 5 µg/L) chlorate has low toxicity because 
activity of nitrate reductase is low.

• At slightly higher concentrations (~5-80 µg/L) nitrate reductase activity is induced, 
chlorate transport into algae is efficient and toxicity high. 

• Higher concentrations of nitrate begin to out-compete chlorate for the enzyme and 
chlorate toxicity decreases until at about 1000-2000 µg/L chlorate toxicity is very 
low.

• Therefore, rather than the absolute concentration of chlorate determining toxicity it 
is the ratio of chlorate to nitrate that is important”.

Experimental tests were undertaken to demonstrate these claims (Ecotox, 2006).  The tests 
were taken on a 72-hour germination test, and also on rhizoid growth over a 14- and 21-day 
exposure period on the brown macro-algae Hormosira banksii which inhabits the inter-tidal 
zone of southern Australia. Similar tests were conducted in the presence of sodium nitrate at 
varying concentrations to test the hypothesis that increased background nitrate stimulates the 
production of nitrate reductase, which may reduce chlorate toxicity.
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The following results were observed:
• all the studies demonstrated that the 72-hour germination end-point is relatively 

insensitive to ClO3;
• the addition of nitrate affected the toxicity of ClO3 as hypothesised in the Preliminary 

Documentation; and,
• the addition of 50 μg/L nitrate increased the effect of ClO3, relative to the respective 

chlorate-only treatments.  However, the addition of 500 μg/L nitrate reduced the 
inhibitory effect of chlorate, relative to the chlorate-only treatments.

Second Experiment (finalised on 10/7/2007):
In order to further understand the effect of ClO3 on brown macro-algae, a series of 
experiments were undertaken on the kelp Ecklonia radiata which inhabits the sub-tidal zone 
of southern Australia (Ecotox, 2007).  A 72-hour germination test was conducted, as well as 
gametophyte growth over a 14- and 21-day exposure period.  Similar tests were conducted in 
the presence of sodium nitrate (at 50 and 500 µg/L) to test the nitrate hypothesis.

Different algae species were tested because it was said that “H. banksii, which is common in 
part of Bass Strait, is an inter-tidal species and is less likely to come in contact with the pulp 
mill effluent plume than a sub-tidal macro-algal species”.  

The following results for Ecklonia radiata were observed:

• all the studies demonstrated that the 72-hour germination end-point is relatively 
insensitive to ClO3; 

• the addition of nitrate had no effect on the toxicity of ClO3; and 
• ClO3 toxicity was insignificant.  The EC50 was >10000 µg/L for each of the 

conditions.

Inclusion of the Hydrodynamic Model
A difficulty in predicting the fate and environmental impact of ClO3 is the lack of an agreed 
hydrodynamic model.  Interpretations arising from the hydrodynamic modellers (GHD) 
engaged by Gunns were not supported by the hydrodynamic modellers (Patterson Britton & 
Partners) engaged by the Department.

GHD predicted rapid dissipation and dilution of contaminants around the effluent outfall to 
the Tasmanian coast line: “After discharge, the effluent becomes entrained with surrounding 
seawater as it rises to the surface of the sea and mixing occurs. This process dilutes the 
effluent, which then travels in the direction of superimposed wave-driven or tidal currents 
and becomes progressively more dilute”.

Patterson Britton & Partners (2007a) contradicted GHD’s prediction: “It would appear that 
the GHD model is over estimating the contribution of turbulent diffusion toward the mixing 
and net transport of pollutant”. Patterson Britton & Partners consider that “The effective 
daily flushing (needed) of chlorate from the control volume, as forced by the GHD model, is 
26%”. While, the “actual daily flushing of pollutant from the control volume would be much 
less than the needed and probably more likely to be of the order of 1-2%”. Further saying 
that “The total mass of pollutant will build up relatively quickly in the water immediately 
surrounding the outfall”. The build up continues until a dynamically stable mass of pollutant 
has built up within the immediate vicinity of the outfall. As the pollutants are considered to 
be conservatives (ClO3 is persistent), the mass flux of pollutants will cause a build up of 
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pollutant mass in the extended far field, seawards of the area of stable concentration 
gradient. The fact that the extended far field may have a larger volume, means that it will 
take a long time for the far field to build up to a dynamic stable concentration. The concern 
here is that because the pollutants are conservatives, the long term dynamically stable 
concentrations of pollutant would create an effective background concentration which could 
feed back into the area of high concentration gradient”.

