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I. INTRODUCTION

This paper summarizes the research and findings of the Paper Task Force on an
environmental comparison of bleached kraft pulp manufacturing processes.  This paper is
one element of an extensive research process in support of the task force’s work to
develop recommendations for purchasing “environmentally preferable paper”, paper that
reduces environmental impacts while meeting business needs.

The information presented in this paper has come from a range of sources
including articles in peer reviewed journals, the trade press, conference proceedings,
reports of studies commissioned by the pulp and paper industry, relevant documents from
the U.S. Environmental Protection Agency (EPA), information gathered during Paper
Task Force technical visits and  presentations from experts.

As one step in the research process, on September 21, 1994 the Task Force
assembled a panel of experts to discuss an environmental comparison of bleached kraft
pulp manufacturing technologies.  In preparation for this panel, the task force prepared an
“issue paper” that examined relevant issues and a range of perspectives.  The panelists
addressed topics discussed in this paper during the panel.  The issue paper was also
reviewed by several expert reviewers from companies and institutions not represented on
the panel.  The panelists' and reviewers' comments on the issue paper have been
considered in drafting this White Paper.  A draft of this paper also was reviewed by
experts in pulp and paper manufacturing from industry and the environmental
community.  Appendix A contains a list of the panelists and reviewers of the issue paper
and the draft of white paper.

The Paper Task Force members endorse the broad principles set forth by the Task
Force’s final report.  The findings and research in this White Paper reflects the
contribution of Paper Task Force Working Groups and changes made in response to
comments received from expert reviewers through the White Paper review process.  The
contents of this paper do not reflect the policy of individual Task Force member
organizations.

The research presented in this paper is one element of the environmental  analysis
being performed by the task force.  Other White Papers address economic and functional
issues relevant to the manufacture of paper.  We present a complete list of the White
Papers at the beginning of the appendices.

A. An Overview of the Bleached Kraft Pulp Manufacturing Process

The task force decided to study the environmental issues associated with the use
of different bleached kraft pulp manufacturing technologies because bleached kraft pulp
is the dominant high quality bleached pulp in both the U.S. and the world.  98% of



7

bleached chemical pulp capacity in the United States and 93% worldwide use the kraft
process.1  When comparing different manufacturing processes, we do not focus solely on
the bleach plant.  Developments in extended delignification and oxygen delignification,
aspects of the pulping process, also must be considered in any discussion of bleached
kraft pulp manufacturing.

1. Pulping

To produce high quality pulp from wood, the desired cellulose fibers are
chemically separated from the rest of the wood, especially from a complex organic "glue"
known as lignin.  Most of the lignin is removed during the pulping process where wood
chips, chemicals and steam react in a pressurized vessel known as a digester.  After two
to four hours in the digester, the pulp is washed to remove the black liquor, a mixture of
degraded lignin, other wood components and used pulping chemicals.  The dark brown
product, unbleached kraft pulp, consists of long, strong fibers that are ideal for grocery
bags and corrugated shipping containers. The pulp is stored for future use, while the
black liquor is concentrated and sent to a special furnace called the recovery boiler.  In
the recovery boiler, the organic waste is burned, producing steam and electricity for mill
operations, and the pulping chemicals are recovered for reuse within the mill.  Trace
amounts of organic sulfur compounds formed during the pulping process cause the
"rotten eggs" smell that has been associated with kraft pulp mills.

2. Bleaching

Mills that use conventional digesters remove 90-95% of the lignin during the
pulping process; more selective bleaching agents then remove the remaining lignin and
colored substances to brighten the brown unbleached pulp to a white pulp.  Kraft pulp
bleaching processes consist of several stages to minimize chemical use and to maintain
the strength of the pulp.  The pulp usually is washed after each bleaching stage to remove
any organic material that can be washed out with water.

The first stages in the bleaching process remove most of  remaining lignin in the
unbleached pulp; the last stages brighten the pulp.  In the first bleaching stage, the pulp is
exposed to oxidants which break down the lignin polymer and make it more reactive with
other bleaching chemicals.  Chlorine, an inexpensive and powerful bleaching agent, and
small amounts of chlorine dioxide, a powerful oxidizing agent that selectively attacks the
lignin, traditionally have been used in this stage.

In the next stage of the bleaching process, the pulp is exposed to a solution of
caustic (sodium hydroxide).  In this stage, known as alkali extraction, the caustic reacts
with the degraded lignin so that it dissolves in water and can be washed out of the pulp.
Because most of the remaining lignin is removed from the pulp in this stage, the
extraction stage is the main source of color and organic material in the effluent.  In the
final stages, chlorine dioxide, sodium hypochlorite or hydrogen peroxide may be used to
brighten the pulp.  In traditional bleaching processes, relatively little organic waste is
generated during these last stages.
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At all but one U.S. bleached kraft mills, this wastewater or effluent from the
bleach plant, along with effluent from other parts of the mill, undergo primary and
secondary treatment before being discharged into the receiving water.2  By the end of
1995, all Canadian mills will have secondary treatment systems in order to meet new
environmental regulations.  All of the bleached kraft mills in Finland have secondary
treatment.3  Eight of the fifteen Swedish bleached kraft mills have secondary treatment;
however, the Swedish mills chose a different strategy to control water pollution.  These
mills installed oxygen delignification rather than treat the pollution created by the
manufacturing process.  To meet the target levels proposed by the Swedish EPA, several
mills plan to “close-up” their bleach plants.  For mills that lack secondary treatment, the
measures to minimize bleach plant effluent flow may be combined with a compact
secondary treatment system if necessary to meet the target levels.

3. New Technologies

The mill's bleaching process generates most of the organic waste discharged in
the effluent of a bleached kraft mill.  Most mills discharge this effluent after secondary
treatment because residual chlorides make the effluent too corrosive to be sent to the
chemical recovery system.  Mills often operate the first bleaching stage with chlorine and
chlorine dioxide at low consistency (3-5% pulp in water); thus, limited evaporation
capacity and increased energy requirements to recirculate this water to the recovery
boiler may make reuse impractical.  The effluent from the bleaching process is combined
with other mill effluents, treated and discharged into the mill's receiving water, usually a
river or lake.  Mills can reduce the amount of organic waste they discharge to the river by
removing as much lignin as possible before the pulp is exposed to bleaching chemicals.

Advances in pulping and bleaching technologies now make it possible for mills to
produce a bright, strong pulp and also open the door to reusing the water (filtrates) from
the bleaching process.  Several equipment companies have developed digesters that can
extend the cooking process -- they can remove more lignin while maintaining pulp
strength.  Mills also use anthraquinone in the digester to increase delignification while
maintaining pulp strength.4  More mills are using oxygen based chemicals, e.g., oxygen,
ozone and hydrogen peroxide, in their bleaching processes.  These chemicals also react
with the residual lignin in the pulp, but in slightly different ways than do the chlorine-
based chemicals.5  Because engineers have a better understanding of how to protect the
cellulose from the degradation that can occur in the bleaching process, the use of these
chemicals has increased.

The oxygen-based chemicals do not produce corrosive chlorides when used in the
bleaching process, so the bleach plant filtrate is more amenable to recirculation to the
chemical recovery system.  A considerable effort is underway to better understand how to
develop "effluent-free" bleach plants based on totally chlorine-free (TCF) and elemental
chlorine-free (ECF) technologies.  Mills with TCF bleaching sequences would recirculate
all of the bleach plant filtrate to the chemical recovery system.  The organic material
would be burned in the recovery boiler, while the non-process inorganic material would
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be removed from the system with different chemical recovery system solid wastes.  Mills
that operate "effluent-free" bleach plant with ECF bleaching sequences would recover the
water from the acidic bleach plant filtrate and dispose of the chlorinated organic and
inorganic compounds that remain.  Engineering firms are currently developing
technologies to concentrate the filtrate using evaporation and then incinerate the residue.
The extraction stage effluents that contain chlorinated organic compounds will, at a
minimum, load the recovery cycle with chlorides that will have to be purged in some
fashion.

As mills eliminate the use of elemental chlorine in the bleaching process, they can
choose from many technologies.  The technologies considered in depth in this paper
require a significant capital investment.  Cutting edge technologies such as enzymes and
peracids may offer lower capital cost options, but with increased operating costs, to
reduce elemental chlorine and chlorine dioxide use.6  however, these processes currently
require additional laboratory and pilot-scale development before they will become
commercially viable.

B. Major Topics

Sustainable manufacturing processes minimize the consumption of natural
resources and  minimize the quantity of the releases to the environment while
maximizing their quality.  Thus, to examine the sustainability of bleached kraft pulp
manufacturing technologies, we present a comparison of the magnitude of the energy
consumption and environmental releases associated with these technologies..  Energy
consumption includes the energy required to produce the bleaching chemicals off-site.
Environmental releases include air emissions from non-combustion process sources,
wastewater discharge and solid waste generation.  On average, reducing the magnitude of
energy consumption and environmental releases reduces the potential environmental
impacts associated with bleached kraft pulp production; however, because most of the
releases considered in this paper have local environmental effects, their impact on the
environment will vary with the receiving environments of individual mills.  In other
words, because mills have different receiving environments, the same level of emissions
may have adverse effects in some cases and not in others.

In this paper, we compare ECF, and low-effluent ECF and TCF bleached kraft
pulp manufacturing technologies to a base case mill that uses traditional pulping and 50%
chlorine dioxide and 50% elemental chlorine in the first bleaching stage.  A description
of the technology options and a brief discussion of current levels of their use follows.
We present abbreviations used herein to describe the pulping and bleaching processes in
Table 1.
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Table 1.  Abbreviations for pulping and bleaching processes

Symbol Pulping or bleaching process

C Elemental chlorine

D Chlorine dioxide

E Alkali extraction

(EO) Alkali extraction reinforced with oxygen

(EP) Alkali extraction reinforced with hydrogen peroxide

(EOP) Alkali extraction reinforced with oxygen and hydrogen peroxide

ED Extended delignification7

H Sodium hypochlorite

O Oxygen

P Hydrogen Peroxide

Q Chelating stage (removes metals)

S Sodium meta-bisulfite (a reducing agent that destroys residual hydrogen peroxide)

Z Ozone

1. Base case

We assume that the base case mill bleaches pulp produced in a traditional digester
with 50% chlorine dioxide substitution in the first bleaching stage in a four or a five stage
bleaching process.  50% chlorine dioxide substitution represents the mid-point between
those mills that have added oxygen and hydrogen peroxide to the alkaline extraction
stages to increase the chlorine dioxide substitution to about 30% in the first bleaching
stage and mills that have invested in additional chlorine dioxide capacity to achieve
chlorine dioxide substitution levels of 70-100%.

2. Traditional ECF Bleaching

To move from the base case to this option, a mill replaces all of the elemental
chlorine in the first bleaching stage with chlorine dioxide.  This mill uses a conventional
digester to produce the pulp, so the amount of lignin in the unbleached pulp before it
enters the bleach plant is the same as that of the base case.  The first alkali extraction
stage of a five-stage bleaching process is often reinforced with oxygen and/or hydrogen



11

peroxide to minimize the use of chlorine dioxide.  This process is abbreviated as
D(EOP)DED.

Mills that use some older chlorine dioxide generation technologies do not produce
purely ECF pulp because these generators produce as much as 0.6 metric tons of
elemental chlorine per metric ton of chlorine dioxide.  The newer chlorine dioxide
generation technologies have reduced the amount of by-product elemental chlorine to
0.02 metric tons or less per metric ton of chlorine dioxide.8

Mills must carefully balance the quantity of chlorine dioxide, with the pH,
temperature and time in the bleaching tower to maximize delignification and avoid side
reactions that can reduce delignification efficiency, reduce pulp strength or increase the
formation of chlorinated organic substances.  Without careful process control, as much as
40% of the chlorine dioxide may be converted into elemental chlorine during the
delignification process.9  Elemental chlorine reacts almost instantaneously with the
aromatic rings on the lignin to generate chlorinated phenolic compounds and chloride
ions;10 thus, the elemental chlorine generated during the reaction can form the highly
chlorinated AOX that may be associated with ECF bleaching.  With good mixing to
maintain low concentrations of elemental chlorine and low temperatures, mills can
minimize the formation of highly chlorinated compounds.  Bleaching vessel retention
time also must be carefully controlled.  As the reaction time and the concentration of
elemental chlorine increase, more highly chlorinated  dissolved, chlorinated lignin
fragments can form.

3. Enhanced ECF Bleaching

In this option mills reduce the amount of lignin (i.e., lower the Kappa number of
the pulp, a measure of lignin content) in the unbleached pulp using extended
delignification and/or oxygen delignification (O).  We use the term “enhanced” to
describe the manufacturing processes that include these technologies.  The unbleached
pulp then undergoes ECF bleaching.  Most mills that use this technology option reinforce
the alkali extraction stage with oxygen.

4. Low-effluent and Effluent-free ECF and TCF Bleach Plants

This option focuses on ECF and TCF bleaching technologies that allow the bleach
plant filtrate to be reused in the manufacturing process.  Low-effluent ECF and TCF
bleaching sequences build upon enhanced delignification to recirculate the filtrate from
several bleaching stages, including the first alkaline extraction stage, back to the
chemical recovery system where the organic waste is burned in the recovery boiler to
generate energy.  These mills discharge the filtrate from the final bleaching stage.  In
theory, effluent-free mills reuse all of the bleach plant filtrate.  We will discuss the
current research on effluent-free systems in this section.  The analysis of energy
consumption and environmental releases will focus on low-effluent ECF and TCF
bleaching processes because mills use these technologies today; whereas no mills are
operating in an effluent-free mode, as yet.
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a) Low-Effluent ECF Processes

We consider two low-effluent ECF sequences, one is currently used at several
mills worldwide, and the other will undergo a mill scale demonstration in 1996.  In the
first low-effluent ECF sequence, mills replace the first chlorine dioxide bleaching stage
with ozone, as Union Camp has done at one of the three fiber lines at its Franklin, VA
mill.  In the second low-effluent ECF sequence, mills may be able to modify the chemical
recovery system to allow for the recycling of filtrate from a bleach plant that uses
chlorine dioxide in the first stage as Champion proposes with the experimental Bleached
Filtrate Recycling (BFR™) technology.11

b) Low-Effluent TCF Processes

TCF bleaching processes use a combination of oxygen, ozone, hydrogen peroxide
and other chemicals that do not contain chlorine.  Mills minimize the amount of lignin in
the unbleached pulp to produce high quality TCF pulp; as a result, all TCF manufacturing
processes require enhanced delignification, either with extended delignification and
oxygen delignification at modern mills or with oxygen delignification and anthraquinone.
Louisiana-Pacific adds anthraquinone to the digester and uses oxygen delignification
followed by three hydrogen peroxide bleaching stages to produce 85 GE brightness
softwood TCF pulp.12  Södra Cell currently uses a combination of extended
delignification, oxygen delignification and hydrogen peroxide to produce full brightness
(> 88% ISO) softwood kraft pulp at its Värö, Sweden mill, and an ozone TCF process to
produce full brightness hardwood bleached kraft pulp at the Mönsterås, Sweden mill.13

Mills with TCF processes can recirculate some, and may be able to recirculate all, of
their bleach plant filtrate to the chemical recovery system.

c) Effluent-Free ECF and TCF Processes

Once mills recirculate the bleach plant filtrate from the first bleaching and
alkaline extraction stages, the next step involves recirculating all of the filtrate in an
effluent-free bleach plant.  No mill currently operates an effluent-free bleach plant,14 but
engineering firms are developing several options based on both ECF and TCF bleaching
systems.  For example, Eka Nobel, a supplier of chlorine dioxide, and Jaakko Pöyry, an
engineering consulting firm, are currently testing their ECF effluent-free technologies at
a mill in Finland.  Mills that operate effluent-free bleach plants may not operate effluent-
free mills.  Spills, leaks and wastewater purges throughout the mill have to be managed.
In some cases, this effluent will be treated and released.

• In the TCF process, mills would recirculate all bleach plant filtrate to the chemical
recovery system.  Process water would be recovered from the evaporators and the
organic waste and the used bleaching chemicals would go to the recovery boiler,
where the bleaching chemicals would be recovered and the organic waste would
be burned.  By replacing its final chlorine dioxide stage with hydrogen peroxide,
Union Camp could move to an effluent-free TCF bleach plant.
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• Researchers are exploring several different strategies to "close up" ECF bleach
plants.  Zerotech, a joint venture of Millar Western and NLK, proposes an
independent system that would evaporate and incinerate all the  filtrate from the
bleach plant.15  Eka Nobel and Jaakko Pöyry are evaluating a similar process.16

• Other ECF options would handle the alkaline and acid bleach plant filtrates
separately. The untreated alkaline effluent would be sent to the chemical recovery
system.  The acid filtrate would either be treated and reused within the mill, or
evaporated with disposal of the concentrated residues.17

• With some manufacturing process modifications to reduce the concentration of
chloride ions in the effluent, Champion's BFR™ process might be extended to
include the final chlorine dioxide bleaching stage.  The mill demonstration of
BFR™ will include the final bleaching stage.18

As mills reduce the amount of bleach plant filtrates they have to manage a range
of metals and other non-process elements that may build up over time.  Both ECF and
TCF effluent-free systems must overcome these technical challenges.  Wood contains
small quantities of metals and chlorides that are traditionally discharged in very low
concentrations in mill effluent.

• Calcium and other metals can precipitate out of the alkaline bleach plant filtrates
to cause scaling on pipes.19

• Increased levels of potassium may require adjustments to recovery boiler
operations because it changes the properties of the molten smelt.20

• Both ECF and TCF effluent-free processes will have to manage increased
chloride levels, although chloride levels in the bleach plant filtrates from TCF
processes will be lower than that from ECF processes.  Filtrates with high
chloride levels may cause corrosion in the recovery boiler.  Incinerating organic
and inorganic chlorides may increase air emissions of dioxins and their
concentration in the ash.21

• Mills with TCF processes must control the concentrations of manganese and iron
to prevent the degradation of ozone and hydrogen peroxide.  Mills use chelating
agents to dissolve the metals and then wash the pulp to remove them.
Recirculating the filtrate from the chelating stage poses some challenges because
of its metal content and acidity.  Louisiana-Pacific plans to send some of these
filtrates to the chemical recovery system, where the metals will be removed as
solid waste.22
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5. Current Status of Bleached Kraft Mill Manufacturing Technologies

a) Base Case Processes

Eighty-seven bleached kraft mills currently operate in the U.S.  84 of these mills
produce papergrade kraft pulp exclusively, while 3 mills produce dissolving pulp as
well.23  These mills used a combination of pulping and bleaching technologies to produce
27.1 million metric tons of pulp in 1994.  Figure 1 illustrates the range of manufacturing
technologies used by U.S. mills in 1994.  U.S. mills  used some elemental chlorine to
produce 20.8 million metric tons of pulp.  Initially, mills substituted a small amount of
chlorine dioxide for the chlorine in the first bleaching stage to improve pulp strength, but
in response to the discovery of dioxins in bleached kraft mill effluent in 1985, many mills
have increased the chlorine dioxide substitution levels from 10-50% to 70-100%.  Mills
also are eliminating sodium hypochlorite from the bleach plant as a control strategy for
chloroform, which EPA has identified as a hazardous air pollutant. Chloroform is a
probable human carcinogen.24

Figure 1.  Estimates of U.S. bleached kraft pulp production in 1994

1994 BLEACHED KRAFT PULP PRODUCTION

Traditional pulping 
and bleaching

43%

Oxygen 
delignif ication and 

traditional 
bleaching

9%

Extended 
delignif ication and 

traditional 
bleaching

18%

Enhanced ECF
13%

Oxygen and 
extended 

delignif ication and 
traditional 
bleaching

7%

Traditional ECF
8%

Ozone ECF
1%

TCF
1%

Total Production = 27.1 million metric tons
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Notes: We based the estimates of annual production on 350 days of operation per year and a 95%
operating rate.

Sources: [1] U.S. EPA (Office of Pollution Prevention and Toxics), Pollution Prevention Technologies for the
Bleached Kraft Segment of the U.S. Pulp and Paper Industry (Washington, DC: EPA/600/R-
93/110, 1993), 4-18-21, 4-41.

[2] Paul Wiegand, NCASI, letter to Ron Jordan, Office of Water, U.S. EPA, March 3, 1995
[3] Kelly H. Ferguson, "Union Camp Begins Ozone Era with New Kraft Bleaching Line at Franklin,

VA," Pulp & Paper, 66(11): 42 (1992).
[4] Anton Jaegel and Kirk Girard, “TCF Bleaching at Louisiana-Pacific Corp.’s Samoa Pulp Mill,

Calif.,” Proceedings of the 1995 International Non-Chlorine Bleaching Conference (San
Francisco: Miller Freeman Inc., March 1995).

[5] Trends in World Bleached Chemical Pulp Production: 1990-1995, (Washington, DC: Alliance for
Environmental Technology, April 1995), 4.

b) Traditional And Enhanced ECF Processes

In 1994, 8 U.S. mills produced approximately 2.3 million metric tons of pulp
using traditional ECF manufacturing processes, while 10 U.S. mills produced
approximately 3.5 million metric tons of bleached kraft pulp using enhanced ECF
processes.  In 1994, of the 72 million metric tons of bleached chemical pulp produced
worldwide, ECF pulps accounted for 23.5 million metric tons of this total.25  In 1995,
volumes of ECF pulp are projected to be 28.0 million metric tons.26

6. Low-effluent ECF and TCF processes

Ozone bleaching is a new technology that a number of U.S. mills are evaluating.
Union Camp has been operating a 900 ton per day ozone ECF bleach line at its Franklin,
VA mill with about 80% filtrate recycling since the fall of 1992.27  Since Union Camp
announced the start-up of its bleached southern pine line that includes an ozone bleaching
stage, six ozone bleaching stages have been installed in bleached kraft mills worldwide
and four more will be installed by 1996.28  Consolidated Papers Inc. plans to install high
consistency ozone bleaching at its Wisconsin Rapids, WI kraft mill.  In June 1994,
Champion announced that it was beginning an 18-month mill-scale trial of its BFR™
technology at its Canton, NC mill.  Champion plans to start this demonstration in the fall
of 1995.

Louisiana-Pacific’s Samoa, CA softwood TCF kraft pulp mill, for example,
currently recirculates 70% of the filtrate from its TCF bleach plant through oxygen and
brownstock washers to the recovery boiler.29  Lövblad of Södra Cell reports that its Värö,
Sweden mill recirculates 75% of the filtrate from the bleach plant.30  Several Swedish
mills have installed ozone bleaching stages to make TCF pulp and to move toward the
effluent-free bleach plant.  Since January 1995, MoDo has operated the ozone TCF
hardwood bleach line at its kraft mill in Husum, Sweden in an effluent-free mode one or
two weeks at a time.31

At the 1995 International Non-Chlorine Bleaching Conference, producers of TCF
pulp from companies around the world reported on the quality of their TCF pulps.  Mills
have been able to produce commercial quantities of full brightness TCF softwood pulps
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with a 5% decrease in tear strength as compared to a full brightness ECF pulp.  All other
properties were similar.  85 GE brightness TCF pulps have similar strength and optical
properties to ECF pulps.32

II. FINDINGS

The findings have been divided into four sections: energy consumption, air
emissions, effluent, and solid waste generation associated with the production of the base
case, traditional ECF, enhanced ECF and low-effluent ECF and TCF bleached kraft pulp.
The data on which these findings are based show significant variability because of the
range of ages and geographical locations of the mills, as well as differences in the
processes that mills use to produce a given type of pulp.  In some cases, few data exist
because mills do not have extensive operating experience with these technologies.

We describe some general trends and present findings for specific parameters in
this section.  The specific findings compare the magnitude of energy and environmental
releases generated by the bleached kraft pulp manufacturing processes.  On average,
reducing the magnitude of energy consumption and environmental releases reduces the
potential environmental impacts associated with bleached kraft pulp production;
however, because most of the releases considered in this paper have local environmental
effects, their impact on the environment will vary with the receiving environments of
individual mills.  The section of the paper that contains the supporting research for each
finding is indicated in bold type at the end of each finding.

A. Energy consumption of Bleached Kraft Pulp Manufacturing Processes

We compare the energy required to produce a metric ton of bleached kraft pulp
using traditional ECF, enhanced ECF and low-effluent ECF and TCF bleaching
sequences.  These estimates include the energy required to manufacture the chemicals
off-site. [Sections III. B, III. C]

General trends and observations:

As oxygen-based bleaching agents replace chlorine dioxide, the energy required
to produce bleached kraft pulp decreases.  Although producing a metric ton of ozone
requires about 12% more energy than does the production of a metric ton of chlorine
dioxide, 1 kg ozone replaces about 2 kg of chlorine dioxide, so the bleach plant energy
consumption of ozone ECF sequences is lower than that of traditional ECF processes.
The increased energy savings that results from recirculating the bleach plant filtrates to
the chemical recovery system reduces the purchased energy requirements of low-effluent
processes as compared to the enhanced ECF processes.
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Specific findings:

• Enhanced ECF bleaching processes consume less total and purchased energy
than either the base case or traditional ECF processes. when energy savings are
considered.  The total energy consumed by the enhanced ECF processes is about
20% and 34% lower, respectively, than that of the base case or traditional ECF
processes.  The purchased energy consumed by enhanced ECF pulp consumes is
about 34% and 47%, respectively, than that of the base case and traditional ECF
bleaching sequences.

• The total energy consumption of an enhanced ECFprocess, low-effluent ozone
ECF process, a low-effluent ozone TCF process and an enhanced ECF process
with BFR™ vary by 9%.

• The low-effluent ozone ECF and TCF processes have the lowest purchased
energy requirements of the pulp manufacturing processes studied.

B. Air Emissions from Bleached Kraft Mill Sources

We have examined the magnitude of the emissions of hazardous air pollutants
(HAPs), volatile organic compounds (VOCs) and total reduced sulfur compounds (TRS)
from the process sources at bleached kraft mills.  These air emissions affect the local
environment around the mill.  This analysis considers mills with the base case, traditional
and enhanced ECF bleaching sequences.  Insufficient data precluded the comparison of
air emissions from mills with low-effluent and effluent-free bleaching processes.

General trends and observations:

Chloroform emissions decrease as the quantity of chlorine and chlorine dioxide
used decreases. HAP and VOC emissions may increase as mills reuse more process
water.

Specific Findings:

Hazardous air pollutants (HAPs)  [Section IV. B]:

• Methanol accounts for most of the HAP emissions from the pulp mill and bleach
plant sources.

• Chloroform emissions decrease with the elimination of elemental chlorine and
may decrease with lower chlorine dioxide charges in the first bleaching stage.
The NCASI 16 mill study indicates that the bleach plant chloroform emissions are
lowest for the mill with enhanced ECF bleaching; however, more sampling is
required to determine whether the chloroform emissions from a mill with oxygen
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delignification are statistically lower than those from mills with traditional ECF
processes.

• Process water reuse increases the emissions of HAPs from oxygen delignification
systems.  These emissions may decrease as mills either steam-strip the condensates
from the black liquor evaporators or use filtrate from the bleach plant in the post-
oxygen washers.

• Mills that move toward ECF effluent-free bleach plants may generate dioxin
emissions from either the recovery boiler or the dedicated incinerator if organic
compounds are burned in the presence of chlorides.  The dioxins generated in
combustion processes have six to eight chlorines, and are up to one thousand
times less toxic than dioxins with four chlorines.

Volatile organic compounds (VOCs)  [Section IV. C]:

• The differences in VOC emissions among the bleached kraft pulping processes
studied is small.  The VOC emissions from bleached kraft mills with traditional ECF
bleaching are about 7% lower than those of the base case mill, while VOC emissions
from an enhanced ECF mill with oxygen delignification range from 4% lower than
the base case mill to about 10% higher depending on the source of the water used in
the oxygen delignification system.

• 
Total reduced sulfur compounds (TRS) [Section IV. D]

• Generally, installing the technology options considered in this paper has little
effect on the TRS emissions from bleached kraft mills, although installing
extended delignification may lower these emissions.  The pulping and chemical
recovery systems are the major sources of TRS at bleached kraft mills.

C. Effluent from Bleached Kraft Mills

In this section, we examined the effect of traditional ECF, enhanced ECF and
low-effluent ECF and TCF bleaching processes on the magnitude of the loading of BOD,
COD, color, AOX and dioxins in bleach plant filtrates or treated mill effluent.  Effluent
discharge affects mills’ receiving water.  Some effects are localized to the area close to
the point of discharge, while the organic material that degrades slowly may be
transported long distances.  Currently, the environmental impacts of BOD are controlled
by national effluent limitations and by  local permitting and monitoring as well.  Some
states control color and COD releases as well.

We also examined several studies that examine the environmental effects of
effluent from ECF and TCF bleached kraft mills, along with research that has suggested
that there are unidentified substances of concern in bleached kraft mill effluent.
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General trends and observations:

Replacing elemental chlorine with chlorine dioxide reduces the loading of AOX
and dioxins in treated mill effluent, but has little effect on BOD  COD or color.
Reducing the amount of lignin in the pulp before it enters the bleach plant and reducing
bleach plant effluent flow result in large decreases in all summary parameters.  The
following practices reduce the amount of organic material in bleached kraft pulp mill
effluent and, as a result, the potential impacts of treated bleached kraft mill effluent on
the aquatic ecosystems: (1) installing spill reclamation systems; (2) upgrading
brownstock washing; (3) installing extended delignification and oxygen delignification to
remove lignin before the pulp enters the bleach plant; and (4) modifying the bleaching
sequence to recirculate the bleach plant filtrate.

Specific findings:

Effluent Quality:

BOD, COD and color [Sections V. B.1 and V. B.2]:

• Moving to traditional ECF bleaching from 50% chlorine dioxide substitution
has no observable effect on the magnitude of these effluent parameters.

• Using extended delignification and/or oxygen delignification to reduce the
amount of lignin in the pulp before it enters the bleach plant reduces the loading
of BOD, COD, and color in bleach plant filtrates.

• Installing low-effluent ECF or TCF processes decreases the loadings of all three
effluent parameters to the lowest level of the options considered.

AOX [Section V. B.3]:

In the regulatory impact assessment of the proposed effluent guidelines, EPA
states some of the issues associated with controlling AOX.  “Although AOX
concentrations can be used to determine the removal of chlorinated organics to assess
loading reductions, they do not provide information on the potential toxicity of the
effluent, and therefore, are not appropriate to evaluate the potential impacts on the
environment.  Although no statistical relationship has been established between the level
of AOX and specific chlorinated organic compounds, AOX analysis can be an
inexpensive method for obtaining the "bulk" measure of the total mass of chlorinated
organic compounds.”33  Although current studies have not found a link between AOX
and environmental effects, AOX is a good measure of the amount of elemental chlorine
in the bleaching process.

• The mean AOX loading in the softwood bleach plant filtrates with traditional
ECF bleaching is about 25% lower than that of the base case.  Increasing the
chlorine dioxide substitution in the first bleaching stage reduces the mean AOX
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loading in the bleach plant filtrates  to 1.5 kg/air-dried metric ton (ADMT) of pulp
from a loading of about 2.0 kg/ADMT in the bleach plant filtrates  of the base case
mill.

• The mean AOX loading in treated softwood bleached kraft mill effluent of a mill
with enhanced ECF bleaching is about 63% lower than the mean loading in the
bleach plant filtrates of the base case.

• Recirculating the bleach plant filtrates from the alkali extraction stage to
produce low-effluent ECF pulps reduces the AOX loading in the bleach plant
filtrates  to the lowest level of the ECF options considered.

• The AOX loading of TCF bleach plant filtrates is at background levels and is the
lowest of the manufacturing technologies considered.

Dioxins [Section V. B.4]:

• Increasing the chlorine dioxide substitution from 50%-100% in the first
bleaching stage reduces the concentrations of both TCDD and TCDF in treated
bleached kraft mill effluent below the analytical detection limit of 10 ppq.

• The variability of the data precludes determining the effect of installing oxygen
delignification or extended delignification on the dioxin loading in the treated
final effluent of bleached kraft mills with ECF bleaching sequences.  Data show
that the mean loading of TCDF in final effluent from enhanced ECF mills is lower
than that from traditional ECF mills; however, statistical analysis indicates that these
means are not statistically different.  Current analytical methods are not sensitive
enough to measure these dioxin loadings precisely.  Additional research is required to
determine whether installing oxygen delignification or extended delignification
lowers the TCDF loading in the final effluent.

• Mills that replace chlorine dioxide with ozone in the first bleaching stage may
not generate dioxins.

