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EXECUTIVE SUMMARY

As a result of the National Dioxin Study findings of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2378-TCDD) in native fish collected
downstream from a number of pulp and paper mills and subsequent
findings of 2378-TCDD in bleached kraft pulp and paper nmill
wastewater sludges, the United States Environmental Protection
Agency (USEPA) planned a detailed process evaluation study at one
mill, Through subsequent discussions with the paper industry,
USEPA and the industry agreed in June 1986 to conduct a cooperative
screening study of five bleached kraft pulp and paper mills on a
shared resource basis. Three mills were selected on the basis of
known 2378-TCDD levels in sludges and two mills were volunteered
by their parent companies to attain the geographical diversity
desired for the study. The selection of the five mills, which
represent about 6 percent of the bleached kraft mills in the
United States, was not intended to <characterize the entire
industry. The principal objectives of the study were:

1. Determine, if present, the source or sources of 2378-TCDD
and other polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) at five bleached
kraft pulp and paper mills; and

2. Quantify the untreated wastewater discharge loadings, final
effluent discharge loadings, sludge concentrations, and
wastewater treatment system efficiency for 2378-TCDD and
other PCDDs and PCDFs.

Field work for the five-mill study was conducted during the
period June 1986-January 1987 through the combined efforts of four
USEPA regional offices, five state environmental control agencies,
the National Council of the Paper Industry for Air and Stream
Improvement, Inc. (NCASI), and the participating paper companies.
The analytical methods development program and analyses of samples
for selected PCDDs and PCDFs were conducted at the Brehm Laboratory,
Wright State University. Selected samples were analyzed for
certain chlorinated phenolics by NCASI.

This report is limited to presentation of the complete data
and the scientific and technical findings resulting from the
cooperative study. Consideration of public and occupational
health, environmental, consumer product, and regulatory issues
that may be associated with study findings is beyond the scope of
this report. Additional research is being planned and implemented

by both government and industry to deal with such issues.
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To accomplish the first study objective, it was necessary to
design a general comprehensive study plan of all major and minor
mill inputs, intermediates, and mill exports. The general plan
was modified as necessary to conform to the specific circumstances
of each mill. Because chlorine and chlorine derivatives are
first introduced 1in substantial quantities in the bleaching
process, emphasis was placed on detailed process sampling in
bleacheries.

The principal mill exports sampled were bleached pulps,
treated process wastewater effluents, and wastewater sludges
dewatered for disposal. Although Dbleached pulps are converted
into paper products at each mill, bleached pulps were considered
mill exports for purposes of this study. This eliminated the
need to sample and quantify mass outputs of numerous paper machines
which were not always related to bleachery operations during
field sampling.

The second objective was addressed by sampling combined
untreated wastewaters, intermecdiate and final wastewater sludges,
and treated process wastewater effluents. Evaluation of noncontact
cooling waters and possible atmospheric emissions were not included
in the study design.

Initially, the analytical program required, where possible, for
each sample, isomer-specific analyses of tetrachloro dibenzo-p-
dioxins (TCDDs) and tetrachlorodibenzofurans (TCDFs) and, where
possible, for selected samples, isomer-specific analyses of 2378-
substituted penta- through hepta- CDDs and CDFs, and OCDD and
OCDF. However, based upon analyses of a limited number of prelimi-
nary samples and a limited number of USEPA analyses of samples
from other mills, the scope of the analytical program was reduced.
The preliminary analyses indicate that 2378-TCDD and 2378-TCDF are
the principal PCDDs and PCDFs found in the pulp and paper mill
matrices, particularly when coansidered in light of USEPA's 2378-
TCDD toxicity equivalents approach. Accordingly, all samples
were analyzed for 2378-TCDD aand 2378-TCDF, since the extensive
analytical methods development work required for isomer-specific
analyses of the other compounds did not appear warranted.

Specific findings and observations from this study are

summarized in the sections that follow. They are grouped 1in a
manner similar to the organization of the report.

Data Quality and Data Limitations

1. The analytical protocol for 2378-TCDD and 2378-TCDF developed
for this study was found to be satisfactory for isomer-specific
determinations of 2378-TCDD and 2378-TCDF in selected pulp and
paper mill sample matrices. Intra-laboratory method validation
experiments for pulp, sludge, and wastewater effluent samples
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indicate the performance of the analytical method with respect to
precision and spike recovery is demonstrably uniform. The method
performance does not appear to be sensitive to any specific
matrix or chemical effects which might be associated with the
manufacturing processes at a given mill. Limited inter-laboratory
comparisons incorporating different sample preparation, analytical
methods, and calibration standards confirmed the presence of
2378-TCDD and 2378-TCDF in selected samples. However, a consistent
bias was observed for quantitation of both 2378-TCDD and 2378-TCDF.

2. With few exceptions, the data quality assurance objectives
established for this study for 2378-TCDD and 2378-~TCDF were
achieved.

(a) Laboratory precision expressed as relative percent differ-
ence between duplicate analyses for thirty-five 2378-TCDD
determinations was 15 percent mean (range 1-138 percent);
and for thirty-three 2378-TCDF determinations, 16 percent
mean (range @#-62 percent).

(b) Field precision for eight 2378-TCDD determinations was
14 percent mean (range 4-19 percent); and for nine 2378-
TCDF determinations, 22 percent mean (range #-99 percent).

(c) For thirty-five 2378-TCDD determinations, accuracy ex-
pressed as percent spike recovery was 103 percent mean
(range 66-168 percent); and for thirty-five 2378-TCDF
determinations, 102 percent mean (range 58-153 percent).

(d) Including results from intra-laboratory method validation
experiments, 97 percent of the analyses met the quality
assurance objectives for laboratory precision and accu-
racy. Ninty-five percent of 133 determinations for
2378-TCDD and for 2378-TCDF resulted in analytical data
suitable for project objectives.

(e) Target analytical detection levels of 1 ppt for solid
samples were achieved for all but one sample for 2378-TCDD
and all but one sample for 2378-TCDF (different samples).
Target analytical detection levels of 0.01 ppt for liquid
samples were achieved for all but three samples for 2378-
TCDD and all but two samples for 2378-TCDF (different
samples).

3. Mass flow calculations for 2378-TCDD and 2378-TCDF combine
analytical results with mass flow rates of solid materials (pulps,
sludges) and liquids (waters, wastewaters). The mass flow rates
for pulps and final treated wastewater effluents are considered
to be accurate within 1less than +108 percent while mass flow
rates for sludges, within less than t10 percent to 15 percent.
Mass flow rates for internal plant wastewaters were generally based
upon best engineering estimates and are considered accurate to



less than 120 percent to 25 percent. The reliability of reported
bleach plant chemical application rates varied considerably from
mill to mill, and in two cases were best engineering estimates.
Non-detect analyses were treated as zero for mass balance calcula-
tions. The calculations and &analyses presented in this report
should be viewed accordingly.

PCDDs and PCDFs Found in Pulp and Paper Mill Matrices

1. Analyses of polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) from samples obtained at a
number of bleached kraft pulp and paper mills processing primarily
virgin fiber uniformly show that 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2378-TCDD) and 2,3,7,8-tetrachlorodibenzofuran (2378 -~TCDF)
are the principal PCDDs and PCDFs found. This is particularly
evident when the data are considered in light of USEPA's 2378-TCDD
toxic equivalents approach for dealing with mixtures of PCDDs and
PCDFs.

2. Data for the five mills included in this study show there is a
characteristic 2378-TCDF/2378-TCDD ratio associated with indi-
vidual bleach lines and individual mills, ranging from about 2 to
about 18. This observation suggests that once 2378-TCDD and
2378-TCDF are formed, they are not altered in further processing
or in wastewater treatment. Factors accounting for the differences
in 2378-TCDF/2378-TCDD ratios across bleach 1lines and across
mills have not been determined, nor has the possible process
significance been formulated.

Sources of 2378--TCDD and 2378-TCDF

1. 2378-TCDD and 2378-TCDF are formed during the bleaching of
kraft hardwood and softwood pulps with chlorine and chlorine
derivatives at mills included in this study.

2, 2378-TCDD was not detected in seven unbleached kraft pulps
collected at the five mills at detection levels ranging from #.3
ppt to 1.0 ppt. 2378-TCDF was not detected in four of seven
unbleached pulps at detection levels less than 6.3 ppt, but was
found in three pulps collected at two mills at levels ranging from
1.1 to 2.3 ppt. The positive 2378-TCDF findings in unbleached
pulps may be attributed to reuse of contaminated paper machine
white waters for brownstock pulp washing or dilution.

