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Summary 

In 1992, the Province of British Columbia modified the Pulp and Paper Mill Liquid 
Effluent Control Regulation (PMLECR) to require that the discharge of AOX from bleach 
plants be eliminated by the 31st of December, 2002.  In December, 2001, the Minister of 
Water, Land and Air Protection, appointed a Scientific Advisory Panel to review the 
scientific basis of this requirement. 

The panel reviewed the available scientific literature, submissions by a number of 
stakeholders and mill performance data available in government files.  In addition, the 
panel collected data directly from mills on the current design features and operating 
performance of all thirteen bleached kraft pulp mills and the only sulphite mill in the 
British Columbia.   It was noted that much of the literature is based on investigations of 
pulp mill effluents prior to the adoption of the pollution prevention measures that are now 
current in BC mills.  In particular, much of the data is drawn from studies on effluent from  
mills using chlorine bleach, whereas all the kraft mills in BC have been converted to 
Elemental Chlorine Free (ECF) operation and the sole sulphite mill has reduced chlorine 
use substantially. 

This report has been submitted to the Minister and made available to the public on the 
Internet at www.AOXpanel.ca .  

An information meeting will be held in Vancouver on the 25th of March, at which all 
interested parties may provide comments and question the panel members. 
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Conclusions 

The panel did not find evidence that the present level of AOX discharges from British Columbia’s 
bleached kraft mills, and its one ammonia based sulphite mill, present a demonstrable risk to the 
ambient aquatic environment that could be attributed to AOX. 

The panel concluded that there was no evidence available to it at this time to indicate that further 
reductions of effluent AOX beyond that already achieved would result in any demonstrable 
environmental benefit.  

While the panel concludes that the elimination of AOX is not a high priority as an environmental 
goal, it also concludes that it would be desirable to limit AOX discharges to levels comparable to 
those currently being discharged by the BC mills.  Such a limit would make BC regulations 
comparable to those in most other pulp producing jurisdictions, and would ensure that the 
benefits achieved in recent years relating to reduced contamination of aquatic resources by pulp 
mill-related organochlorines are not lost. 

The panel was struck by the number of studies linking kraft black liquor1 to sub-lethal toxicity to 
aquatic organisms.  It is the opinion of the panel that there could be significant environmental 
benefit from ensuring that discharges of these streams are minimized. 
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1 “Black liquor” is the most commonly used term for the liquor separated from the wood fibre after the cooking reaction 
which is the heart of kraft process. The term  “spent cooking liquor” is also used. 
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Introduction 

In December 2001, an independent scientific advisory panel was appointed by Ms. Joyce Murray, 
Minister of Water, Land and Air Protection, to review the scientific basis of a requirement that  
AOX discharges at BC's pulp mills to be reduced to zero. 

The scientific advisory panel was chaired by John Carey, executive director of the federal 
government's National Water Research Institute. The two other panel members were Eric Hall, 
professor of civil engineering at the University of BC, and Neil McCubbin, an independent 
consultant and registered professional engineer with broad experience in pollution control in the 
pulp and paper industry. 

Background 

In 1990, the Government of British Columbia promulgated the Pulp and Paper Mill Liquid Effluent 
Control Regulation (PMLECR) in response to data showing high levels of dioxin in the 
environment, federal fish closures and provincial fish consumption advisories around BC pulp 
mills.  

In 1992, the regulation was amended to:  

• reduce allowable AOX discharge rates from 2.5 kg/ADt to 1.5 kg/ADt; and  

• add a requirement to eliminate AOX from the bleach plants by December 31, 2002. 

Since the PMLECR was promulgated in 1990, British Columbia pulp mills have been modified to 
reduce the discharge of pollutants. These changes included the installation of secondary effluent 
treatment in all mills that did not already have such systems, the elimination of the use of 
elemental chlorine for bleaching pulp in all kraft mills, and a number of process upgrades that 
reduced the discharge of non-chlorinated substances that are separated from wood in the pulping 
process.  Dioxin and furan discharges are now "non-measurable" in pulp mill liquid effluent, 
consistent with the Canadian Environmental Protection Act Regulations.  As a result, fish 
closures and consumption advisories due to dioxin contamination have been reduced 
significantly in all regions of the province.  

The AOX annual average discharge rate from British Columbia pulp mills was less than 0.5 
kg/ADt in 2000, compared to an AOX annual average rate of approximately 6.5 kg/ADt in 1988.  

The effluent discharged today from BC pulp mills is very different from that in the early 1990s 
when the current regulations were developed. 

Since 1992, new scientific information has also become available that is relevant to the 
Government's decision requiring the pulp mill industry to achieve zero AOX discharge from the 
bleaching process. This includes information on the relationship between AOX, chlorinated 
organic compounds and the effect of pulp mill liquid effluent discharges on the ambient 
environment.  

Given the above, the Government decided to review the basis for its requirement that pulp mills 
eliminate AOX from bleach plants by 31st December, 2002.  The creation of the Scientific 
Advisory Panel to prepare this report is one component of the review. 
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Terms of reference 

The panel was directed to:  

• Examine relevant, peer reviewed, scientific literature on the impact of chlorinated 
organics contained in kraft and sulphite pulp mill liquid effluent on the aquatic 
environment, taking into account the current performance of British Columbia bleached 
pulp mills through an examination of validated receiving environment data.  

• Invite and consider scientific submissions with respect to the question of the 
environmental benefit of reducing the level of chlorinated organics currently being 
discharged from British Columbia bleached kraft and sulphite pulp mills.  

• Provide a written report to the BCMWLAP that summarizes the material received and the 
publicly available relevant scientific data that were considered for the purposes of 
undertaking the evaluation. 

The panel was directed to address the following two questions. 

• Based on peer reviewed, scientific literature and publicly available relevant scientific 
data, does the present level of AOX discharge from British Columbia bleached kraft mills 
and its one ammonia based sulphite mill present a demonstrable risk to the ambient 
aquatic environment?  

• Is there a peer reviewed, scientific basis for an AOX standard and if so, what should that 
standard be? 

Review process 

The scientific advisory panel was directed to ensure that the process be open and transparent.  
As such:  

• The Chair, speaking for the scientific advisory panel, has no restrictions regarding 
communications with the media.  

• At the discretion of the Chair, individuals or groups may present their submissions to the 
panel in person.  

• The scientific advisory panel's report to government should be made public by 
15th March, 2002.  

18th March, 2002 - 4 - Terms of reference 
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Pulp industry in British Columbia 

Of the pulp mills in British Columbia, 13 produce bleached kraft pulp, and one bleached sulphite 
pulp, all using some chlorine compounds in bleaching (Table 1).  The operations, discharges and 
receiving waters surrounding these are 14 mills are the subject of this report, and some these are 
listed in .  Two mills, both owned by Canadian Forest Products Ltd (Canfor), operate on 
adjacent sites in Prince George, and discharge to a shared effluent treatment system with a 
single outfall. One mill, formerly known as Intercontinental Pulp (Intercon) has a single production 
line, and the other, formerly known as Prince George Pulp and Paper, has two production lines. 
These are considered as one mill with a total of three kraft production lines for the purposes of 
this report, and are referred to as “PGpulp”.  The Northwood mill in Prince George is also owned 
by Canfor, but is on a completely separate site, with its own effluent treatment system and 
discharge. 

Table 2

Table 1  Bleached chemical pulp mills in British Columbia 
Owner Location Pulp Short name 
NorskeCanada Ltd. Campbell 

River 
BK/CTM 

Elk Falls 
NorskeCanada Ltd. Crofton BK/TM Crofton 
Pope and Talbot Ltd. Nanaimo BK Harmac 
Skeena Cellulose Inc. Prince Rupert BK Prince Rupert 
Western Pulp Limited Partnership Squamish BK Squamish 
Howe Sound Pulp and Paper Limited Partnership (HSLP) Port Mellon BK/TM Port Mellon 
Pope & Talbot Ltd. McKenzie BK McKenzie 
Canadian Forest Products Ltd. – Specialty Pulp & Paper Prince George BK Northwood 
Canadian Forest Products Prince George BK PGpulp 
Weldwood of Canada and Daishowa Marubeni Inc. Quesnel BK Quesnel 
Weyerhaeuser Company Limited Kamloops BK Kamloops 
KMPG INC., In its capacity as trustee in the estate of Stone 
Venepal (Celgar) Pulp Inc. (in bankruptcy) 

 
Castlegar 

BK 
Castlegar 

Tembec Industries Inc. Cranbrook BK Skookumchuk
Western Pulp Limited Partnership Port Alice  B Sulphite Port Alice 
Names of owners in this table are abbreviated in some cases, and are not intended to represent the legal status of the company or mill. 
The “Short name” is that used in this report to refer to each mill, to simplify reference to mills whose ownership and/or legal designation 
often changes. 
B = bleached;  K = kraft pulp;  CTM = chemi-thermomechanical pulp;  TM = thermomechanical pulp;   