Effluent toxicity studies - Bleach plant filtrates [Section V. C.1]:

• A Canadian laboratory study showed that filtrates from both traditional and
enhanced ECF bleaching processes were less toxic to water flea reproduction
and fathead minnow growth than were filtrates with 50% chlorine dioxide and
50% elemental chlorine.

• This study also showed that bleach plant filtrates from an enhanced ECF
bleaching process had fewer chronic toxic effects to water fleas and fathead
minnows than did filtrates with traditional ECF bleaching.
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• Two studies of laboratory-prepared filtrates from enhanced ECF and TCF
processes indicated that the untreated TCF filtrates were more toxic to several
freshwater and marine organisms than were untreated ECF filtrates.  The
differences in the sublethal toxicity of treated ECF and TCF filtrates is small.
Excess hydrogen peroxide or sodium meta-bisulfite used to neutralize the peroxide
may account for the toxicity of the TCF filtrates.

• A large, highly colored, water soluble, degraded lignin molecule found in bleach
plant effluent is toxic to the early life stages of marine plants, invertebrates and
fish.

Effluent toxicity studies - Mill studies [Section V. C.2]:

• The results from current studies comparing ECF and TCF bleach plant filtrates
from mills that bleach pulp with similar lignin content show little difference in
chronic toxicity.  While a range of single species bioassays show that treated TCF
mill effluents are less toxic than treated ECF mill effluents, model ecosystem studies
do not show significant differences in the effluent from mills with similar pulping
technologies.

• Recent research suggests that exposure to compounds in the black liquor may
reduce the reproductive capacity of wild fish downstream from bleached kraft
mills.  Laboratory research suggests that plant sterols may account for these
effects.

D. Solid Waste Generation at Bleached Kraft Mills

In this section we discuss the quantity and quality of the solid waste generated by
mills that use the three technology options.

General trends and observations:

Solid waste generation becomes a greater technical issue as mills approach
effluent-free bleach plant operation, because the metals, nutrients and other non-process
elements that used to leave with the effluent may need to be handled as solid waste.  All
effluent-free bleaching processes must manage these residues.  Mills with ECF effluent-
free processes may have to handle ash from the separate incineration of evaporator
residues, as well.

• Installing traditional ECF, enhanced ECF or low-effluent ECF bleaching
processes reduces the loading of chlorinated organic compounds and dioxins in
wastewater sludge.  The concentrations of these compounds in sludge from TCF
mills should be at background levels because these mills do not use chlorine
compounds.
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• Engineers predict that for mills with effluent-free bleach plants that recirculate
the bleach plant filtrate to the chemical recovery system, the quantity of solid
waste generated may increase.  Additional research is needed to determine
whether some of these wastes will be hazardous or difficult to dispose of.

• Mills that send filtrate from ECF bleach plants to a separate recovery system
may have to dispose of ash if the mill incinerates the organic waste.  Additional
research is needed to determine whether the resulting ash contains dioxins, and
thus needs to be handled as hazardous waste.

III. ENERGY CONSUMPTION OF BLEACHED KRAFT PULP
MANUFACTURING TECHNOLOGIES

A. Scope and Sources

In this paper, we compare estimates of the energy required to bleach kraft pulp
using the processes of interest.  This analysis considers the total energy required to
produce the bleaching chemicals and mix them with the pulp, and the purchased energy
which accounts for  the energy savings that result as the filtrate from bleaching stages is
recirculated to the chemical recovery system.  Mills with low-effluent bleaching
processes produce additional steam from the recovery system and reduce the energy
required to obtain fresh water and to treat the effluent.  Readers interested in the energy
consumed to produce a ton of bleached kraft pulp from wood chips should see Section III
of White Paper No. 10A.

The task force has evaluated several published studies as well as information
presented at technical meetings.  These studies estimate the energy consumed in the
bleaching process to produce a metric ton of bleached kraft pulp.  The magnitude of the
estimates depends on several factors: the amount of lignin removed before the first
bleaching stage, the amount of each chemical used and the energy required to produce the
chemical itself.

B. Power Required to Manufacture Bleaching Chemicals

We present the energy required to produce the various bleaching chemicals in
Table 2.  Table B-1 in Appendix B contains the detailed calculations of these data.
Chlorine dioxide and ozone consume the most energy in their manufacture, but the bulk
of the power to produce chlorine dioxide is consumed off-site by the plants that produce
sodium chlorate.  Increasing the use of oxygen and ozone increases the electricity
demand at the mill, but lowers the total energy demand.  Oxygen requires relatively little
energy to produce on site.  The fact that one kilogram of ozone can replace from 1.5 to
2.0 kilograms of chlorine dioxide further lowers the power requirements associated with
ozone bleaching processes.34
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Table 2.  Energy required to produce bleaching chemicals

Bleaching Chemical Energy consumption
(millions of Btu’s/ metric ton)

Ozone 131.4

Sodium hydroxide 14.7

Chlorine 14.7

Chlorine dioxide 117.6

Hydrogen peroxide 34.8

Oxygen (1) 4.2

Oxidized white liquor (2) 41.1

Sulfuric acid 1.1
(1) Mills that use ozone do not require additional power to produce oxygen
(2) Mills generally use oxidized white liquor as the source of sodium hydroxide in oxygen delignification

systems.

C. Energy Consumption of the Technology Options

We present estimates of the total and purchased energy consumed by the
bleaching processes in Figure 1.  The estimates of total energy include the energy
required to produce the bleaching chemicals and the electricity and steam consumed to
operate the bleach plant.  Table B-2 in Appendix B provides the calculations of the
energy required to manufacture the bleaching chemicals.  Union Camp provided
estimates of the quantities of chemicals used in the bleaching sequence to produce 90 GE
brightness softwood bleached kraft pulp, along with estimates of the electricity and steam
consumed in the bleach plant.35  Table 3 presents the calculation of total and purchased
energy for the different processes.

Replacing the elemental chlorine in the base case with chlorine dioxide in a
traditional ECF process increases the energy requirement by 20%, while installing an
enhanced ECF process with oxygen delignification reduces the energy requirement by
20%.  Installing oxygen delignification or extended delignification reduces the energy
required to produce ECF pulp by reducing the amount of chlorine dioxide in the
bleaching sequence. case.  The total energy consumption of low-effluent high consistency
ozone ECF and TCF processes is about the same as that of the enhanced ECF processes.
The total energy consumption projected for an enhanced ECF process with BFR™ is
slightly higher than that of an enhanced ECF process because of additional evaporator
requirements.36  A comparison of the energy consumption of the low-effluent ozone ECF
and TCF processes demonstrates that the power requirements decrease as oxygen, ozone
and hydrogen peroxide replace chlorine dioxide in the bleaching process.
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Table 3. Estimates of energy usage and savings for different pulping processes for
90 GE brightness softwood pulp (millions of Btu’s/air-dried metric ton of pulp)

Bleaching process C50D50EDED D(EO)DED OD(EO)D OZ(EO)DD OZQPZP OD(EO)D +
BFR™

Energy to manufacture
chemicals (1)

7.59 10.19 5.03 4.99 3.58 5.43

Direct equipment power (2) 0.92 0.92 1.32 1.51 2.21 1.32

Process steam (3) 4.39 4.39 3.80 3.09 3.80 3.80

Recovery steam credit (4) 0.00 0.00 -1.62 -2.66 -2.66 -2.66

Water supply credit (5) 0.00 0.00 -0.26 -0.29 -0.29 -0.29

Effluent treatment credit (6) 0.00 0.00 -0.13 -0.15 -0.15 -0.15

TOTAL ENERGY 12.9 15.5 10.2 9.6 9.6 10.5

Energy savings 0.0 0.0 2.0 3.1 3.1 3.1

PURCHASED ENERGY 12.9 15.5 8.2 6.5 6.5 7.4

Note:  The energy data include the transmission losses associated with generating electricity at a utility;
thus 1 kilowatt hour of electricity equals 10,500 Btu’s of energy.

(1) Energy required to make the bleaching chemical.
(2) Running power consumed by the bleach plant equipment
(3) Process steam energy required (converted into kWh/metric ton)
(4) Credit for recovery boiler steam used (assuming that O stage solids are recovered for O(CD)ED and

ODED cases, and O, Z and E stage solids are recovered for the OZQPZP case)
(5) Water supply energy credit based on reduced deep well pumping
(6) Effluent treatment energy credit based on reduced BOD treatment requirements in an aerated lagoon.

Most researchers report lower energy consumption for TCF bleaching sequences.
Laxén and Henricson estimated a 50% decrease in the energy consumed by a mill with a
four stage bleaching process when it replaced a low kappa ECF bleaching sequence with
an ozone-based TCF sequence.37  Other researchers reported that reducing the Kappa
number of an oxygen delignified pulp from 18 to 8 with extended delignification reduced
the power requirement for an ECF bleaching sequence from 260 to 150 kWh/ADMT, a
42% reduction.  Moving to an ozone TCF bleaching sequence reduced the power
consumption to 96 kWh/ADMT.38  Lövblad found a 35% decrease in the bleaching
chemical manufacturing power requirement and a 10% decrease in the total mill power
required to produce 80 ISO brightness softwood pulp when Södra Cell’s Värö, Sweden
mill switched from an enhanced ECF bleaching sequence with extended delignification
and oxygen delignification to a peroxide-based TCF sequence.39
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The purchased energy estimates include Union Camp’s estimates of energy
savings that result from (1) recovery boiler steam used, (2) reduced energy to pump water
from deep wells, and (3) reduced effluent treatment energy because of the lower effluent
flow.40  The low-effluent ozone ECF and TCF processes have the lowest purchased
energy requirements of the pulp manufacturing processes studied.  These processes have
the total energy requirement and the largest energy savings.  The projected energy
consumption for an enhanced ECF process with BFR™ is slightly higher.

Neither Union Camp41 nor Champion International42 expect to see the
significantly higher energy consumption for the effluent-free bleach plants for systems
that recirculate the bleach plant filtrates to the chemical recovery system.  Separate
bleach plant filtrate evaporation systems as proposed by Eka Nobel, may increase energy
consumption as a result of the increased load on the evaporators..43

D. Summary

• Enhanced ECF bleaching processes consume less total and purchased energy
than either the base case or traditional ECF processes. when energy savings are
considered.  The total energy consumed by the enhanced ECF processes is about
20% and 34% lower, respectively, than that of the base case or traditional ECF
processes.  The purchased energy consumed by enhanced ECF pulp consumes is
about 34% and 47%, respectively, than that of the base case and traditional ECF
bleaching sequences.

• The total energy consumption of an enhanced ECF process, low-effluent ozone
ECF process, a low-effluent ozone TCF process and an enhanced ECF process
with BFR™ vary by 9%.

• The low-effluent ozone ECF and TCF processes, have the lowest purchased
energy requirements of the pulp manufacturing processes studied.

IV. AIR EMISSIONS FROM BLEACHED KRAFT MILL PROCESS SOURCES

A. Scope and Sources

In this section, we examine estimates of hazardous air pollutants (HAPs), volatile
organic compounds (VOCs) and total reduced sulfur compounds (TRS) from process
sources at bleached kraft mills with the base case, traditional ECF, enhanced ECF and
low-effluent TCF processes.  These sources include the pulp and bleach plants and the
chemical recovery system.  White Paper NO. 10A presents a discussion of the energy-
related air emissions including sulfur dioxide, nitrogen oxides, particulates and carbon
dioxide emissions associated with the production of paper with a bleached kraft pulp
furnish.
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We have used emission data from the 1994 NCASI study of the release of 28
organic HAPs, VOCs and TRS compounds from 16 mills – nine bleached kraft mills,
four unbleached kraft mills, two sulfite mills and one unbleached semichemical pulp
mill.44  NCASI recently performed a similar analysis at Louisiana-Pacific’s low-effluent
TCF softwood bleached kraft pulp mill in Samoa, CA.45  In Appendix B, we present a
summary of the emissions of ten HAPs from sources at bleached kraft mills in Table B-5,
and VOCs and TRS emissions in Table B-6.

We do not have information on the HAP, VOC or TRS emissions from low-
effluent ECF bleached kraft mills.  Champion will perform air emission testing as part of
its demonstration of the BFR™ technology.46  No air emission data currently exists for
mills with effluent-free bleach plants because none are in operation today.

B. Hazardous Air Pollutants (HAPs)

The EPA has defined HAPs as any of the 189 substances listed in section 112(b)
of the 1990 Clean Air Act Amendments.47  We included compounds from the NCASI
study that comprised a minimum of one percent of the total HAPs from any source from
the mill.  We present the HAP emissions from all sources at the mill in Table B-3 of
Appendix B.

Studies have shown that acetaldehyde, formaldehyde and chloroform, three HAPs
emitted by bleached kraft mills, can cause cancer in animal livers and degeneration of
animal olfactory epithelium.  Other compounds can exhibit toxic effects above a
threshold level. 48  HAP emissions affect the local environment around the mill.  These
emissions are regulated to maintain releases at the mill fence line below levels that cause
these toxic effects in the laboratory.  Mills control these releases with chemical scrubbers
and by routing the releases from vents to the lime kiln or another power boiler where
these compounds are burned as fuel.

Major bleached kraft mill non-combustion sources include the pulp and bleach
plants, storage tanks and the chemical recovery system which includes the recovery
boiler. We have used the average emissions from the 12 brownstock washing systems,49

six oxygen delignification systems50 and ten recovery boilers that NCASI tested.51

Methanol, chloroform, acetaldehyde, methyl ethyl ketone and formaldehyde account for
most of the HAPs emitted by a bleached kraft mill.  We present the major HAP emissions
from the process sources at the mill and from the bleach plant in Table 4.
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Table 4.  HAP emissions from bleached kraft mill sources

Base case (50% D substitution)

HAP Pulp mill sources
(lb/ODTP)

Bleach Plant
sources

(lb/ODTP)

Bleach plant
sources/ pulp
mill sources

Total 2.54 0.68 26.7%
Methanol
Acetaldehyde
Formaldehyde
Chloroform

2.18
0.08
0.02
0.13

0.52
0.00
0.00
0.12

23.8%
0.0%
0.0%

92.3%
Traditional ECF bleached kraft mill

HAP Pulp mill sources
(lb/ODTP)

Bleach Plant
sources

(lb/ODTP)

Bleach plant
sources/ pulp
mill sources

Total 2.132 0.270 12.7%
Methanol
Acetaldehyde
Formaldehyde
Chloroform

1.912
0.085
0.019
0.021

0.250
0.003
0.000
0.011

13.1%
3.5%
0.0%

52.4%
Enhanced ECF bleached kraft mill

HAP Pulp mill sources
(lb/ODTP)

Bleach Plant
sources [1, 2]

(lb/ODTP)

Bleach plant
sources/ pulp
mill sources

Total 3.193  (2.402) 1.329  (0.54) 41.6%  (22.5%)
Methanol
Acetaldehyde
Formaldehyde
Chloroform

2.932  (2.182)
0.128  (0.094)
0.021  (0.020)
0.013  (0.014)

1.270  (0.52)
0.047  (0.012)
0.002  (0.000)
0.002  (0.002)

43.3%  (23.8%)
36.7%  (12.7%)

9.5%  (0.0%)
15.4%  (14.3%)

Low-effluent TCF kraft mill

HAP Pulp mill sources
(lb/ODTP)

Bleach Plant
sources [1, 2]

(lb/ODTP)

Bleach plant
sources/ pulp
mill sources

Total 2.596 0.158 6.1%
Methanol
Acetaldehyde
Formaldehyde
Chloroform

2.338
0.111
0.041
0.000

0.135
0.029
0.021
0.000

5.8%
26.1%
52.2%

0.0%

[1] Bleach plant sources include the oxygen delignification system and the bleach plant.
[2] Numbers in parentheses include emissions from an oxygen delignification system that used fresh
shower water (Mill N).
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The chloroform emissions of the three mills in Table 4, indicate that these
emissions decrease by about 90% in mills that substitute chlorine dioxide for all of the
elemental chlorine in the first bleaching stage.  Bleach plant air emissions of chloroform
decreased from 0.12 lb/ODTP for the bleach plant with 50% chlorine dioxide substitution
to 0.002 lb/ODTP for the bleach plant at a mill with an enhanced ECF process.52

Chloroform emissions from the mill with the low-effluent TCF process are below the
limit of detection.  This measured reduction in chloroform emissions supports the
hypothesis that once a mill has eliminated hypochlorite from the bleaching process, the
formation of chloroform depends on the amount of elemental chlorine present in the first
bleaching stage.  According to an earlier NCASI study, mills with 100% chlorine dioxide
substitution may emit less than 0.02 pounds of chloroform to air and water per ton of
pulp.53

The control of HAP emissions from oxygen delignification stages may be a
particular need for mills with enhanced ECF bleaching sequences.  Of the bleached kraft
pulping processes, the bleached kraft pulp mill with oxygen delignification had the
highest total HAP emissions of the bleached kraft pulp mills, because some methanol,
methyl ethyl ketone, acetaldehyde and formaldehyde are emitted from the oxygen
delignification system.  NCASI has shown that the source of the water used on the post-
oxygen showers determines the quantity of HAPs released from this source.  Studies to
determine whether oxygen delignification systems generate methanol were
inconclusive.54  Mills tend to reuse process water in the oxygen stage as part of their
water conservation programs.

For mills that use chlorine dioxide in the first bleaching stage, the clean
condensates from the black liquor evaporators are often used because the chloride levels
of the bleach plant filtrates are too high to recirculate to the recovery boiler.  During
oxygen delignification, some of the HAPs and VOCs in the condensates are released into
the environment.  Treating the condensates in the secondary treatment system may also
result in HAP and VOC emissions because volatile compounds can be stripped from the
effluent during treatment.  The NCASI study did not measure fugitive emissions from
mill or secondary treatment system sources.

Mills that use ozone in the first bleaching stage and TCF mills can use the bleach
plant filtrates in the post-oxygen washers.  The emissions data for the low-effluent TCF
mill in Table 4 indicate that reusing bleach plant filtrates generally results in lower HAP
emissions than does using condensates.  Mills can also use steam-stripping to remove the
HAPs from the condensates and burn them as fuel in the lime kiln.  Weyerhaeuser
Canada reported removal of 95% of the methanol from the condensates at its Grande
Prairie, Alberta mill.55
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Recent research has confirmed that dioxins can be formed in the high temperature
zones that follow combustion when sources of carbon, oxygen and chlorine are present.56

Burning chlorinated organic compounds can also generate dioxins.57  Dioxins generated
by combustion processes generally have six to eight chlorines and are up to 1000 times
less toxic that TCDD, as a result.58 Thus, mills that move to effluent-free systems with
ECF bleach plants may generate dioxins as chlorinated organic compounds and inorganic
chloride salts are burned in the recovery boiler or in a dedicated incinerator.  Mills that
recover the pulp and bleach plant filtrates jointly as does Champion’s experimental
BFR™ process, may find increased emissions from the recovery boiler.  EPA described
recovery boilers (mean annual release of 2.7 g TEQ for all recovery boilers) as a
relatively minor combustion source of dioxins on a national scale, but noted that local
impacts may be important to evaluate.59  Mills that recover the bleach plant filtrate
separately as do processes being developed by Zerotech and Jaakko Pöyry, may find
increased dioxin emissions from the incinerators.  Developers of effluent-free ECF
processes plan to monitor potential air emissions of dioxins as part of their feasibility
studies.  In addition, other HAP emissions may increase slightly as more process water is
reused.60

C. Volatile Organic Compounds (VOCs)

Volatile organic compounds are defined as “any organic compound which
participates in atmospheric photochemical reactions,”61 and include a broad class of
organic gases such as vapors from solvents and gasoline.  Trees and other plants also
produce VOCs, with especially high emissions in hot weather.  The control of VOC
emissions is important because these compounds react with nitrogen oxides (NOx) to
form ozone in the atmosphere, the major component of photochemical smog.62  VOC
emissions impact the local environment around the mill.  We consider VOCs separately
from HAPs because not all VOCs are classified as be HAPs.  Before EPA determined
that acetone was not sensitive to sunlight,63 it was, considered to be a VOC; it is not a
HAP.

Note of Caution:  We cannot directly compare the total HAP and total VOC
emissions from a given source.  NCASI used a different method to measure the total HAP
and VOC emissions.  VOC emissions are measured as pounds of carbon per oven-dried
ton of pulp (lb C/ODTP).64

We present total VOC emissions for mills with the base case, traditional and
enhanced ECF bleaching sequences in Table 5.  Because NCASI did not measure VOC
emissions from the mill with 100% D substitution,65 we used similar VOC emissions
from the bleach plant of the mill with the enhanced ECF process.  While the contribution
to VOC emissions from the bleach plant ranges from 1%-23% respectively for traditional
ECF and enhanced ECF bleaching sequences, the VOC emissions from the traditional
ECF kraft mill are about 12% lower than the VOC emissions from the base case mill.  As
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with HAPs, the VOC emissions from enhanced ECF processes with oxygen
delignification depend on the water used in the oxygen delignification process.  The VOC
emissions range from 6% lower than the base case mill emissions when the mill uses
fresh water to about 20% higher than those of the base case mill when the mill uses
condensates.

Table 5.  VOC emissions from bleached kraft mill sources

Base case (50% D substitution) Traditional ECF bleached kraft mill

Source Quantity
lb C/ODTP

Source Quantity
lb C/ODTP

Pulping
Bleaching
Chemical Recovery

1.11
0.31
0.97

Pulping
Bleaching
Chemical Recovery

1.11
0.03
0.97

Total 2.39 Total 2.11
Enhanced ECF bleached kraft mill with OD

Source Quantity
lb C/ODTP

Pulping
Bleaching [1, 2]
Chemical Recovery

1.11
0.68  (0.15)
0.96

Total 2.92  (2.24)
[1] Bleaching sources include the oxygen delignification system and the bleach plant.
[2] Numbers in parentheses include emissions from an oxygen delignification system that used fresh

shower water (Mill N).

D. Total Reduced Sulfur Compounds  (TRS)

Total reduced sulfur compounds include hydrogen sulfide, methyl mercaptan,
dimethyl sulfide and dimethyl disulfide.  The NCASI study did not measure hydrogen
sulfide emissions at any of the mills.  While these compounds are not considered to show
acute toxicity, systematic surveys of odor pollution caused by pulp mills have supported
the link between odor and respiratory responses.66  TRS emissions affect the local
environment around the mill.

The pulping process and the chemical recovery system are the sources of TRS at a
bleached kraft mill; the choice of bleaching sequence will have little effect on the
emissions of these compounds.  Bleached kraft mills have reduced the quantity of totally
reduced sulfur compounds released by installing low-odor recovery boilers and systems
that capture and incinerate these gases.  Installing extended delignification may reduce
TRS emissions by reducing the temperature and pressure at which the pulp leaves the
digester making the TRS compounds easier to recover.67
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E. Summary

Hazardous air pollutants (HAPs)  [Section IV. B]:

• Methanol accounts for most of the HAP emissions from the pulp mill and bleach
plant sources.

• Chloroform emissions decrease with the elimination of elemental chlorine and
may decrease with lower chlorine dioxide charges in the first bleaching stage.
The NCASI 16 mill study indicates that the bleach plant chloroform emissions are
lowest for the mill with enhanced ECF bleaching; however, more sampling is
required to determine whether the chloroform emissions from a mill with oxygen
delignification are statistically lower than those from mills with traditional ECF
processes.

• Process water reuse increases the emissions of HAPs from oxygen delignification
systems.  These emissions may decrease as mills either steam-strip the condensates
from the black liquor evaporators or use filtrate from the bleach plant in the post-
oxygen washers.

• Mills that move toward ECF effluent-free bleach plants may generate dioxin
emissions from either the recovery boiler or the dedicated incinerator if organic
compounds are burned in the presence of chlorides.  The dioxins generated in
combustion processes have six to eight chlorines, and are up to one thousand
times less toxic than dioxins with four chlorines.

Volatile organic compounds (VOCs)  [Section IV. C]:

• The differences in VOC emissions among the bleached kraft pulping processes
studied are small.  The VOC emissions from bleached kraft mills with traditional
ECF bleaching are about 12% lower than those of the base case mill, while VOC
emissions from an enhanced ECF mill with oxygen delignification range from 6%
lower than the base case mill to about 20% higher depending on the source of the
water used in the oxygen delignification system.

Total reduced sulfur compounds (TRS) [Section IV. D]

• Generally, installing the technology options considered in this paper has little
effect on the TRS emissions from bleached kraft mills, although installing
extended delignification may lower these emissions.  The pulping and chemical
recovery systems are the major sources of TRS at bleached kraft mills.
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V. EFFLUENT FROM BLEACHED KRAFT MILLS

A. Scope

In this section we examine the impact of the manufacturing technologies on the
magnitude of the releases of organic material in bleached kraft mill effluent and discuss
the research on the environmental effects of this effluent on mill receiving water
ecosystems.

1. Effluent quality

Bleached kraft mill effluent comes from many process sources in the mill
including pulping, bleaching, chemical recovery and at integrated paper mills, the paper
machines.  Spills also contribute to the load of organic waste in the effluent.  Bleached
kraft mill effluent is a complex mixture of compounds.  As of 1994, researchers have
identified 415 organic substances in the bleached kraft mill effluent;68 experts believe
that the known compounds represent a fraction of the compounds in the effluent from
these mills.

The organic substances dissolved or suspended in the wastewater or effluent from
a bleached kraft mill are characterized by several different parameters.  Biochemical
oxygen demand (BOD), chemical oxygen demand (COD), adsorbable organic halogens
(AOX) and color measure classes of compounds found in the effluent, and thus are called
summary parameters.

Specific substances known to be toxic may also be present in the effluent.  For
example, trace amounts of “dioxins” are formed when elemental chlorine present during
the delignification stages of the bleaching process reacts with unchlorinated dibenzo-p-
dioxin and dibenzofuran precursors that are present in the wood.69  We use the term
"dioxins" herein to describe the families of chemicals known as chlorinated dibenzo-p-
dioxins and dibenzofurans.  These families consist of 75 different chlorinated dibenzo-p-
dioxins and 135 different chlorinated dibenzofurans.  These molecules can have from one
to eight chlorine atoms attached to a planar skeleton of 12 carbon atoms and one or two
oxygen atoms for the dibenzofurans and the dibenzo-p-dioxins, respectively.  2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF) are
two of the most toxic members of this family of compounds.  If dioxins are detected in
the effluent from bleached kraft mills, they are most likely to be TCDD and TCDF.70

Because research has shown that dioxins exert their toxic effects through one
mechanism, the toxicity of different members of the dioxin and furan families are
compared using toxic equivalence factors (TEF).  TCDD, the most toxic compound is
assigned a TEF of 1.0; scientists have found that TCDF is about one-tenth as toxic and
have assigned it a TEF of 0.1.  We use toxic equivalents of TCDD (TEQ) to express the
toxicity of a mix of dioxins; for example, a sample that contained 1 ppq of TCDD and 1
ppq of TCDF would have 1.1 ppq TEQ of TCDD.
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Dioxins are highly toxic, persistent and bioaccumulative compounds that are
generated during combustion processes and chemical processes where elemental chlorine
reacts with aromatic organic precursors.  The toxic effects on humans and other
organisms have been discussed comprehensively in several recent publications.71  In its
review of the draft dioxin reassessment, the EPA Science Advisory Board recommended
that the Administrator list dioxins as a probable human carcinogen.72  In a recent peer-
reviewed article, EPA scientists reported that “available human data suggest that some
individuals may respond to dioxin exposures with cancer and noncancer effects at body
burdens within one to two orders of magnitude of those in the general population.”73

EPA’s current water quality criterion for the dioxin concentration in ambient
water that results in an increased cancer risk in humans of one in one million (1 x 10-6 ) is
0.013 parts per quadrillion (ppq).  The proposed water quality criterion to protect aquatic
life and wildlife is slightly lower at 0.008 ppq.74  Depending on the quality of the effluent
sample, detection limits can range from about 0.8 ppq to 10 ppq; using EPA’s analytical
method, the detection level at which dioxins can be quantified 99% of the time is 10 ppq.
Thus, for regulatory purposes EPA has set the analytical limit of detection at 10 ppq.

2. Environmental effects

Mills have installed secondary treatment that removes resin and fatty acids and
other substances that are acutely toxic to organisms in the receiving water ecosystem.
Process modifications also reduce acute toxicity.  Shimp and Owen reported that the
undiluted, untreated effluent from an enhanced ECF mill with good spill control was not
acutely toxic to zebrafish.75  Current environmental effects research focuses on sublethal
effects such as impaired growth, reproductive success or early life-stage mortality of
marine organisms.

Scientists use laboratory bioassays, model ecosystems and field studies to
examine the sublethal effects of the effluent on receiving water ecosystems.  The
laboratory bioassays examine sublethal effects or focus on sensitive life stages of
organisms that represent the types of organisms found in mill’s receiving waters at
“environmentally relevant concentrations.”76  In model ecosystem tests, researchers
expose the system to realistic concentrations of bleached kraft mill effluent in a
controlled setting.77  These studies may last from 5 to 6 months to several years.  Field
studies provide information about the actual effects on the organisms exposed to pulp
mill effluent, but are also the most difficult to interpret.  There are many other variables
that affect the health of the ecosystem that cannot be controlled in field studies.  Thus,
researchers need to perform more controlled laboratory and model ecosystem studies to
confirm effects seen in the field.

B. Bleach Plant Effluent Quality and the Manufacturing Technologies

We can compare the performance of the manufacturing technologies by
examining the loading of biochemical oxygen demand (BOD), chemical oxygen demand
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(COD), color,  adsorbable organic halogens (AOX) and dioxins in the bleach plant
filtrates.

1. Biochemical Oxygen Demand (BOD)

BOD is a measure of the tendency of an effluent to consume dissolved oxygen
from receiving waters.  It is also a measure of the readily biodegradable fraction of pulp
mill effluent.  Microorganisms in the receiving water consume oxygen as they metabolize
the organic material in the effluent.  High levels of BOD in the effluent stream can
deprive fish, shellfish, fungi and aerobic bacteria of the oxygen they need to survive.78

Mills employ secondary treatment systems to remove over 95% of the BOD from the raw
effluent.  For BOD, environmental impacts are relatively well-controlled by local
permitting and monitoring.  “In most cases, NPDES permits have strict limits based on
the assimilative capacity of local receiving waters.”79  These limits keep BOD discharges
below this level to protect aquatic communities.

a) Traditional ECF Bleaching

Increasing the percentage of chlorine dioxide substitution in the first bleaching
stage results in a small decrease in the BOD loading of untreated bleach plant effluent.
Secondary treatment systems, designed to remove BOD, are most effective in reducing
the BOD of bleach plant effluent and effluent from other sources at the mill.

Several experts report that the level of chlorine dioxide substitution has no impact
on the magnitude of the BOD loading in bleach plant filtrates when chlorine dioxide
substitution in the first bleaching stage increases from 50% to 100%.  Having surveyed
the literature, engineers at H.A. Simons found that “there is no consistent evidence that
the chlorine dioxide substitution level has any effect on the BOD of bleach plant
effluent.”80  They estimate that the BOD loading in bleach plant filtrate for the base case
and traditional softwood ECF mill to be 16 kg/ADMT of pulp.81  NCASI examined the
BOD loading of bleach plant filtrates from softwood kraft mills with 50% and 100%
chlorine dioxide substitution in the first bleaching stages.  The BOD loading in these
filtrates ranged from about 11 - 16 kg/ADMT.  NCASI scientists reported that the
differences in BOD loading at these substitution levels were not statistically different
because of the high variability of the data.82

b) Enhanced ECF Bleaching

Installing extended delignification and/or oxygen delignification decreases the
amount of lignin that must be removed in the first bleaching stages, and the BOD loading
in the untreated effluent.  In Table 6, Renard provides the following estimates of BOD
reduction in bleach plant effluent that softwood bleached kraft mills can achieve with
enhanced ECF technologies.83  The BOD loadings in the treated bleach plant effluent
reflect a secondary treatment BOD removal efficiency of 92%.
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Table 6.  BOD loading in bleach plant filtrates for enhanced ECF technologies

Process Untreated bleach plant fitrates
(kg/ADMT)

Treated bleach plant filtrates
(kg/ADMT)

Traditional ECF 15.00 1.20

Enhanced ECF (EC) 11.00 0.88

Enhanced ECF (EC + OD) 6.00 0.48

c) Low-Effluent ECF and TCF Bleaching

BOD loadings for low-effluent bleaching processes demonstrate the effect of
increased bleach plant filtrate recirculation on the BOD levels of untreated bleach plant
effluent.  Table 7 contains BOD loadings in the untreated bleach plant effluent for six
mills:  three have ECF bleaching sequences preceded by oxygen delignification, one has
an ozone ECF sequence and two have TCF sequences with different levels of filtrate
recirculation.84  BOD levels decrease with the decrease in effluent flow.  Secondary
treatment has the largest impact on the BOD loading in the final bleach plant effluent,
although decreasing the amount of BOD going into the treatment plant allows mills to
increase production capacity without increasing the size of the effluent treatment system.