3. 2378-TCDD was found in seven of nine bleached pulps collected
at the five mills at concentrations ranging from 3 to 51 ppt and
2378-TCDF was found in eight of nine bleached pulps at levels
ranging from 8 to 339 ppt. The median and mean concentrations
are presented below:



2378-TCDD 2378-TCDF

Median 5 ppt 50 ppt
Mean 13 ppt 93 ppt

4, 2378-TCDD and 2378-TCDF were found in most untreated bleach
line filtrates sampled from the five mills. Wastewaters from
caustic extraction stages (E and Eg) generally contained the
highest concentrations and mass discharges from the bleach lines
sampled.

5. The distributions of 2378-TCDD and 2378-TCDF in bleach 1line
exports (bleached pulp and bleach plant wastewaters) were found
to be highly variable from bleach line to bleach line. However,
2378-TCDD and 2378-TCDF were partitioned similarly to bleached
pulps and bleach plant wastewaters within each bleach line.

6. 2378-TCDD was found in paper machine wastewaters from three of
five mills and 2378-TCDF was found in paper machine wastewaters
from each mill. The levels of 2378-TCDD and 2378-TCDF found in
paper machine wastewaters were significantly less than found in
the respective bleach plant wastewaters at four of five mills.

7. 2378-TCDD was found in one of five sludge landfill leachate or
runoff samples at §.025 ppt, while 2378-TCDF was found in four of
five samples at levels ranging from @¢.01 to 0.11 ppt. 2378-TCDD
and 2378-TCDF were not detected in coal-fired power boiler ash
samples from two mills at detection levels less than 1.0 ppt.

8. 2378-TCDD and other TCDDs were found in a sample of blue dye

collected during preliminary sampling at one mill at levels of
3.4 and 53 ppt, respectively.

Formation of 2378-TCDD and 2378-TCDF

1. The rates of formation of 2378-TCDD and 2378-TCDF normalized
to 1lbs/ton (kg/kkg) of air dried brownstock pulp are summarized
below:

18-8 1bs/ton (kg/kkg) of Brownstocck Pulp

Bleach Line Exports Total Mill Exports

2378-TCDD (eight bleach lines) (five mills)

Range ND-20(189) 0.14(9.067)-11(5.5)

Median 4.1(2.9) 3.0(1.5)

Mean 8.0(4.0) 4.4(2.2)
2378-TCDF

Range 2.6(1.3)-360(180) 1.5(6.75)-130(65)

Median 12.5(6.3) 19(9.5)

Mean 68 (34) 41(21)
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The range computed from bleach line exports exceeds that
computed from total mill exports because of the integration of
results from mills with multiple bleach lines in the mill export
calculations. The extent to which these data are representative
of long-term operations at the five mills, or are representative
of the bleached kraft industry as a whole is not known.

2. Although the data from this study are limited, the results
suggest casual relationships between the formation of 2378-TCDD
and 2378-TCDF and (1) the degree of bleaching across bleach lines
as estimated by the chlorine and chlorine equivalents applied to
the unbleached pulp, and (2) the amount of lignin removed in the
pulp across chlorination and caustic extraction stages as estimated
by the difference in permangana=:ze number (K) and CEK (permanganate
number after caustic extraction). Attempts were made to develop
statistical correlations with the 1limited data. However, the
results were generally poor.

3. Bleach lines processing exclusively softwood pulps had higher
rates of formation of 2378-TCDD and 2378-TCDF than bleach lines
processing exclusively hardwood pulps. However, bleaching condi-
tions on the softwood and hardwood bleach lines were different,
and thus, it is not possible to conclude that the general wood
species bleached is the determinant variable in formation of
2378-TCDD and 2378-TCDF.

Wastewater Treatment System Findings

1. 2378-TCDD was found in treated wastewater effluents from three
of five mills at levels ranging from @.915 to #.12 ppt and 2378-
TCDF was found in four of five effluents at levels from 9.011 to
2.2 ppt.

2. 2378-TCDD was found in wastwater treatment sludges collected
from each of the five mills at levels from 17 to 24 ppt (primary
sludges), 11 to 710 ppt (secondary sludges) and 3.3 to 180 ppt
(combined sludges). 2378-TCDF was found at 32 to 388 ppt (primary
sludges), 75 to 10900 ppt (secondary sludges) and 34 to 760 ppt
(combined sludges).

3. Mass balance calculations around the wastewater treatment
systems for three mills showed that about 50 percent to 80 percent
of the 2378-TCDD and 44 percent to 68 percent of the 2378-TCDF
found in treatment system exports (treated effluent, wastewater
sludge) can be accounted for by treatment system inputs. For two
mills the treatment system input 1loadings exceeded the export
loadings by more than 200 percent. The poor mass balances are
attributed to uncertainties in sludge, influent, and effluent
flow rates, the sequencing of sampling at certain mills, and, to
some extent, analytical variability associated with trace level
analyses near method detection limits.
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4. There is no evidence to suggest that 2378-TCDD and 2378-TCDF
are destroyed in wastewater treatment systems. Rather, they may be
transferred, to varying degrees, to wastewater treatment sludges.
At two mills, about 18 percent to 15 percent of the 2378-TCDD and
2378-TCDF contained in untreated wastewater streams was transferred
to the sludges in the wastewater treatment systems, while at the
remaining three mills more than 8% percent transfer to sludges is
indicated. The precise distribution of these compounds in the
effluent between suspended solids and the liquid phase was not
determined in this study.

5. The distributions of 2378-TCDD and 2378-TCDF between wastewater
treatment exports (treated effluents and wastewater sludges) were
highly variable from mill to mill. However, the partitioning of
2378-TCDD and 2378-TCDF between treated effluents and wastewater
sludges was consistent within each mill. Mills with higher total
suspended solids in effluents had higher levels of 2378-TCDD and
2378-TCDF partitioned to the effluent rather than to the sludge.

Pulp and Paper Mill Exports

1. The distributions of 2378-TCDD and 2378-TCDF among pulp and
paper mill exports (bleached pulp, treated effluents, wastewater
sludges) were highly variable from mill to mill, but the parti-
tioning of 2378-TCDD and 2378-TCDF to the exports was consistent
within each mill,

2. Mass balance calculations indicate that bleach plant sources
accounted for about 90 percent to 14@ percent of 2378-TCDD measured
in mill exports at three mills, and more than 300 percent at
another mill, 2378~TCDD was not detected in bleached pulp or
bleach plant wastewaters at one mill. For 2378-TCDF, bleach
plant sources were found to account for 79 to 130 percent of the
amount measured in mill exports at four mills, and more more than
309 percent in the last mill. The poor mass balance results at
some mills are attributed to uncertainties in mass flow rates of
wastewater, sludge, and pulp, and, to some extent, analytical
variability associated with trace 1level analyses near method
detection limits,

Chlorinated Phenolics

1. For this study, chlorinated phenolics include selected chlori-
nated phenols, chlorinated guaiacols, and chlorinated vanillins.
Chlorinated phenolics were formed in the bleaching process at
each of the five mills. These compounds were not detected in
treated intake process waters but were found in bleach plant
filtrates and wastewater treatment system influents and effluents.
Chlorinated phenolics were distributed differently at each mill.
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2. Wastewaters from caustic extraction stage (E and Eg) washers
accounted for most of the chlorinated phenolics. This finding is
similar to findings for 2378-TCDD and 2378-TCDF in bleach 1line
filtrates.

3. The amounts of chlorinated phenolics found in C-stage and
E-stage filtrates were normalized to 1lbs/ton (kg/kkg) of air-
dried brownstock pulp and are summarized below:

10-3 1bs/ton (kg/kkg) of Air-Dried Brownstock Pulp

Sum of C-Stage and

Sum of Chlorinated E-Stage Filtrates
Phenolics {eight bleach lines)
Range 9.3~-54 (4.2-24)
Mean 35 (17)
Median 34 (17)

4, With the 1limited data available, correlations between the
presence of chlorinated phenolics and 2378-TCDD or 2378-TCDF in
wastewater treatment system iafluents or effluents were not
attempted. Because chlorinated phenolics were analyzed only for
the water matrix, an evaluation of total chlorinated phenolics
exports from bleach plants (i.e., pulp and wastewaters) could
not be made. With the 1limited and incomplete wastewater data
available, mass balance calculations between internal bleach
plant filtrates and wastewater treatment system influents were
not attempted.



II.

III,

Iv.