A recent submission by Dr Stuart Godfrey (8 August 2007) has proposed that “ribbons of 
polluted water with concentrations not much less than those near the outflow …will alsmost 
certainly reach nearby Commonwealth waters , especially on sunny days with light offshore 
winds.”  

EPB Comments
Algae Survey
Based on the algal survey results, it appears that no brown algae are found in 
Commonwealth waters.  The survey indicates that the algae are more profuse in State waters, 
including around the wastewater effluent outfall.

Experimental Results
EPB considers that the first experimental results are inconclusive in determining the likely 
impact of the chlorate effluent on Hormosira banksii. There was some indication that ClO3
toxicity increased over time.

Based on the second experimental results, EPB concluded that ClO3 toxicity to the tested 
algae species, Ecklonia radiata, is insignificant.  Further, the results from each test 
highlighted the differences in brown algae species sensitivity to ClO3 toxicity.  

Inclusion of the Hydrodynamic Model 
Based on interpretation of the hydrodynamic models, two scenarios for ClO3 fate in the 
marine environment can be presented:

Scenario 1: If the GHD hydrodynamic model interpretation is correct, then problems are 
unlikely to occur along the Tasmanian coastline, as ClO3 will be diluted and dissipate 
rapidly.  

Scenario 2: If the Patterson Britton & Partners Pty. Ltd prediction is correct then there is a 
potential contaminant problem around the effluent outfall, as well as the Tasmanian 
coastline.  Over time there is some possibility of an indirect impact on Commonwealth 
waters:

• The elevated chlorate concentrations in the regulatory mixing zone would remain 
relatively constant, as the treated effluent is released under steady-state conditions 
(24 hours/365 days/ 30 years), daily flushing is poor and the chemical is persistent.  

• Over time, the area of high concentration (mixing zone) may serve as a source of 
pollutants to other nearby regions (i.e., ClO3 would be distributed to areas of 
relatively low concentration), thereby expanding the boundaries of the mixing zone.  
This means that the Tasmanian coastline within Bass Strait will be exposed to higher 
ClO3 concentrations with increased time.

• If the Tasmanian coast line is exposed to high ClO3 concentrations, then algal habitat 
could be adversely affected. This, in the long term, may have an indirect impact on 
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Commonwealth waters through food chain impacts on species in Commonwealth 
waters.

Scenario 3: Should Dr Godfrey’s predictions regarding surface layer “ribbons of polluted 
water” reaching Commonwealth waters prove to be correct, it would not necessarily imply a 
significant impact on the environment in Commonwealth waters.  

Whether, or how much, organisms suffer when exposed to effluent will depend inter alia on 
the species, the concentrations of toxic compounds in the effluent, the cumulative length of 
time for exposure and whether that exposure is intermittent or chronic.

Such surface ribbons would seem to imply intermittent exposure with limited amounts of 
potential pollutants delivered to Commonwealth waters.  Importantly for chlorate, there is no 
evidence from existing survey information for chlorate sensitive species, such as brown 
algae, occurring in Commonwealth waters.  

Indirect impacts from possible inshore pollution have been raised in Scenario 2. 

EPB Conclusions
While agreement on the hydrodynamic modelling is needed to predict chlorate (ClO3) fate in 
the marine environment, it seems unlikely that chlorates will have a direct impact on 
Commonwealth waters provided, as indicated in the available surveys, that the brown algae 
species which may be sensitive to ClO3 do not occur in Commonwealth waters.  

While EPB does not anticipate any indirect effects on Commonwealth waters, it suggests 
that a monitoring programme be established to detect whether there is any long term impact 
of chlorate on more sensitive inshore brown algae which could result in food chain or other 
indirect impacts on biota in Commonwealth waters.  

The monitoring procedure should follow specifications agreed with the Department and 
include testing of:

• the wastewater effluent;
• the algae habitats; and
• the species living in the affected areas.

If problems are encountered in the testing, then the measures necessary to rectify the 
situation should be implemented as agreed with the Department.
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Polychlorinated dioxins and furans (PCDD/PCDF)

Background
PCDD and PCDF are among a group of twelve persistent organic pollutants, which are 
identified in the Stockholm Convention on Persistent Organic Pollutants (2001) as priority 
substances for elimination or restriction of their release (National Dioxin Program, 2004).

The concerns surrounding these chemicals include their high toxicity, resistance to biological 
and chemical breakdown, and their ability to bioaccumulate in organisms.  They are 
particularly potent developmental toxicants at low concentrations and can disrupt the 
development of the endocrine, reproductive, immune and nervous system of the offspring of 
fish, birds, and mammals when exposed from conception through postnatal or post hatching 
stages (National Dioxin Program, 2004). 