Table 7  AOX, BOD, COD and color loading in bleach plant filtrates from the six mill
study

Enhanced ECF Low-
effluent

ECF

TCF Low-
effluent

TCF
Mill A [1] Mill B [2] Mill C [3] Mill D [4] Mill E [5] Mill F [6]

Pollutant Units O-DEOD O-DEOPDEPD O-DEOPDEPD O-ZEOD O-QPPP O-QPPPS
Production-Normalized
Flows

m3/ADMT 16.8 26.5 25 11.0 (9.4) 30.2 6.76

AOX kg/ADMT 0.43a 0.98 0.46 0.08 (0.05) < 0.01 < 0.01b

BOD5 kg/ADMT 26.9a - - 6.94 (4.4) - 2.91

COD kg/ADMT - 42.2 32.0 10.7 (11.0) 17.0 8.9

Color kg/ADMT 46.8a 29.0 19.7 5.8 (3.1) 2.0 4.2

TCDD pg/L (ppq) NDc NDc NDc NDc [d] NDc

TCDF pg/L (ppq) ND to 18 [d] NDc NDc NDc NDc

Notes: [a]  Combined mill effluent into treatment system
[b]  Detected on 1 of 4 days.
[c]  Limit of detection is 10 ppq.
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[d]  Detected, but results are being reevaluated
[1]  Mill A produces 82 ISO brightness pulp from a low kappa pulp
[2]  Mill B produces high brightness pulp from a high kappa number pulp
[3]  Mill C uses low kappa pulp
[4]  Mill D recirculates the filtrate from the alkali extraction, and oxygen stages and purges some
filtrate from the ozone stage.  Numbers in parentheses are Union Camp’s long-term averages.
[5]  Mill E produces low kappa pulp and sewers all of the effluent
[6]  Mill F recirculates 70% of its effluent

Source: Betsy Bicknell, Douglas Spengel, and Thomas Holdworth, “Comparison of Pollutant Loadings
from ECF, TCF and Ozone/Chlorine Dioxide Bleaching,” Proceedings of the 1995 International
Non-Chlorine Bleaching Conference (San Francisco: Miller Freeman Inc., March 1995), 16.
Wells Nutt, president, Union Camp Technologies Inc., letter to Harry Capell, Johnson & Johnson,
11 July 1995, 7.

2. Chemical Oxygen Demand (COD) and Color

Chemical oxygen demand is the amount of oxidizable compounds present in
water.  The COD of treated mill effluent represents the fraction of the substances in an
effluent that the natural ecosystems cannot readily degrade, but provides no indication
whether these substances are harmful.85  COD does provide useful information about the
sublethal toxicity of ECF and TCF effluents, but the source of COD within the pulp mill
provides the most pertinent information.86  The European Environmental Research Group
has performed model ecosystem studies on pulp mill effluents since 1982 that include up
to 54 different parameters.  They developed a “response index” that summarizes the
results of a model ecosystem test on a scale of 1 to 5, where higher numbers correspond
to increased effects.  Folke examined the relationship between the response index and
COD loading for 14 effluents.  He has found that the response index increases with the
COD loading in the effluent.87

Color measures the large complexes of extracted organic matter from wood.88  It
also is influenced by the presence of metallic ions (e.g., iron and manganese) and humic
matter.  For kraft pulp and paper mills, most of the effluent color is attributable to losses
of pulping liquor (black liquor) and bleach plant extraction stage filtrates.89

Although color is currently regulated by EPA and states as an aesthetic property,
under certain conditions color may interfere with aquatic life by limiting light
transmittance.  Recent studies of effluent color below bleached kraft mills, however,
suggest that it is unlikely that light transmittance is being reduced to a degree that would
harm downstream aquatic communities.90  Other studies, based a limited number of kraft
mill effluents, have found that the source of much of the color measured in these
effluents accounts for the responses in several marine bioassays.91

a) Traditional ECF Bleaching Processes

Tsai and his colleagues studied the impact of different levels of chlorine dioxide
substitution on COD, color and AOX for softwood kraft pulp that has been pulped in a
traditional digester.  This pulp was bleached in the laboratory with levels of chlorine
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dioxide substitution that ranged from 70-100% with different total charges of bleaching
chemicals.  The COD loading of the bleach plant filtrates ranged from 62 - 73 kg/ADMT
while the color loading ranged from 84 - 132 kg/ADMT.92  Tsai reports that while
increasing chlorine dioxide substitution from low levels of substitution (< 20%) to high
levels ( > 50%) decreases the color in bleach plant effluent, “increasing the substitution
from 70% to 100% has only a marginal effect on effluent color.”93

b) Enhanced ECF Bleaching Processes

Reducing the amount of lignin in the pulp exposed to chlorine dioxide in the first
bleaching stage decreases both the COD and color loading in untreated bleach plant
effluent.  We present estimates from Weyerhaeuser94 and International Paper95 of the
effect of installing extended delignification and oxygen delignification on treated bleach
plant effluent in Table 8.

Table 8.  COD and color loading in bleach plant filtrates from mills with enhanced ECF
technologies

Process Weyerhaeuser [1] International Paper

COD
(kg/ADMT)

Color
(kg/ADMT)

COD
(kg/ADMT)

Color
(kg/ADMT)

Traditional ECF 40 110 29 95

Enhanced ECF (EC or OD) 30 90 21 72

Enhanced ECF (EC and OD) 15 45 12 40

[1] Values are approximate.

Tsai96 and Folke97 report a strong correlation between the percentage of lignin in the pulp
and the COD loading in bleach plant effluent; Tsai confirms Weyerhaeuser’s correlation
of COD and color in bleach plant effluent.98

c) Low-Effluent Bleaching Processes

Low-effluent ozone ECF and TCF mills recirculate more of their bleach plant
filtrate to the chemical recovery system than do mills with enhanced ECF processes.  As
with BOD loading in untreated bleach plant effluent, COD loading in the untreated
bleach plant effluent as shown in Table 7 decreases as the magnitude of the effluent flow
decreases.  The low-effluent ECF and TCF mills have the lowest COD releases of the six
softwood bleached kraft mills.  Maples and his colleagues estimate that BFR™
technology will achieve similar results for COD and color as the ozone ECF mill in the
six mill study.99
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The six mill study suggests that the combination of bleaching chemicals may also
affect the COD loading in the bleach plant effluent at ECF and TCF mills.  According to
Bicknell and her colleagues, “Mill E, which bleaches with peroxide, sewers all effluent
and has a production-normalized flow slightly higher than Mills B and C, yet Mill E
discharges approximately half the COD loading as the two ECF mills.”100  The difference
in the color loading of these mills is also large.  The color loading of 1.97 kg/ADMT
from Mill E is 4% of the average color loading in the bleach plant effluents of Mills B
and C.

3. Adsorbable Organic Halogens (AOX)

AOX is a summary parameter that measures the approximate amount of chlorine
(and other halides) present in organic material that adsorbs to activated charcoal; thus,
AOX provides an estimate of the total amount of chlorinated organic material in the
effluent.

Note of caution:  In the regulatory impact assessment of the proposed effluent
guidelines, EPA states some of the issues associated with controlling AOX.  “Although
AOX concentrations can be used to determine the removal of chlorinated organics to
assess loading reductions, they do not provide information on the potential toxicity of the
effluent, and therefore, are not appropriate to evaluate the potential impacts on the
environment.  Although no statistical relationship has been established between the level
of AOX and specific chlorinated organic compounds, AOX analysis can be an
inexpensive method for obtaining the "bulk" measure of the total mass of chlorinated
organic compounds.”101

a) Traditional and Enhanced ECF Bleaching Processes

We present data on the AOX loading in the bleach plant filtrates of the base case,
traditional ECF and enhanced ECF softwood bleached kraft pulp mills in Table 9.  AOX
loadings in the treated mill effluent decrease as chlorine dioxide substitution in the first
bleaching stage increases, and when mills reduce the amount of lignin in the unbleached
pulp before it enters the bleach plant.  Tsai and his colleagues confirmed the correlation
of AOX to both of these factors in their laboratory bleaching tests.102

Table 9.  AOX loading in the bleach plant filtrates of softwood bleached kraft pulp mills

Process AOX
(kg/ADMT)

Base Case (50% chlorine
dioxide substitution) 103 1.8 - 2.2

Traditional ECF104 1.5

Enhanced ECF105 0.4 - 1.1
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b) Low-Effluent Bleaching Processes

Table 7 shows the AOX loading in the untreated bleach plant effluent of the six
mill study.  According to Bicknell and her colleagues, “The bleach plant AOX loading at
the ozone ECF mill is about one order of magnitude less than the AOX loading at the
three chlorine dioxide ECF mills.  The bleach plant AOX loading at the two TCF mills is
reduced by another one or two orders of magnitude.”106

4. Dioxins

The discussion of dioxin loading in bleached kraft mill effluent has two parts.
The first part examines the dioxin loadings in the treated mill effluent for mills that have
traditional ECF and enhanced ECF bleaching processes, and the dioxin loadings in the
bleach plant effluent for mills with traditional ECF and ozone ECF bleaching sequences.
The second part of the discussion explores whether ECF bleaching processes provide an
acceptable level of safety from dioxin exposure for certain sensitive populations.

The U.S. industry reacted quickly when EPA found, in 1985, that bleached kraft
mills discharged dioxins into their receiving waters.  The 1993 NCASI survey of U.S.
bleached chemical pulp mills showed that the U.S. industry had reduced the discharge of
TCDD 90% from a mean final mill effluent loading of 51 ppq in 1988 to a mean loading
of 5 ppq in 1993; the mean TCDF loading in the final mill effluent of 23 ppq represents a
95% decrease from the mean TCDF loading of 443 ppq in final mill effluent from
1988.107  The mean loading counts loadings that were below the limit of detection at half
the limit of detection; thus, for example, an effluent sample with TCDD below a
detection limit of 10 ppq would be counted at 5 ppq.

 In their proposed effluent guidelines, EPA requires the concentrations of TCDD
and TCDF in the bleach plant filtrates of bleached kraft mills to be below the analytical
detection limit of 10 ppq.  The concentrations of dioxins will be higher in the bleach
plant effluent than in the final effluent because, on average, the bleach plant effluent
accounts for about one-third of the total effluent from a bleached kraft mill;108 thus, the
dioxin concentration of the untreated bleach plant effluent is a more sensitive
measurement of the quantities of dioxins generated during the manufacture of bleached
kraft pulp.

a) Traditional ECF Bleaching Processes

At a technical workshop sponsored by NCASI in February 1994, six mills
presented data on dioxin concentrations in bleach plant effluent and treated mill effluent.
While TCDD was not detected in the final effluent of bleached kraft mills using 50%
chlorine dioxide substitution in the first bleaching stage at the detection limit of 10 parts
per quadrillion (ppq), TCDF may be present in the final effluent of mills using as much
as 90% chlorine dioxide substitution.  James River, for example, reported that its mill in
Wauna, OR found 20 parts per quadrillion (ppq) TCDD and 92 ppq TCDF in the bleach
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plant effluent at 50% chlorine dioxide substitution; no TCDD was found at the detection
limit of 10 ppq, while concentrations of TCDF were 17 ppq in the final mill effluent.109

International Paper reported similar results for the final effluent of one of its mills at 50%
chlorine dioxide substitution for chlorine in the first bleaching stage.110  At 70% chlorine
dioxide substitution, TCDD was not detected in the bleach plant effluent at a detection
limit 10 ppq, but 31 ppq TCDF were found in the bleach plant effluent and 17 ppq in the
final effluent.  At 90% chlorine dioxide substitution, the TCDF loading in the final
effluent dropped slightly to 13 ppq.  At 100% substitution, neither substance was
detected in the final effluent at the Wauna, OR mill at a detection limit of 10 ppq.111

Solomon and his colleagues confirmed the reductions in the concentrations of
TCDD and TCDF in the final effluent of mills that increased chlorine dioxide substitution
from 50-70% to 100% in an analysis of publicly available data sent to regulatory
agencies.  The TCDD level in all but one of the analyses of final effluent was below a
detection limit of 1-10 ppq for mills with traditional ECF bleaching.  The mean and 95th
percentile levels of TCDD in the final effluent of mills with 50-70% chlorine dioxide
substitution were 4.1 and 27 ppq respectively.  The mean and 95th percentile levels of
TCDF of 15 samples of the final effluent of mills with 100% chlorine dioxide bleaching
were 5.7 ppq and 25 ppq respectively, while the mean and 95th percentile TCDF levels in
the final effluent of a similar number of samples from mills with 50-70% chlorine dioxide
substitution were 19 ppq and 45 ppq respectively.112

b) Enhanced ECF Processes

A comparison of data from traditional and enhanced ECF softwood bleached kraft
mills does not show conclusively that minimizing the lignin content in the unbleached
pulp lowers the dioxin loading in the final effluent.  The concentrations of TCDD are
below detection limits of 0.8 to 4.2 ppq for all of the samples from all three mills.  The
mean TCDF loadings in treated mill effluent are 3.0 ppq for the mill with the enhanced
ECF bleaching process113 and 4.1 and 9.4 ppq for the two traditional ECF mills.114  The
means include loadings from the non-detectable samples at half the detection limit.
Statistical analysis shows that the means are not significantly different.  Additional
sampling is required to confirm that mills with enhanced ECF processes have statistically
lower TCDF concentrations in the treated mill effluent than do mills with ECF bleaching
sequences.  It is also possible that the test method cannot reliably quantify these low
levels of TCDF.  We present the TCDD and TCDF data from the three mills and the
statistical analysis in Table B-7 of Appendix B.

c) Ozone ECF and TCF Bleaching Processes

Much less data currently exists concerning the dioxin concentrations of ECF mills
that replace chlorine dioxide with ozone in the first bleaching stage.  Table 7 contains
data from the six mill study where Bicknell and her colleagues compare the TCDF
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loading in the bleach plant effluent of three enhanced ECF mills that use oxygen
delignification, one ozone ECF and two TCF mills.  “The three mills that do not use
chlorine dioxide in the first bleaching stage generate bleach plant effluents free of
detectable concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF.  In contrast, 2,3,7,8-
TCDF was detected in the bleach plant effluents from two of the three mills that used
chlorine dioxide in the first bleaching stage.”115  Bicknell reported that the concentration
of TCDF in bleach plant effluent of a mill with a low kappa bleaching sequence that
produces pulp with a brightness of 82 ISO was above a detection limit of 10 ppq on 3 of
18 days of sampling.  The maximum concentration was 18 ppq.  TCDF also was found
above a detection limit of 10 ppq in the bleach plant effluent of another mill with a low
kappa ECF bleaching sequence, while TCDD was found above a detection limit of 10
ppq in the combined bleach plant effluent of a mill using a TCF sequence.  The results
from the latter two mills were surprising and are being reevaluated.116

Data from the James River mill supports the finding of the six mill study that
detectable levels of TCDF may be present in the bleach plant effluent of mills that use
chlorine dioxide in the first bleaching stage.  Two of the eight samples of bleach plant
effluent from a traditional ECF mill had TCDF concentrations above a detection limit
that ranged from 1.8 to 10 ppq.117

d) Dioxins in the Environment

The correlation of the environmental loading of dioxins with the production of
chlorinated organic substances in this century indicate that global dioxin contamination is
primarily a contemporary development associated with anthropogenic activities.118

According to Rappe, “The most significant known anthropogenic environmental sources
include waste incineration, metals production, petroleum refining, and fossil fuel
(petroleum and coal) combustion.”119  Dioxin emissions from bleached chemical pulp
mills account for a small percentage of the known sources of dioxins released to the
environment.  The current estimate for total dioxin releases to the environment in the
U.S. indicates that the pulp and paper industry’s dioxin releases account for 3.1% of the
known releases to air, water, land and product.  Pulp and paper manufacturing accounts
for all of the dioxins released to water.120

In calculating the background dioxin exposure levels for the general U.S.
population, EPA estimated that the ingestion of beef and veal, dairy products, and milk
account for 31.2%, 20.3% and 14.8% of the total background level, respectively.  Cattle
ingest dioxins as they eat grass that has been contaminated with dioxins from
atmospheric deposition.  Historically, bleached pulp mill effluent, however, has been the
major source of the dioxin loading in fish tissue.  Recent data from Maine’s Department
of Environmenton the dioxin loadings in fish from rivers downstream from pulp mills
indicates that bleached kraft pulp mills may still be an important source in many areas.121

One eight ounce meal per month of fish, which has an average dioxin concentration of
1.2 ppt, contributed 6.6% to the background exposure level.122
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Fish comprises a significantly larger proportion of the diet of certain sub-
populations such as Native Americans and subsistence and sports fishermen.  EPA
estimates that sports fishermen consume the equivalent of one eight-ounce meal per
week, or 30 grams of fish per day.123  The diet of certain Tribal members contains even
larger quantities of fish.  The Columbia River Inter-Tribal Fish Commission performed a
survey with EPA of the fish consumption of the tribes of the Columbia River Basin.  This
study reported that the mean daily fish consumption for Tribal members was 58.7 grams
per day.124  Fish consumption is also an integral part of the Tribes’ ceremonies.  Sixty
percent of the survey respondents reported consuming one to two six-ounce portions
(approximately 170 to 340 grams/day),125 a level far above EPA’s assumption for fish
consumption that is used to estimate the increased cancer risk from dioxin exposure.
Recent research indicates that dioxin may impair mammalian immune and reproductive
systems at even lower levels.126  Thus, the current dioxin loading in fish may still be too
high to provide an adequate margin of safety for these populations.  Scientists and
regulatory agencies in Canada and the U.S. continue to explore this issue.

C. Environmental Effects of Bleached Kraft Mill Effluents

This paper focuses on the sublethal effects of bleached kraft mill effluent because
most treated effluents rarely are acutely toxic127 to aquatic organisms in their receiving
waters.  Several researchers have compared the sublethal toxicity of ECF and TCF bleach
plant and mill effluents using bioassays and model ecosystem studies.  Sublethal effects
include impaired growth, reproduction or immune response, effects that do not kill the
organism but may decrease the population of that organism over time.

1. Studies of the sublethal toxicity of ECF and TCF bleach plant filtrates

a) Base Case, Traditional ECF and Enhanced ECF Filtrates

Little public information exists on the environmental effects of moving from the
base case to traditional ECF bleaching.  Weyerhaeuser128 and Champion International129

report reduced toxicity from their mill effluent when they converted the bleach plant from
the base case to enhanced ECF bleaching with oxygen delignification.  It is difficult,
however, to attribute these reductions in effluent toxicity directly to the changes in the
bleach plant effluent because mills make many additional changes during major
modernizations.  Most mills upgrade the brownstock washers when they install oxygen
delignification or move to complete chlorine dioxide substitution.  This improvement, for
example, can mask the effect of specific changes in the bleach plant.130

In their laboratory study of different bleaching sequences, however, O’Connor
and his colleagues compared untreated traditional and enhanced ECF bleach plant
filtrates.  They reported that filtrates from combined chlorine dioxide and alkali
extraction stages from a traditional ECF bleaching sequence reduced water flea
reproduction and fathead minnow growth more than did untreated bleach plant filtrates
from the oxygen, 100%D and alkali extraction stages of an enhanced ECF bleaching
process.131  No whole mill effluent toxicity studies compare traditional ECF with
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enhanced ECF or TCF bleaching processes, because few mills installed 100% chlorine
dioxide substitution before installing oxygen delignification, and no mill currently
switches between traditional ECF and an enhanced ECF operation.

b) ECF and TCF Filtrates

Two studies that prepared the bleach plant filtrates in the lab reported that the
untreated  TCF filtrates exhibited higher levels of toxicity for a range of bioassays.  There
is little difference in the toxicity of the treated filtrates.

O’Connor and his colleagues at the Pulp and Paper Research Institute of Canada
(PAPRICAN) studied the chronic toxicity of enhanced ECF and TCF bleach plant
filtrates that they prepared in the laboratory.  They tested the effects of these untreated
filtrates on water flea reproduction and on fathead minnow growth.  In both cases, they
found that the effluent from the oxygen, chlorine dioxide and alkaline extraction stages of
an ECF bleaching sequence with oxygen delignification caused the least toxic effects.132

Nelson and his colleagues tested laboratory-prepared treated enhanced ECF and
TCF eucalyptus bleach plant filtrates with bioassays for plants, invertebrates and fish of
importance to the Australian marine ecosystem.133  These scientists found that the
untreated TCF filtrates were much more toxic to all of the test species than the untreated
enhanced ECF filtrates, with the exception of the shellfish where they showed similar
toxicity.  They also found a strong correlation between the toxicity of the TCF filtrates
and residual hydrogen peroxide in the effluent.134  These findings are consistent with
those of O’Connor.  Both groups used sodium meta-bisulfite to remove excess hydrogen
peroxide from the TCF bleach plant filtrates; sodium meta-bisulfite, however, is also
toxic to aquatic organisms at high concentrations.  Lövblad and Malmström suggest that
high concentrations of this substance may have been the source of the toxicity in the TCF
filtrates of the O’Connor study. 135

Nelson and his colleagues found that the treated enhanced ECF and TCF bleach
plant filtrates showed similar toxicity to all species except the single-celled algae where
the TCF effluent was more toxic.  “While secondary treatment reduced toxicity, both of
the enhanced ECF and one of the TCF effluents were still found to be toxic for sensitive
sea urchin fertilization tests and scallop larval abnormality tests.”136

Higashi and his colleagues have also observed the sensitivity of marine organisms
to a component of effluent from bleach kraft mills.  They analyzed different fractions of
bleached kraft mill effluent and found that a large, highly-colored water soluble degraded
lignin molecule exhibits most of the toxicity to sea urchin sperm, mollusk embryos, sole
larvae and kelp sperm and eggs. 137  These researchers found that this “lignin derived
macromolecule” acts at the cell surface to inhibit developmental events.  This molecule
binds to the heads of the sea urchin sperm and thus prevents fertilization of the egg.
Studies suggest that treatment of the substance or bleached kraft mill effluent with
reducing agents such as sodium meta-bisulfite effectively reduces the effect on sea urchin
sperm.138
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2. Studies of sublethal toxicity of bleached kraft mill effluents

Scientists have also studied the environmental effects of bleached kraft mill
effluent.  Researchers in Canada and Sweden have performed single species bioassays
and model ecosystem tests to compare the toxicity of untreated and treated effluent from
bleached kraft mills with enhanced ECF and TCF processes.  Scientists at Environment
Canada have been studying the effect of pulp mill effluent on the reproductive systems of
the native fish species downstream from several pulp mills.

a) Studies of Enhanced ECF and TCF Bleached Kraft Mill Effluents

Studies of effluents from mills that use oxygen delignification and extended
delignification to produce ECF and TCF pulps suggest that the environmental effects of
these processes are low and similar.  Model ecosystem studies confirm the single species
bioassay studies performed on mill effluent.

Lövblad and Malström performed sublethal toxicity tests on untreated enhanced
ECF and TCF effluents from Södra Cell’s mills.139  They found that the exposure to TCF
effluents resulted in less growth inhibition of Selenastrum algae and less inhibition of
zebrafish and fathead minnow reproduction than did the enhanced ECF effluents.  Both
the undiluted, untreated enhanced ECF and TCF effluents showed no inhibition of water
flea reproduction at the most sensitive level, the No Observable Effect Concentration.140

Kovacs and his colleagues compared the bleach plant effluent from a Finnish mill
that switched between enhanced ECF with oxygen delignification and ozone TCF
bleaching.141  They performed five bioassays: fathead minnow survival and growth, water
flea survival/reproduction, Selenastrum (algae) growth, sea urchin fertilization and
rainbow trout liver enzyme induction (EROD).  In all cases, the treated TCF effluent had
the least effect.

While a range of single species bioassay tests show TCF mill effluent to be less
toxic than enhanced ECF mill effluent, model ecosystem studies do not show large
differences in the environmental effects of enhanced ECF and TCF bleaching of
unbleached kraft pulps.  Kovacs reported that the model ecosystem studies showed no
toxic effects from either effluent at concentrations that ranged from 0.05-0.25%.142

Lövblad reported similar “response factors” from model ecosystem studies of bleach
plant effluents for ECF and TCF bleached kraft mills that have extended delignification
and oxygen delignification.143  He notes that “when comparing ECF- and TCF-
technology on an equal development level (i.e. with kappa number about 10 or lower
before bleaching), we today know that the differences in, for example, the effluent
toxicity is small and may be of limited ecological significance.”144  Scientists continue to
collect information about the toxicity of ECF and TCF effluents.
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b) Studies of the Effects of Pulp Mill Effluent on Native Fish
Populations

The low toxicity of the effluents from mills with ECF or TCF bleaching and
oxygen delignification and extended delignification suggests that the bleaching process
does not generate many substances that adversely affect the organisms in mill receiving
water ecosystems.  Researchers at Environment Canada have found that pulp mill
effluent affects the reproductive system of fish downstream from these mills.  Laboratory
studies have shown that plant sterols can decrease sex hormone levels and thus, might
lead to these effects.  EPA scientists in Gulf Breeze, FL have found that exposure to
microbially degraded plant sterols causes female mosquitofish to exhibit male sexual
characteristics.

Hodson and his colleagues reported that “field studies of natural fish populations
have demonstrated that fish downstream of pulp mills show chemical contamination,
induction of enzymes that metabolize xenobiotics, physiological changes indicative of
impaired stress responses, impaired sexual maturation, reduced reproductive capability,
changes in energy metabolism, pathology, changes in population demographics and
recruitment and shifts in community structure.”145  Munkittrick and Van der Kraak
reported that most of the population changes in wild fish at Jackfish Bay can be
correlated with decreased levels of sex steroids in the blood.  Secondary treatment and
greater dilution of non-toxic effluent do not eliminate these responses at some sites.146

These reproductive system effects were seen in fish downstream from a mill with oxygen
delignification, partial chlorine dioxide substitution and secondary effluent treatment and
downstream from mills that do not produce bleached pulp.

Schryer and his colleagues report that sex steroid levels in longnose suckers on
the Wapiti River downstream from the Weyerhaeuser Canada Grande Prairie, Alberta
mill showed no correlation with exposure to treated bleached kraft mill effluent, and that
exposure to the effluent has had no population level effects on the wild fish on the Wapiti
River.147  Exposure to kraft pulp mill effluent only delays sexual maturation, it has no
effect on the fertility of sexually mature fish, so one would not necessarily see population
level effects in all cases.

Three factors may attenuate the delayed sexual maturation and other reproductive
effects in the fish in the Wapiti River.  First, there are no dams on the Wapiti River to
keep these migratory fish from moving upstream of the mill, so their exposure to the
effluent would be highly variable over time.148  Second, nutrient enrichment at
downstream sites in the river can mask the effect of exposure to bleached kraft mill
effluent.  Fish at downstream sites in a river are larger and reach sexual maturity earlier
than do fish that live further upstream.149  Third, the Grande Prairie mill installed
reclamation systems to recover process spills during its 1992 modernization program.
Black liquor spills from mill upsets are contained and reprocessed through the evaporator
system.150  Reducing black liquor spills can have a large effect on the toxicity of treated
mill effluent because the black liquor and the effluents from the first chlorine or chlorine
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dioxide stage and the alkali extraction stage of the bleach plant are the most potent
effluent streams within a modernized bleached kraft mill.151

Laboratory studies have linked exposure to β-sitosterol, a common plant sterol, to
the reduced blood levels of sex steroids in fish.  Van der Kraak found a dose-response
relationship between depressed testosterone levels in male goldfish and the β-sitosterol
concentration in water.152  The lowest β-sitosterol concentrations from this study are
similar to the concentrations found in receiving waters downstream from mills with
affected fish populations.153  Zacharewski and his colleagues tested black liquor with a
sensitive bioassay for estrogenic compounds.  These scientists note that estrogenic plant
sterols, such as β-sitosterol, are likely candidates to cause the observed estrogenic
activity.154  Demonstrating that this substance impairs the reproductive systems of the
wild fish downstream from pulp mills, however, requires additional research.

Davis and his colleagues found female mosquitofish with male sexual
characteristics on a small stream downstream from kraft pulp mills in Florida.  Davis
reproduced the effect of exposure to kraft mill effluent by exposing female mosquitofish
to a mixture of microbially degraded plant sterols that included β-sitosterol.155  Treatment
of the effluent reduces the extent of the masculinization.  Removing the fish from
exposure to the effluent stops the masculinization and aggressive behavior associated
with male mosquitofish.  Masculinized females that have been removed from the field
have given birth to normal female offspring, but based on observations of “highly”
masculinized females, Davis “strongly suspects that reproductive function becomes
impaired, if not entirely lost, after continued KME [kraft mill effluent] exposure.”156

The major source of plant sterols is spent liquor from the pulping process.  Davis
reports that tall oil, a by-product of kraft pulping, is composed of 20-25% resin acids, 46-
48% fatty acids and 25-35% plant sterols.157  The bleach plant is not an important source
of plant sterols.  Good brownstock washing and increased filtrate recirculation to the
chemical recovery system will reduce the concentration of plant sterols entering the
bleach plant where chlorine dioxide effectively oxidizes sitosterol in the bleach plant
filtrates.  Ozone also oxidizes the sitosterol, although the author did not quantify its
effectiveness.  Hydrogen peroxide appears to be a less effective oxidizing agent.158  This
finding indicates that  mills that produce peroxide TCF pulps should minimize the
amount of lignin in the unbleached pulp to reduce the levels of sitosterol in the bleach
plant filtrates.

D. Summary

Effluent Quality:

BOD, COD and color [Sections V. B.1 and V. B.2]:

• Moving to traditional ECF bleaching from 50% chlorine dioxide substitution
has no observable effect on the magnitude of these effluent parameters.
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• Using extended delignification and/or oxygen delignification to reduce the
amount of lignin in the pulp before it enters the bleach plant reduces the loading
of BOD, COD, and color in bleach plant filtrates.

• Installing low-effluent ECF or TCF processes decreases the loadings of all three
effluent parameters to the lowest level of the options considered.

AOX [Section V. B.3]:

• The mean AOX loading in the softwood bleach plant filtrates with traditional
ECF bleaching is about 25% lower than that of the base case.  Increasing the
chlorine dioxide substitution in the first bleaching stage reduces the mean AOX
loading in the bleach plant filtrates  to 1.5 kg/air-dried metric ton (ADMT) of pulp
from a loading of about 2.0 kg/ADMT in the bleach plant filtrates  of the base case
mill.

• The mean AOX loading in treated softwood bleached kraft mill effluent of a mill
with enhanced ECF bleaching is about 63% lower than the mean loading in the
bleach plant filtrates of the base case.

• Recirculating the bleach plant filtrate from the alkali extraction stage to
produce low-effluent ECF pulps reduces the AOX loading in the treated mill
effluent to the lowest level of the ECF options considered.

• The AOX loading of TCF bleach plant filtrates is at background levels and is the
lowest of the manufacturing technologies considered.

Dioxins [Section V. B.4]:

• Increasing the chlorine dioxide substitution from 50%-100% in the first
bleaching stage reduces the concentrations of both TCDD and TCDF in treated
bleached kraft mill effluent below the analytical detection limit of 10 ppq.

• The variability of the data cloud the effect of installing oxygen delignification or
extended delignification on the dioxin loading in the treated final effluent of
bleached kraft mills with ECF bleaching sequences.  Data show that the mean
loading of TCDF in final effluent from enhanced ECF mills is lower than that from
traditional ECF mills; however, statistical analysis indicates that these means are not
statistically different.  Current analytical methods are not sensitive enough to measure
these dioxin loadings precisely.  Additional research is required to determine whether
installing oxygen delignification or extended delignification lowers the TCDF
loading in the final effluent.

• Mills that replace chlorine dioxide with ozone in the first bleaching stage may
not generate dioxins.
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Effluent toxicity studies - Bleach plant filtrates [Section V. C.1]:

• A Canadian laboratory study showed that filtrates from both traditional and
enhanced ECF bleaching processes were less toxic to water flea reproduction
and fathead minnow growth than were filtrates with 50% chlorine dioxide and
50% elemental chlorine.

• This study also showed that bleach plant filtrates from an enhanced ECF
bleaching process had fewer chronic toxic effects to water fleas and fathead
minnows than did filtrates  with traditional ECF bleaching.