USEPA/PAPER INDUSTRY COOPERATIVE DIOXIN SCREENING STUDY

TABLE OF CONTENTS

EmerI VE SKMRY e ¢ & e & ® & e o & s s s o *® & 8 o & & o s o

INTROD[.ETION e o e o « o o e & * e o e @ e ¢ © 6 e & = 8 ° e o o o

ST[JDY DESIGN e e @ e e ® ® © & e e 6 " 9 & e B © & © 3 & o e+ o o+ o

THE FIVE BLEACHED KRAFT PULP AND PAPER MILLS « ¢ « ¢ ¢ o o ¢ « ¢ &

A. Mill a
B. Mill B
C. Mill C
D. Mill D
E. Mill E

FIELD PR(X;RAM e o o & o o « o o e e o & o o o o e & s o e o o o

A. Samwpling Plan
B. Sample (bllection, Sample Handling, and Sample Custody
C. Site-Specific Sampling

ANALY’PICAL PR%RAM . e o o ® ® o © ® © @ & e © o © & s 2 ¢ o o o o

A. PCDDs and PCDFs

1.
2.
3.
4.
5.
6.

Compounds Selected for Analysis

Preliminary Samwpling - March 1986

Analytical Methods for 2378-TCDD and 2378-TCDF
Identification and Quantitation of 2378-TCDD and 2378-TCDF
Intra~Laboratory Method Val idation Experiments
Inter-Laboratory Method Comparison

B. Chlorinated Phenolics
C. Total Suspended Solids and Biochamical Oxygen Demand

wALITY ASS[JRAM:E . e o o o ® e @ e ® e & ¢ & © o s " o o+ & o . .

A. 2378-TCDD and 2378-TCDF

1.
2.

Quality Assurance Objectives
Quality Assurance Results for 2378-TCDD and 2378-TCDF

B. Chlorinated Phenolics

xi

11
15
20
25

30

30
32
33

35

35
35
39
44
47
48
54
55
55

56

56
56
58
62



VII.

VIII.

TABLE OF CONTENTS (continued)

RESULTS AND DISCUSSION «. ¢ ¢ ¢ & 4 o ¢ o o s o o s o o 25 s o s o o @

A. Observation on 2378-TCDF/2378-TCDD Ratio
B. Background Samples
1. Treated Intake Process Waters and Residuals
2. RKraft Pulping Process
C. Bleach Plant Findings
1. Bleach Plant Chemical Applications
2, Unbleached and Bleached Krafi Pulps \
3. Bleach Plant Wastewaters
4, Distributions of 2378-TCDD and 2378-TCDF
5. Formation of 2378-TCDD and 2378-TCDF
D. Paper Machine Wastewaters, Utility Ashes, and Landfill Leachates
1. Paper Machine Wastewaters
2. Utility Ashes
3. Landfill Leachates
E. Wastewater Treatment System Findings
1. Influents to Wastewater Treatment
2, Wastewater Treatment Sludges
3. Treated Process Wastewater Effluents
4. Wastewater Treatment System Mass Balances
5. Distribution of 2378-TCDD and 2378-TCDF in Wastewater
Treatment System Effluents ard Sludges
F. Pulp and Paper Mill Exports
G. Chlorinated Phenolics
H, Total Suspended Solids and Biochemical Oxygen Demand

FINDINGS AND CONCLUSIONS & ¢ ¢« o« o o« o o o o o s 5 o o o ¢ o o o o s

Data Quality and Data Limitations

PCDDs and PCDFs Found in Pulp and Paper Mill Matrices
Sources of 2378-TCDD and 2378-TCLF

Formation of 2378-TCDD and 2378-TCDF

Wastewater Treatment System Findings

. Pulp and Paper Mill Exports

. Chlorinated Phenolics

HHEoOmy

REE‘EREm ES . - L2 . - L - - L - L] L L . L) L - L] . - L] - L] L) - - . . .

GLOS SARY . e o s o e o e o @ s e & o e & e o o . ® e e o & o e e o

%ii

Page

64

65
67
67
70
72
72
76
78
87
89
107
197
107
197
119
111
113
113
116
119

129
127
131

134

134
135
135
136
138
139
139

141

142



LIST OF ATTACHMENTS

USEPA/Paper Industry Cooperative Dioxin Screening Study;
June 1986, Amendment July 16, 1986.

USEPA/Paper Industry Cooperative Dioxin Screening Study;
Sampling Procedures, Sample Preservation, and Sample Handling.

Analytical Protocol for the Determination of 2,3,7,8-Tetra-
chlorodibenzo-P-Dioxin and 2,3,7,8-Tetrachlorodibenzofuran in
Paper Mill Process Samples (Woodchips and Paper Pulp) and
Paper Mill Effluents (Sludge, Ash, Mud, Treated and Untreated
Wastewater): Dioxin I Analyses; Wright State University,
Dayton, Ohio, June 1987.

NCASI Methods for the Analysis of Chlorinated Phenolics in Pulp
Industry Wastewaters; Technical Bulletin No. 498; July 1986;
Revised May 1987.

Analytical Results for 2378-TCDD and 2378-TCDF
(Master Sample Lists).

Mass Flow Rates of 2378-TCDD and 2378-TCDF.

Analytical Results for Chlorinated Phenolics, Total Suspended
Solids, and Biochemical Oxygen Demand.

xiii



USEPA/PAPER INDUSTRY COOPERATIVE DIOXIN SCREENING STUDY

I. INTRODUCTION

As a result of National Dioxin Studyl findings of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2378-TCDD) in native fish collected
downstream from a number of pulp and paper mills (levels from <5 to
85 parts per trillion (ppt)), and subsequent findings of 2378-TCDD
in bleached kraft pulp and paper mill wastewater sludges (levels
from <10 to 410 ppt), the United States Environmental Protection
Agency (USEPA) planned a detailed process evaluation study at one
mill. Through subsequent discussions with the paper industry,
USEPA and the industry agreed in June 1986 to conduct a cooperative
screening study of five bleached kraft pulp and paper mills on a
shared resource basis (Attachment A). Three mills were selected
on the basis of known 2378-TCDD levels in sludges and two mills
were volunteered by their parent companies to attain the geo-
graphical diversity desired for the study. The selection of the
five mills, which represent about 6 percent of the bleached kraft
mills in the United States, was not intended to characterize the
entire industry. The principal objectives of the study were:

1. Determine, if present, the source or sources of 2378-TCDD
and other polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) at five Dbleached
kraft pulp and paper mills; and

2. Quantify the untreated wastewater discharge loadings, final
effluent discharge 1loadings, sludge concentrations, and
wastewater treatment system efficiency for 2378-TCDD and
other PCDDs and PCDFs,.

Field work for the five-mill study was conducted during the
period June 1986-January 1987 through the combined efforts of
four USEPA regional offices, five state environmental control
agencies, the National Council of the Paper Industry for Air and
Stream Improvement, 1Inc. (NCASI), and the participating paper
companies. The analytical methods development program and analyses
of samples for selected PCDDs and PCDFs were conducted at the
Brehm Laboratory, Wright State University. Selected samples were
analyzed for certain chlorinated phenolics by NCASI. Conventional
pollutants (total suspended solids (TSS) and five-day biochemical
oxygen demand (BODsg)) were determined for selected samples by mill
laboratories for three mills, by a USEPA laboratory for one mill,
and by a local water authority for the remaining mill.
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This report is limited to presentation of the complete data
and the scientific and technical findings resulting from the
cooperative study. Consideration of public and occupational
health, environmental, consumer product, and regulatory issues
that may be associated with study findings is beyond the scope of
this report. At this writing, additional research 1is being
planned and implemented by both government and industry to deal
with such issues.



II. STUDY DESIGN

To accomplish the first study objective, it was necessary to
design a general comprehensive study plan of all major and minor
mill inputs, intermediates, and mill exports. The general plan
was modified as necessary to conform to the specific circumstances
of each mill. Because chlorine and chlorine derivatives are
first introduced in substantial quantities in the bleaching
process, emphasis was placed on detailed process sampling in
bleacheries. Mill inputs include wood chips, treated river
waters used for processing, and numerous process additives
including pulping chemicals, bleaching chemicals and paper mill
additives (clays, alums, dyes, slimicides, etc.). Intermediates
include river and well water supply treatment residuals, chemical
recovery muds, brown pulps, untreated process wastewaters, and
certain wastewater sludges. The principal mill exports include
bleached pulps, treated process wastewater effluents, and waste-
water sludges dewatered for disposal. Although bleached pulps
are converted into paper products at each mill studied, bleached
pulps were considered mill exports for purposes of this study.
This eliminated the need to sample and quantify mass outputs of
numerous paper machines which were not always related to bleachery
operations during field sampling. At some mills wastewater
sludge landfill 1leachates are also mill exports. They were
sampled but assumed to be minor sources compared to bleached
pulps, effluents, and sludges.

The second objective was addressed by sampling combined
untreated wastewaters, intermediate and final wastewater sludges,
and treated process wastewater effluents. Evaluation of noncontact
cooling waters and possible atmospheric emissions were not included
in the study design.