There is also one unbleached kraft pulp mill, at Kitimat, and there are several mechanical pulp 
mills, none of which use any form of chlorine bleaching.   These mills are beyond the scope of 
this report. 
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Table 2  Effluent discharges from B.C. mills 
 Pulp 

prod. t/d 
Bleach 

prod. t/d 
Effluent 

Flow 
m3/day 

Effluent 
Flow 
m3/t 

TSS 
 

kg/day 

TSS 
 

kg/ton 

BOD 
 

kg/day 

BOD 
 

kg/ton 

AOX 
 

kg/day 

AOX 
 

kg/ton 

AOX 
 

mg/L 

COD 
 

kg/ton 

COD 
 

mg/L 

Avg. % 
survival 
of trout 

Elk_Falls   204,800 98 7,263 3.47 3783 1.81 418 0.53 2.0 27 127 95

Crofton 1,889 994 160,717 85 2,180 1.15 1434 0.76 450 0.45 2.8 n/a n/a 100

Harmac 1,062             1062 131,472 124 5,156 4.85 859 0.81 376 0.35 2.9 n/a n/a 100

PrinceRupert 827             827 99,100 120 3,970 4.8 823 1 595 0.72 6.0 54 684 98

Squamish 744             744 66,616 90 3,095 4.16 832 1.12 396 0.53 5.9 48 594 95

PortMellon 1,484 1046 78,800 53 3,025 2.04 973 0.66 324 0.31 4.1  413 97

McKenzie 597             597 57,893 97 5,315 8.9 2247 3.76 305 0.51 5.3 43 571 97

Northwood 1,497             1497 137,500 92 9,600 6.41 3300 2.2 734 0.49 5.3 66 713 100

PGpulp 1,562             1310 145,689 93 12,672 8.11 4760 3.05 580 0.44 4.0 48 505 100

Quesnel 900             900 99,532 111 6,844 7.6 2028 2.25 547 0.61 5.5 n/a n/a 99

Kamloops 1,213             1213 128,280 106 2409 1.99 2694 2.22 524 0.43 4.1 35 401 100

Castlegar 1,155            1155 113,138 98 1,698 1.47 448 0.39 306 0.26 2.7 15 158 100

Skookumchuk 678            676 39,557 58 1,837 2.71 763 1.13 135 0.20 3.4 29 548 98

Port Alice 477             477 159,495 334 13,137 27.54 3020 6.33 380 0.80 2.4 n/a n/a 98
Totals 16,176 13,286 1,622,589          78,201  27,964 6,070

Averages 1,155            949 115,899 111 5,586 6.1 1,997 2.0 434 0.5 4.0 n/a n/a 98
 Except for COD discharge, data are based on 1999 averages reported to MWLAP, and are considered to characterize the mills well.  More recent data are similar, but confounded by market shutdowns in mills. 
COD discharges were reported by mills, and are representative of recent operation, rather than being rigorous averages. 
Data on survival of trout - refer to the standard compliance test for acute lethality. 
Mills at Elk Falls, Crofton and Port Mellon manufacture significant quantities of mechanical pulp as well as kraft, so it is inappropriate to attempt to correlate the whole mill effluent characteristics to kraft 
operations.  At PGpulp, most, but not all, of the kraft pulp produced is bleached. 
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Sources of liquid effluent in pulp mills 

The manufacture of wood pulp consists essentially of separating the marketable fibre from bark 
and from the non-fibrous organic2 matter in the wood.  Most of the organics are recovered and 
burned to generate energy, while the non-recoverable fraction of these organics are discharged 
in the liquid effluent after treatment.  AOX refers to the sub-fraction of this organic material that is 
chlorinated. 

The kraft process is summarized in  below.  All of the BC mills discussed in this report use 
the kraft process, except for the dissolving sulphite mill at Port Alice.  The process used there is 
broadly similar, except that ammonium sulphite is the active pulping agent, and the waste pulping 
liquor is known as “red liquor”.  The pulping and beaching areas are the principal source of 
contaminants that reach the receiving water from contemporary mills. 

Table 2

Table 3  Manufacturing processes for wood pulp 
Process Description 
Debarking Remove bark and any frozen dirt from tree.  When wet debarking was employed in the past, this was a 

major source of water pollution, but today it is trivial in BC pulp mills due to conversion to dry barking, 
usually undertaken in the sawmills, and the universal application of primary and secondary effluent 
treatment systems.  

Chipping The clean wood is cut into chips.  Today, most of the chips used in BC mills are from sawmill waste.  
Chipping is usually undertaken at the sawmills, and generates no liquid effluents. 

Pulping Wood chips are reacted with sodium hydroxide and sodium sulphide to separate the fibres.  The 
mixture of organics which are not bound to the fibre, with water and the spent pulping chemicals is 
known as Black Liquor.   From 97 to 99.5% of this black liquor is recovered by washing the pulp, and 
is burned to generate energy and recover the chemicals.  The remainder of the black liquor is lost to 
the waste water treatment plant or is carried with the pulp to the bleaching process.  The fraction of 
black liquor that carries over to the bleach plant will normally contribute to AOX formation. 

Bleaching To produce white pulp, the remaining organics which are bound to the fibre must be separated by 
bleaching.  These organics are a complex mixture of substances, similar to black liquor.  The mass of 
these black liquor organics to be removed in bleaching may represent from about 3 to 8% of the mass 
of the unbleached pulp.  The chemicals used to separate the fibres may include oxygen, hydrogen 
peroxide, ozone, chlorine, sodium hypochlorite, chlorine dioxide and sodium hydroxide.  In most 
bleach plants, all of the organics removed from the pulp are discharged to the mill’s wastewater 
treatment plant.  Roughly half of the material discharged has reacted with chlorine or chlorine 
compounds and the quantity of chlorine combined with it is measured as AOX. 

Recovery The black liquor recovered from pulping is concentrated by evaporation, and burned to produce steam 
and recover the inorganic pulping chemicals as “smelt”.  The recovered smelt is converted to cooking 
liquor for the pulping operation.  Effluents generated include evaporator condensates as well as 
planned and unplanned discharges of black liquor.  The condensates are treated very effectively by 
stripping and biological treatment in mills in BC.  The black liquor losses can be a significant 
contributor to the total mill pollutant discharge. 

Drying The bleached pulp is dried for sale, or used adjacent to the pulp mill to manufacture paper.  This 
operation generates wastewater which carries some lost fibre, but the quantities discharged to 
receiving waters are generally trivial in contemporary mills equipped with effluent treatment systems. 

 

                                                      

2 Both the fibrous and non-fibrous fractions of wood are organic substances, to the chemist.  However the term “organics” 
is widely used in the pulp industry to refer to the non-fibrous material only, and is so used in this document.   
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Modifications to pulp mills since 1992 

The panel reviewed the current mill installations in BC, with particular attention to the design and 
operating features that affect the effluent discharges. There have been extensive changes in the 
operating kraft mills in BC since the current regulation requiring elimination of AOX discharges 
was created in 1992.  There are 25 fibrelines3 in the 14 mills discussed in this report. 

In general, the upgrades implemented in the BC mills are very similar to those that have been 
implemented in other chemical pulp mills around the world.  The technologies used are also 
similar to those used in virtually all new kraft mills built since 1985.  The only new fibreline built in 
BC in the 1990s, at Castlegar, uses similar environmental protection technology to 
environmentally advanced mills built around the world in the 1990s. 

The panel did identify one noteworthy exception to worldwide pulp industry practice.  Of the 14 
oxygen delignification systems installed in BC, 5 systems discharge all the organic material 
(essentially black liquor) removed from the pulp by these systems to the mill’s effluent treatment 
plant, whereas the universal practice in the 250 or so oxygen delignification systems installed in 
the rest of the world is to recover the organics and burn them in the mill’s recovery boiler.  One 
additional oxygen delignification system is installed in a BC mill, but is not yet operational.  It is 
also designed to discharge all material removed from the pulp to the wastewater treatment plant, 
and lacks facilities for recovery of the organics. 

The process changes implemented by the BC industry to meet the regulations and/or improve 
effluent characteristics have included the following:  

• closure of water loop in pulp screen systems;  

• improved washing of unbleached pulp, sometimes with recovery of organics; 

• oxygen delignification (conventional, with recovery of organics removed from 
pulp); 

• oxygen delignification, without recovery of organics removed from pulp; 

• decreased chlorine multiple4 (all mills); 

• substitution of ClO2 for all of the elemental chlorine (Cl2) and sodium 
hypochlorite in the bleaching sequence (all bleached kraft mills);  

• restriction of foam control chemicals (“defoamers”) to those that do not 
contain precursors that could be chlorinated and form dioxins and/or furans 
during bleaching (all bleached kraft mills); and 

                                                      

3 The term “fibreline” is widely used in the industry to refer to a set of equipment used to convert wood into finished pulp.  
Typically this includes digester, washing, bleaching and drying.  All mills have at least one fibreline, and up to 3 are found 
in BC mills. 
4 “Decreased chlorine multiple” refers to reducing the ratio of the amount of chlorine used in relation to the kappa number, 
a quantitative measure of the lignin content  of the pulp. 
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• improved mixing and control of the bleach reaction vessels to eliminate 
zones with excess chlorine dioxide or chlorine . 

Some of these process upgrades were undertaken before 1990, but most have been 
implemented since then, in response to regulations and customer pressures. 