PCDD and PCDF generally have low solubility in water and attach to suspended and 
dissolved matter.  PCDD and PCDF in the sediments can be ingested and accumulated in 
benthic organisms from where they can be transferred through the food chain.  Because of 
their high affinity to lipids, they can accumulate in the bodies of organisms when exposed to 
these chemicals in water, soil, sediments, or in the diet.  Dietary intake is the primary 
mechanism governing the levels of PCDD and PCDF in biota, although ultimately, the levels 
in the diet depend on the levels in soil and sediment (National Dioxin Program, 2004).

Issues
The proposed Bell Bay pulp mill will be one of largest pulp mills in the world, with a BKP 
production of 1,100,000 air dry tonnes per year.  Approximately 23,276 megalitres of 
wastewater will be annually released into Bass Strait, with resulting input of approximately 
0.08 grams of PCDD and PCDF into the marine environment.

The concentration of PCDD and PCDF released in the effluent was assessed against two 
guidelines:

1. The RPDC limits were used to estimate if the concentration of PCDD and PCDF in 
the wastewater effluent meet the limits for wastewater effluent concentration.  The 
limit set by the RPDC is 10 pg/L for TCDD, and 30 pg/L for TCDF which 
corresponds to a PCDD/PCDF equivalent of 13 pg TEQ/L (RPDC, 2004).  

2. The Interim Canadian Sediment Quality Guideline(CSeQG) was used to estimate if 
the concentration of PCDD and PCDF released into the marine environment (and 
therefore in the sediment) meet the limits for sediment concentration.  The limit set 
by Environment Canada is 850 pg TEQ/kg sediment (Environment Canada, 2005). 

Analysis by Gunns
Effluent Concentration
The average PCDD/PCDF emissions from BKP mills were estimated in the Preliminary 
Documentation by using the proposed pulp mill effluent improvement process and 
international pulp mill emission levels from the United States, Canada and Europe.  The 
estimated maximum concentration of PCDD/PCDF is 3.376 pg TEQ/L in the discharge 
effluent, which is below the RPDC limit for TCDD/PCDF of 13 pg TEQ/L.
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Sediment Concentration
The Preliminary Documentation used the following US EPA (2005) equation to estimate the 
PCDD/PCDF concentration in marine sediments:

Csb Equation
(in the Preliminary Documentation this equation is referred to as number 13.6)

Csb = [fbs x Cwtot]   x      [Kdbs]      x     [dwc + dbs]
[Θbs + Kdbs x CBS]   x  [dbs]

Csb = Chemical concentration sorbed to bed sediment (mg chemical/kg sediment).
Cwtot = Total water body chemical concentration, including water column and bed sediment.
fbs = Fraction of total water body chemical concentration in benthic sediment (unitless).
Kdbs = Bed sediment/sediment pore water partitioning coefficient (L chemical/ kg water body).
Θbs = Bed sediment porosity (L pore water/L sediment).
CBS = Bed sediment concentration (g/m3).
dwc = total water depth (m).
dbs = total sediment depth (m).

Cwtot Equation

Cwtot =            LT  
Vfx x fwc + kwt x Aw x (dwc + dbs)

Cwtot = Total water body chemical concentration, including water column and bed sediment (g/m3).
LT = Total chemical load to the water body (g/yr).
Vfx = Average volumetric flow rate through the water body (m3/yr).
fwc = Fraction of total water body chemical concentration in water column (unitless).
kwt = Overall water body dissipation rate constant (yr-1).
Aw = Water body surface area (m2).
dwc = total water depth (m).
dbs = total sediment depth (m).

Instead of using the Cwtot equation in the Csb equation (as required by the US EPA), the 
Preliminary Documentation used the PCDD/PCDF concentration of 3.376 pg TEQ/L 
wastewater effluent (divided by the DV100 zone dilution factor = 0.3376 pg TEQ/L).  

Using 0.3376 pg TEQ/L in the Csb equation provides a maximum PCDD/PCDF 
concentration of 23.5 pg TEQ/kg sediment in the DV100 zone.  The CSeQG (850 pg TEQ/kg 
sediment) was also used to estimate the potential risk to the marine biota.  The result (RQ = 
0.03) indicates minimal concern to marine biota.  Further, this sediment concentration was 
used to calculate the subsequent PCDD/PCDF ecological risk assessment.