Initially, the analytical program required, where possible, for
each sample, isomer-specific analyses of tetrachloro dibenzo-p-
dioxins (TCDDs) and tetrachloro dibenzofurans (TCDFs) and, where
possible, for selected samples, isomer-specific analyses of 2378-
substituted penta- through hepta- CDDs and CDFs, and OCDD and
OCDF. However, Dbased upon analysis of a limited number of
preliminary samples and a limited number of USEPA analyses of
samples from other mills, the scope of the analytical program was
reduced. The preliminary analyses indicate that 2378-TCDD and
2378-TCDF are the principal PCDDs and PCDFs found in the pulp and
paper mill matrices, particularly when considered in light of
USEPA's 2378-TCDD toxicity equivalents approach.2 Accordingly,
all samples were analyzed for 2378-TCDD and 2378-TCDF, since the
extensive analytical methods development work required for isomer-
specific analysis of the other compounds did not appear warranted.
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A considerable effort was expended to develop the analytical
protocol used in this study for isomer-specific 2378-TCDD and
2378-TCDF determinations. The results from field, laboratory and
native spike duplicate, and native spike recovery experiments are
presented herein, Sample analyses were conducted on a priority
basis tominimize the total analytical burden. Limited experiments
were conducted to develop analytical methods for isomer-specific
determinations of 2378-substituted penta- through hepta- CDDs
and CDFs, and OCDD and OCDF. Limited inter-laboratory method
comparisons were conducted for four samples.

Selected samples were analyzed for chlorinated phenolics, total
suspended solids (TSS), and biochemical oxygen demand (BODg).
The chlorinated phenolics analyses were conducted to determine
whether there is any relationship between the presence of those
compounds and the presence of PCDDs and PCDFs. The TSS and BODg
analyses were conducted principally to determine whether there
were any abnormal wastewater treatment system operations during
the surveys.



III. THE FIVE BLEACHED KRAFT PULP AND PAPER MILLS
A, Mill A

Mill A is an integrated bleached kraft mill with a capacity
of 588 tons per day of fine papers. Products include bond,
business forms, coating base, envelope, ledger, reprographic, and
tablet papers. Four batch digestors are used to pulp 493 tons
per day of hardwood and softwood chips with a typical mix of 70%
hardwood and 30% softwood. Pulping capacity exists for 365 tons
per day bleached kraft (400 tons per day unbleached kraft).

The hardwood and softwood pulps are bleached separately in
three lines. The softwood line consists of a CEgH sequence while
the hardwood line is split following common C and E, stages. One
hardwood line has a single H stage while the other consists of two
H stages followed by a peroxide (P) stage. All three bleaching
lines are schematically shown in Figures III-1 and III-2. Sample
identification codes and flow rates at the time of sampling are
noted next to each sampling location. Nominal operating conditions
and chemical usages are listed in Table III-1. It is significant
to note that chlorine use at this mill was estimated from monthly
inventory reports.

(DE020902)

| 31 ] 82 — 83 160 Tons/Day

Air Dried

A A
—P
(DE0209801) T -
180 Tons/day
Alr Dried 4 T L 2 v
- L]
(a) (b)
(DE020906) (DE020907) (DE020908)
1.73 mgd 1.44 mgd 0.68 mgd

a) Possible Over Flow to S1 Seal Box
b) Posslble Over Flow to S2 Seal Box

FIGURE III-1. Mill A Softwood Bleaching Line Schematic




% Y—e+(DE020904)
178 Tons/day
K4 K5 Air Dried
f——
L
K6 | H ()
(DE020911)
026 mod
E (a)
C o (DE020911)0.73 mgd T o
| {DE020908)
b K 3 K1 178 Tons/day
{DE020903) Air Dried
386 Tons/day v K 2
Alr Dried
¢ :
(DE020909)
1.68
(a) Possible Over Flow to K2 Seal Box mad
{b) Possible Over Flow to K4 Seal Box *
(c) Possible Over Flow to K1 Seal Box (DE0209 12) (c) (DE020914)
0.34 mqd {DE020913)

0.30 mgd
0.17 mgd o

FIGURE III-2. Mill A Hardwood Bleaching Line Schematic

The power boiler burns gas and approximately 350 tons per
day of bark to produce 650,000 1lbs of steam per hour. Fly ash from
the boiler is collected by electrostatic precipitation, combined
with the wastewater treatment plant sludge and disposed of in a

landfill. There is no contact of the boiler ash with the general
mill sewer.

Raw water to the mill is pumped from a nearby river, treated
with caustic, chlorine, alum, and mixed media filtration prior to
use in the mill, Residues from this treatment are sewered.
Approximately 20 MGD of treated process water are used. In
addition, another 5.0 MGD is used for noncontact cooling water on
the turbine condensers. A dgeneral schematic of the mill sewer
system is shown in Figure III-3. This figure provides identifi-
cation codes and flow rates associated with each sample location.

The measurements or estimates were the best available at the time
of sampling.
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TABLE III-1

MILL A BLEACH PLANT OPERATING CONDITIONS AND CHEMICAL USAGES

Parameter Bleaching Stage
Softwood C Eg H H
Throughput (BDT/day) - - -- 184
Residence Time (hours) 1 1.3 1 1
pH 1.9 12.5 9.0 8.4
Temperature (OF) 99 145 95 95
Chemical Usage (lb/ton)
Cl, 80 <= --
NaOH -— 30 -- -
09 - 19-12 - --
NaOCl -— 30 110 -
Residual Cly (%Cly) g.24 1.1 .85
Wet Brightness 38.3 55.5 77.5-79.5 79.0-81.0
Permanganate No. 29.2 2.5-3.9 -— -
Hardwood 1 C Eq H H
*Throughput (BDT/day) - 303 - 151.5
Residence Time (hours) 3.6 3.8 1.2 1.2
DH 2.4 19.5 8.9 -
Temperature (9F) 194 148 104 -
Chemical Usage (lb/ton)
Clo 60 - -— -
NaOH -- 25.3 -- -
02 -- 8 - -
NaOCl - -— 79 -
Residual Cly (%Cly) g.23 - 1.1 2
Wet Brightness 34 54 79 79.5-89.5
Permanganate No. 11.4 2.9 -— -
Hardwood 2 C Eq H H P
*Throughput (BDT/day) -- 393 - -- 151.5
Residence Time (hours) g.6 @.8 1.5 1.5 1.5
pH 2.4 18.5 9.0 8.4 9.8
Temperature (°OF) 104 148 100 96 150
Chemical Usage (lb/ton)
Clo 60 -- -— - --
NaOH - 25.3 3.8 - -
0o - 8 - -—- --
NaOCl - - 70 - -
H20» -- -- -— -- 10
Residual Cly (%Cly) - - g.53 0.14  ©.35(H0)
Wet Brightness 34 54 75.7 -- 78.5-79.5
Permanganate No., 11.4 2.9 -= - -

*303 BDT through E, Stage, then split into two equal flows.



Treated
River Water Water
DE020801)
20 mgd
(DE020916)
Bleach Plant
7.6 mgd
Evaporator
(DE020802) drain
(DE020803) 0.6 mgd
Raw Water Treatment To Waste Treatment
1.6 - 2 mgd
(DE020921)
20.1 mgd
A
{DE020806) (DE020807)
Pulping Recovery Powerhouse
3.5-4 mgd 0.17 mgd
(DE0O208i8)
0.6 mgd
[ ]
(DE020811)
Paper machines
4.3 mgd

FIGURE III-3, Mill A Sewer System Schematic

The wastewater treatment system consists of primary clarifi-
cation and oxygen activated sludge (UNOX) with 8.4 hours aeration
time. All mill wastewaters go to the primary clarifier with no
bypass. Combined primary and secondary sludge are dewatered with
belt filter presses prior to landfill disposal. The noncontact
cooling water mixes with the secondary effluent prior to river
discharge. The wastewater treatment plant schematic is shown in
Figure III-4. Identification codes and flow rates at the time of
sampling are noted next to each sampling location. Typical
operating conditions and performance are shown in Tables III-2
and III-3. These data reflect average operating conditions for
both winter and summer months.
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Cooling water
16.2 mgd

Primary Secondary
Claritier

Clarifier

UNOX
Activated (DE020922) ' River
(DE020921) Sludge 23.2 mgd
20.1 mgd {
Primary
Sludge
* > -9
(DE020920) Secondary Sludge
65 T/D (DE020820) 7.2 T/day-
Fly ash
*Oven dried

(DE020919)
20 T/D

Combined Sludge
(DE020920) +82.2 T/D

FIGURE I11I-4. Mill A Wastewater Treatment Plant Schematic

TABLE III-2

MILL A WASTEWATER TREATMENT PLANT OPERATING PARAMETERS

Parameter vValue
Flow (MGD) 21-25
Residence Time (days) . 3.5
Mixed Liquor Suspended Solids (mg/L) 3200
Return Sludge Recycle (%) 73