Regulatory compliance of BC mills 

The panel reviewed MWALP reports on regulatory compliance of all bleach chemical pulp mills 
from April 1998 to the time of writing   Of the dozen or so non-compliance incidents referring to 
effluent discharge, most were for exceedances of the TSS limitation, and are of no relevance to 
organochlorine or toxicity issues.  One incident was due to an accidental spill of black liquor at 
Prince Rupert.  The only three incidents of any potential relevance to this report were failures of 
the acute lethality tests at Elk Falls in June and July 2000 and Feb 2001 (MWLAP 2001).  The 
report states “Noncompliance due to failure to meet permit toxicity standard in June and July 
2000 and in February 2001; based on permittee data. Failure likely due to high carbon dioxide 
levels in the effluent that can be associated with the type of treatment facilities used at this mill”. 

Effluents from all BC kraft mills are currently below the regulatory limit of 1.5 kg AOX per ton of 
pulp, calculated as the monthly average of all analyses.   

With the exception of the three failures of an acute lethality test at one mill5 (Elk Falls) all BC mills 
complied with Provincial and Federal regulations on discharge of BOD, suspended solids and 
acute toxicity. 

The bleaching process changes implemented since 1992 have resulted in a significant decrease 
in the generation and discharge of persistent chlorinated organic compounds.  TCDD and TCDF 
in bleached kraft mill discharges in BC are currently far below those common in the late 1980s 
when organochlorine discharges first attracted attention.  However, although current levels of 
TCDF and TCDD are below legal quantification limits, TCDF and occasionally TCDD are still 
present above detection limits. 

Data collected by the mills under the Federal Environmental Effects Monitoring program indicate 
that chronic toxicity has not been eliminated in effluents from bleached chemical pulp mills and 
current research suggests that the potential for sub-lethal effects of BC pulp mill effluents on 
organisms in receiving waters still exists. 

                                                      

5 MWLAP investigated these failures and determined that they were due to high carbon dioxide levels in the effluent, 
caused by operating procedures in the oxygen based activated sludge waste water treatment system.  There was no 
indication that the failures were due to bleaching or organochlorine in any way. 
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Methodology 

Stakeholder awareness and input 

After the formation of the panel was announced, all known stakeholders were advised by direct 
Email contact.  The press was also advised.  All parties so contacted were invited to submit their 
comments directly to the panel.  A web site was published at www.aoxpanel.ca  which repeated 
the invitation and provided a convenient means for submitting comments and for the panel to 
make its report available to the public.  Some of the documents the panel was studying, were 
listed for the information of stakeholders, and a list of submissions received was also posted. 

The panel’s report was posted on the web site on the 18th of March, 2002, simultaneously with its 
issue to the Ministry. 

The panel members also arranged to make themselves available to all interested parties in 
Vancouver on the 25th of March, 2002, to respond to questions and receive any input which had 
not been previously submitted. 

Analysis  

In order to assess the current state of knowledge concerning the environmental significance of 
pulp mill-related chlorinated organic compounds the panel commissioned an index search of 
technical and scientific literature that might provide information on relationships between pulp and 
paper AOX discharges and receiving water environmental impacts.  The search specifically 
targeted publications released since 1994 that would reflect studies carried out on bleached 
chemical pulp mill effluent from contemporary mills, that is, mills that have implemented the 
process changes referred to above as being typical for the BC chemical pulp mill industry.  In 
addition, the panel examined a number of recent reviews of the subject, including submissions 
from interested parties, and a selection of key original source studies published in the peer-
reviewed scientific literature.  Complete lists of the literature and submissions reviewed are 
provided on the panel web site at www.aoxpanel.ca.  

Each BC bleached chemical pulp mill was requested to complete a detailed questionnaire on its 
equipment and operating practices.  All were completed and returned to the panel by the 15th of 
February, 2002.  These were reviewed and compared with data on the mills from other sources, 
and were also checked for consistency with the science and technology of pulp manufacture.  
Mills were contacted directly to resolve apparent discrepancies.  Some of the data provided by 
the mills are legitimately considered as confidential, competitive business information, and are 
not quoted explicitly herein, but were used by the panel to assist in arriving at its conclusions. 

Data in the files of the BC Ministry of Water, Land and Air Protection, and of Environment 
Canada were reviewed.  These data refer primarily to mill effluent discharges and conditions in 
the receiving waters.  Any discrepancies found between Ministry data and mill data were 
resolved. 

Information available on effluent discharges and their effects, from pulp mills outside BC, was 
examined, with particular reference to AOX discharges.  The panel had good access to data on 
mills throughout North America, Europe and to some extent elsewhere.  Opinions of foreign 
regulatory authorities were also considered. 
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Discussion 

The panel examined recent scientific literature and a number of review papers, as well as 
material submitted by stakeholders, to develop responses to the two questions posed in the 
panel’s terms of references.  In the panel’s opinion, the terms of reference directed the panel to 
consider only the potential impacts of AOX in pulp mill effluents in the ambient aquatic 
environment.  Some submissions to the panel offered other considerations for eliminating AOX 
discharges from BC pulp mills.  These considerations included issues related to health and safety 
of workers and nearby residents at pulp mills using chlorine dioxide bleaching and the benefits of 
TCF bleaching as a step toward complete closure of mill water circuits.  These latter issues were 
judged to be beyond the scope of the panel’s mandate. 

In addressing the Ministry’s questions, the panel examined the scientific and technical literature 
and received submissions with a view to identifying any environmental benefits that might be 
achieved by further reductions of AOX discharges below current levels.   The panel concluded 
that if there were environmental benefits that could accrue from the complete elimination of the 
generation of chlorinated organic compounds in BC pulp mill bleach plants, they would likely be 
related either to:  

• further reductions of persistent bioaccumulating toxic substances beyond those already 
achieved; or 

• reductions in sub-lethal or chronic toxicity of current mill effluents; or, 

• reduced potential for acute or sub-lethal effects on organisms in waters receiving mill 
effluents. 

Persistent bioaccumulating substances 

In the past, one of the key impacts of the discharge of pulp mill-related persistent chlorinated 
substances has been contamination of biota in receiving waters by these substances to the 
extent that the establishment of consumption advisories and fishery closures was necessary.  
These advisories have generally been based on the presence of concentrations of specific 
organochlorines like TCDD and TCDF in crabs, clams and fish that exceeded acceptable values. 
Thus, if the process changes that have taken place to date in BC pulp mills have not resulted in 
reductions in concentrations of these specific organochlorines sufficient for a lifting of 
consumption advisories and a reopening of previously closed fisheries, then there could be a 
potential for additional benefits from further reductions or elimination of the generation of 
organochlorine compounds.  A key indicator could be the extent to which these biota were 
suitable for human consumption.  
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Fisheries advisories and closures, early 1990s 

Around 1988/1990, DFO ordered closure of commercial fishing in one or more areas around the 
following bleached chemical pulp mills6: 

• Elk Falls 
• Crofton 
• Harmac 
• Prince Rupert 
• Squamish 
• Port Mellon 
• Port Alice. 

 

This list represents all bleached kraft pulp mills on the coast.  Advisories warning against 
excessive consumption of non-commercially taken fish, crabs and/or shellfish were issued for the 
same or adjacent areas. 

There were no consumption advisories or closure notices issued around the Port Alice mill.  This 
is the only mill in BC using the sulphite process.  Discharges of 2,3,7,8 TCDD were never 
detected in the mill effluent in the early 1990s, at a detection level of 2 pg/L, while 2,3,7,8 TCDF 
was detected only rarely, and then, at concentrations in the low single digits (pg/L).  The effluents 
from kraft mills near which closures were implemented generally had substantially higher 
concentrations of TCDD/F. 

In its review of available data, the panel found that most of the closures and consumption 
advisories noted above were lifted progressively in the late 1990s, as the measured 
concentrations of organochlorine in the biota declined, in response to the process changes 
implemented by all mills. 

In early 2002, crab fishing was still closed near the Elk Falls and Prince Rupert mills, although 
closures in some of the areas around these mills had been lifted by the late 1990s. 

In early 2002, a consumption advisory for crab hepatopancreas was still in effect in the waters 
around the Port Mellon mill. 

The panel noted that it was possible that the remaining consumption advisories may be related to 
historical organochlorine discharges, since they were for organisms that live directly on the 
bottom of receiving water bodies, where they could be exposed to contaminated sediment that 
had been deposited prior to the process changes.  This possibility is supported by the fact that 
that closures /advisories still exist in Muchalet Inlet, even though the Gold River mill has been 
shut down, and hence, has not been discharging organochlorines for some years.   

                                                      

6 Areas around the Gold River and Powell River kraft mills were also closed, but kraft operations at both mills have since 
been permanently shut down, so are not discussed here. 
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An alternate possibility is that there were additional sources of these contaminants at some sites.  
It is widely assumed that all TCDD/F discharged from bleached pulp mills originates in the bleach 
plant.  However there are two other important sources known. 

• Solid matter re-suspended in aerated stabilization basin (ASB) effluent treatment 
systems, that was deposited in the past, before mills converted to Elemental Chlorine 
Free (ECF) operation, subsequently reducing dioxin formation to very low levels. 