• Two studies of laboratory-prepared filtrates from enhanced ECF and TCF
processes indicated that the untreated TCF filtrates were more toxic to several
freshwater and marine organisms than were untreated ECF filtrates.  The
differences in the sublethal toxicity of treated ECF and TCF filtrates is small.
Excess hydrogen peroxide or sodium meta-bisulfite used to neutralize the peroxide
may account for the toxicity of the TCF filtrates.

• A large, highly colored, water soluble, degraded lignin molecule found in bleach
plant effluent is toxic to the early life stages of marine plants, invertebrates and
fish.

Effluent toxicity studies - Mill studies [Section V. C.2]:

• The results from current studies comparing ECF and TCF bleach plant filtrates
from mills that bleach pulp with similar lignin content show little difference in
chronic toxicity.  While a range of single species bioassays show that treated TCF
mill effluents are less toxic than treated ECF mill effluents, model ecosystem studies
do not show significant differences in the effluent from mills with similar pulping
technologies.

• Recent research suggests that exposure to compounds in the black liquor may
reduce the reproductive capacity of wild fish downstream from bleached kraft
mills.  Laboratory research suggests that plant sterols may account for these
effects.

VI. SOLID WASTE GENERATED BY BLEACHED KRAFT MILLS

A. Scope

In this section we examine the quantity of solid waste generated by bleached kraft
mills.  Moving to the effluent-free bleach plant may increase the amount of material that
is discharged as solid waste.  The quality of the components of the solid waste stream
also determine the disposal methods available to the mill.
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1. Solid Waste Quantity

Bleached kraft mills generate five types of solid waste: unburned wood yard
waste, wastewater sludge; ash from the recovery and power boilers; solid residuals from
the chemical recovery system; and general mill refuse.159  While some of these residues
provide energy to operate the mills, the rest must be disposed of in an ecological and
economical manner.  Currently, primary and secondary sludge from wastewater treatment
systems account for the largest portion of the solid waste stream.160

The quantity of solid waste generated by bleached kraft mills should not increase
until mills operate their bleach plants with almost no effluent discharge.  Mills with low-
effluent bleaching processes concentrate metals and other non-process elements and
purge them in the effluent.  Estimates of the impact of effluent-free bleach plant
operations vary.  Experts at Champion International and Union Camp expect the increase
in solid waste to be small.161  Mannisto and his colleagues estimate that the amount of
solid waste generated by an effluent-free bleached kraft mill where the bleach plant
filtrate and the pulping liquor are sent to the chemical recovery system to be 2.5 to 3
times that of currently operating mills.162

B. Solid Waste Quality

The composition of the solid waste stream determines the disposal options
available to bleached kraft mills.  Mills that move to either traditional ECF or enhanced
ECF processes will have to dispose of wastewater sludge.  As mills approach the
effluent-free bleach plant, the disposal of metals and other non-process elements that
enter the pulp mill with the wood will become more problematic.  Mills that operate
effluent-free ECF bleach plants with separate recovery of the bleach plant filtrate will
have to incinerate or otherwise treat chlorinated material, both organic and inorganic, in
the residue from the filtrate evaporators.

1. Wastewater sludge

Clarifiers used before biological treatment generate primary sludge as gravity or
flotation thicken the organic and inorganic materials suspended in the untreated mill
wastewater.  Primary sludge contains wood fibers as the principal organic component,
and inorganic materials such as clay, calcium carbonate, titanium dioxide, inert solids
rejected during the chemical recovery process, and ash.  Bleach plant effluent generally
bypasses the primary treatment system because of its low suspended solids content.

Clarifiers are used after biological treatment to remove biological solids in the
treated effluent generate secondary sludge.  Mills with activated sludge treatment systems
generate most of the secondary sludge.  Mills with aerated lagoons do not clarify the
treated effluent, although they do generate some sludge when they dredge the lagoon.
The solids in secondary sludge are mostly organic and contain bacterial and other
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microbial biomass.163  Mills usually generate larger quantities of primary sludge.164  Most
mills dispose of the wastewater sludge in landfills, 27% of U.S. mills incinerate
wastewater sludge, 8% of U.S. mills land-spread their sludge, and an additional 8% use
other disposal methods. 165

Installing traditional ECF or enhanced ECF processes may facilitate sludge
incineration by reducing the combustion temperatures required to destroy the chlorinated
organic compounds present in the sludge. Wastewater sludge from mills with TCF
bleaching should have very low concentrations of  both organic and inorganic chlorides.

The dioxin loading in bleached kraft mill wastewater sludges affect the ability of
mills to landspread sludge.  EPA and the American Forest & Paper Association
(AF&PA) developed a voluntary industry environmental stewardship program for the
land application of sludge.166  Sludges with less than 10 ppt TEQ of TCDD are subject to
reduced monitoring and reporting requirements and can be applied to land at appropriate
agronomic rates.  Sludge with up to a maximum TCDD concentration of 50 ppt TEQ can
be land applied, but the concentration of dioxin in the soil cannot exceed 10 ppt TEQ.
Sludge may be applied to land used for grazing domestic animals for human consumption
only if the resulting TCDD/TCDF soil concentration is less than 1 ppt.

This industry/EPA program should provide adequate protection from dioxin-
related health effects in wildlife.  A 1987 industry study of the effect of applying sludge
with a TCDD concentration of 10.8 ppt and a TCDF concentration of 106 ppt on birds,
deer mice and invertebrates that inhabit forested areas in Wisconsin found that the
concentrations of dioxins increased in both the deer mice and the birds  However, no
dioxin-related toxic effects were observed in the populations of deer mice or birds on
these plots.167

 Three recent studies present data on the dioxin loading in wastewater sludge for
bleached kraft mills.  In the short-and long-term studies of 14 bleached kraft mills, EPA
found TCDD above a detection limit of 1 ppt in 9 of the mills with a maximum loading of
67 ppt.  Sludges from 12 of the 14 mills contained TCDF loadings above a detection limit
of 1 ppt with a maximum loading of 160 ppt. 168

In the 1993 NCASI survey of 97 chemical pulp mills reported mean TCDD and
TCDF concentrations in wastewater sludge of 11 ppt and 49 ppt respectively, and
maximum concentrations of 133 ppt and 735 ppt.169  Mills used a protocol similar to that
of the EPA 104 mill study, rather than reporting concentrations based on their own test
protocols.170  TCDF has a TCDD toxic equivalence factor of 0.1, so the mean
concentration in chemical pulp mill sludge in 1993 was 15.9 ppt TEQ.

Dioxin loading in mills with ECF bleaching are much lower than the current
average loading of chemical pulp mills.  In the six mill study, TCDD was found at the
detection limit of 1 ppt in 2 of 12 samples of primary sludge of a mill that uses ECF
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bleaching with oxygen delignification.  TCDF was detected in 10 of the 12 samples with
a range of 2 ppt to 7 ppt.  The limit of detection for TCDF in the sludge was 1 ppt.171

Little published data currently exist on the quality of wastewater sludge from TCF
bleached kraft mills.  Bleached kraft mills, however, that have installed TCF bleaching
sequences have eliminated dioxin formation during the pulp manufacturing process, so
the dioxin loading in the sludge should not constrain the land-spreading of sludge from
these mills.

2. Solid waste quality of effluent-free bleach plants

The composition of solid waste from a mill with low-effluent ECF or TCF
bleaching processes that sends bleach plant filtrate to the chemical recovery system does
not change appreciably until almost all of the bleach plant filtrate is recirculated.  When
these mills operate effluent-free bleach plants, metals and other non-process elements
probably will be removed in the chemical recovery system and thus increase the solid
waste generated.  Mills may also have to handle increased amounts of recovery boiler
ash.  Some of the waste from the chemical recovery system may be considered hazardous
and the boiler ash may be difficult to manage because of its water solubility.172  Mills that
recover the filtrate from an ECF bleach plant using a separate recovery system will have
to manage evaporator residue with a high concentration of both organic and inorganic
chlorides, and dispose of the ash if the residue is incinerated.  The ash may contain
dioxins that form in the presence of fly ash, flue gases and chlorides.173

C. Summary

• Installing traditional ECF, enhanced ECF or low-effluent bleaching processes
reduce the loading of chlorinated organic compounds and dioxins in
wastewater sludge.

• Engineers predict that for mills with effluent-free bleach plants that
recirculate the bleach plant filtrate to the chemical recovery system, the
quantity of solid waste generated will increase.  Additional research is needed
to determine whether some of these wastes will be hazardous or difficult to
dispose.

• Mills that send filtrate from ECF bleach plants to a separate recovery system
may have to dispose of ash if the mill incinerates the organic waste.
Additional research is needed to determine whether the resulting ash contains
dioxins, and thus needs to be handled as hazardous waste.
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VII. EXPLANATION OF KEY TERMS AND ABBREVIATIONS

Note:  Terms listed and defined below are in boldface.  Terms which may be of
particular interest to the reader in a given context, but are not listed below, are in italics.

Acute toxicity tests of the effluent measure the concentration that results in the death of a
set percentage of test organisms over a specified period of exposure.  A widely used test
of acute toxicity determines the effluent concentration that results in the death of 50% of
the organisms in either 48 or 96 hours.

Adsorbable organic halogens (AOX):  Measure of the total amount of halogens
(chlorine, bromine and iodine) bound to dissolved or suspended organic matter in a
wastewater sample.  For pulp, paper and paperboard wastewaters, essentially all of the
organic substances measured as AOX are chlorinated compounds that result from the
bleaching of pulps with chlorine and chlorinated compounds such as chlorine dioxide and
hypochlorite. AOX provides information about the quantity of chlorinated organic
compounds in wastewater, and thus contains a broad mix of compounds that have
different chemical properties.  The actual composition of AOX in pulp mill effluent
varies from mill to mill, depending on the wood species used and the process parameters.

“Although AOX concentrations can be used to determine the removal of chlorinated
organics to assess loading reductions, they do not provide information on the potential
toxicity of the effluent, and therefore, are not appropriate to evaluate the potential
impacts on the environment.  Although no statistical relationship has been established
between the level of AOX and specific chlorinated organic compounds, AOX analysis
can be an inexpensive method for obtaining the ‘bulk’ measure of the total mass of
chlorinated organic compounds.” (U.S. EPA, Regulatory Impact Assessment of Proposed
Effluent Guidelines and NESHAP for the Pulp, Paper and Paperboard Industry,
(Washington: Office of Water, EPA-821-R93-020, November 1993), pp. 7-25 - 7-26)

AF&PA:  The American Forest & Paper Association.

Air-dried metric tons (ADMT): Pulp with 10% water content by weight.  One ADMT
is equivalent to 0.9 oven-dried metric ton of pulp (ODMT).

Air-dried tons of final product (ADTFP/ADMTFP):  Tons or metric tons of final
product made at a mill.

American Forest & Paper Association:  The trade association for the U.S. pulp, paper
and forest products industry.

Anaerobic:  Biochemical process or condition occurring in the absence of oxygen.

Anthraquinone:  Chemical added to the digester that increases the amount of lignin
removed from kraft pulp while maintaining its strength.
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Ash:  Inorganic matter present in the paper sheet, such as clay or titanium dioxide.

Bioassays test the toxicity of an effluent on single species of plants, invertebrates, or fish
that represent the classes of organisms present in mills’ receiving water ecosystem.
Scientists expose these organisms to different concentrations of the effluent in the
laboratory to measure acute and sublethal toxic effects.

Biochemical oxygen demand (BOD):  Amount of oxygen required by aerobic (oxygen-
requiring) organisms to carry out normal oxidative metabolism or the amount required by
oxidation of metabolic by-product from anaerobic organisms in water containing organic
matter.  Thus, BOD measures the amount of dissolved organic material that is degraded
naturally once it enters a mill’s receiving waters.  For regulatory purposes, BOD  is most
often measured over a five-day period in the United States.  The BOD in a test bottle can
consume oxygen well in excess of 100 days, and the five-day test may capture only 50-
75% of the total  BOD.

Black liquor:  Spent, lignin-rich cooking liquor generated in the kraft pulping process.

Bleached chemi-thermomechanical pulp:  A stronger and brighter variation of chemi-
thermomechanical pulp (TMP), a pulp that reduces energy consumption for certain
paper grades by combining thermal pretreatment with chemical methods.

Bleaching:  Chemical treatment of pulp fibers for the purpose of: (1) increasing pulp
brightness, (2) improving cleanliness by disintegrating contaminating particles such as
bark, and (3) improving brightness stability by reducing the tendency of bleached pulp to
turn yellow.  Bleaching removes residual lignin chemicals..

Brightness:  Light-reflecting property of paper or pulp.  Brightness measurements
compare paper and pulp with a reference standard (measured on a scale of 1 to 100 where
100 represents the reflectance of magnesium oxide).  Bleached kraft pulps range in
brightness from the low 80s to over 90.  Unbleached mechanical pulps range from 55 to
62.

Capacity:  The amount of pulp, paper or paperboard that a  paper machine or mill is
capable of producing over an extended  period of time with the full use of its equipment,
adequate raw materials and labor and full demand for its products.  Capacity is often
slightly higher than actual production.

Carbon dioxide (CO2):  Greenhouse gas associated with global climate change that
results from the complete combustion of biomass and fossil fuels.

Cellulose:  Polymer of sugar units that forms transparent, hollow and flexible tubes.  It is
the most abundant natural polymer produced by plants.
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Chelating stage refers to the stage that usually proceeds hydrogen peroxide bleaching.
Chelating agents tie-up metals so that they can be washed out of the pulp.  These metals
would otherwise react with the hydrogen peroxide and destroy it.

Chemical oxygen demand (COD):  Amount of oxidizable compounds (composed of
carbon and hydrogen) present in the water.  Since an effluent-treatment system removes
most of the organic material that would be degraded naturally in the receiving waters, the
COD of the final effluent provides information about the quantity of more persistent
substances discharged into the receiving water.

Chemical pulp:  Pulp produced from wood that has been cooked with various chemicals;
used to produce many grades of printing papers and some paperboard grades, such as
SBS.

Clarifier:  Process water storage tank in which suspended solids are allowed to settle.

Clean Air Act:  Federal statute that gives the U.S. Environmental Protection Agency the
authority to regulate emissions of air pollutants from all sources in the United States.
The purpose of the statute is to protect and enhance the quality of the nation’s air
resources.  42 U.S.C. &&7401 to 7642.

Clean Water Act:  Federal statute that gives the U.S. Environmental Protection Agency
the authority to regulate discharges of pollutants from all sources into the waters of the
United States.  The purpose of the statute is to restore and maintain the chemical,
physical and biological integrity of the nation’s waters.  33 U.S.C. && 1251 to 1387.

Color:  Used to describe colored wastewater discharge from chemical pulping, pulp
bleaching or colored-paper manufacture.  The wastewater is colored by the lignin and
lignin derivatives present in spent cooking liquors.

Condensates refer to the water from the digester area and the water, liquor from the
brownstock washers is concentrated before being fed into the recovery boiler.  The
condensates from the first evaporator is referred to as foul condensates because these
condensates usually have higher concentrations of TRS compound and other organic
substances dissolved in the weak black liquor.  Clean condensates are generated in
subsequent evaporator stages.  This water is often reused at the mill.

Consistency:  The percentage of  cellulose fibers in a pulp slurry,.

Cook:  To treat wood with chemicals, under pressure and/or extreme heat, to produce
pulp for making paper and paperboard.

Cooking liquor:  Chemical solution used to pulp wood.

Delignification:  The process of removing lignin from wood or non-wood fibers.
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Digester:  Pressurized vessel in which wood chips are cooked to separate fibers from
each other and to remove contaminants.

Dioxins:  A group of persistent, toxic substances, including furans, that are produced in
trace amounts when unbleached pulp is exposed to elemental chlorine.  Term used to
describe the families of chemicals known as chlorinated dibenzo-p-dioxins and dibenzo-
p-furans.  These families consist of 75 different chlorinated dibenzo-p-dioxins and 135
different chlorinated dibenzo-p-furans.  These molecules can have from one to eight
chlorine atoms attached to a planar carbon skeleton.  2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and 2,3,7,8-tetrachlorodibenzofuran (TCDF) are two of the most toxic members
of this family of compounds.  If dioxins are detected in the releases from bleaching
processes that expose unbleached pulp to elemental chlorine, the dioxins are most likely
to be TCDD and TCDF.

Effluent:  Wastewater that has been discharged either to a sewer or to a stream or other
body of water.

Elemental chlorine:  Chlorine gas (Cl2).

Elemental chlorine-free (ECF):  Bleaching processes that substitute chlorine dioxide
for elemental chlorine and sodium hypochlorite in the bleaching process.

Filtrate:  Water that is either pressed or washed out of the pulp during the pulping and
bleaching; once the water has been discharged to a sewer it becomes effluent.

Furans:  See dioxins.

Hardwood:   Technically, a dicotyledonous tree.  Hardwoods typically have broad leaves
and are often deciduous (they lose their leaves during winter); e.g., maple, oak, aspen,
cherry and ash.

Hazardous air pollutant (HAP):  One of 189 toxic substances as defined by the 1990
Clean Air Act amendments.

Hydrophilic:  Affinity for water.

Hydrophobic:  Aversion to water.

Kappa number is a measure of the amount of lignin remaining in pulp.  One can
estimate the percentage of lignin in a pulp using the following equation.  A pulp with a
kappa number of 18, for example, contains 2.7% lignin.

% Lignin = 0.15% x Kappa number

Kraft mill:  Mill that produces kraft pulp.
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Kraft pulp:  Also called sulfate pulp.  Chemical pulp made using an alkaline cooking
process with sulfur compounds.  This pulp can be bleached or unbleached and is noted
for its strength.

Lignin:   Complex organic material that binds together fibers in trees and woody plants.

Market pulp: Pulp sold on the open market; virgin market pulp is air-dried and wrapped;
deinked market pulp can be sold in air-dried or wet-lapped (partially dry) form.

Nitrogen oxides (NOx):  Emissions that occur when fuels that contain nitrogen are
burned.  Most NOx forms at high temperatures from combustion of nitrogen in the air.
Nitrogen oxides contribute to acid rain and can react with volatile organic compounds
in the atmosphere to produce the ozone in photochemical smog.

Oven-dried ton/metric ton of pulp (ODTP/ODMTP):  The moisture content of oven-
dried pulp is zero.  Air-dried pulps have about a 10% moisture content

Ozone (O3):  Powerful oxidizing agent used in bleaching processes to remove lignin and
colored substances from pulp.  Ozone is formed by passing electricity through a stream of
oxygen gas.  Low-level atmospheric ozone  is a pollutant in smog that results from the
reaction of nitrogen oxides and volatile organic compounds with sunlight.

Particulates:  Small particles that are dispersed into the atmosphere during combustion.

Persistence:   Ability of a substance  to remain active over a period of time.

Pulp:  Cellulose fiber material, produced by chemical or mechanical means, from which
paper and paperboard are manufactured.  Sources of cellulose fiber include wood, cotton,
straw, jute, bagasse, bamboo, hemp and reeds.

Pulpwood:   Roundwood products, whole-tree chips, or wood residues that are used
for the production of wood pulp.

Purchased energy consumption: Amount of purchased electricity and fossil fuels that
mills use to run the equipment and to generate process steam.  Cogeneration and more
efficient combustion of lignin and other wood waste decreases the purchased energy
consumption of the mill.

Saltcake (sodium sulfate) is the chemical that is added to the recovery boiler to replace
the sulfur lost in the pulping process.  It is converted in the hearth of the recovery boiler
to sodium sulfide, one of the components of white liquor.  Carry-over of black liquor
from the brownstock washers is often expressed in terms of kg of saltcake loss per metric
ton of pulp.

Secondary treatment:  Wastewater treatment systems that use microorganisms to
convert the dissolved organic waste in the effluent into a more harmless form. Although
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primarily designed to remove BOD, secondary treatment also reduces the loading of
COD and AOX.

Shrinkage:  Decrease in dimensions of a paper sheet; weight loss between amount of
pulp used and paper produced.

better surface properties and improve certain physical properties of a sheet.  The
papermaker generally applies either surface or internal sizing, which can be applied as
sole treatments or in combination

Sodium hypochlorite:  Bleaching chemical produced by mixing sodium hydroxide and
elemental chlorine.  Mills are eliminating this chemical from bleaching processes
because it produces large quantities of chloroform.

Softwood:   Coniferous usually evergreen tree that has needles or scale-like leaves; e.g.,
pine, Douglas fir and spruce.

Sublethal toxic effects describe effects that do not kill the organism, but may reduce the
total population over time.  These effects include reduced growth, and impaired
reproductive or immune systems.

Sulfate pulp:  See kraft pulp.

Sulfur dioxide (SO2):  Chemical compound produced when boilers burn fuel that
contains sulfur.  Of the fuels used in the paper industry, oil and coal generally contain the
highest quantities of sulfur.

Suspended solids:  See total suspended solids.

Total energy consumption:  Energy, including electricity and all forms of fuels,
consumed to produce a ton of pulp or paper.

Totally chlorine-free (TCF):  Bleaching process that uses no chlorine-based chemicals.

Total reduced sulfur compounds (TRS):  Mix of organic compounds that cause the
odor associated with kraft pulp mills.  These compounds include hydrogen sulfide,
dimethyl sulfide, dimethyl disulfide and methyl mercaptan.

Total suspended solids (TSS):  Amount of suspended solids in the effluent.  They can
eventually settle on the bottom of a mill's receiving water and affect the habitat of
bottom-living organisms.  Well-operated treatment systems remove most of these solids.
Concern remains, however, because heavy metals, dioxins and other unchlorinated
compounds can be adsorbed onto the remaining suspended solids.

Toxic equivalence (TEQ):  The EPA uses toxic equivalence factors (TEFs) to estimate
the relative toxicity of different members of the dioxin and furan families, because they
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produce similar toxic effects, but at different doses.  E.g., TCDD is the most toxic
member of the dioxin and furan family and is assigned a toxic equivalence factor of 1.0,
while the less toxic TCDF is assigned a toxic equivalence factor of 0.10.  Using these
factors, the sum of the toxicity of one gram of TCDD and one gram of TCDF would be
equal to 1.1 grams TEQ of TCDD.

Volatile organic compounds (VOCs):  Broad class of organic gases, such as vapors
from solvents and gasoline that react with nitrogen oxides in the atmosphere to form low-
level atmospheric ozone .
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A. Appendix A:  Panelists and Reviewers of Issue Paper No. 5

Members of the Task Force gratefully acknowledge the time, effort and expertise
that the panelists and reviewers provided to its research.  The work and the final products
of the Task Force are the sole responsibility of its members.  The panelists and reviewers
listed below have not endorsed the contents of these papers.

The expert panel on environmental comparison of bleached kraft pulp
manufacturing technologies took place on September 21, 1994 at the offices of The
Prudential in Newark, NJ.

Panelists:

John Carey
Director, Aquatic Ecosystem Conservation Branch, Environment Canada

*† Gerard Closset
Vice President - Technology, Champion International Corporation

*† Roland Lövblad
Manager, Environmental Services, Södra Cell AB
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*† Dale K. Phenicie
Manager, Environmental Regulatory Affairs, Georgia Pacific Corporation

† Peter Washburn
Staff Scientist, Natural Resources Council of Maine

The following reviewers provided comments on Issue Paper No. 5 and a draft of
White Paper No. 5:

*† E. Lee Andrews
Senior Vice President, Fine Papers Division, Westvaco Corporation

† Jessica Landman
Senior Attorney, Natural Resources Defense Council

*† Peter Lee
Staff Vice President, Research & Development, International Paper Co.

* Thomas McDonough, Ph.D.
Associate Vice President, Research and Academic Affairs, Institute of Paper Science
and Technology

*† Wells Nutt
President, Union Camp Technology, Inc.

*† Harvey Persinger
Project Manager, Weyerhaeuser Paper Company

† Keith D. Romig, Jr.
Special Projects Department, United Paperworkers International Union

*† Wayne Schmidt
Scientist, National Wildlife Federation

*† Robert Shimp
Vice President, Environmental Safety and External Relations, Procter & Gamble
Corporation

† Richard Storat
Vice President, Economics and Research, American Forest & Paper Association

*provided comments on issue paper
† provided comments on a draft of the white paper
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B. Appendix B:  Additional Information on Releases to Air and Water

This appendix contains the emission factors for the air emissions from non-
combustion process sources generated by bleached kraft mills.  Table B- 7 contains data
on TCDD and TCDF concentrations in the final effluent of three softwood ECF bleached
kraft mills.

Table B-1 Energy requirements to produce bleaching chemicals

Table B-2 Energy consumption to manufacture the bleaching chemicals for the
different manufacturing processes

Table B-3 Hazardous air pollutant (HAP) emissions from bleached kraft mill process
sources

Table B-4 Volatile organic compound (VOC) and total reduced sulfur (TRS) air
emissions from bleached kraft mill process sources

Table B-5 Hazardous air pollutant (HAP) emissions from pulp and paper mill
sources

Table B-6 Volatile organic compound (VOC) and total reduced sulfur (TRS) air
emissions from pulp and paper mill sources

Table B-7 Dioxin loading (TCDD and TCDF) in the final effluent of three softwood
ECF bleached kraft mills
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Table 1.  Energy requirements to produce bleaching chemicals

Bleaching chemical energy analysis

Conversion factors:
1 kWh 0.0105 million Btus
1 metric ton of steam 2.53 million Btus

Energy to produce one metric ton of chlorine dioxide with an R-8 process [1]
Input Input Chlorine dioxide

Input Quantity Electricity Steam Electricity Steam
 (metric tons ) (kWh/metric ton) (metric ton/metric ton) (kWh/metric ton) (metric ton/metric ton)

Sodium chlorate 1.7 5,600 0.0 9,667 0.0
Methanol 0.2 60 0.0 9 0.0
Sulfuric acid 1.0 100 0.0 100 0.0
Steam 1.0 0 4.8 0 4.8
Electricity 1.0 272 0.0 272 0.0
Total 10,049 4.8

Energy required to manufacture bleaching chemicals

Electricity Steam Electricity Steam Total energy
(kWh/metric ton)metric ton/metric ton) (mm Btu/ metric ton) (mm Btu/ metric ton) (mm Btu/ metric ton)

Elemental chlorine (Cl2) 1,400              0.0 14.7 0.0 14.7
Sodium hydroxide (NaOH 1,400              0.0 14.7 0.0 14.7
Oxygen (O2) 400                 0.0 4.2 0.0 4.2
Oxidized white  liquor (OW 3,916              0.0 41.1 0.0 41.1
Hydrogen peroxide (H202 1,720              6.6 18.1 16.7 34.8
Chlorine dioxide (Cl02) 10,049            4.8 105.5 12.1 117.6
Ozone (O3) 12,518            0.0 131.4 0.0 131.4
Sulfuric acid (H2SO4) 100.0 0.0 1.1 0.0 1.1

Sources: [1]  Wells Nutt, president, Union Camp Technologies Inc., letter to Lauren Blum, September 27, 1994 and letter to Harry Capell, 12 July 1995.
[2]   Jean Renard, International Paper, personal communication, May 26, 1995; 
[3]   N. Peters and R.W. Cunnington, "Power Consumption and AOX: What's Going to Happen in Canada?"

 Pulp & Paper Canada,  95(5): 11 - 13 (1994).
[4]  Paul Stockburger, "What you need to know before buying your next chlorine dioxide plant", 
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Table B-2.  Energy consumption to manufacture the bleaching chemicals for the different manufacturing processes

(C50D50)DED D(EO)DED OD(EO)D OZ(EO)DD
Chemical Quantity Electricity Steam Chemical Quantity Electricity Steam Chemical Quantity Electricity Steam Chemical Quantity

Oxygen,O 25 Oxygen, O 25
Chlorine, C 40.0 0.6 0.0 Chlorine dioxide, 39.2 E1 7.5 EO 5

D1 26.0 Total 32.5 0.2 0 Total 30
Chlorine dioxide, 15.4 D2 9.5
D1 26.0 Total 74.7 7.9 0.9 Oxidized white liqu 40 1.6 0 OWL 40
D2 9.5
Total 50.9 5.4 0.6 Sodium hydroxide 42.0 Ozone, Z 7.35

E2 5.0 Chlorine dioxide, D 13.5
Sodium hydroxide 42.0 D0 buffer 24.5 D2 8.0 Sulfuric acid, 25
E2 5.0 D1 buffer 16.0 Total 21.5 2.3 0.3
D1 buffer 16.0 D2 buffer 6.0 Chlorine dioxide
D2 buffer 6.0 Total 93.5 1.4 0.0 D1 9.8
Total 69.0 1.0 0.0 Sodium hydroxide, 42.0 D2 6.6

Oxygen, E1 7.5 0.0 0.0 D2 buffer 5.0 Total 16.4
Total 7.0 0.6 Total 47.0 0.7 0.0

Total 9.3 0.9 Sodium hydroxide
H2SO4, D1 buffer 8 0.0 0 Z 5

Units:  Quantity = metric tons of chemical per oven-dried ton of  bleached pulp EO 5
Electricity and Steam = Millions of Btu's per oven-dried ton of bleached pulp Total 4.8 0.3 D1 buffer 6.05

D2 buffer 4.1
Source:  Wells Nutt, president, Union Camp Technologies Inc., letter to Harry Capell, Johnson & Johnson, 12 July 1995, 5-6. Total 20.15

Total
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Table B - 3.  Hazardous air pollutant (HAP) air emissions from all sources at the mill

Methyl Methyl 1,2,4, trichloro-
SOURCE Total HAPs Methanol Acetaldehyde Formaldehyde ethyl ketone n-hexane chloroform isobutyl ketone benzene s tyrene  benzene

(lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP)

PULPING
Brownstock screening to vent 0.0180 0.0160 0.0000 0.0006 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001
Average emiss ions  from brownstock washers 0.4853 0.4487 0.0183 0.0013 0.0044 0.0008 0.0017 0.0012 0.0001 0.0008 0.0006
Swd decker hood & filtrate tank vents 0.0820 0.0670 0.0012 0.0000 0.0054 0.0000 0.0002 0.0001 0.0000 0.0003 0.0012
Average for swd unbleached hi dens ity s torage 0.0488 0.0449 0.0007 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 0.0003 0.0014
TOTAL 0.6341 0.5767 0.0202 0.0020 0.0109 0.0008 0.0020 0.0014 0.0001 0.0013 0.0033

BLEACHING
Bleached kraft with 50%  substitution
Mill F swd (D50,C+D, C+D)EODED 0.6800 0.5200 0.0006 0.0000 0.0011 0.0000 0.1200 0.0003 0.0008 0.0003 0.0220

Bleached kraft with 100%  substitution
Mill E swd DEDED (avg) 0.2700 0.2500 0.0030 0.0000 0.0010 0.0000 0.0110 0.0003 0.0001 0.0004 0.0019

Bleached kraft with oxygen delignification and 100%  substitution
Oxygen delignification 1.1492 1.1000 0.0430 0.0022 0.0040 0.0000 0.0001 0.0040 0.0001 0.0003 0.0001
Mill N swd OD(EP)DD 0.1800 0.1700 0.0036 0.0002 0.0001 0.0000 0.0020 0.0000 0.0001 0.0000 0.0001
TOTAL 1.3292 1.2700 0.0466 0.0024 0.0041 0.0001 0.0021 0.0040 0.0001 0.0003 0.0002

Bleached kraft with low effluent TCF
Oxygen delignification 0.5732 0.5406 0.0274 0.0010 0.0042
Bleach plant 0.1581 0.1350 0.0014 0.0204 0.0012
TOTAL 0.7313 0.6756 0.0288 0.0214 0.0054

CHEMICAL RECOVERY
Mill M swd weak black liquor s torage tank vent 0.0003 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Salt cake mix  tank vents 0.0051 0.0045 0.0003 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Average for tall oil sys tems 0.0103 0.0093 0.0002 0.0000 0.0002 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000
Caus ticizing 0.7450 0.7106 0.0124 0.0053 0.0025 0.0001 0.0020 0.0084 0.0006 0.0007 0.0013
Recovery boiler 0.4694 0.3611 0.0488 0.0121 0.0035 0.0003 0.0070 0.0016 0.0096 0.0018 0.0027
Chemical Recovery Total 1.2301 1.0858 0.0617 0.0175 0.0063 0.0004 0.0091 0.0100 0.0102 0.0026 0.0040

Note:
See Tables  B-5 and B-6 and the associated notes  for a complete compilation
of emiss ion factors  from pulp and paper mill sources  from the NCASI 16 mill s tudy.