Aeration Horsepower (HP/million gallons) 33
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TABLE III-3

MILL A WASTEWATER TREATMENT PLANT PERFORMANCE DATA

Parameter Winter
BODg Loading (lbs/day) 20,000
BODg Removal (%) 94
Suspended Solids Loading (lbs/day) 18,800
Suspended Solids Removal (%) 68

Primary Sludge Production (tons/day)
Consistency (%)

Waste Activated Sludge Production (tons/day)
Consistency (%)

Combined Dewatered
Sludge Production (dry tons/day) 59
Consistency (%) 37

*Oven dried basis

Summer

18,899
83
20,700
58
55%
unknown
7.2%
1.6

65
39
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B. Mill B

Mill B is an integrated bleached kraft mill with a capacity
for 875 tons per day of miscellaneous papers plus 150 tons per
day of market pulp. Major paper products include bond, facial
tissue, toilet tissue, napkin tissue, freezer paper, toweling, and
newsprint. Two continuous digestors (Kamyr, Bauer) are used to
pulp both hardwoods and softwoods with a typical mix of 20% hardwood
and 80% softwood. The bleached/semi-bleached kraft pulp capacity
is 775 tons per day with an additional 300 tons per day of pulp
generated by refiner mechanical groundwood. The latter is used
primarily for the newsprint production.

The bleach plant consists of a single line with a CEHED
sequence; however, during the survey, the line was operated in a
CpEHHD sequence. The bleach plant is shown schematically in
Figure III-5. Sample identification codes and flow rates of both
pulp and washer filtrates are listed next to each sampling location.
Nominal operating conditions and chemical usages are listed in
Table III-4.

—®, —», r———b >/ ob
(86374612)
770 T/day
Alr Dried
P
(86374611 L L L
860 T/day C E H E D
Alr Dried
(8683748618) 86374617
.24 mgd .38 mgd
i f .y
(86374614)
1.67 mgd
(86374613) (86374615)
6.06 mgd 2.20 mgd

FIGURE II1I-5. Mill B Bleaching Line Schematic
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TABLS III-4

MILL B BLEACH PLANT OPERATING CONDITIONS AND CHEMICAL USAGES

Bleaching Stage

Parameter C E H E D
Throughput (ADT/hours) 34.5 34.5 34.5 34.5 34.5
Residence Time (hours) g.23 .70 3.15 3.08 2.80
pH -- 10.2 9.1 -— 2.1
Temperature (OF) 192 150 159 150 159
Chemical Usage (lbs/ton)

Clsp 100 - - - -
NaOH - 58 - -- -
NaOCl (as available Clj) -~ -- 34 - --
clo, - -- - - 10
Residual Cly (1lbs/ton) 3.5 - Trace - Trace
Permanganate No. 19.8 4.5 - - -~
Brightness - -- 59 61 83

The power boiler at the mill uses both gas and o0il to produce
200,000 lbs/hour of steam. There is no significant contact of
residues from this operation with the mill general sewer.

Raw water to the mill is taken from a nearby river, treated
with filtration, and chlorinated prior to use in the mill,.
Approximately 40 MGD of treated water are used in the process.
Filter plant backwash from this process is returned to the river.
The general mill sewer is shown schematically in Figure III-6.
This figure provides identification codes and flow rates associated
with each sample location. These flow values represent measure-
ments or estimates where flow is not routinely monitored.

The wastewater treatment system consists of primary clarifi-
cation and a holding pond with 8 hours detention time. The pond
is followed by an activated sludge system with an additional
8 hours aeration time. The acid sewer from the bleach plant
bypasses primary treatment and is put directly into the holding
pond. Primary sludge is dewatered on a coil filter, while the
waste activated secondary -sludge is dewatered with a Winkle
press. Polymer 1is used as an aid in dewatering this sludge.
Primary sludge is landfilled on site while secondary sludge is
disposed off site. The wastewater treatment plant is shown
schematically in Figure 1III-7. Identification codes and flow
rates at the time of sampling are noted next to each sample
location. Typical operating conditions and performance during
both winter and summer months are shown in Tables III-5 and III-6.
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TABLE III-5

MILL B WASTEWATER TREATMENT PLANT OPERATING PARAMETERS

Parameter Value
Flow (MGD) 40.8
Residence Time (days) 3.8-0.9
Mixed Liquor Suspended Solids (mg/L) 3100
Return Sludge Recycle (%) 97
Aeration Horsepower (HP/million gallons) 208

TABLE III-6

MILL B WASTEWATER TREATMENT PLANT PERFORMANCE DATA

Parameter Winter Summer
BODg Loading (lbs/day) 55,0600 55,000
BODg5 Removal (%) 93 94
Suspended Solids Loading (lbs/day) 98,000 98,000
Suspended Solids Removal (%) 88 88
Primary Sludge Production (tons/day) 40 40

Consistency (%) 17 17
Secondary Sludge Production (tons/day) 3 15

Consistency (%) 13 13
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River Water

|

Treated Water

Corrosive Sewer

Backwash (86374601)
(86374602) 37.1 mgd Recaust
1.3 mgd Evaporators
To River
Refiner
#Process Sewer (833174637)
To Primary Treatment .1 mg
o 7y
Pulp #1, #2 Paper machine
« Artificial Sample of ‘ 2.2 mad)
untreated wastewater made Dryer (86374621) (2. ¢
by“:o;nlz‘ljnlgg thla:csesv:er 6.9 mgd #3, #4 Paper machine
w c ewer age -
Effluent 86374613). New y (82‘:957?"239) (4.7 mgd)
sample number is 86374644, - Brown Stock Effluent
C Stage effluent bypasses E Stage F‘ * (86374606)
primary. filtrate 10.8 mgd
(86374615)
2.2 mgd
< misc. pulp mill sewers
FIGURE III-6., Mill B Sewer System Schematic
Acid Sewer
(86374613)
6.06 mgd
Primary
Clarifier
31.3 mgd H:::l:g Aeratlon Effluent
—_——P 9! Pond |
or (86374646)
36.6 mgd
Primary Sludge T <
(86374641)
35 T/day
Bone Dried Secondary
Clariflers
T (86374646)

v

Secondary Sludge
(86374642)x
17 T/day

*(86374643 with polymer) Bone Driled

FIGURE III-7.

Landfill Leachate
not added to
waste treatment

Mill B Wastewater Treatment Plant Schematic
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C. Mill C

Mill C is an integrated bleached kraft mill with a capacity
for 1178 tons per day of printing and writing papers. Products
include business form paper, carbonless copy paper, cover paper,
and tablet grade paper. Eight batch digestors are used to pulp
2299 tons per day of hardwood chips. Pulping capacity exists for
1003 tons per day of bleached kraft, although current production
is 804 tons per day.

The brownstock pulp is bleached with a single C/DE,D sequence.
The bleach plant is shown schematically in Figure III-8. Sample
identification codes and flow rates are noted next to each sampling
location. Nominal operating conditions and chemical usages are
listed in Table III-7.

__’ _____'/\T_
(DE026003)
7568 Air Dried
T Tons/day
> N
———P
(DE026002)
1004 Alr Dried v L ¢
Tons/day
(DE026004) (DE026006) (DE026006)
2.96 mgd 4.9 mgd- 6.03 mgd-

» Normaily no discharge

FIGURE III-8, Mill C Bleaching Line Schematic
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TABLE III-7

MILL C BLEACH PLANT NOMINAL OPERATING CONDITIONS AND CHEMICAL USAGES

Bleaching Stage

Parameter C/D Eqo D
Throughput (ADT/day) 1909 - -
Residence Time (hours) g.3 3.62 4.5
pH 1.7 11.5 4.0
Temperature (OF) 132 179 170
Chemical Usage (lbs/ton)

Cl, 60 - --
Cl09 5 - 18
02 -— 12.5 -
NaOH -— 29 -
Other (S03) -~ - 59
Residual Clj Trace -— --
Brightness -= 47 >88

Four power boilers are used to produce 1.3 million lbs of
steam/hour. Three burn coal while the fourth burns wood wastes
(809 tons per day). Fly ash from the three coal boilers is
collected by electrostatic precipitators while ash from the wood
waste boiler is collected by a wet scrubber. All ash including
bottom ash is landfilled. Wastewater 1is used to convey some of
these ashes and is then sewered.