• TCDD/F formed during combustion of hog fuel derived from salt water driven logs, or salt 
from wood with high chlorine content due to proximity to the sea. 

Any discharges of TCDD/F to receiving waters from historical deposits in ASB’s would not be 
affected by an effluent AOX regulation that applies to current bleach plant operation.  However, 
discharges from re-suspension of ASB solids would not be related to the marine closures noted 
above, since all the mills on the coast now use activated sludge treatment processes, in which 
release of previously contaminated particulate matter does not occur.  The interior mills all have 
ASB’s, except for Castlegar. 

The dioxin congeners formed in hog fuel boilers at the coastal mills exhibit a congener fingerprint 
that is quite different from that of dioxins originating in pulp bleaching (Luthe 1993), so there is no 
reason to believe that the hog fuel boilers are contributing to the fisheries closures or advisories. 

It appears that, with the exception of crabs at some locations, the process modifications that BC 
mills implemented during the 1990s were generally effective in reducing organochlorine 
concentrations in biota to acceptable levels.  This is in agreement with reductions observed in 
other jurisdictions in Canada and elsewhere where pulp mills have implemented similar process 
changes.  The panel considered it most likely that the slower decline in organochlorine levels in 
crabs at some locations was more likely due to past discharges than to current effluent 
discharges. Thus, with respect to limitations on consumption of receiving water biota due to 
organochlorine contamination, the panel could not identify benefits that would be achieved from 
further reductions in AOX discharged. 

Correlations between AOX and TCDD/F discharges 

There is some debate as to whether there is any correlation between discharges of AOX from 
kraft pulp mills and the discharges of 2,3,7,8 TCDD and 2,3,7,8 TCDF.  In the past, when some 
mills used large amounts of chlorine bleach, there was a general tendency for mills discharging 
high amounts of AOX to also discharge high amounts of dioxins, although the panel is not aware 
of any clear mathematical relationship having been developed and published in the peer-
reviewed literature.  The panel is also not aware of any evidence indicating that a correlation 
exists for mills at which AOX discharge levels are low, as they are in BC today. 

The concentrations of 2,3,7,8 TCDD and 2,3,7,8 TCDF were measured for compliance purposes 
at all BC mills at least once during 2000.  The panel examined the data available to determine 
whether a correlation exists in contemporary BC mills.  The average discharge of TCDD/F for 
each mill was calculated as Toxicity Equivalent (TEQ) per ton pulp, and compared with AOX 
discharge in kg/t pulp.  This would show whatever correlation exists between mill design and 
operating conditions and dioxin emissions.  The data are presented in .  It is visually 
apparent that the available data do not indicate a correlation between AOX and TCDD/F. 

Figure 1
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Figure 1  AOX vs. dioxin TEQ for BC mills 

 

AOX and effluent toxicity 

The panel examined available data on acute and chronic testing of pulp mill effluents in BC and 
elsewhere for evidence that further reductions in AOX would result in benefits in this area.   

Acute Lethality 

As discussed above, secondary effluent treatment systems were installed in the mid 1990s in all 
BC mills that lacked such equipment.  Once operational and design weaknesses of these were 
corrected, all the mills in BC have consistently passed the standard regulatory 96hrLC50 test for 
acute lethality to fish7.  The few exceptions do not appear to be related to AOX.  Thus, the panel 
did not find that further reductions in AOX were necessary for mill effluents to meet regulatory 
acute lethality requirements.  Furthermore, the panel did not identify any published peer-reviewed 
scientific information demonstrating a link between AOX and acute toxicity of mill effluents.  

West Coast Environmental Law has published the graphs shown in , asserting that the 
data show that the observed reduction of AOX discharges from BC pulp mills is correlated with 
acute lethality of effluent. 

Figure 2

The panel agrees that over the years shown, the acute toxicity of effluent did improve and also 
that AOX discharges dropped substantially during the same period.  However, the panel does not 
conclude that these data demonstrate a cause-and-effect relationship.  During the same time 
period, the coastal mills all installed biological treatment systems for all of their effluent (in 1988, 
only Port Alberni had treatment, and that for only part of the bleach plant effluent).  During this 
same period mills also retired several wet debarking systems, closed some unbleached pulp 
screening processes, and upgraded some digester systems, thus removing contributions from 
several known major sources of toxic substances to the effluent.  All of these changes can be 

                                                      

7 This test involves exposing 10 fish to undiluted mill effluent for 96 hours.  If 50% or more of the fish survive, the effluent 
is considered to be non-toxic. 
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expected to have reduced final effluent toxicity so that the toxicity reductions noted in Figure 2 
cannot be unambiguously attributed to bleaching changes or to AOX reductions. 

Nonetheless, even if the notion that all of the improvements in acute toxicity are due to AOX 
reductions is accepted, then extrapolation of the graphs in Figure 2 suggests that acute lethality 
would be absent when the AOX drops below about 1 kg/t.  In 2000 and again in 2001, the mean 
AOX discharge from BC mills was 0.4 kg/t.   

 
Figure 2  Relationship between effluent LC50 and AOX 
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Although there is no correlation between success in the acute lethality test and AOX, at least at 
the discharge levels achieved in recent years, there is sometimes mortality observed in fish 
exposed to effluent in the test, so it is interesting to compare this with the AOX concentration in 
the effluent. 

Mills normally perform the acute lethality test on an effluent sample once per month, and 
determine AOX concentrations in the effluent every few days, depending on site specific permit 
requirements.  Since the AOX of the sample used for toxicity testing is not normally determined 
directly, the panel estimated AOX values as a running average of the data collected shortly 
before and after the toxicity test sample was collected.  All AOX and fish mortality data available 
to the panel from MWLAP files for the BC bleached chemical pulp mill effluents for 2001 were 
used to generate Figure 3. 
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Figure 3  Fish mortality in acute lethality tests vs. AOX concentrations, 2001 

 

The data presented in Figure 2 do not indicate a relationship between mortality in the standard 
96hrLC50 test and AOX concentration. 

The panel also noticed that the majority of data points lie on the x-axis, since there was no 
mortality in most of the tests.  This indicates that even at the highest AOX concentrations 
reported in 2001, the 96hrLC50 acute lethality test often produced results indicating that the 
effluents were not only non-toxic, but also non-lethal, as defined in the Pulp and Paper Effluent 
Regulations.   
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Mills in British Columbia (sub-lethal toxicity) 

The cycle 2 Environmental Effects Monitoring (EEM) studies conducted from late 1997 till early 
2000, generated a considerable amount of data on the sub-lethal toxicity of mill effluents.  The 
panel examined the data, and concluded that there would be no advantage in searching for 
correlations between the chronic toxicity of whole mill effluents and AOX for the mills discharging 
to salt water, since three of them manufacture significant quantities of TMP as well as kraft pulp.  
Further, the test organisms differ from those used in mills discharging to fresh water.  However, 
the 7 mills discharging to fresh water are comparable, so the average sub-lethal toxicity was 
plotted against average AOX discharges, as shown in Figure 4. 
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Figure 4  AOX vs. sub-lethal toxicity for freshwater mills in BC 

For the sub-lethal toxicity testing using Ceriodaphnia and plants, the available data do not 
indicate a relationship between AOX concentrations in effluent and the sub-lethal toxicity of 
effluent (lower IC25% values indicate greater sub-lethal toxicity).   

The best-fit line for the tests with fish suggests that sub-lethal toxicity increases as the AOX 
concentration increases, but the R2 value is far too low for this relationship to be considered 
significant.  Therefore, in the panel’s opinion, none of these data support the assumption of a 
cause-effect link between AOX and sub-lethal toxicity as measured by these three tests. 
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Ontario mills (sub-lethal toxicity) 

It is well known that there has been debate in Ontario concerning the desirability of reducing the 
permissible AOX discharge from the current limit of 0.8 kg/t pulp to, or towards, zero.  All Ontario 
data from the Cycle 2 Environmental Effects Monitoring (EEM) program are plotted in .  
In each case the known IC25 is plotted against the AOX concentration measured on the same day 
as the toxicity test sample was withdrawn, if available.  Where the AOX data for the day were not 
available, the average of the two samples before, and after, was used.  The range between these 
two values was never large.   Figure 5 does provides no indication of a relationship between sub-
lethal toxicity and AOX concentration.   

Figure 5

Figure 5  AOX vs. sub-lethal toxicity, for all bleached kraft mills in Ontario  
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Three of the bleached kraft mills also manufacture significant quantities of other kinds of pulp, so 
a sub-set of the above data, restricted to those five mills that use only the kraft process for 
pulping, was plotted in .  The mills concerned are Dryden, Terrace Bay, Marathon, 
Smooth Rock Falls and Espanola.  AOX tests were conducted weekly, so the individual AOX 
samples were never far removed in time from the toxicity test sample.  All five mills have aerated 
stabilization basin (ASB) treatment systems, so the AOX concentrations were probably relatively 
consistent over a few days. 

Figure 6

Figure 6  Toxicity vs. AOX for five Ontario mills using only the kraft process for pulping 

Figure 6
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Attempts to correlate the variables in  and  produced values for R2 below 0.05, 
with exact values depending on whether linear, log or other curves types were investigated.  This 
demonstrates that the available data fail to show a significant relationship between AOX and 
toxicity to Ceriodaphnia, at least for the range of AOX discharged from contemporary mills. 