Inclusion of the Hydrodynamic Model
The interpretations arising from two independent hydrodynamic models of the wastewater 
plume are contradictory, and complicate prediction of PCDD/PCDF fate:
The company hydrodynamic model designer (GHD) did not model particle matter fate and 
behaviour in the marine environment.  However, GHD indicated that “the effluent contains 
20 mg/L of particles matter, which will settle in area of 20 km x 0.5 km i.e 10 km2 with a 
potential depth of the sediment build up of 0.047 mm per year”. GHD also assumed that “the 
particles may not settle as quickly as estimated and the material is organic and will decay”. 
It was argued that “the depth of settling is negligible and confirms that modelling of sediment 
deposition is not warranted”.
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However, Patterson Britton & Partner (2007a) indicated “that the estimated settling area of 
particulates is 10 km2 (20 km x 0.5 km”) and remarked that “the effluent particulate will 
contain water insoluble chemicals and natural benthic assimilation process could keep this 
pollutant into the benthic environment and as many of the water insoluble chemicals are 
persistent, they would therefore accumulate in the benthic environment over a long period of 
constant discharge, measured in years.” 

Patterson Britton & Partner (2007b) said that “the key pollutant is understood to be 
conservative and apart from settling and accumulating on the bed sediment, should generate 
an ever enlarging concentration gradient over time unless the advection dispersion 
characteristics changes dramatically outside the area shown to be affected”.

EPB Comments
Effluent Concentration
EPB agrees that the PCDD/PCDF concentration in the effluent of 3.376 pg TEQ/L proposed 
in the Preliminary Documentation should be achieved if the following parameters are met:

• 98% chlorine dioxide is used (with only 2% Cl2 contamination) during the bleaching 
stage; 

• there is a 35% reduction of PCDD/PCDF precursors (e.g., lignin) during the 
proposed initial technical process stage (i.e., using modified cooking, two-stage O2
and improved washing methods); and 

• ≥ 25% reduction of PCDD/PCDF during wastewater treatment. 
Failure to meet these parameters could lead to increased PCDD/PCDF concentrations which 
may exceed RPDC wastewater effluent limits and possibly increase sediment concentrations.

As pointed out in the Preliminary Documentation, the level of 3.376 pg TEQ/L is well within 
RPDC requirements and is consistent with international best practice.  The RPDC limits and 
most international guidelines for PCDD/PCDF levels in the wastewater effluent are based on 
the detection limit of the analytical technique rather than a measure for adequate 
environmental protection (RPDC, 2004).

By international regulatory standards (e. g., USA, Canada, European Commission), such a 
PCDD/PCDF concentration in the effluent would be considered appropriate and unlikely to 
cause significant environmental impact.  

Sediment Concentration
The decision taken in the Preliminary Documentation to not use the Cwtot equation in the 
Csb equation in the US EPA equations has been called into question by several public 
submissions.  Most significant of these are analyses by Professor Wadsley (2007) which 
calculate that the Preliminary Documentation approach underestimates the dioxin 
concentration in the sediment by a factor of 338 in the Human Health Risk Assessment and 
5.4 in the Marine Impact Assessment which, according to Professor Wadsley would result in 
values for human consumption of fish which exceed Tolerable Monthly Intake levels of 
dioxin set by the Department of Health and Ageing.  Professor Wadsley goes on to identify 
further issues with the parameters and assumptions used in the Preliminary Documentation 
calculations requiring correction which, from his perspective, would imply higher levels of 
dioxins in sediment and biota and have significant impacts on human health and the 
environment, including in Commonwealth waters.  
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Toxikos (4 July 2007) has responded to Professor Wadsley’s comments, claiming that even 
when the Cwtot equation is calculated and is incorporated in the Csb equation, the result is a 
sediment concentration which still is under the CSeQG.  Toxikos also rebuts other criticisms 
by Professor Wadsley and concludes that there will be negligible impact on the receiving 
environment.
EPB agrees that the original decision in the Preliminary Documentation not to use the Cwtot
equation is inappropriate, but also is not convinced by the values chosen by Professor 
Wadsley or his conclusions.  As is clear from the US EPA guidelines for use of the 
equations, the choice of value for the various parameters in the equations is often a matter of 
judgment, rather than being obvious.  The choice made can significantly alter the result, 
producing results above or below the CSeQG.  (It should be noted also that the CSeQG was 
derived for the freshwater environment and, as noted by Environment Canada, there is not a 
proven ecological or toxicological basis for its application to the marine environment.)
In using the US EPA equations, as with any model, the difficulty is in knowing whether the 
result is a realistic prediction.  This will depend not only on the values chosen for the 
parameters in the equations but also whether the equations constitute a valid model which 
produces realistic predictions which can be ground-truthed.  There do not appear to be any 
examples in the scientific literature of these equations being used to predict dioxin and furan 
sediment concentrations from pulp mill effluent.  The US EPA (pers comm) has advised 
EPB that the equations were developed for water bodies such as lakes and rivers rather than 
ocean outfalls, and that its application to an ocean outfall goes beyond the original intended 
context.  In particular, the choice of relevant values for the parameters would need careful 
consideration and justification.  In general, however, an ocean outfall should be less likely to 
cause pollution concerns than a lake or river because of the larger dilution factor.