Raw water to the mill is supplied from two sources including
river water and wells. Porticns of the total (39 MGD) receive
treatment with either sand filtration or lime softening prior to
use in specific parts of the mill. Residues from both processes
are sewered. The general mill sewer system is shown schematically
in Figure III-9. Identification codes and flow rates for each
sample location are provided.
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The wastewater treatment system consists of primary clarifi-
cation followed by a 1l@-acre aerated stabilization basin (ASB) and
a 7-acre activated sludge (AST) system. Excess solids from the
two secondary clarifiers are returned to both the primary clarifier
and the sludge thickener. Thickened secondary sludge and primary
sludge are combined prior to dewatering. Dewatered solids are
utilized commercially and/or sent to a landfill. ©Nearly 2 MGD of
the secondary effluent is recycled back into the mill and used in
the woodwaste boiler scrubber. The remaining portion is discharged
to a river.

The wastewater treatment plant is shown schematically in
Figure III-10. Identification codes and flow rates at the time
of sampling are noted next to each sample location. Typical
operating conditions and performance are shown in Tables III-8
and I1II-9. These data reflect average operating conditions for
both winter and summer months,.

2 mgd
Recycle

ﬁ

[

Secondary
Clariflers

Primary
Clarifler

(DE026012)
(30 mgd)

ASB | AST —o—»
Final

y y Effluent
(DE026013
‘ (28 mgd)

Sludge
Thickener

(DEO26011)
Combined Dewatered

Sludge (800 Tons/day @ 27% Sollds)

FIGURE III-10. Mill C Was*tewater Treatment Plant Schematic
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TABLE III-8

MILL C WASTEWATER TREATMENT PLANT OPERATING PARAMETERS

Parameter Value
Flow (MGD) 28
Residence Time (days) 1.5
Mixed Liquor Suspended Solids (mg/L) 2400
Return Sludge Recycle (%) 5@
Aeration Horsepower (HP/million gallons) 38

TABLE III-9

MILL C WASTEWATER TREATMENT PLANT PERFORMANCE DATA

Parameter
BODg5 Loading (lbs/day) 100,000-159,000
BODg Removal (%) 97
Suspended Solids Loading (1lbs/day) 499,000
Susvended Solids Removal (%) 96
Primary Sludge Production (wet tons/day) 2500
Consistency (%) 8
Waste Activated Sludge Production (tons/day) 5800
Consistency (%) a.6
Combined Dewatered Sludge
Production (wet tons/day) 800
Consistency (%) 27%

No significant differences between winter and summer operations.
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D. Mill D

Mill D is an integrated bleached kraft mill with a capacity
for 1105 tons per day of paper products. Major products are
newsprint and telephone directory paper. Six batch digestors are
used to pulp softwood chips. Pulping capacity exists for 460
tons per day bleached kraft (425 tons per day unbleached kraft).
In additional there is capacity for 830 tons per day groundwood
production.

The bleach plant consists of two lines, each utilizing a CEH
sequence. The bleach plant is shown schematically in Figure
II1-11. Sample identification codes and flow rates of hoth pulp
and washer filtrates are listed next to each sampling location.
Nominal operating conditions and chemical usages are listed in
Table III-1@d. The relatively high hypochlorite use in the B bleach
line hypochlorite stage is related to high caustic carryover from
an undersized E-stage washer. Chlorine use on the B bleach line
was computed from tank car inventories.

A Side 260 Tons/day
—_— (DF24410)

.
v
A 4
<
A 4

«+{DF024409) 4 F v A

i(DF0244‘l2) i-(DF024413) i (DF024414)
1.42 mgd 1.42 mgd

. ?ﬁ _’/\. >
B Side J _ (DF024411)

A
Y

120 Tons/day

l' v{k :

C E H

—— J ' 1 .
««(DF24409)

(DF024418)

DF024416) i-(DFO24413)
0.92 mgd

0.96 mgd

« Combined Caustic Sewer 2.72 mqd
<= Combined brownstock pulp 423 air dried Tons/day

FIGURE III-11. Mill D Bleaching Line Schematics
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TABLE III-10

MILL D BLEACH PLANT OPERATING CONDITIONS AND CHEMICAL fSAGES

SOFTWOOD LINE A Bleaching Stage
Parameter C E H
Throughput (dry tons/hour) 13.3 13.3 13.3
Residence Time (hours) g.91 g.30 1.16
pH 2.3 19.5 8.5

Temperature (OF) - —-— -
Chemical Usage (lbs/ton)

Clop 67.1 ] @
NaOH g 46 )
NaOCl 4] g 90
Monoethanolamine .25 "] g.14
Residual Cly 2.0 - 14.9
Semi-bleached Brightness -- -- 59
SOFTWOOD LINE B Bleaching Stage
Parameter C E H
Throughput (dry tons/hour) 5.8 5.8 5.8
Residence Time (hours) 2.9 d.5 2.5
pH
Temperature (©OF) - - -
Chemical Usage (1lbs/ton)
Clp 76.5 ) g
NaOH g 53 )
NaOCl ] 1) 227
Monoethanolamine - ] 9.39
Residual Clj 4.0 - 9.9
Semi-bleached Brightness -— - 59

NOTE: Brownstock pulp permanganate number for
both bleach lines is typically 24.5.
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Power boilers at the mill burn gas and approximately 600 tons
per day of bark to produce 550,009 lbs per hour of steam. Black
liquor is burned in a recovery boiler. Fly ash from the bark
boiler is collected with a mnechanical dust collector and a wet
scrubber. Both fly ash and bottom ash are landfilled. The
scrubber water is sewered.

Raw water to the mill is taken from a nearby lake and from
wells. Water from both sources is chlorinated prior to use in
the mill. Approximately 22 MGD are used in the process. The
general mill sewer is shown in Figure III-12. This figure provides
identification codes and flow rates associated with each sample
location. These flow values represent measurements or estimates
where flow is not routinely monitored.

(DF024401)
No. Entry
aw Water
10.2 mgd
(DF024402)
10.2 mgd Bleach Plant H Stage
e (DF024414)
(DF024403) A Side Acid 1.42 mgd
So. Entry 1.7 mgd Pulp Mill {SFoza412) 1.42 mod
o.
Raw Water Brownstock 2.8 mgd H Stage
11.7 mgd (DF024418)
L(EDF024501) 1_2 Side Acid 0.92 mgd
roundwood
Paper Machines DF024415) 0.96 mgd
9.60 mgd
Dregs, Cld Caust Caustic Sewer
l :'(DFOZMOG) 07 mgd  |\(DF024413) 2.722 mgd
v 4 *—
1(0"'024406) I } 1o Waste Treatment
Evap. Sewer (DF024511) 18.86 mgc¢
‘——.——-
Lime Kiln 0.1 mgd (DF024618) |Woodyard
—_—p 0.06 mgd 0.6 mgd
Sewer Boller Sewer
0.056 mgd . Recovery
Botler Sewer

0.1 mgd

FIGURE III-12. Mill D General Mill Sewer Schematic
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The wastewater treatment system consists of primary clarifi-
cation followed by activated sludge with 2 to 3 hours detention
time. A dissolved air flotation system 1is used to control
suspended solids prior to the secondary clarifiers. Waste solids
are returned to the lagoon. Waste activated sludge is returned
to the primary clarifier. The combined sludge is dewatered and
sent to landfill for disposal. Chlorine (100@ 1lbs/day) is
regularly used to control secondary sludge bulking. The waste
treatment plant is shown schematically in Figure III-13. Identi-
fication codes and flow rates at the time of sampling are noted
next to each sample location. Typical operating conditions and
per formance during both winter and summer months are shown in
Tables III-11 and IT1I-12.

Sludge Recycle
10 mgd & 0.6% Solids

Primary
Clarltiers

Secondary
Claritlers

Dissolved
Alr Flotatlon

Actlvated
Sludge

(DF024511)
18.85 mgd

(DF024512)
18.49 mgd

Sollds Recycle
Wasted Sludge

Primary Sludge

(DF024614) (DF024516)
0.45 mgd 0.4 mgd
e 3% ® 0.6%
(DF024519)
Dewatered after Chlorination
Sludge
(DF024513)

FIGURE IITI-13. Mill D Wastewater Treatment Plant Schematic
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TABLE III-11

MILL D WASTEWATER TREATMENT PLANT OPERATING PARAMETERS

Parameter Value
Flow (MGD) 20
Residence Time (days) 3.75
Mixed Liquor Suspended Solids (mg/L) 1290-1500
Sludge Age 2-2.5 days
Return Sludge Recycle (%) 50
Aeration Horsepower (HP/million gallons) 30
Primary Sludge Production (gal/day) 602,000
Consistency (%) 2~-2.5
Waste Activated Sludge Prcduction (gal/day) 400,000
Consistency (%) 3.50

TABLE III-12

MILL D WASTEWATER TREATMENT PLANT PERFORMANCE DATA

Parameter Winter Summer

BODg Loading (lbs/day) 15,000-30,200 15,000-398,0909

BODs Removal (%) 85-90 9¢9-93

Suspended Solids Loading (lbs/day) 100,000-200,000 100,0090-200,90¢

Suspended Solids Removal (%) 903 -98 95-99

Combined Dewatered

Dry Sludge Production (tons/day) 50-100 50-109
Consistency (%) 15-18 15-18
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E. Mill E

Mill E is an integrated bleached kraft mill with a capacity
for 1330 tons per day of miscellaneous papers. Major products
include bond, business form paper, carbonizing, envelope, ledger,
offset paper, coated publication paper, and tablet. Two continuous
Kamyr digestors are used to pulp both hardwood and softwood chips
with a typical mix of 30% hardwood and 78% softwood. The kraft
pulp capacity is 1208 tons per day with an additional 130 tons
per day groundwood production.