Figure 5

Potential causes of toxicity to fish exhibited by mill effluents 

Since there is abundant evidence showing that the remaining toxic effects of contemporary 
chemical pulp mill effluent do not correlate with AOX, the panel searched for other explanations. 
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Correlation of black liquor losses with sub-lethal toxicity  

McCubbin (2000) related the concentration of black liquor solids in untreated effluent to the 
average sub-lethal toxicity of treated mill effluent, for all five bleached kraft mills in Ontario that 
produce no other type of pulp, as shown in Figure 7. 

Figure 7 suggests that there may be a closer relationship between black liquor losses and sub-
lethal toxicity, than between AOX and toxicity.  Caution is required in the interpretation since the 
data on black liquor losses are estimates, based on approximate mass balances provided by mill 
personnel.  However, the association suggested is consistent with the widely reported toxicity of 
black liquor solids, and the resistance of some black liquor components to normal secondary 
effluent treatment. 

Average sub-lethal Toxicity  to Ceriodaphnia  vs. Average Black Liquor losses
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Figure 7  Sub-lethal toxicity vs. black liquor losses in Ontario mills 
 

Black liquor losses cannot be measured directly with the equipment presently installed in kraft 
mills in BC, or elsewhere.  Black liquor is recycled through many operations and areas of a kraft 
mill, and the inventory of liquor is considerable relative to the losses, so these are difficult to 
quantify.  However, mills have good data on the quantities of sodium and sulphur salts purchased 
to make up for black liquor losses, and reasonably good data on the quantities of sodium and 
sulphur recovered from the chlorine dioxide generator waste liquor.   
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The panel therefore, estimated the black liquor losses on the basis of the make-up chemical used 
in each mill, and plotted them against sub-lethal toxicity from the EEM cycle 2 data on whole mill 
effluents, for the following mills: 

Castlegar 
Kamloops 
Mackenzie 
Northwood 
Quesnel 
Skookumchuk. 
 

It was not possible to estimate black liquor losses at the PGpulp mill, and the coastal mill data 
were not examined due to the confounding effects of non-kraft pulp manufacture and differing 
test organisms. 

The relationship between the concentration of black liquor solids in the untreated effluent, and the 
toxicity of the treated effluent is shown in Figure 8.   
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Figure 8 Sub-lethal toxicity vs. black liquor losses in BC mills 

 

Figure 8 indicates that there is a general trend towards increasing toxicity (lower IC25%) as the 
concentration of black liquor solids in the effluent increases.  The correlation is very weak in the 
case of fish, but higher for tests with Ceriodaphnia. 
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Correlation of black liquor losses with mortality in acute lethality test  

The estimated black liquor losses for 9 of the BC mills are related to the observed mortality in the 
acute lethality test in  below.   A visual inspection of Figure 9 indicates that the available 
data do not suggest that there is a relationship between the two parameters.  

Figure 9

Figure 9  Black liquor losses vs. fish mortality 
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Correlation of effluent COD with mortality in acute lethality test  

The COD of the treated effluent from those B.C. mills for which the data are available, is related 
to the observed mortality in the acute lethality test in Figure 10 below.  Again, a visual inspection 
of the available data indicates that there is no relationship between these parameters.  
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Figure 10  COD vs. fish mortality 

 

18th March, 2002 - 22 – Potential causes of toxicity to fish exhibited by mill effluents 
file:C:\Documents and Settings\Civil\Local Settings\Temporary Internet Files\Content.IE5\STMZOLEN\AOXpanel.Rev 01.doc 6  McReport.dot 



Scientific Advisory Panel on AOX Effluent Standard in British Columbia     

Receiving water impacts 

One area to investigate, concerning benefits from the elimination of organochlorines, involves 
impact of pulp mill effluents on biota in receiving waters.  

Research in Canada and elsewhere has confirmed that sub-lethal impacts on wild fish in the 
receiving environment were associated with the discharge of effluent from pulp mills.  These 
effects related to physiological responses of fish to effluent exposure and include effects on the 
livers of exposed fish and impairment of the ability of the fish to control their production of 
reproductive steroid hormones.  These changes have been correlated with decreased 
reproductive performance.  However, the absence of a correlation between AOX production by 
pulp mills and these physiological disruptions has caused some people to question the wisdom of 
continuing to focus regulatory efforts on AOX.  Various agencies and academic research groups 
have set a high priority on studying the nature of the sub-lethal effects, identifying the compounds 
that are responsible for them, and on identifying pulping or waste treatment processes that 
eliminate them. The focus of the research has been on establishing a link relating exposure to 
contaminants in pulp mill effluent to "within-organism" responses, "whole-organism" effects and 
effects at the population and community level.   

The liver effects seen to date include increased liver size and induction of mixed function 
oxygenase enzymes, with most of the research focusing on the latter.  Mixed-function 
oxygenases (MFOs) are multi-enzyme complexes that catalyse the oxidation of a variety of low 
molecular weight substrates.  These enzymes are the main pathway responsible for 
biotransformation of contaminants in the liver and other organs. Although measurable MFO 
activity can be found in the livers of virtually all higher organisms, many forms of MFO activity are 
inducible by exposure to different contaminants.  Polychlorinated dibenzo-p-dioxins (PCDDs) and 
furans (PCDFs) are especially potent inducers of the type of MFO known typically to be inducible 
by planar polycyclic aromatic compounds such as methylcholanthene and benzo(a)pyrene.  This 
induction is thought to occur due to binding of the planar polycyclic aromatic to an intracellular 
receptor known as the aryl hydrocarbon receptor, or AhR.  The high affinity of the AhR for many 
planar aromatic compounds, including PCDDs, is well documented.  The increase in hepatic 
MFO activity is among the most sensitive physiological responses caused by small doses of 
2,3,7,8-TCDD.   

The measurement of MFO induction in organisms is thought to be a useful bioindicator since the 
toxicity of several classes of organochlorines, including PCDDs/Fs and planar PCBs, is mediated 
through the AhR.. Apparent AhR-mediated responses include lethality, reproductive and 
developmental toxicity, immunotoxicity and cancer.  In environmental surveys in wild organisms 
like fish,  MFO activity is determined from the rate of reaction of suitable substrates with the liver 
microsomes. There are differences in toxicity between substances that react via the AhR.  Some, 
like PAHs, have a high rate of metabolic clearance and if the exposure is not sustained, their 
effect is not sustained.  Other substances, like PCDDs, are resistant to metabolism and interact 
with the AhR in a sustained fashion leading to more serious effects at lower doses.  This has 
implications on the use of MFO induction as a bioindicator of AhR-mediated toxicity since binding 
to the AhR must be considered as necessary but not sufficient to cause the whole range of 
effects.   This means that MFO measurement can be used as a bioindicator of the potential for 
toxicity due to organochlorines.  The absence of significant MFO induction can be taken as good 
evidence that these substances are not present at levels expected to cause toxic effects.  
Conversely, an observation of significant MFO induction can only be taken as a possible indicator 
of toxicity until the inducers are identified and the strength of their interaction with the AhR is 
determined.  In addition, no induction of activity can be assumed to be toxicologically relevant if 
the normal activity is only minimally changed. 
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Numerous field and laboratory trials have documented MFO induction in fish from water bodies 
receiving pulp mill effluent discharges.  Laboratory exposures have shown that for effluent from 
some mills, induction is possible after short-term exposures of less than 1% effluent for 2 to 4 
days, depending upon water temperature.  However, the induction was not consistent with that 
observed for persistent substances like TCDD and TCDF since total recovery took place very 
quickly after removal of the fish to clean water.  In addition, MFO induction has been reported in 
fish from sites not using chlorine bleaching and even in fish exposed to effluent from mills not 
employing bleaching, which suggests that there are several potential sources of inducers in a 
pulp mill. 

This suggestion has been verified by investigation.  Spent pulping liquors, both weak black liquor 
from kraft pulping and spent liquor from alcohol pulping, are very potent MFO inducers.  In 
addition, the very potent PAH type inducer retene can be produced from resin acids under 
anaerobic conditions and this reaction has been reported in the treatment system of a pulp mill in 
New Zealand.  Finally, bleaching is also a potential source of inducers.  A mass balance study 
suggested that despite the high activity of spent cooking liquor, the much higher mass of spent 
bleach liquor discharged resulted in bleaching and extraction liquors being the main contributors 
to MFO inducers to the treatment system of one mill.   

The fate of MFO inducers in the treatment system was not determined however.   In a survey of 5 
mills, those with bleaching had substantially higher rates of production of inducers when activity 
was normalized for flow and pulp production, but the activity correlated better with discharge of 
unchlorinated organics, measured as dissolved organic carbon, than it did with chlorinated 
organics measured as AOX.  Another study observed that lignin-derived substances like 
chlorophenolics exhibited the strongest correlation with MFO induction, although chlorophenolics 
are not inducers themselves.    