Chlorofom emiss ions  do not include fugitive emiss ions  from was tewater handling and treatment sys tems .

Sources :
NCASI, "Volatile Organic Emiss ions  from Pulp and Paper Mill Sources ,"  Technical
Bulletins 675 - 684,  Augus t- September 1994.

NCASI, "Compilation of 'Air Toxic' Emiss ion Data from Boilers , Pulp Mills , and
Bleach Plants ,"  Technical Bulletin 650,  September 1993, pp. 23, 24, 26-33, 34-37.
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Table B-4.  Volatile organic compound (VOC) and total reduced sulfur (TRS) air emissions from all sources at the mill

M ethyl Dimethyl Dimethyl 
SOURCE acetone a-pinene b-pinene terpenes VOCs  mercaptan  sulfide disulfide TOTAL TRS

(lb/ODTP)lb/ODTP) (lb/ODTP) (lb/ODTP)b C/ODTP) lb/ODTP lb/ODTP lb/ODTP lb/ODTP

PULPING
Brownstock screening to vent 0.0004 0.0000 0.0000 0.0014 0.0059 0.0001 0.0010 0.0003 0.0013
Average emissions from brownstock washe 0.0820 0.0064 0.0038 0.0000 0.6700 0.0000 0.0000 0.0000 0.0000
Swd decker hood & filtrate tank vents 0.1700 2.2000 0.5700 0.0000 1.4000 0.0000 0.0000 0.0000 0.0000
Average for swd unbleached hi density stor 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0001
TOTAL 0.2524 2.2064 0.5738 0.0014 2.0761 0.0001 0.0010 0.0003 0.0014

BLEACHING
Bleached kraft with 50% substitution
Mill F swd (D50,C+D, C+D)EODED 0.0093 0.0000 0.0000 0.0440 0.3100 0.0070 0.0054 0.0068 0.0192

Bleached kraft with 100% substitution
Mill E swd DEDED (avg) 0.0030 0.0008 0.0007 0.0000 0.0000 0.0145 0.0039 0.0058 0.0242

Bleached kraft with oxygen delignification and 100% substitution
Oxygen delignification 0.0610 0.0310 0.0430 0.0230 0.6600 0.0006 0.0019 0.0012 0.0037
Mill N swd OD(EP)DD 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026 0.0026
TOTAL 0.0636 0.0336 0.0456 0.0256 0.6626 0.0032 0.0045 0.0038 0.0063

Bleached kraft with low effluent TCF
Oxygen delignification 0.0464
Bleach plant 0.0043
TOTAL 0.0507

CHEM ICAL RECOVERY
Mill M swd weak black liquor storage tank 0.0001 0.0000 0.0000 0.0023 0.0008 0.0000 0.0000 0.0000 0.0001
Salt cake mix  tank vents 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Average for tall oil systems 0.0062 0.0043 0.0210 0.0000 0.0000 0.0004 0.0640 0.0130 0.0774
Causticizing 0.0016 0.0000 0.0000 0.0889 0.5778 0.0004 0.0431 0.0010 0.0445
Recovery boiler 0.0037 0.0000 0.0000 0.1350 0.2630 0.0004 0.0088 0.0113 0.0205
Chemical Recovery Total 0.0116 0.0043 0.0210 0.2262 0.8415 0.0013 0.1159 0.0253 0.1425

Note:
See Tables B-5 and B-6 and the associated notes for a complete compilation
of emission factors from pulp and paper mill sources from the NCASI 16 mill study.

EPA removed acetone from the list of VOCs in 1994 because of its low sensitivity to sunlight.
Total TRS does not include hydrogen sulfide.  NCASI did not include this compound in its study.

Sources:
NCASI, "Volatile Organic Emissions from Pulp and Paper Mill Sources," Technical
Bulletins 675 - 684,  August- September 1994.

NCASI, "Compilation of 'Air Toxic' Emission Data from Boilers, Pulp Mills, and
Bleach Plants," Technical Bulletin 650,  September 1993, pp. 23, 24, 26-33, 34-37.
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 Table B-5.  Hazardous air pollutant emissions from bleached kraft and TMP mills (1, 2, 3)
1,2,

Pulp mill location  (4) Source (5) Total HAPs (2) Methanol Chloroform (9) Acetaldehyde MEK (6) Formaldehyde n-hexane MIBK (6) Benzene Styrene
(lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP)

Oxygen delignification  I 85   (6) 1.1492 1.1000 0.0430 0.0022 0.0040 0.0000 0.0001 0.0040 0.0001 0.0003

Emissions from Lime kilns, smelt dissolving tanks and misc. causticizing area vents
Lime kilns II/90  (7) 0.0397 0.0217 0.0040 0.0046 0.0004 0.0001 0.0007 0.0001 0.0003 0.0002
Smelt dissolving tanks II/106 (4) 0.5597 0.5597 0.0010 0.0000 0.0014 0.0000 0.0009 0.0006 0.0002 0.0003
Slaker & Causticizing Vents II/117   (3 + 2) 0.0397 0.0306 0.0064 0.0000 0.0003 0.0000 0.0001 0.0075 0.0000 0.0001
Lime mud washer II/122 (1) 0.0321 0.0317 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000
Lime Mud Precoat filter vents II/129  (2) 0.0076 0.0067 0.0003 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
Precoat filter vacuum pump exhaust II/132  (2) 0.0058 0.0055 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Green Liquor clarifier vent II/135  (1) 0.0428 0.0397 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Green liquor surge tank vent II/137  (1) 0.0004 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
White liquor clarifier II/142 (1) 0.0058 0.0046 0.0000 0.0007 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
White liquor filter II/143 (1) 0.0113 0.0101 0.0006 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000
TOTALS 0.0000 0.7450 0.7106 0.0124 0.0053 0.0025 0.0001 0.0020 0.0084 0.0006 0.0007

Miscellaneous sources at kraft and TMP mills
Mill G swd weak  black liquor storage tank III 106, B12 (1) 0.0127 0.0125 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Mill G hwd weak black liquor storage III 106, B13 (1) 0.0707 0.0687 0.0003 0.0000 0.0012 0.0001 0.0000 0.0000 0.0000 0.0000
Mill G combined int black liquor storage III106, B14 (1) 0.0026 0.0021 0.0002 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000
Mill G combined heavy black liquor storage tank III 106, B15 (1) 0.0435 0.0302 0.0056 0.0001 0.0059 0.0000 0.0000 0.0000 0.0000 0.0001
Mill M swd weak black liquor storage tank vent III 106, B25 (1) 0.0003 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ClO2 generators t enough data to convert to lb/ODTP
Swd decker hood & filtrate tank vents III 120 (1) 0.0820 0.0670 0.0012 0.0000 0.0054 0.0000 0.0002 0.0001 0.0000 0.0003
Batch digester fill exhaust vents III 130 (3) 0.0302 0.0258 0.0012 0.0008 0.0003 0.0001 0.0002 0.0000 0.0000 0.0002
Mill G swd unbleached hi density storage tank III 136, B10 0.0951 0.0875 0.0013 0.0001 0.0020 0.0000 0.0001 0.0000 0.0000 0.0006
Mill O swd unbleached hi density storage tank III 136, B34 0.0025 0.0023 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Average for swd unbleached hi density storage 0.0488 0.0449 0.0007 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 0.0003
Mill G hwd unbleached hi density storage tank III 136, B11 0.4830 0.4590 0.0080 0.0004 0.0133 0.0002 0.0003 0.0002 0.0000 0.0004
Mill O hwd unbleached hi density storage tank III 136, B32 0.0287 0.0271 0.0006 0.0000 0.0007 0.0000 0.0000 0.0001 0.0000 0.0001
Average for hwd unbleached hi density storage 0.2559 0.2431 0.0043 0.0002 0.0070 0.0001 0.0002 0.0001 0.0000 0.0002
Average for unbleached hi density storage tanks 0.1523 0.1440 0.0025 0.0001 0.0040 0.0001 0.0001 0.0001 0.0000 0.0003
Salt cake mix  tank vents III 143 (3) 0.0051 0.0045 0.0003 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Mill C tall oil recovery system  III 152 0.0050 0.0047 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001
Mill D tall oil recovery system III 154 0.0040 0.0037 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
Mill O tall oil system III 156 0.0013 0.0010 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Average for tall oil systems 0.0103 0.0093 0.0002 0.0000 0.0002 0.0000 0.0000 0.0000 0.0001 0.0001
NCG thermal oxidizers III 161 (3) 0.0110 0.0047 0.0012 0.0016 0.0001 0.0001 0.0002 0.0000 0.0004 0.0000
UNOX, activated sludge reactor III170 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000

TMP system III 167 0.2840 0.1500 0.1300 0.0002 0.0041 0.0003 0.0006 0.0000 0.0003 0.0001
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 Table B-5.  Hazardous air pollutant emissions from bleached kraft and TMP mills (cont'd)
1,2,4-trichloro 

Pulp mill location  (4) Source (5) Total HAPs (2) Methanol Chloroform (9) Acetaldehyde MEK (6) Formaldehyde n-hexane MIBK (6) Benzene Styrene benzene
(lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP)

Emissions from brownstock washing, screening and refining sources
Brownstock screening to NCG collector IV 77 0.6000 0.5900 0.0000 0.0001 0.0014 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
Brownstock screening to vent IV 80 0.0180 0.0160 0.0000 0.0006 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001
Mill A hwd VDW +twin roll press IV 92 1.8000 1.7000 0.0390 0.0044 0.0035 0.0000 0.0007 0.0002 0.0000 0.0003 0.0002
Mill A swd VDW +twin roll press IV 97 1.1000 1.1000 0.0290 0.0001 0.0090 0.0000 0.0150 0.0011 0.0000 0.0002 0.0013
Mill F horizontal belt washer filtrate tank IV 100 0.0011 0.0009 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Mill G hwd diffusion washer IV 103 0.1800 0.1700 0.0057 0.0001 0.0071 0.0001 0.0001 0.0001 0.0000 0.0003 0.0000
Mill G swd diffusion washer IV 106 0.0480 0.0430 0.0018 0.0000 0.0017 0.0001 0.0000 0.0000 0.0000 0.0004 0.0000
Mill H cont. digester swd diffusion + 2VDW washersIV 110 0.6200 0.5800 0.0190 0.0000 0.0063 0.0000 0.0013 0.0013 0.0001 0.0014 0.0001
Mill H batch digester + 4 VDW IV 114 0.5600 0.5100 0.0220 0.0000 0.0050 0.0000 0.0014 0.0007 0.0003 0.0008 0.0003
Mill L hwd + 3 VDW in series IV 118 0.7300 0.6900 0.0140 0.0051 0.0099 0.0003 0.0006 0.0006 0.0001 0.0033 0.0000
Mill L hwd diffusion washer + 1 VDW in series IV 122 0.1700 0.1600 0.0083 0.0047 0.0007 0.0002 0.0005 0.0003 0.0001 0.0002 0.0001
Mill M 2 compaction baffle washers IV 125 0.4500 0.2800 0.0760 0.0008 0.0074 0.0089 0.0003 0.0096 0.0002 0.0024 0.0055
Mill O hwd 2-stage pressure drum IV 127 0.0900 0.0820 0.0024 0.0002 0.0011 0.0001 0.0001 0.0002 0.0000 0.0000 0.0000
Mill O swd 2-stage pressure drum IV 130 0.0750 0.0690 0.0022 0.0002 0.0008 0.0001 0.0001 0.0002 0.0000 0.0000 0.0000
Average emissions from brownstock washers 0.4853 0.4487 0.0183 0.0013 0.0044 0.0008 0.0017 0.0012 0.0001 0.0008 0.0006

Emissions from kraft recovery furnaces and black liquor oxidation systems
Recovery furnaces VI 76 (10) 0.4694 0.3611 0.0488 0.0121 0.0035 0.0003 0.0070 0.0016 0.0096 0.0018 0.0027
Non-direct contact evaporator recovery furnaces VI 79 (6) 0.3069 0.1986 0.0253 0.0148 0.0061 0.0003 0.0060 0.0061 0.0153 0.0017 0.0034
Direct contact evaporator recovery furnaces VI 79 (4) 0.7403 0.5778 0.0776 0.0087 0.0085 0.0006 0.0087 0.0009 0.0012 0.0022 0.0014
NDCE recovery furnaces with wet bottom ESP VI 81 (2) 0.4514 0.3792 0.0067 0.0060 0.0060 0.0003 0.0056 0.0008 0.0006 0.0015 0.0085
NDCE recovery furnaces with dry bottom ESP VI 81 (4) 0.2528 0.1174 0.0361 0.0177 0.0063 0.0003 0.0061 0.0029 0.0235 0.0018 0.0010
NDCE furnaces with wet furnace ash handling VI 83 (3) 0.2889 0.1463 0.0524 0.0181 0.0076 0.0003 0.0071 0.0034 0.0307 0.0023 0.0012
NDCE furnaces with dry furnace ash handling VI 83 (1) 0.0813 0.0325 0.0067 0.0163 0.0023 0.0002 0.0032 0.0010 0.0002 0.0003 0.0005
Black liquor oxidation systems VI 91 (2) 0.5778 0.4875 0.0740 0.0000 0.0135 0.0000 0.0007 0.0003 0.0004 0.0005 0.0004

Emissions from kraft mill bleach plants
Mill A hwd O(DC)ED V100 0.2800 0.2200 0.0098 0.0000 0.0007 0.0000 0.0410 0.0002 0.0001 0.0001 0.0005
Mill A swd O(DC)(EO)D(E+O)D V 104 0.2300 0.1300 0.0100 0.0000 0.0011 0.0000 0.0820 0.0002 0.0001 0.0000 0.0003
Mill C hwd O(C85+D15)(EO)D V 108 0.2200 0.1200 0.0026 0.0000 0.0012 0.0000 0.0890 0.0003 0.0004 0.0005 0.0001
Mill C swd O(C50+D50)(EO)D V 112 0.2000 0.1300 0.0012 0.0000 0.0008 0.0000 0.0620 0.0002 0.0001 0.0006 0.0001
Mill E swd DEDED (avg) V 122, 123 0.2700 0.2500 0.0030 0.0000 0.0010 0.0000 0.0110 0.0003 0.0001 0.0004 0.0019
Mill E hwd DEDED V 127 0.1100 0.0830 0.0027 0.0000 0.0016 0.0000 0.0078 0.0032 0.0001 0.0012 0.0050
Mill F hwd (D,C50+D)(EOP)D V 135 0.4600 0.1200 0.0009 0.0000 0.0003 0.0000 0.3300 0.0001 0.0001 0.0001 0.0070
Mill F swd (D50,C+D, C+D)EODED V 140 0.6800 0.5200 0.0006 0.0000 0.0011 0.0000 0.1200 0.0003 0.0008 0.0003 0.0220
Mill J swd (D85, C+D)(EOP)D V143 0.2100 0.1800 0.0024 0.0008 0.0005 0.0000 0.0230 0.0000 0.0000 0.0002 0.0000
Mill K hwd O(D50, C+D)(EO)DD (R3 generator) V 147 0.1600 0.0420 0.0030 0.0021 0.0004 0.0000 0.1100 0.0000 0.0000 0.0000 0.0000
Mill L hwd O(D50,C+D)(EO)D V 150 0.2700 0.0490 0.0017 0.0000 0.0005 0.0000 0.2200 0.0000 0.0000 0.0001 0.0001
Mill M hwd (D60, C+D)(E, O+P)D V 153 0.0300 0.0110 0.0009 0.0004 0.0001 0.0000 0.0180 0.0000 0.0000 0.0000 0.0000
Mill M swd (D35, C+D)(E, O+P)DD V 157 0.6800 0.3400 0.0310 0.0105 0.0014 0.0002 0.2700 0.0003 0.0002 0.0003 0.0007
Mill N swd OD(EP)DD V 161 0.1800 0.1700 0.0036 0.0002 0.0001 0.0000 0.0020 0.0000 0.0001 0.0000 0.0001
Average hwd bleach plant V 165 (6) 0.2400 0.0940 0.0027 0.0009 0.0005 0.0000 0.1300 0.0001 0.0001 0.0001 0.0013
Average swd bleach plant V 166 (6) 0.3700 0.2600 0.0083 0.0055 0.0009 0.0001 0.0920 0.0002 0.0002 0.0003 0.0039
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Notes:   (1)  This table includes emissions data for bleached kraft pulp mill and TMP mill locations.  The NCASI study also
emissions from pulp dryers and paper machines (Volume VII), sulfite mills (Volume VIII) and a Soda-based 
semichemical pulping process (Volume IX).  NCASI tested these sources for 28 substances, 23 of which are 
classified as HAPs.  The other five compounds include totally reduced sulfur compounds and VOCs 
including total hydrocarbons, acetone, alpha- and beta-pinene and terpenes.  We selected the HAPs 
for this study that comprised at least one percent of the emissions of a pulp mill source.

(2)  All emissions have been converted to pounds per oven-dried ton of pulp (lb/ODTP); emissions from caustisizi
area are measured in lb/ton calcium oxide; emissions from heavy black liquor storage tanks and recovery furn
in lb/ton of black liquor solids; emissions from tall oil recovery are measured in lb/ton of tall oil; 
emissions from batch digester vents are measured in lb/ton of moist chips.

CONVERSION FACTORS:
1 ton dry chips = 2 tons moist chips
1 ton air-dried pulp  (ADTP) = 2 tons dry chips; 1 ton of air-dried pulp = 0.9 tons oven-dried pulp (ODTP)
1 ODTP = 4.44 tons of moist chips
Tons of black liquor solids per ADTP = 1.625; tons of black liquor solids per ODTP = 1.806
Tons of calcium oxide per ADTP = 0.275; tons of calcium oxide per ODTP = 0.306
Tons of tall oil per ADTP = 0.03; tons of tall oil per ODTP = 0.033

(3)  All non-detectable samples and unconfirmed results are assumed to be 1/2 the detection limit.

(4)  In some cases NCASI presents summary information from mills that use specific equipment combinations.  

(5)  Source refers to the references in the NCASI studies.  Number in parentheses refers to the number of source
to estimate the emissions.

(6)  Chemical abbreviations: MEK = methyl ethyl ketone; MIBK = methyl isobutyl ketone

(7)  We use these averages to estimate emissions from similar sources at different mills.

(8)  We present the sources used to estimate the HAP air emissions in Table 1 in boldface type.

(9)  Chloroform emissions do not include fugitive emissions from wastewater handling and treatment.

Source: NCASI, Technical Bulletins 674 - 680, August - November 1994.
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Table B-6. Volatile organic compounds (VOC) and total reduced sulfur (TRS) from pulp and paper mills.

Methyl Dimethyl Dimethyl 
Process Source Acetone (9) a-pinene b-pinene Terpenes VOCs  mercaptan  sulfide disulfide TOTAL TRS (9)

(lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) lb C/ODTP lb/ODTP lb/ODTP lb/ODTP lb/ODTP
Emissions from Lime kilns, smelt dissolving tanks an  l 85 0.0610 0.0310 0.0430 0.0230 0.6600 0.0006 0.0019 0.0012 0.0037

Emissions from Lime kilns, smelt dissolving tanks and misc. cau 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Lime kilns ll/90 0.0024 0.0000 0.0000 0.0119 0.0189 0.0020 0.0024 0.0031 0.0075
Smelt dissolving tanks ll/106 0.0060 0.0007 0.0235 0.0130 0.0000 0.0010 0.0017 0.0025 0.0053
Slaker & Causticizing Vents ll/117 0.0029 0.0000 0.0000 0.0021 0.0113 0.0001 0.0002 0.0001 0.0004
Lime mud washer ll/122 0.0003 0.0000 0.0000 0.0024 0.0275 0.0002 0.0004 0.0001 0.0007
Lime Mud Precoat filter vents ll/129 0.0002 0.0000 0.0000 0.0008 0.0037 0.0001 0.0002 0.0002 0.0004
Precoat filter vacuum pump exhaust ll/132 0.0003 0.0000 0.0000 0.0015 0.0055 0.0000 0.0002 0.0001 0.0003
Green Liquor clarifier vent ll/135 0.0000 0.0000 0.0000 0.0019 0.0202 0.0001 0.0000 0.0001 0.0002
Green liquor surge tank vent ll/137 0.0000 0.0000 0.0000 0.0004 0.0004 0.0000 0.0000 0.0000 0.0000
White liquor clarifier ll/142 0.0002 0.0000 0.0000 0.0010 0.0017 0.0001 0.0002 0.0003 0.0006
White liquor filter ll/143 0.0004 0.0000 0.0000 0.0043 0.0023 0.0002 0.0002 0.0003 0.0006
TOTALS 0.0126 0.0007 0.0235 0.0394 0.0915 0.0039 0.0055 0.0066 0.0160

Miscellaneous sources at kraft and TMP mills
Mill G swd weak  black liquor storage tank lll 106, B12 0.0003 0.0000 0.0000 0.0025 0.0104 0.0000 0.0007 0.0002 0.0009
Mill G hwd weak black liquor storage lll 106, B13 0.0043 0.0000 0.0000 0.1010 0.0859 0.0002 0.0130 0.0038 0.0170
Mill G combined int black liquor storage lll 106, B14 0.0004 0.0000 0.0000 0.0002 0.0016 0.0001 0.0010 0.0005 0.0016
Mill G combined heavy black liquor storage tank lll 106, B15 0.0076 0.0000 0.0000 0.0019 0.0164 0.0003 0.0226 0.0043 0.0271
Mill M swd weak black liquor storage tank vent lll 106, B25 0.0001 0.0000 0.0000 0.0023 0.0008 0.0000 0.0000 0.0000 0.0001
ClO2 generators III 113 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Swd decker hood & filtrate tank vents lll 120 0.0062 0.0043 0.0210 0.0000 0.0000 0.0004 0.0640 0.0130 0.0774
Batch digester fill exhaust vents lll 130 0.0016 0.0000 0.0000 0.0889 0.5778 0.0004 0.0431 0.0010 0.0445
Mill G swd unbleached hi density storage tank III 136, B10 0.0037 0.0000 0.0000 0.1350 0.2630 0.0004 0.0088 0.0113 0.0205
Mill O swd unbleached hi density storage tank III 136, B34 0.0001 0.0000 0.0000 0.0005 0.0070 0.0000 0.0000 0.0000 0.0001
Average for swd unbleached hi density storage 0.0019 0.0000 0.0000 0.0677 0.1350 0.0002 0.0044 0.0057 0.0103
Mill G hwd unbleached hi density storage tank III 136, B11 0.0237 0.0000 0.0000 0.0716 0.4260 0.0025 0.0479 0.0346 0.0850
Mill O hwd unbleached hi density storage tank III 136, B32 0.0013 0.0000 0.0000 0.0873 0.0962 0.0000 0.0075 0.0122 0.0197
Average for hwd unbleached hi density storage 0.0125 0.0000 0.0000 0.0795 0.2611 0.0012 0.0277 0.0234 0.0523
Average for unbleached hi density storage tanks 0.0072 0.0000 0.0000 0.0736 0.1980 0.0007 0.0160 0.0145 0.0313
Salt cake mix  tank vents lll 143 0.0003 0.0000 0.0000 0.0002 0.0054 0.0002 0.0047 0.0022 0.0070
Mill C tall oil recovery system  III 152 0.0009 0.0000 0.1367 0.0000 1.7000 0.0000 0.0000 0.0000 0.0000
Mill D tall oil recovery system III 154 0.0050 0.0000 0.0000 0.0000 0.0967 0.0002 0.0000 0.0000 0.0002
Mill O tall oil system III 156 0.0005 0.0000 0.0000 0.0053 0.0037 0.0001 0.0000 0.0000 0.0002
Average for tall oil systems 0.0021 0.0000 0.0456 0.0018 0.6001 0.0001 0.0000 0.0000 0.0001
NCG thermal oxidizers lll 161 0.0008 0.0000 0.0001 0.0250 0.0180 0.0005 0.0007 0.0010 0.0022
UNOX, activated sludge reactor III170 0.0000 0.0000 0.0000 0.0005 0.0190 0.0000 0.0000 0.0000 0.0000

TMP system III 167 0.0680 0.0000 0.0000 0.6300 0.3100 0.0010 0.0013 0.0020 0.0043
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Table B-6. Volatile organic compounds (VOC) and total reduced sulfur (TRS) from pulp and paper mills. (Cont'd)

Methyl Dimethyl Dimethyl 
Process Source Acetone (9) a-pinene b-pinene Terpenes VOCs  mercaptan  sulfide disulfide TOTAL TRS (9)

(lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) lb C/ODTP lb/ODTP lb/ODTP lb/ODTP lb/ODTP
Emissions from brownstock washing, screening and refining sources
Brownstock screening to NCG collector IV 77 0.0190 0.0005 0.0002 0.0000 0.1600 0.0000 0.0000 0.0000 0.0000
Brownstock screening to vent IV 80 0.0004 0.0000 0.0000 0.0014 0.0059 0.0001 0.0010 0.0003 0.0013
Mill A hwd VDW +twin roll press IV 92 0.0820 0.0064 0.0038 0.0000 0.6700 0.0000 0.0000 0.0000 0.0000
Mill A swd VDW +twin roll press IV 97 0.1700 2.2000 0.5700 0.0000 1.4000 0.0000 0.0000 0.0000 0.0000
Mill F horizontal belt washer filtrate tank IV 100 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0001
Mill G hwd diffusion washer IV 103 0.0120 0.0000 0.0000 0.0430 0.1900 0.0014 0.0510 0.0300 0.0824
Mill G swd diffusion washer IV 106 0.0038 0.0000 0.0000 0.0007 0.3000 0.0004 0.0160 0.0180 0.0344
Mill H cont. digester swd diffusion + 2VDW washers IV 110 0.0690 0.0000 0.0000 6.6000 2.2000 0.0017 0.0380 0.0054 0.0451
Mill H batch digester + 4 VDW IV 114 0.0320 0.0000 0.0000 5.0000 0.2300 0.0041 0.0110 0.0130 0.0281
Mill L hwd + 3 VDW in series IV 118 0.0250 0.0000 0.0000 0.0120 0.5700 0.0067 0.7200 0.0480 0.7747
Mill L hwd diffusion washer + 1 VDW in series IV 122 0.0082 0.0000 0.0000 0.0051 0.1300 0.0015 0.1100 0.0058 0.1173
Mill M 2 compaction baffle washers IV 125 0.1100 0.0000 0.0000 0.0000 5.6000 0.0180 1.2000 0.0780 1.2960
Mill O hwd 2-stage pressure drum IV 127 0.0074 0.0000 0.0000 0.2800 0.1400 0.0002 0.0130 0.0019 0.0151
Mill O swd 2-stage pressure drum IV 130 0.0054 0.0000 0.0000 0.3300 0.2200 0.0002 0.0110 0.0021 0.0133
Average emissions from brownstock washers 0.0437 0.1839 0.0478 1.0226 0.9709 0.0034 0.2170 0.0202 0.2406

Emissions from kraft recovery furnaces and black liquor oxidation systems
Recovery furnaces VI 76 0.0253 0.0036 0.0083 0.0069 0.2708 0.0144 0.0181 0.0280 0.0605
Non-direct contact evaporator recovery furnaces VI 79 0.0107 0.0036 0.0083 0.0650 0.3250 0.0126 0.0153 0.0235 0.0515
Direct contact evaporator recovery furnaces VI 79 0.0469 0.0000 0.0000 0.0704 0.1556 0.0172 0.0226 0.0343 0.0740
NDCE recovery furnaces with wet bottom ESP VI 81 0.0199 0.0000 0.0000 0.1661 0.1733 0.0117 0.0153 0.0235 0.0506
NDCE recovery furnaces with dry bottom ESP VI 81 0.0063 0.0036 0.0083 0.0325 0.4333 0.0126 0.0163 0.0244 0.0533
NDCE furnaces with wet furnace ash handling VI 83 0.0072 0.0036 0.0083 0.0451 0.6319 0.0153 0.0199 0.0298 0.0650
NDCE furnaces with dry furnace ash handling VI 83 0.0038 0.0000 0.0000 0.0081 0.0034 0.0068 0.0087 0.0135 0.0290
Black liquor oxidation systems VI 91 0.0668 0.0000 0.0000 0.3250 0.3611 0.0101 0.0087 0.0163 0.0350

Emissions from kraft mill bleach plants
Mill A hwd O(DC)ED V100 0.0059 0.0007 0.0002 0.0000 0.0880 0.0000 0.0000 0.0000 0.0000
Mill A swd O(DC)(EO)D(E+O)D V 104 0.0060 0.0018 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Mill C hwd O(C85+D15)(EO)D V 108 0.0064 0.0020 0.0100 0.0000 0.0220 0.0000 0.0000 0.0000 0.0000
Mill C swd O(C50+D50)(EO)D V 112 0.0120 0.0038 0.0057 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Mill E swd DEDED (avg) V 122, 123 0.0030 0.0008 0.0007 0.0000 0.0000 0.0145 0.0039 0.0058 0.0242
Mill E hwd DEDED V 127 0.0010 0.0012 0.0002 0.0000 0.0000 0.0027 0.0034 0.0050 0.0111
Mill F hwd (D,C50+D)(EOP)D V 135 0.0035 0.0000 0.0000 0.0060 0.0500 0.0028 0.0030 0.0029 0.0087
Mill F swd (D50,C+D, C+D)EODED V 140 0.0093 0.0000 0.0000 0.0440 0.3100 0.0070 0.0054 0.0068 0.0192
Mill J swd (D85, C+D)(EOP)D V143 0.0037 0.0000 0.0000 0.0034 0.0500 0.0003 0.0005 0.0007 0.0015
Mill K hwd O(D50, C+D)(EO)DD (R3 generator) V 147 0.0031 0.0000 0.0000 0.0088 0.2000 0.0005 0.0007 0.0010 0.0022
Mill L hwd O(D50,C+D)(EO)D V 150 0.0013 0.0000 0.0000 0.0028 0.0360 0.0007 0.0009 0.0014 0.0030
Mill M hwd (D60, C+D)(E, O+P)D V 153 0.0006 0.0000 0.0000 0.0005 0.0100 0.0002 0.0002 0.0004 0.0008
Mill M swd (D35, C+D)(E, O+P)DD V 157 0.0120 0.0000 0.0000 0.0250 0.1200 0.0044 0.0044 0.0085 0.0173
Mill N swd OD(EP)DD V 161 0.0026 0.0000 0.0000 0.0028 0.0250 0.0065 0.0010 0.0015 0.0090
Average hwd bleach plant V 165 0.0035 0.0013 0.0052 0.0045 0.0680 0.0010 0.0012 0.0014 0.0036
Average swd bleach plant V 166 0.0073 0.0036 0.0240 0.0039 0.1500 0.0060 0.0024 0.0065 0.0149
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Table B-6. Volatile organic compounds (VOC) and total reduced sulfur (TRS) from pulp and paper mills. (Cont'd)

methyl dimethyl dimethyl
Source Acetone (9) a-pinene b-pinene Terpenes VOCs mercaptan sulfide disulfide TOTAL TRS (9)

(lb/ODTP) (lb/ODTP) (lb/ODTP) (lb/ODTP) lb C/ODTP lb/ODTP lb/ODTP lb/ODTP lb/ODTP

Emissions from paper machines and pulp dryers (lb/air dried ton of finished product)
Mill G linerboard paper machine VII54 0.0530 0.0000 0.0000 0.2500 0.6000 0.0110 0.0140 0.0200 0.0450
Mill H  linerboard machine VII 60 0.0340 0.0000 0.0000 1.5000 0.4200 0.0360 0.0465 0.0700 0.1525
Mill K paper machine 50%bleached hwd/swd VII 66 0.0300 0.0000 0.0000 0.0880 0.0380 0.0130 0.0170 0.0255 0.0555
Mill K coater (nonvolatile coating) VII 67 0.0015 0.0000 0.0000 0.0073 0.0170 0.0041 0.0055 0.0080 0.0176
Mill N pulp dryer VII 73 0.0120 0.0000 0.0000 0.0370 0.1000 0.0099 0.0080 0.0125 0.0304
Mill Q corrugating medium w/33% recycled content VII 79 0.0250 0.0000 0.0000 0.0360 0.2500 0.0255 0.0325 0.0500 0.1080

Notes:   (1)  This table includes emissions data for bleached kraft pulp mill and TMP mill locations.  The NCASI study also evaluated 
emissions from pulp dryers and paper machines (Volume VII), sulfite mills (Volume VIII) and a Soda-based 
semichemical pulping process (Volume IX).  NCASI tested these sources for 28 substances, 23 of which are 
classified as HAPs.  The other five compounds include totally reduced sulfur compounds and VOCs 
including total hydrocarbons, acetone, alpha- and beta-pinene and terpenes.  We selected the HAPs 
for this study that comprised at least one percent of the emissions of a pulp mill source.