EPB has scrutinised the parameters carefully and especially notes the difficulty in defining 
appropriate boundaries and volumetric flow rate for the receiving water body for an ocean 
outfall, and the complications introduced by factors which are based on USA conditions and 
freshwater rather than seawater.

EPB notes also that there are claims about emissions of dioxins and furans from air 
emissions and leachates which are based on disputed assumptions.

In the absence of a reliable model, the alternative is to see whether effluents with similar 
dioxin and furan levels from other ECF pulp mills have resulted in high dioxin sediment 
levels and significant environmental and health impacts from the dioxins.  
The answer appears to be no.  Rather than causing dioxin problems, the replacement of 
elemental chlorine pulp mills with ECF conversions has resulted in dramatically reduced 
levels of dioxins in sediment and biota.  For example, with conversion of a pulp mill built in 
1965 to ECF, Macdonald et al. (1998) found that PCDD/PCDF levels in lake sediment cores 
were drastically reduced to pre-1960 levels.  Levels went from 58.6 pg/g 2,3,7,8-TCDD in 
1983-85 to 0.9 pg/g in 1993-94 and 1784.5 pg/g 2,3,7,9-TCDF in 1983-85 to 24.6 pg/g in 
1993-94.

The USA and Canada largely have relied upon ECF conversions for their national dioxin 
reduction programmes.  ECF was widely adopted in the 1990s to replace elemental chlorine 
mills, driven by such initiatives as the US EPA Cluster Rule 1998 which included ECF as a 
Best Available Technology.  ECF produces dramatically lower, “non measurable” dioxin 
and furan levels compared with elemental chlorine mills.
Overall, monitoring programmes below pulp mills indicate continuing declines of dioxin and 
furan levels in fish and other wildlife (e.g. Dioxin Monitoring Program, State of Maine, 
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March 2007; Environment Effects Monitoring, Canada, 2003; see also Appendix 1).  Further 
examples are provided in the response by Toxikos (4 July 2007) to Professor Wadsley’s 
submission.
Major overseas regulatory agencies have endorsed the existing dioxin effluent guidelines and 
the ability of the ECF process to meet these guidelines.  
The proposed Bell Bay pulp mill is designed to achieve best practice environmental 
guidelines set by the Tasmanian RPDC (the recommended environmental emission limit 
guidelines for pulp mill effluent from bleached eucalypt Kraft pulp mills in Tasmania).  The 
RPDC limit of 10 pg/L for 2,3,7,8-TCDD and 30 pg/L for 2,3,7,8-TCDF (equivalent to 13 
pg TEQ/L) is equal to or improves upon the levels set by the US EPA, Environment Canada, 
and the European Commission amongst others.  
The UNEP Stockholm Convention BAT/BEP Guidelines indicate that both elemental 
chlorine (ECF) bleaching and total chlorine free (TCF) bleaching reduce the emissions of 
dioxins to water to lower than the limit of quantification (‘limit of quantification’ means the 
lowest concentration that can be accurately measured using sensitive but routine sampling 
and analytical methods).  Further details of ECF performance and adoption are in Toxikos 
(2007).
The ECF process meets regulatory requirements in all major producing regions.  Industry 
supporters of the ECF process have claimed that ECF captured 85% market share of the 
world's bleached chemical pulp market in 2005 (Scandinavia 78%, North America 99%, 
Japan 55%, South America 90%).
Given this positive experience overseas and widespread acceptance of modern ECF mills, it 
is difficult to accept estimates derived from modelling that suggest dangerous levels of 
dioxins and furans will accumulate in the sediments unless one is very confident that the 
model is suitable, is being applied correctly and that the values for the parameters are 
correct.  

To-date, EPB does not have confidence in the ability of the available model, and the values 
assigned to its parameters, to predict realistic outcomes.

EPB notes, however, that there are not yet field data from a new ECF mill in a “greenfields” 
site which might have allowed direct comparison of effluent and sediment levels over time. 