Another study, that adopted a Toxicity Identification and Evaluation, or TIE, approach also 
demonstrated that the bleaching process is a potential contributor of MFO inducers (Burnison 
1999).  That study identified chlorinated stilbenes as contributing to MFO induction by one pulp 
mill effluent.  However, more recent research by the same group has demonstrated that the 
unchlorinated naturally-occurring parent stilbenes are also MFO inducers.  Thus, altering the 
bleaching process to prevent chlorination is unlikely to eliminate MFO induction by members of 
this chemical family.  A more effective approach would likely be to reduce the concentrations of 
the parent unchlorinated precursors. 

From these studies it can be concluded that elimination of the generation of organochlorines in 
the bleaching process will not eliminate MFO induction effects.  Furthermore, based on the 
current state of knowledge on the induction of MFO enzymes by pulp mill effluent, the panel 
could not conclude that the bleaching process would be the first priority in the list of potential in-
mill sources of inducers.   

Of the various physiological responses to pulp mill effluent exposure that have been the subject 
of field and laboratory studies, the most serious whole organism responses seen in wild fish and 
life cycle laboratory studies are related to reproduction.  Diminished reproductive performance 
related to changes in age of reproductive maturity and fecundity have the potential to result in 
significant changes at the population level.   Studies conducted at several Scandinavian and 
North American sites during the late 1980s and early 1990s found that fish exposed to effluent 
from some bleached kraft pulp mills exhibited an increased age to maturity, smaller gonads, and 
lower fecundity with age in both males and females, as well as an absence of secondary sex 
characteristics in males, and females failing to show an increase in egg size with age.  One of the 
major disruptions seen was a change in the steroid synthetic pathway which appeared to prevent 
the production of normal steroid hormone levels by the gonads.  Munkittrick and coworkers have 
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recently reviewed the literature on the potential of pulp mill effluents to alter reproductive 
parameters in fish (Munkittrick 1998). 

The field observations have been confirmed by laboratory studies.  In one study, fathead 
minnows exposed throughout their life cycle to secondary-treated bleached kraft mill effluent 
demonstrated delays in sexual maturity, reduction in egg production, depression of secondary 
sexual characteristics, and depressions of hormone production in the fathead minnows at 
exposure concentrations greater than 20%.   

These reproductive responses have not been observed at all pulp mill sites.  Studies conducted 
near a secondary-treated bleached kraft pulp and paper mill discharge in Ontario found increased 
MFO levels but minimal changes in reproductive steroids.  A series of studies following the 
installation of chlorine dioxide substitution and a number of other process changes at the 
bleached kraft mill in Grande Prairie, Alberta, on the Wapiti River concluded that, apart from MFO 
induction, there were few consistent changes in a large number of physiological parameters.  In 
addition to a reduction of organochlorines in effluent and receiving water biota, the process 
changes also reduced discharges of non-chlorinated organics, as shown by a reduction in the  
COD discharge. 

To date, a mechanistic link between the above mentioned reproductive effects and a chemical 
component of pulp mill effluent has not been made and process modifications or effluent 
treatment technologies to eliminate them at all mills have not been identified.  However, there 
appears to be a growing body of evidence linking these effects to non-chlorinated components of 
pulp mill effluents.  Firstly, in the various field studies, some extending now for nearly a decade 
and tracking numerous process changes in the mills, no relationship between the reproductive 
effects and specific mill processes has emerged.  At some sites studied, neither the installation of 
secondary effluent treatment nor changes in bleaching processes to eliminate generation of 
TCDD and TCDF were effective for alleviating depressions in steroid hormones.  At some sites, 
the effects have been substantially reduced or eliminated but this result does not appear to be 
related to changes in the bleaching process or discharge of organochlorines.  In addition, some 
laboratory studies have suggested a link between unchlorinated wood chemicals such as plant 
sterols and the reproductive effects (Tremblay 1999).  Other studies have suggested that these 
sterols could be converted in the environment to compounds similar or identical to known 
reproductive steroid hormones and in one study, a known reproductive hormone was detected in 
a surface water receiving pulp mill effluent (Jenkins 2001).  Finally, a recent study at an east 
coast Canadian mill found that removal of organic material from a pulp mill condensate stream 
effectively reduced reproductive effects on fish by the final effluent (Dubé 2001).  Since this 
condensate had not been exposed to bleaching, compounds related to bleaching-generated AOX 
could not have been responsible for the reproductive effects at this site. 

Thus it appears at this time that, as with MFO induction, the reproductive effects are likely caused 
by compounds originating in a variety of areas of the mill and may be site specific.  It cannot be 
stated at this time that the effects are related to organochlorines, indeed some of the evidence 
suggests that they are not related to organochlorines, and therefore, it cannot be concluded that 
elimination of organochlorines (AOX) is necessary or effective for eliminating these effects. 
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Totally chlorine free bleaching 

Totally Chlorine Free (TCF) bleaching is defined as a pulp bleaching process that does not use 
any bleaching agents which contain chlorine, or compounds of chlorine8. 

The half dozen bleached chemical pulp mills in the world, which operate with zero AOX 
discharge9, all use TCF processes.  Although bleaching processes that use chlorine dioxide, and 
operate on a closed cycle have been proposed, none have ever reached full scale operation.  
The BC regulation requiring operation with zero AOX discharge is essentially requiring 
conversion of mills to TCF processes, if they are to remain in operation. 

The TCF mills currently in operation process a variety of wood species, and, according to the 
owners’ financial reports, are profitable in the European market, competing with Canadian and 
other pulps.  The panel concludes that TCF bleaching is technically feasible.  However, the costs 
of converting the BC mills to TCF operation would be substantial, while the environmental 
benefits would be, at best, questionable. 

It is noteworthy that while the two companies leading the production of TCF market kraft pulp, 
Sodracell in Sweden and Metsa Botnia in Finland continue to operate the TCF mills, and 
announce profits every year, they have chosen an ECF process for a new market kraft mill they 
propose to build jointly in Latvia in the Jekabpils/Livani region.  The mill site is on a small river, 
which is the source of drinking water for the city of Riga and other towns.  Environmental 
requirements are very stringent. 

Environmental significance of current pulp mill effluent in BC 

After reviewing the information available on the environmental impacts of pulp mill effluent, the 
panel concluded that there was no evidence available to it at this time to indicate that further 
reductions of effluent AOX beyond that already achieved would result in any demonstrable 
environmental benefit.   

The panel further concluded that the maintenance of existing AOX discharge levels would insure 
that no significant AOX-related risk to the ambient aquatic environment would arise in the future 
from the discharge of bleached chemical pulp mill effluents in British Columbia.  The basis of this 
conclusion is that, while the panel does not support the use of AOX as a regulatory surrogate for 
toxicity or environmental effects, the panel is of the opinion that AOX is a useful indication of the 
chlorinating conditions in the bleach plants and therefore can be a useful production parameter.  
In this respect, the panel is in agreement with the US EPA who concluded that AOX is not a 
useful indicator of environmental damage by itself.  In documents (EPA 1997) supporting this 
conclusion, it is stated that “EPA has not in the past and is not today asserting a cause-and-effect 
relationship between AOX and environmental impacts”.  As discussed in the same document, 
EPA chose to regulate AOX discharges from bleached chemical pulp mills because they 
considered daily testing of the whole mill AOX discharge to be the most cost effective way of 
ensuring compliance with regulations limiting the discharge of dioxins and furans. 

                                                      

8 Notice that even where chlorine chemicals are not used in a pulp mill, there are still small quantities of chlorine present, 
since natural wood contains chlorides. 
9 No mill discharge is ever totally free of AOX, since it is a naturally occurring substance.  Mills that use TCF process 
discharge AOX in the ppb range, whereas mills in BC currently discharge a few ppm AOX.  We have adopted the term 
“zero AOX” for effluent where concentrations are in the low ppb range, since it is widely used in this context, by both the 
public and the industry. 

18th March, 2002 - 26 –  Totally chlorine free bleaching 
file:C:\Documents and Settings\Civil\Local Settings\Temporary Internet Files\Content.IE5\STMZOLEN\AOXpanel.Rev 01.doc 6  McReport.dot 



Scientific Advisory Panel on AOX Effluent Standard in British Columbia     

Although the panel’s terms of reference did not extend beyond examining the environmental 
importance of eliminating AOX generation in BC pulp mills,  the panel was struck by the number 
of studies linking spent cooking liquors10 and other similar mill streams containing non-chlorinated 
organics to some of the effects noted above.  It is the opinion of the panel that there could be 
significant environmental benefit from ensuring that discharges of these substances are 
minimized.  This can be accomplished through implementation in the mills of well known process 
upgrades and operating procedures including better spill prevention and brown stock washing.   

In this respect, the panel would like to draw the Minister’s attention to the fact that they identified 
one noteworthy exception to worldwide pulp industry pollution prevention practice related to the 
fact that 5 of the 14 oxygen delignification systems installed in BC, and one planned system, 
discharge all the organic material (essentially black liquor) removed from the pulp by these 
systems to the mill’s effluent treatment plant.  In view of the numerous references available in an 
emerging body of knowledge connecting non-chlorinated material from pulp mills to 
environmental effects, the Minister may well wish to focus new pollution prevention activities on 
this area.  The panel would have liked to have recommended to the Minister a regulatory 
parameter indicative of losses of spent cooking liquor upon which a regulation could be based.  
Unfortunately, it is not evident to the panel that there is a parameter to measure these spent 
cooking liquors sufficiently well characterized to be a useful regulatory parameter.  The panel is 
aware that some jurisdictions use COD for this purpose, while others are proposing to do so.  
However, there are several potentially significant sources of COD in pulp mills including the 
bleaching process and evaporator condensates in addition to discharge of spent cooking liquors, 
and it is not evident from the information available that the COD from these various sources 
should be treated as equivalent from a toxicity standpoint. 