The bleach plant consists of two lines both with a CpEgH/D
sequence. One of the lines alternately bleaches hardwood and
softwood pulp. The bleach plant is shown schematically in Figure
I11-14. Sample identification codes and flow rates of both pulp and
washer filtrates are 1listed next to each sampling 1location.
Nominal operating conditions and chemical usages are listed in

Table III-13.

A Side ‘ ‘ /J
——p ——— P
K Y-\ {(RG186366)
600 Dry Tons/Day

o Eo H/D

——>
(RG186364) 7y . 'y
RG186369) 3me1asa7o) RG186371)
3 mgd 1.8 mgd 1.0 mgd
B Side
¥ N\ —> > x—o>
{RG186367)

600 Dry Tons/Day

CD Eo H/D

——Ph
(RG186366) A 4 \ 4

RG186372) (RG186373) RG186374)
1.1 mgd 1.6 mgd 0.76 mgd

FIGURE III-14. Mill E Bleaching Line Schematics
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TABLE III-13

MILL K BLEACH PLANT OPERATING CONDITIONS AND CHEMICAL USAGES

Parameter Bleaching Stage
LINE A - SOFTWOOD Cp Eq H D
Throughput (tons/hours) 25 25 25 25
Residence Time (hours) #.67 1.7 #.20 1.5-2.0
pH 1.8 19.7 9.4 6.7
Temperature (OF) 110 169 185 189
Chemical Usage (lbs/ton)
Clop 129 - -— -
Cl0; 3.3 - -- 11.17
NaOH - 81 2.65 2.71
02 -- 7.85 - -
NaoOCl - 2.97 17.2 -
Residual Cly (gm/L) d.019 - .9 g.06
Brightness -- -~ §6.3 84.2
LINE B - HARDWOOD Cp Eq H D
Throughput (tons/hours) 25 25 25 25
Residence Time (hours) #.33 1.50 3.20 1.5-2.0
pH 1.80 11.2 19.1 7.0
Temperature (OF) 130 155 185 189
Chemical Usage (lbs/ton)
Cl,y 8G.4 - - —--
C10, 2.93 - ~- 14.9
NaOH - 116.5 @.35 4,05
op) - 4.7 - -
NaOC1l - - 24.6 -
Residual Cly (gm/L) 9.022 - 9.9 2.9
Brightness - -— 64.5 85.8
LINE B - SOFTWOOD Cp Eq H D
Throughput (tons/hours) 21 21 21 21
Residence Time (hours) #.33 1.50 7.20 1.5-2.9
pH 1.89 11.2 1.1 7.9
Temperature (OF) 139 155 185 180
Chemical Usage (lbs/ton)
Clop 80.4 - - -—
Cl1l09 2.83 - - 14.9
NaOH - 116.5 @.35 4.05
02 - 4.7 - -—
NaOC1l - - 24.6 -

Residual Cly (gm/L) g.022 - g.9 #.09
Brightness - -- 66.1 84.8
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The power boiler at the mill burns oil and approximately 250
bone dry tons per day of bark to produce 1.1 million pounds of
steam per hour., Both bottom and fly ash are sewered directly.

Raw water to the mill is taken from a nearby river, treated
with alum flocculation, sand filtration, and chlorination prior to
use in the mill. Residues from the alum flocculation are sewered.
Approximately 38 MGD of treated water are used in the process.
The general mill sewer is shown schematically in Figure III-15.
This figure also provides identification codes and flow rates
associated with each sample location., These flow values represent
measurements or estimates when flow is not routinely monitored.

River Treated Water
—— o—»(RQ1-86366)
Water 34.6 mgd
(RQ1-86355)
38 mgd
A-B Side Combined Otis Mill
Water General aper Machines (RG1-86380)
T Sewer (R@1-86379) 2.6 mgd
reatment|  (RG1-86361)
Purge 4.2 mgd
0.9 mgd
—eo—>» Jo WTP
I (RG1-86386)
A-B Side Recaust, A Side Eo (R@1-86370) 37 mgd
Evap, Power B Side Eo (RG1-86373)
{RGQ1-86362) A Side D (RQ1-86371)
2.6 mgd B Side D (RG1-86374)

FIGURE III-15. Mill E Sewer System Schematic
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The wastewater treatment system consists of primary clarifi-
cation followed by an activated sludge system with 1.1 day
aeration time. The acid sewer bypasses primary treatment and is
put directly into the aeration 1lagoon. Secondary sludge is
gravity thickened prior to dewatering with the primary sludge on
sludge presses. Overflow from the gravity thickener is recycled
to the primary clarifier.

The wastewater treatment plant is shown schematically in Figure
II1-16. Identification codes and flow rates at the time of sampling
are noted next to each sample location. Typical operating condi-
tions and performance during both winter and summer months are
shown in Tables III-14 and III-1l5.

TABLE T11I-14

MILL E WASTEWATER TREATVMENT PLANT OPERATING PARAMETERS

Parameter Value
Flow (MGD) 490
Residence Time (days) 1.2
Mixed Liquor Suspended Solids (mg/L) 1300-1400
Return Sludge Recycle (%) 53
Aeration Horsepower (HP/million gallons) 44

TABLE III-15

MILL E WASTEWATER TREATMENT PLANT PERFORMANCE DATA

Parameter

BODg Loading (lbs/day) 80,000-120,000
BOD5 Removal (%) 93-94
Suspended Solids Loading (lbs/day) 430,000
Suspended Solids Removal (%) 93-95
Secondary Sludge Production (dry tons/day) 35

Combined Sludge Production (dry tons/day) 200



-29-

Combined
Acld Sewer
(RQ1-86368)
4,03 mgd
-9-
Effluent
To River
Influent Primary . .ecovﬂ.r
¢ PlClaritier agoons Clarltier
(RA1-863s8e) (RG1-86388)
mo 41 mgd
N Sludge Studge
Press hickener

FIGURE III-16.

(RQ1-86397)
0.43 mgd

(RG1-86387)
90 Dry Tons/Day

Mill E Wastewater Treatment Plant Schematic
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Iv. FIELD PROGRAM

The field program for this study was conducted according to
the schedule shown below:

Mill A June 24-25, 1986
Mill B September 8-10, 1986
Mill C October 15-18, 1986
Mill D December 2-3, 1986
Mill E January 13-15, 1987

In addition, preliminary grab samples were collected from Mill A
in March 1986 for analytical methods development and prescreening
of selected samples including wood chips, unbleached and bleached
pulps, selected untreated wastewaters, paper machine additives,
wastewater sludges, and treated process wastewater effluents.

A. Sampling Plan

The study design called for sampling all mill inputs thought
to be significant; intermediate process materials and untreated
process wastewaters; and mill exports including bleached pulps,
wastewater sludges, and treated process wastewater effluents.
Table IV-1 presents the detailec sampling plan for Mill A. Similar
plans were developed for each mill after site reconnaissance
visits to review process water treatment systems, process opera-
tions, sewerage systems, and wastewater treatment systems.