Should the Bell Bay mill go ahead, EPB recommends that a rigorous monitoring programme 
be implemented to test whether there is evidence of increasing dioxin and furan levels in the 
sediments and biota.  If this is the case, remedial measures will need to be considered.

Inclusion of the Hydrodynamic Model
Further difficulty in applying a predictive model in estimating PCDD/PCDF concentration in 
the sediment is knowing the size of the settling area.  For example, in the US EPA equations, 
surface area is one of the necessary variables - the Csb equation indicates that the larger the 
area the smaller the concentration.  Therefore, knowing the exact size of the settling area is 
relevant for predicting the final sediment concentration and, therefore, the ecological effect. 

Application of a predictive model is affected also by whether particles discharged in the 
effluent settle evenly; for example, the US EPA equations are based on an area of evenly 
increased value.  
Dioxins and furans will adsorb to particles and be carried by them.  This can be affected by 
the size and settling velocities of particles.  Previous studies monitoring total organic carbon 
(TOC) and particle size indicate a slight increase in TOC and presence of finer particles at 



V170807 23

the 7 km sampling site compared to the outfall (AWT, 2000).  Substantially higher TOC and 
a greater presence of fine particles were found 3 to 5 km from the outfall (AWT, 2000), 
suggesting that higher concentrations of particles (and hence chemicals) may be located in 
this region.  

The submission by Dr Godfrey predicting surface ribbons of polluted water raises further 
issues about the pattern of settlement (see earlier section on Chlorate).

An agreed hydrodynamic model for the wastewater effluent would need to include modelling 
of particulate fate and behaviour in the marine environment for better prediction of dioxin 
and furan concentrations and to inform the design of an effective monitoring program.

EPB Conclusions
The estimated maximum concentration of dioxins and furans (PCDD/PCDF) in the discharge 
effluent of 3.376 pg TEQ/L comfortably meets world’s best practice (13 pg TEQ/L).  

The Preliminary Documentation has used US EPA equations to predict that the future level 
of dioxins and furans in the sediment will be below the Canadian Sediment Quality 
Guideline of 850 pg TEQ/kg sediment.  Public submissions have criticised the
appropriateness of values used in the calculations and have predicted much higher levels of 
dioxins and furans in the sediments.  EPB agrees that some of the assumptions in the 
Preliminary Documentation calculations can be questioned, as can some of the assumptions 
in the public submissions.  EPB is not confident that the results of the US EPA equations 
currently provide an appropriate model for predicting realistic outcomes in the Bell Bay 
context.  The US EPA has advised that the equations were developed for water bodies such 
as lakes and rivers rather than ocean outfalls.  There appear to be no examples in the 
scientific literature of these equations being used to predict dioxin and furan sediment 
concentrations from pulp mill effluents.  

In the absence of a reliable model, field data from a new ECF mill in a “greenfields” site 
might have allowed direct comparison of effluent and sediment levels over time.  No such 
data from a “greenfields” site are yet available; however, overseas experience demonstrates 
that conversion from elemental chlorine to ECF pulp mills with non-measurable dioxin 
effluents has resulted in dramatically reduced levels of dioxins and furans in sediment and 
biota, rather than producing environmental or health problems caused by dioxins.  As a 
result, regulators have endorsed the ECF process and PCDD/PCDF effluent guidelines.  EPB 
is not aware of any examples of regulatory agencies predicting significant build up of 
dioxins and furans from such low effluent concentrations.  The confidence of regulators 
consulted by EPB in the dioxin and furan performance of modern ECF pulp mills was high, 
especially for mills with ocean outfalls.  
EPB considers the balance of available evidence does not suggest that there is likely to be a 
significant impact on Commonwealth waters from dioxins and furans, noting that the 
proposed pulp mill meets best practice international guidelines for effluent levels and is 
discharging via an ocean outfall.
EPB suggests, however, that programmes for monitoring long term dioxin and furan 
sediment levels in the sediment and biota be implemented.  The hydrodynamic modelling 
should be used to inform the choice of sampling locations.
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The monitoring procedure and specifications should be agreed with the Department and 
include testing of:

• the wastewater effluent; 
• the sediment; and 
• the marine biota.

If problems are encountered in the testing, then the measures necessary to rectify the 
situation should be implemented as agreed with the Department.
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Attachment E

Effluent Testing Procedures

Background
The objective of aquatic toxicity testing with effluents or pure compounds is to estimate the 
effect these substances will have, defined as the concentration which will not hinder normal 
propagation of aquatic life in the receiving waters (Toxikos, 2006).