(2)  All emissions have been converted to pounds per oven-dried ton of pulp (lb/ODTP); emissions from caustisizing 
area are measured in lb/ton calcium oxide; emissions from heavy black liquor storage tanks and recovery furnaces are measured 
in lb/ton of black liquor solids; emissions from tall oil recovery are measured in lb/ton of tall oil; 
emissions from batch digester vents are measured in lb/ton of moist chips.

CONVERSION FACTORS:
1 ton dry chips = 2 tons moist chips
1 ton air-dried pulp  (ADTP) = 2 tons dry chips; 1 ton of air-dried pulp = 0.9 tons oven-dried pulp (ODTP)
1 ODTP = 4.44 tons of moist chips
Tons of black liquor solids per ADTP = 1.625; tons of black liquor solids per ODTP = 1.806
Tons of calcium oxide per ADTP = 0.275; tons of calcium oxide per ODTP = 0.306
Tons of tall oil per ADTP = 0.03; tons of tall oil per ODTP = 0.33

(3)  All non-detectable samples and unconfirmed results are assumed to be 1/2 the detection limit.

(4)  In some cases NCASI presents summary information from mills that use specific equipment combinations.  

(5)  Source refers to the references in the NCASI studies.  Number in parentheses refers to the number of sources used 
to estimate the emissions.

(6)  Chemical abbreviations: MEK = methyl ethyl ketone; MIBK = methyl isobutyl ketone

(7)  We use these averages to estimate emissions from similar sources at different mills.

(8)  We present the sources used to estimate the HAP air emissions in Table 1 in boldface type.

(9)  EPA removed acetone from the list of VOCs in 1994 because of its low sensitivity to sunlight.
Total TRS does not include hydrogen sulfide.  NCASI did not include this compound in its study.

Source: NCASI, Technical Bulletins 674 - 680, August - November 1994.
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Table B-7.  TCDD and TCDF loading in the final effluent of softwood bleached kraft mills
with traditional and enhanced ECF bleaching

Mill 1 [1] Mill 2 [2] Mill 3 [1]
Traditional ECF Traditional ECF Traditional EC

TCDD [a] TCDF [b] TCDD [a] TCDF [b] TCDD [a]
Number (ppq) (ppq) Number (ppq) (ppq) Number (ppq)

1 ND 0.1 ND 1.2 1 ND 2.7 17 1 ND 2.5
2 ND 0.8 13.0 2 ND 3.2 9 2 ND 3
3 ND 3.7 4.9 3 ND 1.3 ND 3.3 3 ND 4.2
4 ND 3.7 6.1 4 ND 1.3 ND 1.7 4 ND 3.1
5 ND 2.5 12.0 5 ND 2.8 ND 3.5 5 ND 1.9
6 ND 0.8 9.1 6 ND 1.9 3.2
7 ND 2.4 4.6 7 ND 3.8 ND 2.3
8 ND 1.6 8.0 8 ND 1.4 ND 1.9
9 ND 2.0 13.0 9 ND 2.7 ND 3

10 ND 1.6 5.9
11 ND 3.1 22.0
12 ND 1.8 21.0
13 ND 1.6 20.0
14 ND 2.2 ND 1.9
15 ND 3.6 ND 5.0
16 ND 1.1 5.9

dF [c] 15 8
Mean 9.35 4.12
St. Dev 6.91 5.46

Notes: [a]  Samples belowthe detection limit have ND followed by the reported limit of detection.
To calculate the mean, we have counted these "non-detects" at half the detection limit.

[b]  Numbers in boldface indicatetaht TCDF was detected in the effluent sample.
[c]  dF refers to degrees of freedom.

Sources:  [1]  Alberta Department of Environmental Protection
[2]  Alan Stincfield and Michael Woods, "Reduction chlorinated organic compounds from

bleached kraft mills through first stage substitution of chlorine dioxide for chlorine,"
Tappi Journal,  78(6): 120 (1995).

Comparisons of traditional ECF and enhanced ECF

Comparison 1:  M ill 1 and M ill 3 Comparison 1:  M ill 1 and M ill 3
Difference in means 6.40 Difference in means 1.17
dF(Mill 1) 4 dF(Mill 1) 4.00
dF(Mill 3) 15 dF(Mill 3) 8.00
pooled st. dev. 6.21 pooled st. dev. 4.61
std. error 3.49 std. error 2.83
t 1.83 t 0.41
p(t <0.5, dF = 19) 2.09 p(t <0.5, dF = 19) 2.09

Do not reject Ho at p=0.5 [1] Do not reject Ho at p=0.5 [1]

[1]  We cannot reject the null hypothesis that the means are NOT different 95% of the time.
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IX. ENDNOTES

11 AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  PPaappeerr,,  PPaappeerrbbooaarrdd,,  PPuullpp  CCaappaacciittyy  aanndd  FFiibbeerr  CCoonnssuummppttiioonn
11999922  --  11999966  ----  3344tthh  AAnnnnuuaall  SSuurrvveeyy,,  ((WWaasshhiinnggttoonn,,  DDCC::  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  11999933)),,
1100;;  FFoooodd  aanndd  AAggrriiccuullttuurree  OOrrggaanniizzaattiioonn  ooff  tthhee  UUnniitteedd  NNaattiioonnss,,  PPuullpp  aanndd  PPaappeerr  CCaappaacciittiieess  ----  SSuurrvveeyy
11999922  --  11999977  ((RRoommee::  FFAAOO,,  11999933)),,  116600..

22 TThhee  oonnllyy  eexxcceeppttiioonn  iiss  LLoouuiissiiaannaa--PPaacciiffiicc’’ss  mmiillll  iinn  SSaammooaa,,  CCAA..    EEfffflluueenntt  ffrroomm  tthhiiss  mmiillll  uunnddeerrggooeess
pprriimmaarryy  ttrreeaattmmeenntt  aanndd  iiss  tthheenn  ddiisscchhaarrggeedd  iinn  tthhee  PPaacciiffiicc  OOcceeaann  sseevveerraall  mmiilleess  ooffff--sshhoorree..

33 PPeerrttttii  LLaaiinnee,,  ““EEnnvviirroonnmmeennttaall  PPrrootteeccttiioonn  bbyy  tthhee  FFiinnnniisshh  FFoorreesstt  IInndduussttrryy,,””  WWhhaatt  iiss  DDeetteerrmmiinniinngg
IInntteerrnnaattiioonnaall  CCoommppeettiittiivveenneessss  iinn  tthhee  GGlloobbaall  PPuullpp  aanndd  PPaappeerr  IInndduussttrryy??--  PPrroocceeeeddiinnggss  ooff  tthhee
CCIINNTTRRAAFFOORR  TThhiirrdd  IInntteerrnnaattiioonnaall  SSyymmppoossiiuumm  ((SSeeaattttllee,,  WWAA::  UUnniivveerrssiittyy  ooff  WWaasshhiinnggttoonn,,  CCoolllleeggee  ooff
FFoorreesstt  RReessoouurrcceess,,  SSeepptteemmbbeerr  1133--1144,,  11999944)),,  7777--9999..

44 GGaarryy  AA..  SSmmooookk,,  HHaannddbbooookk  FFoorr  PPuullpp  aanndd  PPaappeerr  TTeecchhnnoollooggiissttss,,  22nndd..  EEdd..  ((VVaannccoouuvveerr::  AAnngguuss  WWiillddee
PPuubblliiccaattiioonnss,,  11999922)),,  8822  --  8833..

55 DD..  LLaacchheennaall  aanndd  NN..BB  NNgguuyyeenn  --TThhii,,  ""TTCCFF  BBlleeaacchhiinngg  --  WWhhiicchh  sseeqquueennccee  ttoo  cchhoooossee??""  PPrroocceeeeddiinnggss  ooff  tthhee
11999933  PPuullppiinngg  CCoonnffeerreennccee  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999933)),,  779999  --  880044..

66 RReesseeaarrcchheerrss  aarree  eexxpplloorriinngg  uusseess  ffoorr  eennzzyymmeess  tthhrroouugghhoouutt  tthhee  ppuullpp  mmiillll,,  bbuutt  uusseess  tthhaatt  rreedduuccee  tthhee  qquuaannttiittyy
ooff  bblleeaacchhiinngg  cchheemmiiccaallss  rreeqquuiirreedd  ttoo  pprroodduuccee  hhiigghh  bbrriigghhttnneessss  ppuullppss  hhaavvee  rreecceeiivveedd  tthhee  mmoosstt  aatttteennttiioonn..
[[RRooggeerr  LL..  GGrraanntt,,  ""EEnnzzyymmeess  --  AA  NNeeww  TTooooll  ffoorr  PPuullppiinngg  aanndd  BBlleeaacchhiinngg"",,  MMaarrkkeett  PPuullpp  99::  MMeeeettiinngg  tthhee
CChhaalllleennggee  ooff  tthhee  ''9900ss,,  BBrruusssseellss,,  BBeellggiiuumm,,  MMaayy  99  --  1100,,  11999944..]]    GGeerrmmaann  sscciieennttiissttss  hhaavvee  ddeevveellooppeedd  aa
nnoovveell  eennzzyymmee  ssyysstteemm  tthhaatt  uusseess  aann  eennzzyymmee  ttoo  aaccttiivvaattee  aa  cchheemmiiccaall  tthhaatt  tthheenn  rreeaaccttss  wwiitthh  tthhee  lliiggnniinn  iinn  tthhee
ppuullpp..    BBaasseedd  oonn  llaabboorraattoorryy  tteessttss,,  tthheeyy  ccllaaiimm  ttoo  bbee  aabbllee  ttoo  rreemmoovvee  6677%%  ooff  tthhee  rreemmaaiinniinngg  lliiggnniinn  ffrroomm  aann
ooxxyyggeenn  ddeelliiggnniiffiieedd  ppuullpp  wwhhiillee  mmaaiinnttaaiinniinngg  ppuullpp  ssttrreennggtthh..  [[HH..  PP..  CCaallll  aanndd  II..  MMüücckkee,,  ""SSttaattee  ooff  tthhee  AArrtt  ooff
EEnnzzyymmee  BBlleeaacchhiinngg  aanndd  DDiisscclloossuurree  ooff  aa  BBrreeaakktthhrroouugghh  PPrroocceessss,,""  PPrroocceeeeddiinnggss  ooff  tthhee  11999944  IInntteerrnnaattiioonnaall
NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee  ((SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann,,  IInncc..,,  11999944))..  11999944  IInntteerrnnaattiioonnaall
NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  hheerreeaafftteerr..]]    PPrroocceessss  ddeevveellooppmmeenntt  ccoonnttiinnuueess,,  bbuutt  ootthheerr  rreesseeaarrcchh
llaabboorraattoorriieess  hhaavvee  ddiiffffiiccuullttyy  rreepprroodduucciinngg  tthhee  rreessuullttss..    [[NNoorrmmaann  LLiieebbeerrggootttt,,  ccoonnssuullttaanntt,,  DDuuPPoonntt  CCaannaaddaa,,
ppeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  MMaarrcchh  77,,  11999955..]]

PPeerraacciiddss  aarree  ffoorrmmeedd  bbyy  rreeaaccttiinngg  aa  ssttrroonngg  aacciidd  wwiitthh  hhyyddrrooggeenn  ppeerrooxxiiddee..    PPeerraacceettiicc  aacciidd,,  aa  mmiixxttuurree  ooff
hhyyddrrooggeenn  ppeerrooxxiiddee  aanndd  hhiigghhllyy  ppuurriiffiieedd  aacceettiicc  aacciidd,,  aanndd  CCaarroo''ss  aacciidd,,  aa  mmiixxttuurree  ooff  hhyyddrrooggeenn  ppeerrooxxiiddee
aanndd  ccoonncceennttrraatteedd  ssuullffuurriicc  aacciidd,,  hhaavvee  bbeeeenn  ddeevveellooppeedd  ttoo  iimmpprroovvee  tthhee  bbrriigghhttnneessss  ooff  TTCCFF  ppuullppss..    IInn  tthhee
llaabb  ssttuuddyy,,  sscciieennttiissttss  iinnccrreeaasseedd  tthhee  bbrriigghhttnneessss  ooff  aa  hhaarrddwwoooodd  kkrraafftt  ppuullpp  ffrroomm  8866  ttoo  9900  IISSOO  bbyy
ssuubbssttiittuuttiinngg  CCaarroo''ss  aacciidd  ffoorr  aa  hhyyddrrooggeenn  ppeerrooxxiiddee  ssttaaggee  iinn  aa  tthhrreeee  ssttaaggee  hhyyddrrooggeenn  ppeerrooxxiiddee  TTCCFF
bblleeaacchhiinngg  sseeqquueennccee..    [[NN..  AA..  TTrroouugghhttoonn,,  FF..  DDeesspprreezz,,  JJ..  DDeevveennyynnss,,  ""PPeerraacciiddss::  TThhee  PPaatthhwwaayy  ttoo  HHiigghh
BBrriigghhttnneessss  TTCCFF  PPuullppss,,""  11999944  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee..]]    MMiillllss  aarree  ccuurrrreennttllyy
eevvaalluuaattiinngg  tthhiiss  tteecchhnnoollooggyy..

77 TThhee  aabbbbrreevviiaattiioonn  ““EEDD””  ffoorr  eexxtteennddeedd  ddeelliiggnniiffiiccaattiioonn  iiss  nnoott  aa  ssttaannddaarrdd  aabbbbrreevviiaattiioonn  ddeevveellooppeedd  bbyy  tthhee
TTeecchhnniiccaall  AAssssoocciiaattiioonn  ooff  tthhee  PPuullpp  aanndd  PPaappeerr  IInndduussttrryy  ((TTAAPPPPII))..

88 JJoohhnn  GGrraayy  aanndd  PPeetteerr  AAxxeeggaarrdd,,  ““CChhooiiccee  ooff  CCllOO22  SSyysstteemm  CCaann  MMiinniimmiizzee  CCoossttss,,  SSaattiissffyy  MMiillll  BByypprroodduucctt
NNeeeeddss,,””  iinn  KKeenn  PPaattrriicckk,,  eedd..,,  BBlleeaacchhiinngg  TTeecchhnnoollooggyy  ffoorr  CChheemmiiccaall  aanndd  MMeecchhaanniiccaall  PPuullppss,,  ((SSaann
FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann,,  IInncc..,,  11999911)),,  5500..

99 2200%%  ooff  tthhee  cchhlloorriinnee  ddiiooxxiiddee  uusseedd  iinn  tthhee  ffiirrsstt  bblleeaacchhiinngg  ssttaaggee  iiss  ccoonnvveerrtteedd  iinnttoo  cchhlloorraattee  iinn  aa  mmeeddiiuumm
ccoonnssiisstteennccyy  bblleeaacchhiinngg  ttoowweerr  aanndd  ddooeess  nnoott  rreeaacctt  wwiitthh  tthhee  lliiggnniinn..    [[DDoouuggllaass  RReeeevvee,,  KKaatthhlleeeenn  WWeeiisshhaarr
aanndd  LLii  LLii,,  ““PPrroocceessss  MMooddiiffiiccaattiioonnss  ttoo  DDeeccrreeaassee  OOrrggaannoocchhlloorriinnee  FFoorrmmaattiioonn  DDuurriinngg  CChhlloorriinnee  DDiiooxxiiddee
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DDeelliiggnniiffiiccaattiioonn,,””  JJ..  PPuullpp  aanndd  PPaappeerr  SSccii,,  2211((66))::  JJ119977--JJ220022..]]    AAtt  llooww  ppHH,,  cchhlloorriinnee  ddiiooxxiiddee  ooxxiiddiizzeess  tthhee
ppuullpp  aanndd  eevveennttuuaallllyy  iiss  ttrraannssffoorrmmeedd  iinnttoo  hhyyppoocchhlloorroouuss  aacciidd..    [[WW..  HHoowwaarrdd  RRaappssoonn  aanndd  GGeennee  SSttrruummiillaa,,
““CChhlloorriinnee  DDiiooxxiiddee  BBlleeaacchhiinngg,,””  iinn  RRuuddyy  SSiinngghh  ((eedd..)),,  TThhee  BBlleeaacchhiinngg  ooff  PPuullpp,,  TThhiirrdd  EEddiittiioonn,,  RReevviisseedd
((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999911)),,  113355--113366..]]    AAtt  llooww  ppHH,,  aabboouutt  hhaallff  ooff  tthhee  hhyyppoocchhlloorroouuss  aacciidd  iiss  ccoonnvveerrtteedd
iinnttoo  eelleemmeennttaall  cchhlloorriinnee..    [[CCaarrllttoonn  DDeennccee  aanndd  GGöörraann  AAnnnneerrggrreenn,,  ““CChhlloorriinnaattiioonn,,””  iinn  RRuuddyy  SSiinngghh  ((eedd..)),,
TThhee  BBlleeaacchhiinngg  ooff  PPuullpp,,  TThhiirrdd  EEddiittiioonn,,  RReevviisseedd  ((AAttllaannttaa::  TTAAPPPPII  PPrreessss,,  11999911)),,  3322..]]

1100 YY..  NNii,,  GG..JJ..  KKuubbeess,,  aanndd  AA..RR..PP..  VVaann  HHeeiinniinnggeenn,,  ““CChhlloorriinnaattiioonn  KKiinneettiiccss  ooff  KKrraafftt  PPuullpp,,””  JJ..  PPuullpp  aanndd
PPaappeerr  SSccii..,,  2211((11))::  JJ3322  ((11999955))..    GGiieerreerr  ppooiinnttss  oouutt  tthhaatt  tthhee  rreeaaccttiioonnss  ooff  hhyyppoocchhlloorroouuss  aacciidd  aanndd  aarroommaattiicc
rriinnggss  aarree  tthhee  ssaammee  aass  tthhoossee  ooff  eelleemmeennttaall  cchhlloorriinnee..    [[JJ..  GGiieerreerr,,  ““CChheemmiissttrryy  ooff  DDeelliiggnniiffiiccaattiioonn  PPaarrtt  22::
RReeaaccttiioonnss  ooff  lliiggnniinnss  dduurriinngg  bblleeaacchhiinngg,,””  WWoooodd  SSccii..  TTeecchhnnooll..,,  2200::  22--44  ((11998866))..    EElleemmeennttaall  cchhlloorriinnee  aanndd
hhyyppoocchhlloorroouuss  aacciidd  ddoo  rreeaacctt  ddiiffffeerreennttllyy  wwiitthh  ootthheerr  ppaarrttss  ooff  tthhee  lliiggnniinn  mmoolleeccuullee  ttoo  pprroodduuccee  lleessss  ssttaabbllee
cchhlloorriinnaatteedd  oorrggaanniicc  ccoommppoouunnddss..    [[IIbbiidd,,  pp..  77]]..

1111 GG..  MMaapplleess  eett  aall..,,    ""BBFFRR::  AA  NNeeww  PPrroocceessss  TToowwaarrdd  BBlleeaacchh  PPllaanntt  CClloossuurree,,""  PPaappeerrss  pprreesseenntteedd  aatt  tthhee  11999944
IInntteerrnnaattiioonnaall  PPuullpp  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  VVaannccoouuvveerr,,  BBCC,,  JJuunnee  1133--1166,,  11999944,,  225533  --  226622..  ((11999944
IInntteerrnnaattiioonnaall  PPuullpp  BBlleeaacchhiinngg  CCoonnffeerreennccee  hheerreeaafftteerr))    BBFFRR™™  iiss  aa  lliicceennsseedd  ttrraaddeemmaarrkk  ooff  CChhaammppiioonn
IInntteerrnnaattiioonnaall..

1122 KKiirrkk  AA..  GGiirraarrdd  aanndd  AAnnttoonn  FF..  JJaaeeggeell,,  ““TTCCFF  BBlleeaacchhiinngg  aatt  LLoouuiissiiaannaa--PPaacciiffiicc  CCoorrpp..’’ss  SSaammooaa  PPuullpp  MMiillll,,
CCaalliiff..,,””  PPrroocceeeeddiinnggss  ooff  tthhee  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee  ((SSaann  FFrraanncciissccoo::
MMiilllleerr  FFrreeeemmaann  IInncc..,,  MMaarrcchh  11999955))..  ((11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee
hheerreeaafftteerr..))

1133  RRoollaanndd  LLöövvbbllaadd,,  mmaannaaggeerr,,  EEnnvviirroonnmmeennttaall  SSeerrvviicceess,,  SSööddrraa  CCeellll  AABB,,  PPaappeerr  TTaasskk  FFoorrccee  EExxppeerrtt  PPaanneell,,
SSeepptteemmbbeerr  2211,,  11999944..

1144 AAtt  iittss  HHuussuumm  mmiillll,,  MMooDDoo  uusseess  tthhee  bblleeaacchh  ppllaanntt  ffiillttrraatteess  ffrroomm  tthhee  hhaarrddwwoooodd  ffiibbeerr  lliinnee  aass  sshhoowweerr  wwaatteerr
iinn  tthhee  ooxxyyggeenn  ddeelliiggnniiffiiccaattiioonn  ssyysstteemm  ooff  iittss  ssooffttwwoooodd  ffiibbeerr  lliinnee..    TThhee  ffiillttrraatteess  ffrroomm  tthhee  hhaarrddwwoooodd  lliinnee
aarree  sseenntt  ttoo  tthhee  rreeccoovveerryy  bbooiilleerr;;  tthhuuss,,  tthhee  hhaarrddwwoooodd  lliinnee  ddiisscchhaarrggeess  nnoo  bblleeaacchh  ppllaanntt  ffiillttrraatteess..    TThhee
ssooffttwwoooodd  bblleeaacchh  ppllaanntt  rruunnss  wwiitthhoouutt  aannyy  eefffflluueenntt  rreecciirrccuullaattiioonn..  [[KKiirrkk  GGiirraarrdd,,  eennvviirroonnmmeennttaall  mmaannaaggeerr,,
LLoouuiissiiaannaa--PPaacciiffiicc,,  tteecchhnniiccaall  mmeeeettiinngg  wwiitthh  eennvviirroonnmmeennttaall  ggrroouuppss,,  WWaasshhiinnggttoonn,,  DDCC,,  77  NNoovveemmbbeerr  11999955..]]

1155 TTiimm  EEvvaannss,,  eett..  aall..,,  ““AAppppllyyiinngg  PPrroovveenn  TTEEFF  TTeecchhnnoollooggyy  ttoo  EECCFF  KKrraafftt  MMiillll  CClloossuurree,,””  11999944  IInntteerrnnaattiioonnaall
NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee..

1166 DDaagg  SSttrröömmqqvviisstt,,  ""NNeeww  TTeecchhnnoollooggyy  DDeevveellooppmmeenntt  ffoorr  tthhee  CClloosseedd  CCyyccllee  BBlleeaacchh  PPllaanntt,,""  SSeeccoonndd  GGlloobbaall
CCoonnffeerreennccee  oonn  PPaappeerr  &&  tthhee  EEnnvviirroonnmmeenntt,,  FFrraannkkffuurrtt,,  2244  --  2266  AApprriill,,  11999944..

1177 JJ..  DDrreeww  RRiicckkeettttss,,  ""CCoonnssiiddeerraattiioonnss  ffoorr  tthhee  cclloosseedd--ccyyccllee  mmiillll,,""  TTaappppii  JJoouurrnnaall,,  7777((1111))::  4455  ((11999944))..

1188 GGeerraarrdd  CClloosssseett,,  vviiccee  pprreessiiddeenntt,,  tteecchhnnoollooggyy  ddeevveellooppmmeenntt,,  CChhaammppiioonn  IInntteerrnnaattiioonnaall,,  lleetttteerr  ttoo  HHaarrrryy
CCaappeellll,,  1111  JJuullyy  11999955,,  pp..  44..

1199 DD..  RR..  EEsstteerr,,  ““RReedduuccttiioonn  ooff  BBlleeaacchh  PPllaanntt  DDeeppoossiittss  YYiieellddss  BBeetttteerr  PPuullpp,,  LLeessss  DDoowwnnttiimmee,,””  PPuullpp  &&  PPaappeerr,,
6688((99))::113355  ((11999944))..

2200 IIbbiidd..

2211 MMiirrjjaamm  SScchhoooonneennbboooomm  aanndd  KKeeeess  OOlliiee,,  ““FFoorrmmaattiioonn  ooff  PPCCDDDDss  aanndd  PPCCDDFFss  ffrroomm  AAnntthhrraacceennee  aanndd
CChhlloorrooaanntthhrraacceennee  iinn  aa  MMooddeell  FFllyy  AAsshh  SSyysstteemm,,””  EEnnvviirroonn..  SSccii..  TTeecchhnnooll..  2299((88))::  22000055  --  22000099  ((11999955));;
RRuuuudd  AAddddiinnkk  aanndd  KKeeeess  OOlliiee,,  ““MMeecchhaanniissmmss  ooff  ffoorrmmaattiioonn  aanndd  ddeessttrruuccttiioonn  ooff  ppoollyycchhlloorriinnaatteedd  ddiibbeennzzoo--pp--
ddiiooxxiinnss  aanndd  ddiibbeennzzooffuurraannss  iinn  hheetteerrooggeenneeoouuss  ssyysstteemmss,,””  EEnnvviirroonn..  SSccii..  TTeecchhnnooll..,,  2299((66))::  11442255--11443355
((11999955))..
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2222 KKiirrkk  GGiirraarrdd,,  eennvviirroonnmmeennttaall  mmaannaaggeerr,,  LLoouuiissiiaannaa--PPaacciiffiicc,,  SSaammooaa,,  CCAA,,  tteecchhnniiccaall  pprreesseennttaattiioonn  ttoo  tthhee
eennvviirroonnmmeennttaall  ccoommmmuunniittyy,,  WWaasshhiinnggttoonn,,  DDCC,,  77  NNoovveemmbbeerr  11999955..

2233 UU..SS..  EEPPAA,,  OOffffiiccee  ooff  WWaatteerr,,  DDeevveellooppmmeenntt  DDooccuummeenntt  ffoorr  PPrrooppoosseedd  EEfffflluueenntt  LLiimmiittaattiioonnss  GGuuiiddeelliinneess  aanndd
SSttaannddaarrddss  ffoorr  tthhee  PPuullpp,,  PPaappeerr  aanndd  PPaappeerrbbooaarrdd  PPooiinntt  SSoouurrccee  CCaatteeggoorryy  ((WWaasshhiinnggttoonn,,  DDCC::  EEPPAA--882211--RR--
9933--001199,,  OOccttoobbeerr  11999933)),,  pp..  44--2200..  ((DDeevveellooppmmeenntt  DDooccuummeenntt  hheerreeaafftteerr))

2244 UU..SS..  EEPPAA  ((OOffffiiccee  ooff  PPoolllluuttiioonn  PPrreevveennttiioonn  aanndd  TTooxxiiccss)),,  PPoolllluuttiioonn  PPrreevveennttiioonn  TTeecchhnnoollooggiieess  ffoorr  tthhee
BBlleeaacchheedd  KKrraafftt  SSeeggmmeenntt  ooff  tthhee  UU..SS..  PPuullpp  aanndd  PPaappeerr  IInndduussttrryy  ((WWaasshhiinnggttoonn,,  DDCC::  EEPPAA//660000//RR--9933//111100,,
11999933)),,  22--1122..  ((PPoolllluuttiioonn  PPrreevveennttiioonn  TTeecchhnnoollooggiieess  hheerreeaafftteerr))

2255 TThhoommaass  MMccDDoonnoouugghh,,  ““RReecceenntt  aaddvvaanncceess  iinn  bblleeaacchheedd  cchheemmiiccaall  ppuullpp  mmaannuuffaaccttuurriinngg  tteecchhnnoollooggyy  PPaarrtt  11,,””
TTaappppii  JJoouurrnnaall,,  7788((33))::  5555  ((11999955))..

2266 TTrreennddss  iinn  WWoorrlldd  BBlleeaacchheedd  CChheemmiiccaall  PPuullpp  PPrroodduuccttiioonn::  11999900--11999955  ((WWaasshhiinnggttoonn,,  DDCC::  AAlllliiaannccee  ffoorr
EEnnvviirroonnmmeennttaall  TTeecchhnnoollooggyy,,  11999955)),,  44..

2277 KKeellllyy  HH..  FFeerrgguussoonn,,  ""UUnniioonn  CCaammpp  BBeeggiinnss  OOzzoonnee  EErraa  wwiitthh  NNeeww  KKrraafftt  BBlleeaacchhiinngg  LLiinnee  aatt  FFrraannkklliinn,,  VVAA,,""
PPuullpp  &&  PPaappeerr,,  6666((1111))::  4422  ((11999922))..

2288 TThhoommaass  GGoovveerrss,,  ““NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  TTeecchhnnoollooggiieess  iinn  tthhee  2211sstt  CCeennttuurryy,,””  ppaanneell  ddiissccuussssiioonn,,  11999955
IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  AAmmeelliiaa  IIssllaanndd,,  FFLL,,  99  MMaarrcchh  11999955..

2299 KKiirrkk  AA..  GGiirraarrdd  aanndd  AAnnttoonn  FF..  JJaaeeggeell,,  ““TTCCFF  BBlleeaacchhiinngg  aatt  LLoouuiissiiaannaa--PPaacciiffiicc  CCoorrpp..’’ss  SSaammooaa  PPuullpp  MMiillll,,
CCaalliiff..””

3300 RRoollaanndd  LLöövvbbllaadd,,  mmaannaaggeerr,,  EEnnvviirroonnmmeennttaall  SSeerrvviicceess,,  SSööddrraa  CCeellll  AABB,,  VVäärröö,,  SSwweeddeenn,,  ppeerrssoonnaall
ccoommmmuunniiccaattiioonn,,  JJuunnee  88,,  11999955..

3311 CCaarrll--JJoohhaann  AAllfftthhaann,,  ““PPoolllluuttiioonn  RReedduuccttiioonn  --  TTaarrggeettss,,  AAcchhiieevveemmeennttss  aanndd  tthhee  PPuubblliicc,,””  PPrroocceeeeddiinnggss  ooff  tthhee
TThhiirrdd  GGlloobbaall  CCoonnffeerreennccee  oonn  PPaappeerr  aanndd  tthhee  EEnnvviirroonnmmeenntt,,  LLoonnddoonn,,  EEnnggllaanndd,,  2266--2288  MMaarrcchh  11999955,,  111111--
111155..

3322 PPaanneell  oonn  PPuullpp  QQuuaalliittyy  aanndd  EEccoonnoommiiccss  ooff  EECCFF  vvss..  TTCCFF  BBlleeaacchhiinngg,,  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee
BBlleeaacchhiinngg  CCoonnffeerreennccee,,  AAmmeelliiaa  IIssllaanndd,,  FFLL,,  77  MMaarrcchh  11999955..

3333 UU..SS..  EEPPAA,,  RReegguullaattoorryy  IImmppaacctt  AAsssseessssmmeenntt  ooff  PPrrooppoosseedd  EEfffflluueenntt  GGuuiiddeelliinneess  aanndd  NNEESSHHAAPP  ffoorr  tthhee  PPuullpp,,
PPaappeerr  aanndd  PPaappeerrbbooaarrdd  IInndduussttrryy,,  ((WWaasshhiinnggttoonn::  OOffffiiccee  ooff  WWaatteerr,,  EEPPAA--882211--RR9933--002200,,  NNoovveemmbbeerr  11999933)),,
77--2255  --  77--2266..    ((RReegguullaattoorryy  IImmppaacctt  AAsssseessssmmeenntt,,  hheerreeaafftteerr))..

3344 KKiirrsstteenn  VViiccee,,  RRooyy  SSiieebbeerr  aanndd  BBeettssyy  BBiicckknneellll,,  ““CCoossttss  ooff  UUppggrraaddiinngg  BBlleeaacchh  PPllaannttss  ttoo  MMiinniimmiizzee  CCOODD
ddiisscchhaarrggeess,,””  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  2211;;  RRoollff  HHeellaannddeerr,,  SSttoorraa
BBiilllleerruudd,,  PPaanneell  oonn  MMiillll  EExxppeerriieennccee  wwiitthh  OOzzoonnee  BBlleeaacchhiinngg  WWoorrllddwwiiddee,,  11999944  IInntteerrnnaattiioonnaall  NNoonn--
CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  AAmmeelliiaa  IIssllaanndd,,  FFLL,,  MMaarrcchh  11999944..