Finally, the panel was concerned that, in a number of cases, including some in very recent 
published papers, comparisons between processes and mills were being made that were not 
scientifically justified.  The panel strongly recommends that studies using sub-lethal or other 
biological testing comparing mills or processes that are to be used as a basis for regulatory 
decisions, ensure that the comparisons are valid.  Particular points include documenting the mill 
process flowsheet, and key production parameters including wood species kappa number of pulp 
at entry to bleaching, brown stock washer losses, total sodium make-up to the pulping liquor loop 
(to determine total losses) kappa factor in bleach plant, degree of chlorine dioxide substitution, 
production rate (so that effluent characteristics can be normalized to assist comparison between 
mills).  All these data are routinely logged in well-operated kraft mills.  In addition, liquid flow 
BOD, COD, TSS, AOX of effluent before and after biological treatment should be logged for the 
samples of effluent used for biological testing.   

One logical application of this concept is that mills should record the above data when collecting 
the routine effluent samples for toxicity testing, so that a database can be built up to assist in 
identifying the mill features that minimize toxicity.  Such data could be collected routinely at little 
cost, since the testing is already required by regulations. 

                                                      

10 The term “spent cooking liquors” is synonymous with “black liquor” in this context 
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Regulatory requirements for kraft mills outside British Columbia 

Regulatory concepts 

Almost all bleached kraft mills in the world have to comply with some form of regulatory control on 
effluent discharges, and also other aspects of environmental performance.  Most commonly, mills 
are subject to site-specific permits, which are issued for periods of several years.  In practice, 
these permits are normally renewed automatically, unless the regulator decides to modify them, 
so that the actual, effective life of pulp mill permits is typically in the range of 10 to 20 years.  

In most cases, mill effluent discharge permits are based on a combination of specific guidelines 
for a regulatory jurisdiction, the needs of the receiving water, and the level of activity of the local 
environmental advocacy groups.  In many jurisdictions, the published regulations give a very 
poor indication of the real effluent discharge limitations imposed on specific mills, since 
discharge permits for individual mills are sometimes much more stringent than the 
regulation.  Further, the level of enforcement faced by mills varies widely, so that in some 
cases, such as the US, most mills routinely comply with a large safety margin, while in 
some countries compliance is poor. 

The following discussion attempts to summarize the actual criteria mill operators are expected to 
comply with, without reference to the legal differences between regulations, individual mill 
permits, licenses to operate etc. 

The traditional regulatory parameters (BOD5, Suspended Solids and pH) have been reduced 
below the level of local scientific significance in most mills in most regulatory jurisdictions, and are 
not discussed below.   

Averaging periods 

Regulations are normally expressed in terms of a maximum daily, monthly or annual discharge.  
The values concerned represent the arithmetic average of data for the period concerned.  The 
difficulty of complying with any given regulatory requirement depends as much on the length of 
the averaging period as it does on the quantity of pollutant indicated as being permissible to 
discharge.  

The length of the averaging period is critical when comparing regulations, since 
complying with a discharge limitation of, say, 1 kg/t annual average, of a pollutant would 
be equal in difficulty to complying with a maximum daily discharge limit of approximately 
3 kg/t. 

In virtually all jurisdictions, the normal practice is to collect a composite sample of the effluent 
over a 24 hour period, then determine the concentrations of the pollutants of interest by 
laboratory analysis.  This is effectively the daily average.  The discharge, in terms of daily mass 
flow or production weighted discharge, is then calculated from knowledge of the flow of the 
effluent stream and the mill production rate.  While the techniques for determining these 
discharge rates vary in detail from one regulatory jurisdiction to another, the practical differences 
are quite small. 

Regulatory requirements for the pulp industry in North America are normally expressed in terms 
of daily or monthly maxima, while Scandinavian requirements are frequently expressed as annual 
averages, and are therefore less stringent than they appear at first sight. 
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The actual difference between equivalent daily, monthly and annual average limits is 
conventionally expressed in terms of a “variability factor”.  Actual factors, developed from 
statistical analysis of operating mills, are shown in Table 4. 

Table 4 Variability factors for comparing averaging periods for effluent data 
Parameter Source Daily / Annual Monthly / Annual 

AOX McCubbin 1994 1.7 1.2 
AOX EPA 1997 1.86 1.22 
BOD Environment Canada 2.5 1.5 
TSS Environment Canada 2.5 1.5 

 

In Scandinavia, the effluent permits are frequently based on the annual average of relatively few 
analyses.  This effectively means that a limit of, say, 1.5 kg AOX/t pulp in Sweden is equivalent to 
a limit of daily maximum discharge of 2.55 kg/t in Canada. 

Regulations based on Best Available Technology 

Regulations are frequently based on “Best Available Technology that is Economically Achievable” 
(BAT-EA) rather than the effect of a mill’s discharge on the environment, to ensure a minimum 
level of performance amongst dischargers in one industrial sector. 

Generally, BAT is used to define the minimum requirement that each discharger must comply 
with.  More stringent limits are often imposed on the basis of assessments of receiving waters 

While BAT is used by the regulators as a way of analyzing cost and feasibility, the requirements 
the mills have to comply with are invariably expressed in terms of maximum allowable 
discharges, and the mill management is normally free to use whatever technology they wish. 

Expression of requirement on a common basis 

In most situations, effluent discharge permits are defined in terms of a maximum discharge of 
each pollutant per day, or maximum monthly average of daily discharges.  These values are 
either calculated by multiplying the mill’s rate of pulp production by a guideline expressed in kg/t 
pulp, or by assessing the receiving water’s capacity to assimilate the pollutant.  In either situation, 
the value of interest for the present report is the production specific allowable discharge, normally 
expressed in kg/t pulp.   

In the following discussion, all regulatory values are converted to kg/ADt11 bleached pulp to the 
extent possible.  In some cases, this requires some engineering judgment12, but any differences 
between one interpretation and another will normally be limited to a few percent.   

                                                      

11 ADt refers to an “Air Dry Ton”, which is the normal commercial unit for measuring bleached kraft pulp quantities.  An Air 
Dry ton is, by definition, one metric ton of pulp, containing 10% moisture.  It is often referred to as “t90” in Scandinavian 
literature.  One metric ton = 1000 kg = 2205 lbs. 
12 One example is that US EPA effluent guidelines for AOX are expressed in terms of kg/ton pulp entering the bleach 
plant.  The production rate of bleached pulp is normally between 4 and 8% below this figure, so discussion of the EPA 
guidelines is amended accordingly.  
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Canada 

Federal requirements in Canada 

The principal regulatory requirements in Canada limit discharges of dioxins and furans, and 
prohibit the discharge of effluents that are acutely lethal to fish.   

In 1992, the Federal government enacted a new set of regulations for the pulp and paper industry 
in Canada (Canada Gazette, 1992).  The regulations applicable to bleached kraft mills are 
summarized in Table 5, converted to production specific loadings. 

Table 5  Canadian regulations for effluent discharges 

Table 5

Parameter Units Max. Day Max. Month 
Dioxins Nano g/t 2000 N/A 
Furan Nano g/t 5000 N/A 
Lethality 96 hr LC50 100% 100% 
Conversion from regulation expressed as a concentration to production specific loadings assumes a typical effluent flow. 

Discharges of 2,3,7,8 TCDD and 2,3,7,8 TCDF are required to be “non-measurable”.  The values 
shown in  reflect the fact that concentrations below 20 ppq dioxin and 50 ppq furan are 
considered to be below the level that can be measured reliably.  These concentrations were 
converted to equivalent mass flow units by assuming a typical mill effluent flow of 100 m3/t.  

British Columbia 

AOX discharges are limited to 0.8 kg/ADt pulp, effective the 31st  of December, 1998.  The 
Province has announced a goal of reducing AOX discharges to “zero”13 by the 31st of December, 
2002.   

Alberta 

Mill effluent discharges in Alberta are limited by individual mill permits.  The relevant limits for all 
four bleached kraft mills in the province are shown in Table 6.  In all cases, the mill’s discharge 
limit is set as an absolute value, derived by multiplying a defined production rate by the factors 
shown in . Table 6

The limitation on colour discharge for the Grande Prairie mill will decrease progressively to 
46 kg/t in 2007.  This will effectively force installation of mill upgrades that will also reduce AOX to 
well below 0.4 kg/ton pulp.  The mill was in the process of installing an oxygen delignification 
system with full recovery of filtrates in early 2002. 