Direct toxicity assessment of effluent (i.e. whole effluent toxicity, WET) is highly relevant to 
complex mixtures as it allows direct biological effects to be assessed.  Whole effluent 
toxicity testing integrates interactions among complex mixtures of contaminants and is 
intended to measure total effects, regardless of chemical or physical conditions.  Therefore, 
WET more closely resembles the situation in the natural environment, than single testing 
(ANZECC, 2000).

ANZECC specified major bioassays for use in Australia and provides species choice for 
different receiving environments.  The RPDC (2004) environmental emission limit 
guidelines require regular (weekly (acute), monthly (acute/sublethal), quarterly (sublethal) 
and yearly (sediment sublethal)) whole effluent testing to be conducted (Toxikos, 2006).

Issues

Analysis by Gunns
To assess toxicity levels of the Bell Bay pulp mill effluent a comparative study was 
conducted on effluent from two overseas pulp mills using native aquatic organisms.  Pulp 
effluents from Thailand and Chile were selected for comparison because their material 
specifications, treatment processes and bulk feed stock have many similarities with the Bell 
Bay mill.

The pulp mill effluents were diluted with fresh sea water and/or artificial sea water and 
tested at several effluent concentrations for acute toxicity in the following species: Microtox 
(Vibrio fischeri), amphipods (Allorchestes compressa) and striped trumpeter fish (Latris 
lineata).  Sub-lethal exposure levels were also evaluated in sea urchins (Heliocidaris 
tuberculata), doughboy scallops (Mimachlamys asperrima) and the macro-algae species 
Hormosira banksii, while chronic exposure levels were determined for the marine micro-
algae Nitzchia closterium.  These species were selected based on ANZECC guidelines.

The Preliminary Documentation concluded that “The no observed effect concentration was 
set at 6.25% effluent concentration, and the no toxic effect was observed up to 100% effluent 
concentration. However, the marine invertebrate test with reproductive endpoints (48-h 
doughboy scallop larval assay, 72-h sea urchin larval development assay) were found to be 
sensitive to the effect of the two pulp mill effluents from 30% effluent concentration. 
Therefore, it was concluded that at 1% effluent concentration (dilution of 1 in 100) no 
impact is anticipated to occur on biota in the receiving waters.”
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EPB Comments
EPB is not satisfied with this conclusion as no details were provided on the following 
specifications despite requests:

• the name, location (i.e., web address) and other relevant details of the pulp mill 
process used at each site, especially information relating to the technical process, i.e., 
similar to the details provided for the Bell Bay mill such as the nature of the pulp 
wood (i.e., % hardwood vs. % softwood);

• the relevant descriptions and parameters of the wastewater treatment plant (again 
similar to those supplied for Bell Bay);

• the composition and concentration of the influent for each plant;
• the effluent composition and concentration for each plant; and
• the wastewater testing results from routine sample monitoring undertaken for each 

plant (it is preferable to evaluate results spread across four sampling intervals, both 
before, during and after sampling is completed).

The above information is required to find the correlation between the proposed pulp mill and 
the test pulp mills.  Also, wastewater testing results for each plant are required to verify 
sampling points and the treated effluent composition and concentration.

Further, there is no statistical validity to these results, as experiments were performed only 
on one 5 litre, 24 hours composite sample (it is possible that chemical concentrations and 
compositions may change from day-to-day or week-to-week).  To have statistical strength, 
an experiment should consist of a minimum of four different collection times, preferably 
spread across different days and weeks.  Also, the correct analytical process required to 
inhibit biological activity was not performed for these samples; this is a highly 
recommended step for this type of sampling, as secondary-treated wastewater samples have 
abundant microbial loads due to the nature of the sample material.  High levels of biological 
activity were also likely during transportation (~ 24-h) as the temperature and oxygen levels 
provided optimal conditions for microbial activity. This indicates that sample degradation 
may have continued during transportation, potentially affecting key pollutants relevant to the 
toxicity test.  

Therefore, EPB concluded that the effluent test results cannot be used to demonstrate that the 
effluent from the proposed bell Bay mill will not adversely affect the marine environment.

Conclusion 
The toxicity testing using whole effluent samples from pulp mills in Thailand and Chile on 
Australian biota requires better scientific design and information to allow proper appraisal:  

• If new samples from the foreign mills can be obtained under scientifically rigorous 
conditions, the whole effluent toxicity testing should be repeated, provided the 
effluents are sufficiently similar to the proposed Bell Bay mill. 