3355 WWeellllss  NNuutttt,,  pprreessiiddeenntt,,  UUnniioonn  CCaammpp  TTeecchhnnoollooggiieess  IInncc..,,  lleetttteerr  ttoo  HHaarrrryy  CCaappeellll,,  JJoohhnnssoonn  &&  JJoohhnnssoonn,,  1122
JJuullyy  11999955..

3366 GGeerraarrdd  CClloosssseett,,  lleetttteerr  ttoo  HHaarrrryy  CCaappeellll,,  1111  JJuullyy  11999955..    EEllaaaahhii  aanndd  LLoowwiitttt  rreeppoorrtt  tthhee  eenneerrggyy  ccoonnssuummeedd  ttoo
eevvaappoorraattee  bbllaacckk  lliiqquuoorr  ttoo  rraannggee  ffrroomm  22..00  --  44..00  mmiilllliioonn  BBttuu’’ss  ppeerr  oovveenn--ddrriieedd  ttoonn  ooff  ppuullpp..    [[SSoouurrccee::  AA..
EEllaaaahhii  aanndd  HH..EE..  LLoowwiitttt,,  TThhee  UU..SS..  PPuullpp  &&  PPaappeerr  IInndduussttrryy  aanndd  EEnneerrggyy  PPeerrssppeeccttiivvee,,  rreeppoorrtt  ffoorr  tthhee
DDeeppaarrttmmeenntt  ooff  EEnneerrggyy,,  DDEE8888--000088661155  bbyy  EEnneerrggeettiiccss  IInncc..,,  AApprriill  11998888,,  44--33..]]



77

3377 TToorroollff  LLaaxxéénn  aanndd  KKaajj  HHeennrriiccssoonn,,  ““EEnneerrggyy  EEffffiicciieennccyy  iinn  EECCFF  aanndd  TTCCFF  BBlleeaacchhiinngg,,””  11999944  IInntteerrnnaattiioonnaall
PPuullpp  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  224411--  224455..

3388 NNoorrddiicc  PPuullpp  &&  PPaappeerr  RReesseeaarrcchh  JJoouurrnnaall,,  nnoo..  44--11999933,,  336655  --  337788..

3399 RRoollaanndd  LLöövvbbllaadd,,  mmaannaaggeerr,,  EEnnvviirroonnmmeennttaall  SSeerrvviicceess,,  SSööddrraa  CCeellll,,  PPaappeerr  TTaasskk  FFoorrccee  EExxppeerrtt  PPaanneell,,
SSeepptteemmbbeerr  2211,,  11999944..

4400 WWeellllss  NNuutttt,,  pprreessiiddeenntt,,  UUnniioonn  CCaammpp  TTeecchhnnoollooggiieess  IInncc..,,  lleetttteerr  ttoo  LLaauurreenn  BBlluumm,,  EEnnvviirroonnmmeennttaall  DDeeffeennssee
FFuunndd,,  2277  SSeepptteemmbbeerr  11999944..

4411 WWeellllss  NNuutttt,,  lleetttteerr  ttoo  HHaarrrryy  CCaappeellll,,  55..

4422 GGeerraarrdd  CClloosssseett,,  lleetttteerr  ttoo  HHaarrrryy  CCaappeellll,,  66..

4433 JJeeaann  RReennaarrdd,,  PPaappeerr  TTaasskk  FFoorrccee  pprreesseennttaattiioonn,,  NNeewwaarrkk,,  NNJJ,,  11  SSeepptteemmbbeerr  11999944..

4444 NNCCAASSII,,  ""VVoollaattiillee  EEmmiissssiioonnss  ffrroomm  PPuullpp  aanndd  PPaappeerr  MMiillll  ssoouurrcceess,,  VVoolluummeess  II  --  IIXX"",,  TTeecchhnniiccaall  BBuulllleettiinn
NNooss..  667755  --  668833,,  AAuugguusstt  --  NNoovveemmbbeerr  11999944..

4455 NNCCAASSII,,  ““GGeenneerraattiioonn  aanndd  EEmmiissssiioonnss  ooff  SSeelleecctteedd  HHAAPPss  aatt  aa  TTCCFF  MMiillll,,””  pprreesseenntteedd  aatt  tthhee  NNCCAASSII
SSoouutthheerrnn  RReeggiioonnaall  MMeeeettiinngg,,  AAuugguusstt  11999955..

4466 GG..  MMaapplleess  eett  aall..,,  11999944  IInntteerrnnaattiioonnaall  PPuullpp  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  226611..

4477 FFeeddeerraall  RReeggiisstteerr,,  5588,,  DDeecceemmbbeerr  1177,,  11999933,,  6666008811..

4488 UU..SS..  EEPPAA,,  RReegguullaattoorryy  IImmppaacctt  AAsssseessssmmeenntt,,  77--77  --  77--88..

4499 NNCCAASSII,,  ““VVoollaattiillee  OOrrggaanniicc  EEmmiissssiioonnss  ffrroomm  PPuullpp  aanndd  PPaappeerr  MMiillll  SSoouurrcceess  PPaarrtt  IIVV  --  BBrroowwnnssttoocckk
WWaasshhiinngg,,  SSccrreeeenniinngg  aanndd  RReeffiinniinngg  SSoouurrcceess,,””  TTeecchhnniiccaall  RReeppoorrtt  NNoo..  667788,,  SSeepptteemmbbeerr  11999944,,  111100..

5500 NNCCAASSII,,  ““VVoollaattiillee  OOrrggaanniicc  EEmmiissssiioonnss  ffrroomm  PPuullpp  aanndd  PPaappeerr  MMiillll  SSoouurrcceess  PPaarrtt  II  --  OOxxyyggeenn
DDeelliiggnniiffiiccaattiioonn  SSyysstteemmss,,””  TTeecchhnniiccaall  RReeppoorrtt  NNoo..  667755,,  AAuugguusstt  11999944,,  8855..

5511 NNCCAASSII,,  ““VVoollaattiillee  OOrrggaanniicc  EEmmiissssiioonnss  ffrroomm  PPuullpp  aanndd  PPaappeerr  MMiillll  SSoouurrcceess  PPaarrtt  VVII  --  RReeccoovveerryy  FFuurrnnaacceess
aanndd  BBllaacckk  LLiiqquuoorr  OOxxiiddaattiioonn  SSyysstteemmss,,””  TTeecchhnniiccaall  RReeppoorrtt  NNoo..  668800,,  OOccttoobbeerr  11999944,,  7766..

5522 IInn  hhiiss  rreevviieeww  ooff  aa  ddrraafftt  ooff  WWhhiittee  PPaappeerr  NNoo..  55,,  HHaarrrryy  HHiinnttzz  ooff  WWeessttvvaaccoo  nnootteedd  tthhaatt  tthhee  cchhlloorrooffoorrmm
ccoonncceennttrraattiioonnss  iinn  tthhee  ffiillttrraatteess  ooff  ttrraaddiittiioonnaall  EECCFF  bblleeaacchh  ppllaannttss  wweerree  lloowweerr  tthhaann  tthhoossee  ffrroomm  eennhhaanncceedd
EECCFF  bblleeaacchh  ppllaannttss..    TThhee  NNCCAASSII  1166  mmiillll  ssttuuddyy  ddooeess  nnoott  mmeeaassuurree  tthhee  cchhlloorrooffoorrmm  ccoonncceennttrraattiioonn  iinn  tthhee
ffiillttrraatteess  ooff  tthhee  mmiillll  wwiitthh  aann  eennhhaanncceedd  EECCFF  pprroocceessss..    AAss  aa  rreessuulltt,,  wwee  ccaannnnoott  mmaakkee  aa  ddiirreecctt  ccoommppaarriissoonn
ooff  tthhee  ttoottaall  cchhlloorrooffoorrmm  ccoonncceennttrraattiioonn  ggeenneerraatteedd  bbyy  tthheessee  pprroocceesssseess..    AA  NNCCAASSII  ssttuuddyy  ooff  tthhee  eefffflluueennttss  ooff
ssiixx  EECCFF  bblleeaacchheedd  kkrraafftt  ppuullpp  mmiillllss  iinn  CCaannaaddaa  ddooeess  mmeeaassuurree  tthhee  cchhlloorrooffoorrmm  ccoonncceennttrraattiioonn  iinn  tthhee  bblleeaacchh
ppllaanntt  ffiillttrraatteess  ooff  mmiillllss..    TThhiiss  ssttuuddyy  sshhoowwss  mmeeaann  cchhlloorrooffoorrmm  ccoonncceennttrraattiioonnss  ooff  00..5522  aanndd  11..8866  ggrraammss
cchhlloorrooffoorrmm  ppeerr  mmeettrriicc  ttoonn  ooff  ssooffttwwoooodd  bblleeaacchheedd  kkrraafftt  ppuullpp,,  rreessppeeccttiivveellyy,,  iinn  tthhee  bblleeaacchh  ppllaanntt  ffiillttrraatteess  ooff
mmiillllss  wwiitthh  ttrraaddiittiioonnaall  EECCFF  pprroocceesssseess  aanndd  eennhhaanncceedd  EECCFF  pprroocceesssseess..    [[NNCCAASSII,,  ““CChhaarraacctteerriizzaattiioonn  ooff
EEfffflluueenntt  QQuuaalliittyy  aatt  SSeevveenn  CCaannaaddiiaann  KKrraafftt  MMiillllss  OOppeerraattiinngg  CCoommpplleettee  SSuubbssttiittuuttiioonn  BBlleeaacchh  PPllaannttss,,””
SSppeecciiaall  RReeppoorrtt  NNoo..  9955--0099,,  JJuullyy  11999955,,  1100..]]    TThhee  ttoottaall  cchhlloorrooffoorrmm  ccoonncceennttrraattiioonn  ooff  22..8866  ggrraammss  ppeerr  aaiirr--
ddrriieedd  mmeettrriicc  ttoonn  ooff  ssooffttwwoooodd  bblleeaacchheedd  kkrraafftt  ppuullpp  ggeenneerraatteedd  bbyy  tthhee  mmiillll  wwiitthh  tthhee  eennhhaanncceedd  EECCFF  pprroocceessss
iiss  lloowweerr  tthhaann  tthhaatt  ooff  tthhee  mmiillll  wwiitthh  aa  ttrraaddiittiioonnaall  EECCFF  pprroocceessss  aatt  66..0022  ggrraammss  ooff  cchhlloorrooffoorrmm  ppeerr  aaiirr--ddrriieedd
mmeettrriicc  ttoonn  ooff  ssooffttwwoooodd  bblleeaacchheedd  kkrraafftt  ppuullpp..

5533 RRoobbeerrtt  JJ..  CCrraawwffoorrdd  eett  aall..,,    ""CChhlloorrooffoorrmm  ggeenneerraattiioonn  aatt  bblleeaacchh  ppllaannttss  wwiitthh  hhiigghh  cchhlloorriinnee  ddiiooxxiiddee
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ssuubbssttiittuuttiioonn  oorr  ooxxyyggeenn  ddeelliiggnniiffiiccaattiioonn,,""  TTaappppii  JJoouurrnnaall,,  7744((44))::  116633  ((11999911))..

5544 NNCCAASSII,,  ""VVoollaattiillee  OOrrggaanniicc  EEmmiissssiioonnss  ffrroomm  PPuullpp  aanndd  PPaappeerr  MMiillll  SSoouurrcceess::  PPaarrtt  II  --  OOxxyyggeenn
DDeelliiggnniiffiiccaattiioonn  SSyysstteemmss,,""  TTeecchhnniiccaall  BBuulllleettiinn  NNoo..  667755,,  AAuugguusstt  11999944,,  8888  --9911..

5555 DDoouuggllaass  PPrryykkee  eett  aall..,,    ““EEnnvviirroonnmmeennttaall  IImmpprroovveemmeennttss  aatt  GGrraanndd  PPrraaiirriiee  aanndd  EEccoossyysstteemm  RReessppoonnssee,,””  PPuullpp
&&  PPaappeerr  CCaannaaddaa,,  9966((1111))::  4422  ((11999955))..

5566 RRuuuudd  AAddddiinnkk  aanndd  KKeeeess  OOlliiee,,  ““MMeecchhaanniissmmss  ooff  ffoorrmmaattiioonn  aanndd  ddeessttrruuccttiioonn  ooff  ppoollyycchhlloorriinnaatteedd  ddiibbeennzzoo--pp--
ddiiooxxiinnss  aanndd  ddiibbeennzzooffuurraannss  iinn  hheetteerrooggeenneeoouuss  ssyysstteemmss,,””  EEnnvviirroonn..  SSccii..  TTeecchhnnooll..,,  2299((66))::  11442255--11443355
((11999955))..

5577 AAnnddrreeww  AA..  MMeehhaarrgg  aanndd  DDaanniieell  OOssbboorrnn,,  ““DDiiooxxiinnss  rreelleeaasseedd  ffrroomm  cchheemmiiccaall  aacccciiddeennttss,,””  NNaattuurree,,  337755::
335533--335544  ((11999955))..

5588 BBaasseedd  oonn  ttooxxiicc  eeqquuiivvaalleennccee  ffaaccttoorrss  ((TTEEFF))  ddeevveellooppeedd  bbyy  EEPPAA,,  TTCCDDDD  hhaass  aa  TTEEFF  ooff  11..00  aass  tthhee  mmoosstt
ttooxxiicc  mmeemmbbeerr  ooff  tthhee  ddiiooxxiinn  aanndd  ffuurraann  ffaammiillyy..    TTCCDDFF  aanndd  tthhee  ddiiooxxiinnss  aanndd  ffuurraannss  wwiitthh  66  cchhlloorriinneess
((hheexxaacchhlloorrooddiibbeennzzoo--pp--ddiiooxxiinnss  aanndd  hheexxaacchhlloorrooddiibbeennzzooffuurraann))  hhaavvee  TTEEFFss  ooff  00..11..    TThhee  TTEEFFss  ooff  tthhee
hheeppttaa--  aanndd  ooccttaa--  CCDDDD  aanndd  CCDDFF  ccoommppoouunnddss  aarree  00..0011  aanndd  00..000011  rreessppeeccttiivveellyy..    [[UU..SS..  EEPPAA,,  RREEVVIIEEWW
DDRRAAFFTT::  EEssttiimmaattiinngg  EExxppoossuurree  ttoo  DDiiooxxiinn--LLiikkee  CCoommppoouunnddss,,  VVoolluummee  II::  EExxeeccuuttiivvee  SSuummmmaarryy
((WWaasshhiinnggttoonn,,  DDCC::  OOffffiiccee  ooff  RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt,,  EEPPAA  RReeppoorrtt  NNoo..  EEPPAA//660000//66--8888//000055CCaa,,  JJuunnee
11999944)),,  33..  ((RREEVVIIEEWW  DDRRAAFFTT::  EEssttiimmaattiinngg  EExxppoossuurree  ttoo  DDiiooxxiinn--LLiikkee  CCoommppoouunnddss,,  VVoolluummee  II,,  hheerreeaafftteerr))  ..

5599 UU..SS..  EEPPAA,,  OOffffiiccee  ooff  RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt,,  RREEVVIIEEWW  DDRRAAFFTT::  EEssttiimmaattiinngg  EExxppoossuurree  ttoo  DDiiooxxiinn--
LLiikkee  CCoommppoouunnddss  VVoolluummee,,  2200,,  2244..

6600 JJeeaann  RReennaarrdd,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  pprreesseennttaattiioonn  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee,,  SSeepptteemmbbeerr  11,,  11999944..

6611 FFeeddeerraall  RReeggiisstteerr,,  5588::  6666008833  ((11999933))..

6622 UU..SS..  EEPPAA,,  RReegguullaattoorryy  IImmppaacctt  AAsssseessssmmeenntt,,  77--88..

6633 PPeennnnyy  LLaassssiitteerr,,  OOffffiiccee  ooff  AAiirr  aanndd  RRaaddiiaattiioonn,,  UU..  SS..  EEPPAA  RRaalleeiigghh,,  NNCC,,  tteelleepphhoonnee  iinntteerrvviieeww,,  1100
NNoovveemmbbeerr  11999955..

6644 NNCCAASSII  eemmiissssiioonnss  ffoorr  ttoottaall  HHAAPPss  iiss  tthhee  ssuumm  ooff  tthhee  eemmiissssiioonnss  ooff  tthhee  iinnddiivviidduuaall  HHAAPPss  mmeeaassuurreedd  iinn  tthhee
ssttuuddyy..    NNCCAASSII  ccoolllleecctteedd  tthhee  rraaww  eemmiissssiioonn  ddaattaa  ffoorr  eeaacchh  HHAAPP  aass  aa  ccoonncceennttrraattiioonn,,    aanndd  tthheenn  ccoonnvveerrtteedd
tthhee  ccoonncceennttrraattiioonn  ttoo  ppoouunnddss  ppeerr  oovveenn--ddrriieedd  ttoonn  ooff  ppuullpp  uussiinngg  tthhee  mmoolleeccuullaarr  wweeiigghhtt  ooff  eeaacchh  ccoommppoouunndd..
NNCCAASSII  mmeeaassuurreedd  ttoottaall  VVOOCC  eemmiissssiioonnss  uussiinngg  aann  EEPPAA  tteesstt  ffoorr  tthheessee  eemmiissssiioonnss..    TThhee  ccoonncceennttrraattiioonnss  ooff
tthhee  rraaww  ttoottaall  VVOOCC  ddaattaa  aarree  ccoonnvveerrtteedd  ttoo  mmaassss  eemmiissssiioonnss  uussiinngg  tthhee  mmoolleeccuullaarr  wweeiigghhtt  ooff  ccaarrbboonn  rraatthheerr
tthhaann  tthhee  mmoolleeccuullaarr  wweeiigghhtt  ooff  tthhee  iinnddiivviidduuaall  ccoommppoouunnddss..  TThhee  EEPPAA  mmeetthhoodd  iiss  uusseedd  ttoo  mmeeaassuurree  VVOOCC
eemmiissssiioonnss  ffoorr  rreegguullaattoorryy  ppuurrppoosseess..    RRiicchhaarrdd  SSttoorraatt  nnootteess  tthhaatt  tthhiiss  tteesstt  iiss  kknnoowwnn  ttoo  hhaavvee  aa  ppoooorr  rreessppoonnssee
ttoo  cceerrttaaiinn  ccoommppoouunnddss  ssuucchh  aass  mmeetthhaannooll  aanndd  ffoorrmmaallddeehhyyddee..    [[RRiicchhaarrdd  SSttoorraatt,,  vviiccee  pprreessiiddeenntt,,  eeccoonnoommiiccss
aanndd  mmaatteerriiaallss,,  AAmmeerriiccaann  FFoorreesstt  &&  PPaappeerr  AAssssoocciiaattiioonn,,  lleetttteerr  ttoo  DDaavviidd  RReeffkkiinn,,  2266  MMaayy  11999955,,  1100..]]    TThhuuss,,
iitt  iiss  ppoossssiibbllee  tthhaatt  tthhiiss  tteesstt  uunnddeerreessttiimmaatteess  tthhee  aaccttuuaall  VVOOCC  eemmiissssiioonnss..

6655 NNCCAASSII,,  ““VVoollaattiillee  OOrrggaanniicc  EEmmiissssiioonnss  ffrroomm  PPuullpp  aanndd  PPaappeerr  MMiillll  SSoouurrcceess  --  PPaarrtt  VV::  KKrraafftt  MMiillll  BBlleeaacchh
ppllaannttss,,””  TTeecchhnniiccaall  BBuulllleettiinn  NNoo..  667799,,  OOccttoobbeerr  11999944,,  111177,,  112255..

6666 UU..SS..  EEPPAA,,  RReegguullaattoorryy  IImmppaacctt  AAsssseessssmmeenntt,,  77--1111..

6677 JJeerrrryy  CCrroossbbyy,,  EEnnggiinneeeerriinngg,,  WWeeyyeerrhhaaeeuusseerr  PPaappeerr  CCoommppaannyy,,  ppeerrssoonnaall  ccoommmmuunniiccaattiioonn..
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6688 BBrruuccee  MMccKKaagguuee,,  ccoommmmeennttss  aatt  tthhee  NNCCAASSII  TTeecchhnniiccaall  WWoorrkksshhoopp  oonn  CChhlloorriinnaatteedd  OOrrggaanniicc  SSuubbssttaanncceess,,
WWaasshhiinnggttoonn,,  DDCC,,  FFeebbrruuaarryy  1177,,  11999944;;  BBrruuccee  MMccKKaagguuee,,  MMaarriiaannnnee  JJaarrll  aanndd  KKnnuutt  PP..  KKrriinnggssttaadd,,  ““AAnn  uupp--
ttoo  ddaattee  lliisstt  ooff  ccoommppoouunnddss  iiddeennttiiffiieedd  iinn  bblleeaacchheerryy  eefffflluueenntt  aass  ooff  JJaannuuaarryy  11998899,,””  ÅÅFF--IIPPKK,,  11998899..

6699 RR..HH..  VVoossss  eett..  aall..,,  ““SSoommee  NNeeww  IInnssiigghhttss  iinnttoo  tthhee  OOrriiggiinnss  ooff  DDiiooxxiinnss  FFoorrmmeedd  DDuurriinngg  CChheemmiiccaall  PPuullpp
BBlleeaacchhiinngg,,””  11998888  CCPPPPAA  EEnnvviirroonnmmeenntt  CCoonnffeerreennccee,,  VVaannccoouuvveerr,,  BBCC,,  2255--2266  OOccttoobbeerr,,  11998888,,  1144  --  1177..

7700 IIbbiidd..,,  2255  --  2277..

7711 AArrnnoolldd  SScchheecctteerr,,  eedd..,,  DDiiooxxiinnss  aanndd  HHeeaalltthh  ((NNeeww  YYoorrkk::  PPlleennuumm  PPrreessss,,  11999944));;  UU..SS..  EEPPAA,,  OOffffiiccee  ooff
RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt,,  IInntteerriimm  RReeppoorrtt  oonn  DDaattaa  aanndd  MMeetthhooddss  ffoorr  AAsssseessssmmeenntt  ooff  22,,33,,77,,88--
TTeettrraacchhlloorrooddiibbeennzzoo--pp--ddiiooxxiinn  RRiisskkss  ttoo  AAqquuaattiicc  LLiiffee  aanndd  AAssssoocciiaatteedd  WWiillddlliiffee  ((WWaasshhiinnggttoonn  DDCC::
EEPPAA//660000//RR--9933//005555,,  MMaarrcchh  11999933))..

7722 GGeenneevviieevvee  MMaattaannoosskkii,,  MMoorrttoonn  LLiippppmmaannnn,,  JJooaann  DDaaiisseeyy,,  ““SScciieennccee  AAddvviissoorryy  BBooaarrdd’’ss  rreevviieeww  ooff  tthhee
DDrraafftt  DDiiooxxiinn  EExxppoossuurree  aanndd  HHeeaalltthh  EEffffeeccttss  RReeaasssseessssmmeenntt  DDooccuummeennttss,,””  lleetttteerr  ttoo  CCaarrooll  BBrroowwnneerr,,  EEPPAA--
SSAABB--EECC--9955--002211,,  SSeepptteemmbbeerr  2299,,  11999955..

7733 MMiicchhaaeell  DDeeVViittoo,,  eett..  aall..,,  ““CCoommppaarriissoonnss  ooff  EEssttiimmaatteedd  HHuummaann  BBooddyy  BBuurrddeennss  ooff  DDiiooxxiinnlliikkee  CChheemmiiccaallss
aanndd  TTCCDDDD  BBooddyy  BBuurrddeennss  iinn  EExxppeerriimmeennttaallllyy  EExxppoosseedd  AAnniimmaallss,,””  EEnnvviirroonnmmeennttaall  HHeeaalltthh  PPeerrssppeeccttiivveess,,
110033((99))::  882200  ((11999955))..

7744 UU..SS..  EEPPAA,,  OOffffiiccee  ooff  RReesseeaarrcchh  aanndd  DDeevveellooppmmeenntt,,  IInntteerriimm  RReeppoorrtt  oonn  TTeettrraacchhlloorrooddiibbeennzzoo--pp--ddiiooxxiinn  RRiisskkss
ttoo  AAqquuaattiicc  LLiiffee,,  xxxx..

7755 RR..JJ..  SShhiimmpp,,  aanndd  JJ..WW..  OOwweennss,,  ““PPuullpp  aanndd  PPaappeerr  TTeecchhnnoollooggiieess  aanndd  IImmpprroovveemmeennttss  iinn  EEnnvviirroonnmmeennttaall
EEmmiissssiioonnss  ttoo  AAqquuaattiicc  EEnnvviirroonnmmeennttss,,””  TTooxxiiccooll..  aanndd  EEnnvviirroonn..  CChheemm..,,  4400::  222244  ((11999933))..

7766 JJuukkkkaa  TTaannaa,,  eett..  aall..,,  ““AAsssseessssiinngg  iimmppaaccttss  oonn  BBaallttiicc  ccooaassttaall  eeccoossyysstteemmss  wwiitthh  mmeessooccoossmm  aanndd  ffiisshh
bbiioommaarrkkeerr  tteessttss::  aa  ccoommppaarriissoonn  ooff  nneeww  aanndd  oolldd  wwoooodd  ppuullpp  bblleeaacchhiinngg  tteecchhnnoollooggiieess,,””  SSccii..  TToottaall  EEnnvviirroonn..,,
114455::  221144  ((11999944))..

7777 IIbbiidd..

7788 JJoocceellyynn  WWooooddmmaann,,  PPoolllluuttiioonn  PPrreevveennttiioonn  TTeecchhnnoollooggiieess  ffoorr  tthhee  BBlleeaacchheedd  KKrraafftt  SSeeggmmeenntt  ooff  tthhee  UU..SS..
PPuullpp  aanndd  PPaappeerr  IInndduussttrryy  ((WWaasshhiinnggttoonn::  UU..  SS..  EEPPAA  OOffffiiccee  ooff  PPoolllluuttiioonn  PPrreevveennttiioonn  aanndd  TTooxxiiccss,,
EEPPAA//660000//RR--9933//111100,,  11999933)),,  pp..  22--44..

7799 RRoobbeerrtt  SShhiimmpp,,  sseeccttiioonn  hheeaadd,,  ppaappeerr  pprroodduuccttss  ddiivviissiioonn,,  eennvviirroonnmmeennttaall  ssaaffeettyy  aanndd  eexxtteerrnnaall  rreellaattiioonnss,,
PPrroocctteerr  &&  GGaammbbllee,,  lleetttteerr  ttoo  LLiinnddaa  FFrraannsseenn,,  PPeerrsseeccoo,,  99  JJuunnee,,  11999955..

8800 HH..AA..  SSiimmoonnss  LLttdd..,,  AAsssseessssmmeenntt  ooff  IInndduussttrryy  ccoossttss  ttoo  MMeeeett  BBrriittiisshh  CCoolluummbbiiaa’’ss  NNeeww  AAOOXX  RReegguullaattiioonnss,,
rreeppoorrtt  pprreeppaarreedd  ffoorr  tthhee  MMiinniissttrryy  ooff  EEnnvviirroonnmmeenntt,,  LLaannddss  aanndd  PPaarrkkss  aanndd  tthhee  MMiinniissttrryy  ooff  EEccoonnoommiicc
DDeevveellooppmmeenntt,,  SSmmaallll  BBuussiinneessss  aanndd  TTrraaddee  ooff  BBrriittiisshh  CCoolluummbbiiaa,,  JJuunnee  11999922,,  IIIIII--66..

8811 IIbbiidd..,,  IIVV--1122..

8822 NNCCAASSII,,  ““EEffffeeccttss  ooff  CChhlloorriinnee  DDiiooxxiiddee  SSuubbssttiittuuttiioonn  oonn  BBlleeaacchh  PPllaanntt  EEfffflluueenntt  BBOODD  aanndd  CCoolloorr,,””
TTeecchhnniiccaall  BBuulllleettiinn  NNoo..  663300,,  MMaarrcchh  11999922,,  33..

8833 JJeeaann  RReennaarrdd,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  PPrreesseennttaattiioonn  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee,,  NNeewwaarrkk,,  NNJJ,,  SSeepptteemmbbeerr  11,,
11999944..
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8844 BBeettssyy  BBiicckknneellll,,  DDoouuggllaass  SSppeennggeell,,  aanndd  TThhoommaass  HHoollddwwoorrtthh,,  ““CCoommppaarriissoonn  ooff  PPoolllluuttaanntt  LLooaaddiinnggss  ffrroomm
EECCFF,,  TTCCFF  aanndd  OOzzoonnee//CChhlloorriinnee  DDiiooxxiiddee  BBlleeaacchhiinngg,,””  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg
CCoonnffeerreennccee,,  1166..

8855 JJeennss  FFoollkkee,,  eett..  aall..,,  ““SSiimmpplliiffiieedd  BBiiooaassssaayyss  aanndd  CChheemmiiccaall  AAnnaallyysseess  ttoo  bbee  uusseedd  ffoorr  RReegguullaattoorryy  PPuurrppoosseess
iinn  tthhee  PPuullpp  IInndduussttrryy,,””  TTAAPPPPII  PPrroocceeeeddiinnggss  11999933  EEnnvviirroonnmmeennttaall  CCoonnffeerreennccee,,  ((AAttllaannttaa,,  GGAA::  TTAAPPPPII
PPrreessss,,  11999933)),,  441133..

8866 JJeennss  FFoollkkee,,  ““DDooeess  CCOODD  PPrroovviiddee  aa  UUsseeffuull  IInnddiiccaattiioonn  ooff  tthhee  SSuubb--lleetthhaall  TTooxxiicciittyy  ooff  EECCFF  aanndd  TTCCFF
EEfffflluueennttss??””  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  11..

8877 IIbbiidd..,,  1122--1133..

8888 RRoobbeerrtt  SShhiimmpp,,  PPrroocctteerr  &&  GGaammbbllee  CCoo..,,  lleetttteerr  ttoo  HHaarrrryy  CCaappeellll,,  JJoohhnnssoonn  &&  JJoohhnnssoonn,,  33  JJuullyy  11999955,,  99..

8899.. UU..SS..  EEPPAA,,  DDeevveellooppmmeenntt  DDooccuummeenntt,,  66--2211..

9900 NNCCAASSII,,  SSppeecciiaall  RReeppoorrtt  9944--0077..

9911 RRiicchhaarrdd  HHiiggaasshhii,,  GGaarryy  CChheerrrr,,  JJoonnaatthhaann  SShheennkkeerr,,  JJeeffffrreeyy  MMaaccddoonnaalldd  aanndd  DDoonnaalldd  CCrroossbbyy,,  ““AA  PPoollaarr
HHiigghh  MMoolleeccuullaarr  MMaassss  CCoonnssttiittuueenntt  ooff  BBlleeaacchheedd  KKrraafftt  MMiillll  EEfffflluueenntt  iiss  TTooxxiicc  ttoo  MMaarriinnee  OOrrggaanniissmmss””,,
EEnnvviirroonn..  SSccii..  TTeecchhnnooll..,,  2266,,  22441133--22442200  ((11999922))..

9922 TTeedd  TTssaaii,,  JJeeaann  RReennaarrdd  aanndd  RRiicchhaarrdd  PPhhiilllliippss,,  ““FFoorrmmaattiioonn  ooff  ppoollyycchhlloorriinnaatteedd  pphheennoolliicc  ccoommppoouunnddss
dduurriinngg  hhiigghh  cchhlloorriinnee  ddiiooxxiiddee  ssuubbssttiittuuttiioonn  bblleeaacchhiinngg,,””  TTaappppii  JJoouurrnnaall,,  7777((88)),,  AAuugguusstt  11999944,,  pp..  115544..

9933 IIbbiidd..,,  115555..

9944 DDiicckk  EErriicckkssoonn,,  ““CClloossiinngg  UUpp  tthhee  BBlleeaacchh  PPllaanntt::  SSttrriivviinngg  ffoorr  aa  MMiinniimmuumm--IImmppaacctt  MMiillll,,””  ppaappeerr  pprreesseenntteedd
aatt  CChheemmiiccaall  WWeeeekk::  TThhee  CChhaannggiinngg  CChhlloorriinnee  MMaarrkkeettppllaaccee::  BBuussiinneessss,,  SScciieennccee  aanndd  RReegguullaattiioonnss,,  NNeeww
OOrrlleeaannss,,  AApprriill  1111,,  11999955..

9955 JJeeaann  RReennaarrdd,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  pprreesseennttaattiioonn  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee,,  SSeepptteemmbbeerr  11,,  11999944..