                                                      

13 “Zero” is scientifically meaningless when discussing most effluent parameters, but the term is widely used to refer to 
values that are below the detection limit for standardized analytical procedures. 
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Table 6  Effluent discharge permits in Alberta 
Company Location BOD, kg/t 

(monthly) 
AOX, kg/t 
(monthly) 

AOX, kg/t 
(daily) 

Colour, kg/t
(monthly) 

Alberta Pacific Athabasca 1.5 0.55 0.93 69 
Daishowa Peace River 3.0 0.65 1.0 90 
Weldwood Hinton 3.0 0.73 1.45 55 
Weyerhaeuser Grande Prairie 3 1.5 3.0 90 
 

Quebec 

Quebec mills are required to reduce AOX discharges to below 0.8 kg/t pulp.  Most, if not all, have 
already done so. 

USA 

Federal guidelines in the USA 

The EPA introduced new guidelines for effluent discharges from bleached kraft mills in 1998.  
These guidelines are widely known as the “Cluster Rule”, because they were designed to 
coordinate air and water discharge rules.  They focus on chlorinated organic compounds, and are 
summarized in .  Standards for new fibrelines are more stringent and are not discussed 
herein.  EPA guidelines are expressed in terms of AD unbleached ton, but have been converted 
to equivalent units per bleached ton in , assuming an average shrinkage in bleaching of 
6%. 

Table 7

Table 7

Table 7  US EPA effluent discharge guidelines for bleached kraft mills 
Parameter Units Max day Max. Month Measured at 

2,3,7,8  TCDD ng/t ND at 1000  ------------ Bleach plant 
2,3,7,8  TCDF ng/t 3200 ------------ Bleach plant 
Chloroform g/t 7.3 4.4 Bleach plant 
Trichlorosyringol ug/L ND at 2.5 ------------ Bleach plant 
3,4,5 & 6 Trichlorocatechols ug/L ND at 5.0 ------------ Bleach plant 
3,4,5 & 6 Trichloroguaiacols ug/L ND at 2.5 ------------ Bleach plant 
2,4,5 & 6 Trichlorophenols ug/L ND at 2.5 ------------ Bleach plant 
Tetrachlorocatechol ug/L ND at 5.0 ------------ Bleach plant 
Tetrachloroguaiacol ug/L ND at 5.0 ------------ Bleach plant 
2,3,4,6-tetrachlorophenol ug/L ND at 2.5 ------------ Bleach plant 
Pentachlorophenol ug/L ND at 5.0 ------------ Bleach plant 
AOX (mandatory) kg/t 1 0.66 Outfall 
ND = Non detectable  

Since most of the parameters must be measured directly at the bleach plant discharge, they are 
more stringent than they would be if applied at the treated effluent outfall.  This applies 
particularly to chloroform, since it is normally air stripped in biological treatment systems. 
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The compliance dates for the above guidelines depend on the reissue of effluent discharge 
permits.  Experience with past guidelines, and the current rate of permit issuance, suggests that it 
will be about 2010 before most US mills are in compliance. 

The Cluster Rule includes a requirement that each mill develop and implement a “Best 
Management Practices” (BMP) plan to control accidental discharges of black liquor.  While this 
regulation requires mills to have a rational plan to monitor spills and to recover some, there are 
no objective criteria for compliance. 

The atmospheric discharge regulations associated with the cluster rule require that emissions 
from bleach processes using chlorine-based compounds collect and treat vent gases.  It also 
requires that methanol emissions to atmosphere be controlled by 2006.  This will effectively 
require collection of vents from condensate systems, brown stock screening and washing, and 
from oxygen delignification systems. 

One innovative feature of the Cluster Rule is that mills can obtain extended compliance deadlines 
and exemption from monitoring if they are prepared to commit to converting to Totally Chlorine 
Free processes, and to reducing effluent flow to very low values. 

Basis for EPA guideline limiting AOX discharges 

EPA justified issuing the above mentioned guideline as a practical tool for ensuring compliance 
with the dioxin guideline, since daily testing of dioxin was considered excessively expensive.  

EPA (1997) states “EPA finds that end-of-pipe limitations for AOX are appropriate because 
they reduce monitoring costs while ensuring the operation of processes that minimize the 
likelihood of formation of TCDD/F. End-of-pipe AOX limitations also ensure the operation 
of processes and wastewater treatment that reduce the discharge of other organic 
compounds (some chlorinated, some not) that have the potential for adversely affecting 
human health and the environment.” 

EPA did not assert that AOX is useful indicator of environmental damage by itself.  In the above 
mentioned document they state “EPA has not in the past, and is not today, asserting a 
cause-and-effect relationship between AOX and environmental impacts”. 

World Bank 

The World Bank, and the associated International Finance Corporation, has published effluent 
discharge guidelines, which include limitations of 0.4 kg/t for AOX and 15 kg/t for COD.  These 
levels should be achieved for at least 95% of the time that the plant or unit is operating, to be 
calculated as a proportion of annual operating hours.  This is effectively equivalent to a maximum 
monthly average discharge. 

These discharge limits are not regulations in the normal sense, but are the guidelines that 
recently upgraded and new mills have to be designed to comply with, if they are to receive 
financial assistance from either of the institutions.  In practice, this refers to new mills in 
developing countries. 
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European Union 

General European requirements 

There are relatively few bleached kraft mills in continental Europe.  The 30 mills in Scandinavia 
are discussed separately below. 

The European Union recently published a draft report (IPPC 1999) stating that the following 
discharges will occur from mills using the Best Available Technology that is economically 
achievable.  These discharge guidelines refer to the annual average discharge, so are 
approximately equivalent to maximum monthly discharges of the values shown in parentheses. 

AOX  0 to 0.25 kg/ADt  (0.4 maximum monthly discharge) 
COD  10 to 23 kg/ADt  (40 kg/t maximum monthly discharge) 
 

The intent of the IPPC report is that member states in the European Union will regulate their pulp 
industry to the values stated.  This appears to be taking place, but with varying schedules. 

Germany 

The German requirements for kraft mill effluent include a maximum daily AOX limit of 0.35 kg/t 
pulp, 4 days out of 5.  There is only one kraft mill in Germany, but others are planned. 

Existing kraft operations in Germany are limited to a maximum daily discharge of 40 kg/t COD, 
which is reduced to 25 kg/t if the mill is modified.  

Austria 

The Austrian requirements for kraft mill effluent include a maximum daily AOX limit of 0.5 kg/t 
pulp, 4 days out of 5.  The kraft industry is very small in Austria. 

Existing kraft operations in Austria are limited to a maximum daily discharge of 30 kg/t COD, 
which is reduced to 20 kg/t if the mill is modified.  

France 

AOX discharges in France are limited to 1 kg/t annual average. 

COD discharges for existing softwood mills are limited to 63 kg/t pulp, and from hardwood mills to 
32.5 kg/t pulp.  There are only four bleached kraft mills in France. 
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Sweden and Finland 

There are 15 kraft mills in Sweden producing approximately 4.7 million tons/year.  Sweden has 
long held the reputation as being the most environmentally advanced of the pulp producing 
countries.  While this is largely true, the comparison with other jurisdictions is complex, and other 
jurisdictions, such as Alberta and the State of Bahia have requirements that are more stringent. 

Mills in Sweden are subject to local permits, and there are no national standards.  Many mills still 
have permit requirements to limit AOX discharges to 1.5 kg/t pulp.  There was an informal 
arrangement in the early 1990s between the industry and the regulator that if AOX discharges 
were reduced to levels well below 1.5 kg/t pulp, they would not be subject to further regulation.  
Actual average AOX discharge for the non-TCF mills was 0.23 kg/t in 1998, and below 0.2 kg/t 
for the bleached kraft industry as a whole.  

COD discharge limitations in permits are typically in the range of 13 kg/t, monthly average (for 
Sodracell at Monsteros) to 65 kg/t.  The regulators are discussing levels in the range 10 to 15 kg/t 
annual average with mills at the time of writing.  While it is clear that Swedish mills will be forced 
to further reduce COD discharges, it is not clear at the time of writing what the levels will be, or 
the schedule for compliance.  

The bleached kraft pulp industry in Finland is quite similar to that in Sweden, and the regulatory 
situation is, in practice, similar, except that all mills have been effectively required to install 
activated sludge secondary treatment systems. 

Japan 

In December 1990, the Japanese industry agreed with the regulators to reduce AOX discharges 
to below 1.5 kg/t pulp by the end of 1993.  This target was achieved, and the current average 
discharge is reported to be 0.8 kg/t pulp14. 

The industry has adopted oxygen delignification extensively, there being approximately 60 
fibrelines using this process in the country.  Some mills have also converted to ECF operation, 
but many still use chlorine and hypochlorite. 

Brazil 

Virtually all bleached kraft mills in Brazil have been built since 1970, and Brazil is now a major 
exporter of bleached kraft pulp, with production approaching that of Canada.   

Mills are subject to individual discharge permits.  For the Riocell mill, the limitation on AOX 
discharge is 0.2 kg/t pulp, and for COD, the limit is 6 kg/t, both as long term averages.  Other 
permits in Brazil are somewhat less stringent, and generally seem to follow Scandinavian 
practice.   

Brazilian mills seem to have developed a “Swedish style” relationship with regulators, where the 
discharges are controlled to very low values, relative to North American practice, and formal 
regulations are not used extensively.   

 

14 Source: Japan Paper Association. 
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