• If the Bell Bay mill is approved, operational whole effluent toxicity testing using the 
Bell Bay mill effluent should be conducted on species relevant to Commonwealth 
waters following specifications agreed with the Department.
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Appendix 1

Examples of decreases in dioxin and furan levels in sediment and biota following 
conversion from elemental chlorine to ECF bleaching

a) Environment Canada (http://www.ecoinfo.org/env_ind/region/dioxinfuran/dioxin_e.cfm)

In British Columbia, nine pulp and paper mills discharged secondary-treated effluent to 
marine waters. Initial monitoring from 1987 to 1989 documented elevated dioxin and furan 
levels in edible fish and shellfish collected from sites near nine of these mills. The federal 
government responded by issuing harvesting restrictions on various crab, clam, prawn, 
shrimp, and oyster fisheries, requiring mills to conduct annual monitoring and introducing 
legislation to control dioxin and furan discharges.

In 1992, the Pulp and Paper Mill Effluent Chlorinated Dioxins and Furans Regulations were 
introduced under the Canadian Environmental Protection Act (CEPA). The regulations 
required that all mills using chlorine bleaching process achieve the maximum discharge limit 
in the final effluent of 15 parts per quadrillion (ppq) for dioxin (2,3,7,8-TCDD) and 50 ppq 
for furan (2,3,7,8-TCDF) by January 1, 1994. Mill operators were also required to sample 
the final effluent according to regulations and to report the results to Environment Canada 
within 60 days of sample collection.

Before the regulations were promulgated, the B.C. pulp and paper mills implemented a 
major capital investment that changed their processes to improve the effluent quality and 
reduce the loading of dioxins and furans to the marine environment (seven of the nine mills 
are now ECF bleached kraft pulp mills). This is reflected in the trend in dioxin and furan 
loadings from the mills’ effluent measured since 1989.

Source: Environmental Protection Branch, Environment Canada, Pacific and Yukon Region, 2005. Cautionary note: Since 
1997, all coastal mills now sample their effluent annually (rather than monthly or quarterly as in previous years) to comply with 
the Pulp and Paper Mill Chlorinated Dioxin and Furan Regulations. This is because of significant reductions in dioxin loadings 
and many reports of non-detectable levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF in the effluents of coastal mills. For more details 
on the mills and their loadings rates see Graph Data.

The total loading of dioxins from the BC coastal pulp and paper mills was estimated at 50.9 
mg/d in 1989. By 1996, loadings were reduced to less than 2.5 mg/d, a 95% reduction. 
Similarly, loading levels for furans have decreased by approximately 99% during the same 
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period. In 1999, all mills reported non-detectable 2,3,7,8-TCDD in their effluent. For that 
year 1/2 the 2 pg/L detection limit was used and a total dioxin loading of 1.01 mg/d was 
estimated. Similarly from 2000 to 2003 all mills reported non-detectable 2,3,7,8-TCDD in 
their effluent and a total dioxin loading of 1.00 mg/d was estimated.

The reduction in effluent loadings to virtually undetectable levels resulted in rapid declines 
in dioxin and furan concentrations in sediments and in biota. This led initially to 
dioxin/furan-related fisheries restrictions being lifted for shrimp, prawn and oysters in 
February 1995 and for some crab harvests in August 1995, April 1996 and September 1997. 
Over 550 km² or 46% of the maximum area closed in February 1995 have now had their 
harvest restrictions lifted.

Source: Environmental Protection Branch, Environment Canada, Pacific and Yukon Region, 2005. Note: to approximate total 
risk from the most toxic chemical forms of dioxins and furans (17 of which are assessed in the analysis), all are assessed by 
comparing their toxicity to that of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), the most toxic of this group, using an 
internationally accepted procedure. Concentrations derived in this manner are referred to as toxic equivalents (TEQs). Note 
also that the number of mills in operation has varied during the time period. From 1999 to 2003 monitoring was confined to five 
mills (Crofton, Elk Falls, Port Mellon, Squamish and Skeena in Prince Rupert). Note: Only three mills sampled in 1988.

Further details from British Columbia are provided in Toxikos (4 July 2007).
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b) Dioxin Monitoring Program, State of Maine, March 2007

“There is a trend of generally declining concentrations of dioxins and furans in smallmouth 
bass and white suckers averaged over all stations for each of the Androscoggin, Kennebec 
and Penobscot rivers since 1997 (Figures 3, 4) no doubt due to reductions in discharges at 
the mills. Despite the overall declining trend, concentrations sometimes increase from one 
year to the next, due to variability or unknown cause.”