9966 TTeedd  TTssaaii,,  JJeeaann  RReennaarrdd  aanndd  RRiicchhaarrdd  PPhhiilllliippss,,  FFoorrmmaattiioonn  ooff  ppoollyycchhlloorriinnaatteedd  pphheennoolliicc  ccoommppoouunnddss,,””    115544..

9977 JJeennss  FFoollkkee,,  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  77..

9988 TTeedd  TTssaaii,,  JJeeaann  RReennaarrdd  aanndd  RRiicchhaarrdd  PPhhiilllliippss,,  ““FFoorrmmaattiioonn  ooff  ppoollyycchhlloorriinnaatteedd  pphheennoolliicc  ccoommppoouunnddss,,””
115555..

9999 GG..  MMaapplleess,,  eett..  aall..,,  11999944  IInntteerrnnaattiioonnaall  PPuullpp  BBlleeaacchhiinngg  CCoonnffeerreennccee..,,  226611..

110000 BBeettssyy  BBiicckknneellll,,  DDoouuggllaass  SSppeennggeell  aanndd  TThhoommaass  HHoollddwwoorrtthh,,  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg
CCoonnffeerreennccee,,    1144..

110011 UU..SS..  EEPPAA,,  RReegguullaattoorryy  IImmppaacctt  AAsssseessssmmeenntt,,    77--2255  --  77--2266..

110022 TTeedd  TTssaaii,,  JJeeaann  RReennaarrdd  aanndd  RRiicchhaarrdd  PPhhiilllliippss,,  ““FFoorrmmaattiioonn  ooff  ppoollyycchhlloorriinnaatteedd  pphheennoolliicc  ccoommppoouunnddss,,””
115544..

110033 JJoohhnn  MMoorrggaann,,  ““MMiillll  EExxppeerriieennccee  wwiitthh  110000%%  CCllOO22  SSuubbssttiittuuttiioonn  BBlleeaacchhiinngg,,””  PPrroocceeeeddiinnggss  ooff  tthhee  11999933
NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee  ((SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann  IInncc..,,  MMaarrcchh  11999933)),,  55;;  AAllaann  EE..
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SSttiinncchhffiieelldd  aanndd  MMiicchhaaeell  GG..  WWooooddss,,  ""MMiillll  EExxppeerriieennccee  wwiitthh  RReedduuccttiioonn  ooff  CChhlloorriinnaatteedd  OOrrggaanniicc
CCoommppoouunnddss  ffrroomm  BBlleeaacchheedd  KKrraafftt  MMiillllss  UUssiinngg  CCoommpplleettee  SSuubbssttiittuuttiioonn  ooff  CChhlloorriinnee  DDiiooxxiiddee  ffoorr  CChhlloorriinnee
iinn  tthhee  FFiirrsstt  BBlleeaacchhiinngg  SSttaaggee,,""  NNCCAASSII  TTeecchhnniiccaall  WWoorrkksshhoopp  oonn  EEffffeeccttss  ooff  AAlltteerrnnaattiivvee  PPuullppiinngg  aanndd
BBlleeaacchhiinngg  PPrroocceesssseess  oonn  PPrroodduuccttiioonn  aanndd  BBiioottrreeaattaabbiilliittyy  ooff  CChhlloorriinnaatteedd  OOrrggaanniiccss,,  WWaasshhiinnggttoonn,,  DDCC,,  1177
FFeebbrruuaarryy  11999944,,  pp..  55..    TThhee  eessttiimmaattee  ooff  tthhee  hhiigghh  lleevveell  ooff  AAOOXX  ffrroomm  tthhee  bblleeaacchh  ppllaanntt  iiss  bbaasseedd  oonn  tthhee  ffiinnaall
eefffflluueenntt  AAOOXX  nnuummbbeerr  ffrroomm  MMoorrggaann  ssoouurrccee  aanndd  uussiinngg  ttrreeaattmmeenntt  eeffffiicciieennccyy  ooff  2222%%  aass  rreeppoorrtteedd  bbyy
SSttiinncchhffiieelldd  aanndd  WWooooddss..

110044 JJeeaann  RReennaarrdd,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  pprreesseennttaattiioonn  ttoo  tthhee  PPaappeerr  TTaasskk  FFoorrccee,,  11  SSeepptteemmbbeerr  11999944..

110055 RRuuddoollpphh  TThhuutt,,  ““PPeerrffoorrmmaannccee  ooff  WWeeyyeerrhhaaeeuusseerr  BBlleeaacchheedd  KKrraafftt  MMiillllss  wwiitthh  EExxtteennddeedd  aanndd//oorr  OOxxyyggeenn
DDeelliiggnniiffiiccaattiioonn  aanndd  110000%%  CChhlloorriinnee  DDiiooxxiiddee  SSuubbssttiittuuttiioonn,,””  NNCCAASSII  TTeecchhnniiccaall  WWoorrkksshhoopp  oonn  EEffffeeccttss  ooff
AAlltteerrnnaattiivvee  PPuullppiinngg  aanndd  BBlleeaacchhiinngg  PPrroocceesssseess  oonn  PPrroodduuccttiioonn  aanndd  BBiioottrreeaattaabbiilliittyy  ooff  CChhlloorriinnaatteedd
OOrrggaanniiccss,,  WWaasshhiinnggttoonn,,  DDCC,,  1177  FFeebbrruuaarryy,,  11999944,,  44..JJeeaann  RReennaarrdd,,  IInntteerrnnaattiioonnaall  PPaappeerr,,  pprreesseennttaattiioonn  ttoo  tthhee
PPaappeerr  TTaasskk  FFoorrccee,,  11  SSeepptteemmbbeerr  11999944..

110066 BBeettssyy  BBiicckknneellll,,  DDoouuggllaass  SSppeennggeell,,  TThhoommaass  HHoollddwwoorrtthh,,  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg
CCoonnffeerreennccee,,  1144..

110077 NNCCAASSII,,  ““PPrrooggrreessss  iinn  RReedduucciinngg  tthhee  TTCCDDDD//TTCCDDFF  CCoonntteenntt  ooff  EEfffflluueennttss,,  PPuullppss  aanndd  WWaasstteewwaatteerr
TTrreeaattmmeenntt  SSlluuddggeess  ffrroomm  tthhee  MMaannuuffaaccttuurriinngg  ooff  BBlleeaacchheedd  CChheemmiiccaall  PPuullpp,,””  SSppeecciiaall  RReeppoorrtt  NNoo..  9944--0088,,
AAuugguusstt  11999944,,  1199..

110088 UU..SS..  EEPPAA,,  DDeevveellooppmmeenntt  DDooccuummeenntt,,  66--4488..

110099 AAllaann  EE..  SSttiinncchhffiieelldd  aanndd  MMiicchhaaeell  GG..  WWooooddss,,  ““MMiillll  EExxppeerriieennccee  wwiitthh  RReedduuccttiioonn  ooff  CChhlloorriinnaatteedd  OOrrggaanniicc
CCoommppoouunnddss  ffrroomm  BBlleeaacchheedd  KKrraafftt  MMiillllss,,””  55..

111100 TThhoommaass  LL..  WWiieesseemmaannnn,,  ““TThhee  EEnnvviirroonnmmeennttaall  IImmppaacctt  ooff  CChhlloorriinnee  DDiiooxxiiddee  SSuubbssttiittuuttiioonn,,””  NNCCAASSII
TTeecchhnniiccaall  WWoorrkksshhoopp  oonn  EEffffeeccttss  ooff  AAlltteerrnnaattiivvee  PPuullppiinngg  aanndd  BBlleeaacchhiinngg  PPrroocceesssseess  oonn  PPrroodduuccttiioonn  aanndd
BBiioottrreeaattaabbiilliittyy  ooff  CChhlloorriinnaatteedd  OOrrggaanniiccss,,  WWaasshhiinnggttoonn,,  DDCC,,  FFeebbrruuaarryy  1177,,  11999944,,  TTaabbllee  1155..

111111 AAllaann  EE..  SSttiinncchhffiieelldd  aanndd  MMiicchhaaeell  GG..  WWooooddss,,  ““MMiillll  EExxppeerriieennccee  wwiitthh  RReedduuccttiioonn  ooff  CChhlloorriinnaatteedd  OOrrggaanniicc
CCoommppoouunnddss  ffrroomm  BBlleeaacchheedd  KKrraafftt  MMiillllss,,””  55..

111122 KKeeiitthh  SSoolloommoonn,,  HHaarroolldd  BBeerrggmmaann,,  RRoobbeerrtt  HHuuggggeetttt,,  DDoonnaalldd  MMaaccKKaayy  aanndd  BBrruuccee  MMccKKaagguuee,,  ““AA  RReevviieeww
aanndd  AAsssseessssmmeenntt  ooff  tthhee  EEccoollooggiiccaall  RRiisskkss  AAssssoocciiaatteedd  wwiitthh  tthhee  UUssee  ooff  CChhlloorriinnee  DDiiooxxiiddee  ffoorr  tthhee
BBlleeaacchhiinngg  ooff  PPuullpp,,””  11999944  IInntteerrnnaattiioonnaall  PPuullpp  BBlleeaacchhiinngg  CCoonnffeerreennccee,,    114499..

111133 AAllbbeerrttaa  DDeeppaarrttmmeenntt  ooff  EEnnvviirroonnmmeennttaall  PPrrootteeccttiioonn..

111144 AAllbbeerrttaa  DDeeppaarrttmmeenntt  ooff  EEnnvviirroonnmmeennttaall  PPrrootteeccttiioonn;;  AAllaann  SSttiinncchhffiieelldd  aanndd  MMiicchhaaeell  WWooooddss,,  ““RReedduucciinngg
cchhlloorriinnaatteedd  oorrggaanniicc  ccoommppoouunnddss  ffrroomm  bblleeaacchheedd  kkrraafftt  mmiillllss  tthhrroouugghh  ffiirrsstt  ssttaaggee  ssuubbssttiittuuttiioonn  ooff  cchhlloorriinnee
ddiiooxxiiddee  ffoorr  cchhlloorriinnee,,””  TTaappppii  JJoouurrnnaall,,  7788((66))::  112200  ((11999955))..

111155 BBeettssyy  BBiicckknneellll,,  DDoouuggllaass  SSppeennggeell,,  aanndd  TThhoommaass  JJ..  HHoollddwwoorrtthh,,  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee
BBlleeaacchhiinngg  CCoonnffeerreennccee,,  1144..

111166 IIbbiidd..

111177 AAllaann  SSttiinncchhffiieelldd  aanndd  MMiicchhaaeell  WWooooddss,,  ““RReedduucciinngg  cchhlloorriinnaatteedd  oorrggaanniicc  ccoommppoouunnddss  ffrroomm  bblleeaacchheedd  kkrraafftt
mmiillllss,,””  112200..
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111188 DDoouuggllaass  RR..  ZZooookk  aanndd  CChhrriissttoopphheerr  RRaappppee,,  ““  EEnnvviirroonnmmeennttaall  SSoouurrcceess,,  DDiissttrriibbuuttiioonn  aanndd  FFaattee  ooff
PPoollyycchhlloorriinnaatteedd  DDiibbeennzzooddiiooxxiinnss,,  DDiibbeennzzooffuurraannss  aanndd  RReellaatteedd  OOrrggaannoocchhlloorriinneess,,””  iinn  DDiiooxxiinnss  aanndd
HHeeaalltthh,,  AArrnnoolldd  SScchheecctteerr,,  eedd..  ((NNeeww  YYoorrkk::  PPlleennuumm  PPrreessss,,  11999933)),,  8844..

111199 IIbbiidd..,,  8888--8899..

112200UU..SS..  EEPPAA,,  RREEVVIIEEWW  DDRRAAFFTT::  EEssttiimmaattiinngg  EExxppoossuurree  ttoo  DDiiooxxiinn--LLiikkee  CCoommppoouunnddss,,  1199--2200..

112211 TThheessee  lleevveellss  mmaayy  bbee  hhiigghh  bbeeccaauussee  nnoonnee  ooff  tthhee  77  bblleeaacchheedd  kkrraafftt  mmiillllss  iinn  MMaaiinnee  wweerree  ooppeerraattiinngg
ttrraaddiittiioonnaall  EECCFF  bblleeaacchhiinngg  pprroocceesssseess  wwhheenn  tthhee  ffiisshh  ssaammpplliinngg  wwaass  ddoonnee..    TThhee  ttiissssuuee  lleevveellss,,  hhoowweevveerr,,  aarree
nnoott  hhiissttoorriiccaall..    TThhee  rriivveerrss  iinn  MMaaiinnee  ssccoouurr  tthhee  bboottttoomm  ssoo  lliittttllee  sseeddiimmeenntt  bbuuiillddss  uupp..    DDiiooxxiinn
ccoonncceennttrraattiioonnss  iinn  tthhee  ttrroouutt  aanndd  bbaassss  iinn  MMaaiinnee’’ss  rriivveerrss  rreeaacchh  eeqquuiilliibbrriiuumm  ccoonncceennttrraattiioonnss  iinn  aabboouutt  11  yyeeaarr..
[[PPeetteerr  WWaasshhbbuurrnn,,  ssttaaffff  sscciieennttiisstt,,  NNaattuurraall  RReessoouurrcceess  CCoouunncciill  ooff  MMaaiinnee,,  ppeerrssoonnaall  ccoommmmuunniiccaattiioonn..]]

112222 IIbbiidd..,,  3355..

112233 UU..SS..  EEPPAA,,  OOffffiiccee  ooff  WWaatteerr,,  GGuuiiddaannccee  FFoorr  AAsssseessssiinngg  CChheemmiiccaall  CCoonnttaammiinnaanntt  DDaattaa  FFoorr  UUssee  IInn  FFiisshh
AAddvviissoorriieess  VVoolluummee  11::  FFiisshh  SSaammpplliinngg  aanndd  AAnnaallyyssiiss  ((WWaasshhiinnggttoonn,,  DDCC::  EEPPAA  882233--RR--9933--000022,,  AAuugguusstt
11999933)),,  55--66..

112244 CCoolluummbbiiaa  RRiivveerr  IInntteerr--TTrriibbaall  FFiisshh  CCoommmmiissssiioonn,,  EExxeeccuuttiivvee  SSuummmmaarryy::  AA  FFiisshh  CCoonnssuummppttiioonn  SSuurrvveeyy  ooff
tthhee  UUmmaattiillllaa,,  NNeezz  PPeerrccee,,  YYaakkaammaa  aanndd  WWaarrmm  SSpprriinnggss  TTrriibbeess  ooff  tthhee  CCoolluummbbiiaa  RRiivveerr  BBaassiinn,,  OOccttoobbeerr
11999944,,  33..

112255 IIbbiidd..,,  44..

112266 SSeeee  cchhaapptteerrss  iinn  DDiiooxxiinnss  aanndd  HHeeaalltthh..

112277 AAccuuttee  ttooxxiicciittyy  rreessuullttss  iinn  tthhee  ddeeaatthh  ooff  aann  oorrggaanniissmm..

112288 DDiicckk  EErriicckkssoonn,,  ““CClloossiinngg  UUpp  tthhee  BBlleeaacchh  PPllaanntt””,,  AAppppeennddiixx  BB..

112299 EEdd  CClleemm,,  vviiccee  pprreessiiddeenntt,,  EEnnvviirroonnmmeennttaall  AAffffaaiirrss,,  CChhaammppiioonn  IInntteerrnnaattiioonnaall,,  ppeerrssoonnaall  ccoommmmuunniiccaattiioonn,,
JJuunnee  99,,  11999955..

113300 TTiibboorr  KKoovvaaccss,,  ggrroouupp  lleeaaddeerr,,  AAqquuaattiicc  BBiioollooggyy,,  PPAAPPRRIICCAANN,,  ppeerrssoonnaall  ccoommmmuunniiccaattiioonn,,  JJuunnee  99,,  11999955..

113311 BB..II..  OO''CCoonnnnoorr  eett..  aall..,,  ""AA  LLaabboorraattoorryy  AAsssseessssmmeenntt  ooff  tthhee  EEnnvviirroonnmmeennttaall  QQuuaalliittyy  ooff  AAlltteerrnnaattiivvee  PPuullpp
BBlleeaacchhiinngg  EEfffflluueennttss,,""  PPuullpp  &&  PPaappeerr  CCaannaaddaa,,  9955((33))::    4477  --  5555..

113322..IIbbiidd..

113333 PP..  JJ..  NNeellssoonn  eett..  aall..,,  ““SSttuuddyy  SShhoowwss  EECCFF,,  TTCCFF  EEfffflluueennttss  HHaavvee  LLoonngg--tteerrmm  TTooxxiicc  IImmppaacctt  oonn  SSeeaa  LLiiffee,,””
PPuullpp  &&  PPaappeerr,,  6699((88))::  110033  --  110099  ((11999955))..

113344 IIbbiidd..,,  110077..

113355 RRoollaanndd  LLöövvbbllaadd  aanndd  JJaann  MMaallmmssttrröömm,,  ""BBiioollooggiiccaall  EEffffeeccttss  ooff  KKrraafftt  PPuullpp  MMiillll  EEfffflluueennttss  --  AA  CCoommppaarriissoonn
BBeettwweeeenn  EECCFF  aanndd  TTCCFF  PPuullpp  PPrroodduuccttiioonn,,""  PPrroocceeeeddiinnggss  ooff  tthhee  11999944  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee
BBlleeaacchhiinngg  CCoonnffeerreennccee,,  ((SSaann  FFrraanncciissccoo::  MMiilllleerr  FFrreeeemmaann,,  IInncc..,,  MMaarrcchh  11999944))..

113366 PP..  JJ..  NNeellssoonn,,  eett..  aall..,,  ““TTooxxiicciittyy  TTeessttiinngg  ooff  EEfffflluueennttss  ffrroomm  EECCFF  aanndd  TTCCFF  BBlleeaacchhiinngg  ooff  EEuuccaallyypptt  KKrraafftt
PPuullppss,,””  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee  BBlleeaacchhiinngg  CCoonnffeerreennccee,,  11....
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113377 RRiicchhaarrdd  HHiiggaasshhii,,eett..  aall..,,  ““AA  PPoollaarr  HHiigghh  MMoolleeccuullaarr  MMaassss  CCoonnssttiittuueenntt  ooff  BBlleeaacchheedd  KKrraafftt  MMiillll  EEfffflluueenntt..””

113388 GGaarryy  CChheerrrr,,  ““UUssee  ooff  eeaarrllyy  lliiffee  ssttaaggeess  ttoo  aasssseessss  tthhee  ttooxxiicciittyy  ooff  ccoonnssttiittuueennttss  ooff  ppuullpp  mmiillll  eefffflluueennttss  ttoo
mmaarriinnee  oorrggaanniissmmss,,””  pprreesseenntteedd  aatt  tthhee  SSeevveenntthh  CCoollllooqquuiiuumm  oonn  PPuullpp  aanndd  PPaappeerr  MMiillll  EEfffflluueennttss,,  UUnniivveerrssiittyy
ooff  TToorroonnttoo,,  DDeecceemmbbeerr  1155--1166,,  11999922..

JJaaeeggeell  aanndd  GGiirraarrdd  rreeppoorrtt  aa  9911%%  rreedduuccttiioonn  iinn  sseeaa  uurrcchhiinn  ttooxxiicciittyy  ssiinnccee  LLoouuiissiiaannaa--PPaacciiffiicc’’ss  bblleeaacchheedd
kkrraafftt  mmiillll  iinn  SSaammooaa,,  CCAA  sswwiittcchheedd  ffrroomm  aa  ttrraaddiittiioonnaall  bblleeaacchhiinngg  pprroocceessss  wwiitthh  eelleemmeennttaall  cchhlloorriinnee  iinn  tthhee
ffiirrsstt  bblleeaacchhiinngg  ssttaaggee  ttoo  aa  ppeerrooxxiiddee  TTCCFF  bblleeaacchhiinngg  sseeqquueennccee  wwhheerree  oovveerr  7700%%  ooff  tthhee  bblleeaacchh  ppllaanntt  ffiillttrraattee
iiss  rreeuusseedd..    TThhee  llaasstt  bblleeaacchhiinngg  ssttaaggee  uusseess  ssooddiiuumm  mmeettaa--bbiissuullffiittee  ttoo  rreemmoovvee  aannyy  rreemmaaiinniinngg  hhyyddrrooggeenn
ppeerrooxxiiddee  ffrroomm  tthhee  bblleeaacchh  ppllaanntt  eefffflluueenntt..  [[SSoouurrccee::  AAnnttoonn  JJaaeeggeell  aanndd  KKiirrkk  GGiirraarrdd,,  ““TTCCFF  BBlleeaacchhiinngg  aatt
LLoouuiissiiaannaa--PPaacciiffiicc  CCoorrpp..’’ss  SSaammooaa  PPuullpp  MMiillll,,  CCaalliiff..,,””  pp..  44..]]    IInnccrreeaassiinngg  tthhee  rreecciirrccuullaattiioonn  ooff  bblleeaacchh  ppllaanntt
ffiillttrraattee  sshhoouulldd  ffuurrtthheerr  rreedduuccee  tthhee  aammoouunntt  ooff  tthhee  ssuubbssttaannccee  iinn  tthhee  eefffflluueenntt,,  aanndd  tthhee  ssooddiiuumm  mmeettaa--bbiissuullffiittee
ttrreeaattmmeenntt  sshhoouulldd  rreedduuccee  tthhee  ttooxxiicciittyy  ooff  aannyy  mmaatteerriiaall  tthhaatt  rreemmaaiinnss..

113399.. RRoollaanndd  LLöövvbbllaadd  aanndd  JJaann  MMaallmmssttrröömm,,  ""BBiioollooggiiccaall  EEffffeeccttss  ooff  KKrraafftt  PPuullpp  MMiillll  EEfffflluueennttss  --  AA  CCoommppaarriissoonn
BBeettwweeeenn  EECCFF  aanndd  TTCCFF  PPuullpp  PPrroodduuccttiioonn..""

114400 RRoollaanndd  LLöövvbbllaadd,,  ““RReeggaarrddiinngg  PPuubblliiccaattiioonn  ffrroomm  AAlllliiaannccee  ffoorr  EEnnvviirroonnmmeennttaall  TTeecchhnnoollooggyy  ((AAEETT))::  ““EECCFF
aanndd  TTCCFF  EEfffflluueenntt  TTooxxiicciittyy::  AAnn  AAnnaallyyssiiss  ooff  RReecceennttllyy  PPuubblliisshheedd  DDaattaa,,””  SSööddrraa  CCeellll  AABB  ppuubblliiccaattiioonn,,
OOccttoobbeerr  2288,,  11999944..

114411 TT..JJ..  KKoovvaaccss,,  eett..  aall..,,  ““AA  CCoommppaarriissoonn  ooff  tthhee  EEnnvviirroonnmmeennttaall  QQuuaalliittyy  ooff  EElleemmeennttaall  CChhlloorriinnee--FFrreeee  ((EECCFF))
aanndd  TToottaallllyy  CChhlloorriinnee--FFrreeee  ((TTCCFF))  HHaarrddwwoooodd  BBlleeaacchh  PPllaanntt  EEfffflluueennttss,,””  11999955  IInntteerrnnaattiioonnaall  NNoonn--CChhlloorriinnee
BBlleeaacchhiinngg  CCoonnffeerreennccee..

114422 IIbbiidd..

114433.. RRoollaanndd  LLöövvbbllaadd,,  PPaappeerr  TTaasskk  FFoorrccee  ppaanneell  ddiissccuussssiioonn  oonn  eennvviirroonnmmeennttaall  ccoommppaarriissoonnss  ooff  bblleeaacchheedd  kkrraafftt
ppuullpp  mmaannuuffaaccttuurriinngg  tteecchhnnoollooggiieess,,  NNeewwaarrkk,,  NNJJ,,  SSeepptteemmbbeerr  2211,,  11999944..

114444 RRoollaanndd  LLöövvbbllaadd,,  RReeggaarrddiinngg  PPuubblliiccaattiioonn  ffrroomm  AAlllliiaannccee  ffoorr  EEnnvviirroonnmmeennttaall  TTeecchhnnoollooggyy  ((AAEETT))::  ““EECCFF
aanndd  TTCCFF::  EEfffflluueenntt  TTooxxiicciittyy,,  AAnn  AAnnaallyyssiiss  ooff  RReecceennttllyy  PPuubblliisshheedd  DDaattaa,,””  2288  OOccttoobbeerr  11999944,,  pp..  33..

114455 PPeetteerr  HHooddssoonn,,  eett..  aall..,,  CCaannaaddaa  aanndd  SSwweeddeenn  ––  CCoonnttrraassttiinngg  RReegguullaattiioonnss  ffoorr  CChhlloorriinnee  DDiisscchhaarrggee  ffrroomm
PPuullpp  aanndd  PPaappeerr  IInndduussttrriieess,,  EEnnvviirroonnmmeenntt  CCaannaaddaa,,  JJuullyy  88,,  11999944  ddrraafftt..

114466 KK..RR..  MMuunnkkiittttrriicckk,,  GG..JJ..  VVaann  DDeerr  KKrraaaakk,,  ““RReecceeiivviinngg  WWaatteerr  EEnnvviirroonnmmeennttaall  EEffffeeccttss  AAssssoocciiaatteedd  wwiitthh
DDiisscchhaarrggeess  ffrroomm  OOnnttaarriioo  PPuullpp  MMiillllss,,””  PPuullpp  &&  PPaappeerr  CCaannaaddaa,,  9955((55))::  5599  ((11999944))..

114477 RR..PP..  SScchhrryyeerr,,  SS..MM..  SSwwaannssoonn,,  TT..AA..  MMaarrcchhaanntt,,  KK..  HHoolllleeyy,,  AA..LL..  LLeeiiss,,  LL..  SStteeeevveess,,  BB..KK..  FFiirrtthh,,  ““PPrroobblleemmss
wwiitthh  CCoolllleeccttiioonn  aanndd  IInntteerrpprreettaattiioonn  ooff  SSeexx  SStteerrooiidd  HHoorrmmoonnee  DDaattaa  ffrroomm  WWiilldd  FFiisshh  EExxppoosseedd  ttoo  BBlleeaacchh
KKrraafftt  MMiillll  EEfffflluueenntt””,,  TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11999955  IInntteerrnnaattiioonnaall  EEnnvviirroonnmmeenntt  CCoonnffeerreennccee
PPrroocceeeeddiinnggss  ((AAttllaannttaa::  TTaappppii  PPrreessss,,  11999955)),,  336699--338855..

114488 PPeetteerr  HHooddssoonn,,  eett..  aall..,,  CCaannaaddaa  aanndd  SSwweeddeenn..,,  1100..

114499 MM..MM..  GGaaggnnoonn,,  DD..  BBuussssiieerreess,,  JJ..JJ..  DDooddssoonn  aanndd  PP..VV..  HHooddssoonn,,  ““WWhhiittee  SSuucckkeerr  ((CCaattoossttoommuuss  CCoommmmeerrssoonnii))
GGrroowwtthh  aanndd  SSeexxuuaall  MMaattuurraattiioonn  iinn  PPuullpp  MMiillll--CCoonnttaammiinnaatteedd  aanndd  RReeffeerreennccee  RRiivveerrss,,””  EEnnvviirroonn..  TTooxxiiccooll..
CChheemm..,,  1144::  332266  ((11999955))..

115500 DDoouuggllaass  PPrryykkee,,  eett..  aall..,,  ““EEnnvviirroonnmmeennttaall  IImmpprroovveemmeennttss  aatt  GGrraannddee  PPrraaiirriiee  aanndd  EEccoossyysstteemm  RReessppoonnssee,,””
PPuullpp  &&  PPaappeerr  CCaannaaddaa,,  9966((1111))::  4422  ((11999955))..
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115511 PPeetteerr  HHooddssoonn,,  eett..  aall..,,  CCaannaaddaa  aanndd  SSwweeddeenn..,,  1122..

115522 DDeebboorraahh  MMaaccllaattcchhyy  aanndd  GGlleenn  VVaann  DDeerr  KKrraaaakk,,  TThhee  ppllaanntt  sstteerrooll  ββ--ssiittoosstteerrooll  ddeeccrreeaasseess  rreepprroodduuccttiivvee
ffiittnneessss  iinn  ggoollddffiisshh,,  PPrroocceeeeddiinnggss  ooff  tthhee  22nndd  IInntteerrnnaattiioonnaall  CCoonnffeerreennccee  oonn  EEnnvviirroonnmmeennttaall  FFaattee  aanndd
EEffffeeccttss  ooff  BBlleeaacchheedd  PPuullpp  MMiillll  EEfffflluueennttss,,  VVaannccoouuvveerr,,  BBCC,,  NNoovveemmbbeerr  66--99,,  11999944,,  iinn  pprreessss..

115533 JJoohhnn  CCaarreeyy,,  DDiirreeccttoorr  AAqquuaattiicc  EEccoossyysstteemmss  CCoonnsseerrvvaattiioonn  BBrraanncchh,,  EEnnvviirroonnmmeenntt  CCaannaaddaa,,  ppeerrssoonnaall
ccoommmmuunniiccaattiioonn,,  MMaayy  1166,,  11999955..

115544 TTiimmootthhyy  ZZaacchhaarreewwsskkii  eett..  aall..,,  ““DDeetteeccttiioonn  ooff  EEssttrrooggeenn--  aanndd  DDiiooxxiinn--lliikkee  AAccttiivviittyy  iinn  PPuullpp  aanndd  PPaappeerr
BBllaacckk  MMiillll  LLiiqquuoorr  aanndd  EEfffflluueenntt  UUssiinngg  IInn  VViittrroo  RReeccoommbbiinnaanntt  RReecceeppttoorr//RReeppoorrtteerr  GGeennee  AAssssaayyss,,””
EEnnvviirroonn..  SSccii  TTeecchhnnooll..  2299((88))::  22114400  --  22114466  ((11999955))..

115555 WWiilllliiaamm  DDaavviiss,,  aanndd  SStteepphheenn  BBoorrttoonnee,,  ““EEffffeeccttss  ooff  KKrraafftt  MMiillll  EEfffflluueenntt  oonn  tthhee  SSeexxuuaalliittyy  ooff  FFiisshheess::  aann
EEnnvviirroonnmmeennttaall  EEaarrllyy  WWaarrnniinngg??,,””  iinn  TThheeoo  CCoollbboorrnn  aanndd  CCoorraalliiee  CClleemmeenntt  ((eeddss))..CChheemmiiccaallllyy--IInndduucceedd
AAlltteerraattiioonnss  iinn  SSeexxuuaall  aanndd  FFuunnccttiioonnaall  DDeevveellooppmmeenntt::  TThhee  WWiillddlliiffee//HHuummaann  CCoonnnneeccttiioonn..    AAddvvaanncceess  iinn
MMooddeerrnn  EEnnvviirroonnmmeennttaall  TTooxxiiccoollooggyy,,  vvooll..  2211  ((PPrriinncceettoonn,,  NNJJ,,  PPrriinncceettoonn  SScciieennttiiffiicc  PPuubblliisshhiinngg  CCoo..,,  11999922)),,
112200..

115566 IIbbiidd..,,  112211..

115577 IIbbiidd..,,  111177..

115588 MM..BB..  JJaannssssoonn,,  PP..  WWoorrmmaalldd,,  aanndd  OO..  DDaahhllmmaann,,  RReeaaccttiioonnss  ooff  WWoooodd  EExxttrraaccttiivveess  DDuurriinngg  EECCFF  aanndd  TTCCFF
BBlleeaacchhiinngg  ooff  KKrraafftt  PPuullpp,,  PPuullpp  &&  PPaappeerr  CCaannaaddaa,,  9966((55)),,  4422--4455  ((11999955))..

115599 NNCCAASSII,,  ““SSoolliidd  WWaassttee  MMaannaaggeemmeenntt  aanndd  DDiissppoossaall  PPrraaccttiicceess  iinn  tthhee  UU..SS..  PPaappeerr  IInndduussttrryy,,””  TTeecchhnniiccaall
BBuulllleettiinn  NNoo..  664411,,  SSeepptteemmbbeerr  11999922,,  22..

116600 GGaarryy  SSccootttt  aanndd  AAmmyy  SSmmiitthh,,  ““SSlluuddggee  CChhaarraacctteerriissttiiccss  aanndd  DDiissppoossaall  AAlltteerrnnaattiivveess  ffoorr  tthhee  PPuullpp  aanndd  PPaappeerr
IInndduussttrryy,,””    TTAAPPPPII  PPrroocceeeeddiinnggss  ooff  tthhee  11999955  IInntteerrnnaattiioonnaall  EEnnvviirroonnmmeennttaall  CCoonnffeerreennccee    ((AAttllaannttaa::  TTaappppii
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