Based upon the results of the reconnaissance visits, specific
sampling locations were selected to determine mass flow rates of
process waters, wastewaters, and process materials. The sampling
plans were reviewed in detail by USEPA, NCASI, and mill personnel
prior to implementation. Arrangements were made to acquire pulp
mill, bleach plant, and wastewater treatment system operating
logs during each sampling survey. Note that primary flow moni-
toring devices have not been installed on most internal plant
process wastewater streams. Accordingly, crude measurements or
best engineering estimates of flow were developed for these
streams. This is particularly common for the individual bleach
plant pulp washing stages between chemical applications. Mass
flow rates of pulps and final treated process wastewater effluents
were generally determined with primary monitoring devices and are
considered to be more accurate. Also, the determination of
chemical applications in the ©»bleach plants from the operating
logs was found to e difficult due to differences in reporting,
solution strength measurement methods, and mill-specific data
recording procedures.
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TABLE IV-1

MILL A - DETAILED SAMPLING PLAN

SAMPLE DESCRIPTION

DE@20801
DE@20802
DE@208¢3
DEQ20804
DE@208¢5

DEJ2080d6

DE@20837
DE020808

DE220901
DEQ23902
DE@20903
DE@27904
DE@20905

DE@20906
DE@239a7
DEG29908

DE@20@909
DEG2@910
DE@20911
DE@2¢912
DE@2¢913
DE@20914
DE@G20915
DE@298039
DE@20816

A. Background Samples

Treated River Water

Water Treatment Precip. Sludge
Water Treatment Sandfilter Sludge
Softwood Chips

Hardwood Chips

B. Pulping Process

Combined Pulping & Recaust WWs

C. Chemical Recovery Plant

Combined Process Wastewater
Lime Mud

D. Bleach Plant

Unbleached Softwood Pulp
Bleached Softwood Pulp
Unbleached Hardwood Pulp
Hypo Hardwood Pulp
Peroxide Hardwood Pulp

Softwood Bleach Line
5-1 Washer, C Stage
S-2 Washer, Ey Stage
S-3 Washer, H Stage

Hardwood Bleach Lines

K-6 Washer, C Stage

K-4 Washer, E, Stage (Hypo line)
K-5 Washer, H Stage (Hypo line)
K-2 Washer, E, Stage (Per line)
K-3 Washer, H Stage (Per Line)
K-1 Washer, H Stage (Per Line)
Conbined Process Wastewater
Hypo Solution

Caustic Solution

SAMPLE
NUMBER

SAMPLE DESCRIPTION

DE@20811
DE2203812
DE@20813
DE@20814
DE@2¢916
DE@2@917
DE@20815
DE@20816
DE@20@817
DE@20822
DE@292823
DEJ21001
DE@2103@2

DE@20818
DE@20918
DE@20919
DE@20819
DE(020820
DE@203920
DE@20921
DE@20922
DEQ20821

DE@20923
DE@20824

E. Paper Machines

Combined Process WW Process Additives

Alum

Clay-1

Clay-2

Dye-1

Dye-2

Resin Size Bmulsion
High Brightness Filter
Slimicide

Soda Ash

Sodium Thiosulfate
White Water - Clean
White Water - Dirty

F. Utilities, Wastewater Treatment

Powerhouse Wastewater

Bottom Ash

Fly Ash

WWTP Primary Sludge

WWTP Secondary Sludge

WWTP Composite Sludge
Combined Untreated Wastewater
Final Wastewater Effluent
Landfill Leachate

G. Other

Sludge - not from Mill A
Thiosulfate & H3SO4 Reagent Blank



-32-

The sampling plan for each mill called for 24-hour composite
sampling of mill inputs, intermediates, and exports, except for
paper machine additives (alum, clays, dyes, slimicides) and, for
some mills, power boiler ashes and landfill leachates. Discrete
grab samples of those materials were collected during or imme-
diately after the 24-hour sampling period. At most wills where
multiple dyes are used, samples were collected of at least two
dyes used at the time of the survey and of one or two dyes most
heavily used throughout the prior year. For four of the mills,
final process wastewater effluent sampling was delayed to account
for the estimated time-of-travel or residence time of the
wastewater through the respective wastewater treatment systems.
Mill-specific field sampling is described in Section 1V.C.

B. Sample Collection, Sample Handling, and Sample Custody

Attachment B presents the field protocols followed for the
five-mill study. Precleaned sample collection devices and sample
containers (one gallon or one quart glass bottles) were used
throughout the study. The cleaning procedures are outlined in
Attachment B. For liquid samples (treated process water, untreated
and treated wastewaters, liquid or slurry sludges, and dilute
process additive solutions) one gallon samples were collected.
For solids and semi-solids (wood chips, clays, dewatered sludges,
ashes, and pulps) and concentrated liquid additives (slimicides,
dyes, and certain paper machine additives) one quart samples were
collected. The pulp samples were partially dewatered in the
field at the time of collection by manually squeezing individual
grab samples used to make up the 24-~hour composite samples. The
analytical data for solid and semi-solid samples including liquid
sludges were determined on a dry weight basis. All other samples
were analyzed on a wet weight basis. At most mills, individual
or combined paper machine wastewaters were sampled at convenient
sewer locations and combined on a Elow-proportioned basis with
other paper machine wastewaters to form one composite paper
machine wastewater sample from the mill.

The 24-~-hour composite samples were manually collected and
comprised of eight discrete grab samples obtained at approximate
three-hour intervals.

All samples were iced during the collection period and secured
in locked ice chests or in ice chests secured with custody seals
or tape. With few exceptions, individual or multiple ice chests
were specifically assigned to a sampling location to minimize
chances of sampling errors. Wastewater samples suspected of
containing chlorine were checked for total residual chlorine at
the time of collection. Total residual chlorine was neutralized
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with a slight excess of sodium thiosulfate in solution or in
crystalline form at the time of collection. Also, samples
collected for chlorinated phenolics were adjusted to pH <2 with
6M sulfuric acid upon collection for sample preservation.

C. Site Specific Sampling

The sampling at each mill was conducted according to the
sampling plans and protocols described above and in Attachment B.
Unique sampling and deviations from the sampling protocols at
each mill are described below:

1. Mill A

Sample Number DE@2@818 - Due to minimal wastewater flows, the
powerhouse wastewater was grab sampled.

Sample Number DE@20821 - The 1landfill leachate and runoff
sample was a grab sample vs. a 24-hour composite sample since the
leachate and runoff collected in a pond with long retention time.
The wastewaters are discharged on an intermittent basis to the
wastewater treatment facilities.

Sample Number DE@20922 - The final effluent 24-hour composite
sample was collected concurrently with samples from the mill,
Hence, the estimated residence time in the wastewater treatment
system was not taken into account in the sampling program as was the
case for the other four mills included in the study.

2., Mill B

Sample Number 86374621 - The first aliquots for the individual
24-hour field composite samples from the newsprint machine #3
(station E-2A) and forms bond machine (station E-2B) were not
taken due to sampling error.

Sample Number 86374646 - The landfill 1leachate sample was a
short term composite sample vs. a 24-hour composite sample since
the discharge flow rate was minimal and the discharge was direct
rather than to the wastewater treatment system.

3. Mill C

Sample Number DE@26006 - Only one aliquot of D-stage filtrate
was collected during the first 12 hours of the survey due to a
plugged sample port. Sampling resumed as normal for the balance
of the survey. The D-stage filtrate was not sewered during the
survey.
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Sample Number DE@2601]1l - Due to minimal wastewater volume and
remote location, the wastewater sludge landfill leachate was grab
sampled.

Sample Numbers DE@26013 and DE@26206 - 24-Hour composite
samples of secondary wastewater effluent were collected during
the 24-hour sampling period for the mill (@#-24 hours) and on a
delayed basis (36-72 hours) to account for residence time 1in
the wastewater treatment facilities. The @#-24-hour sample was
collected to characterize about 2 MGD of treated effluent returned
to the mill during the survey period.

4, Mill D
No significant changes from the sampling protocols.
5. Mill E
Sample Number RG1-86357 - A two gallon concentrated sample of

river intake water filter backwash was obtained by decanting one
gallon samples from six separate filter backwashes.

Sample Numbers RG1-86367, 72, 73, and 74 - Due to production
scheduling at the mill, the B bleach line was sampled for a 4-hour
period after the 24-hour sampling period for the mill and after a
change from softwood to hardwood production. Precautions were
taken in the field to insure hardwood pulp was being sampled on
this line. However, based upon a review of process operating
logs, the short-term bleached pulp composite sample obtained was
comprised of undetermined amounts of both softwood and hardwood
pulps.

Sample Numbers RG1-863806/92 - An untreated paper machine
wastewater from a nonintegrated paper mill located near Mill E was
sampled as it entered the Mill E wastewater treatment system.




-35-

V. ANALYTICAL PROGRAM

A. Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Polychlorinated
Dibenzofurans (PCDFs)

1. Compounds Selected for Analyses

Analyses of preliminary samples from two mills indicated that
2378-TCDD and 2378-TCDF are the principal PCDDs and PCDFs found
in various pulp and paper mill matrices. Samples from other pulg
and paper mills analyzed by USEPA reveal similar patterns.

Tables V-1 to V-3 present data for six mills for isomer specific
determinations of 2378-TCDD, data for the determination of 2378-
TCDF plus possible co-eluting isomers, and data for higher chlori-
nated PCDDs and PCDFs. Each of these mills process primarily
virgin fiber. Mills A and E (Tables V-1 and V-2) are among the
five mills included in the cooperative study. Mill 1 (Table V-1)
and Mills 2, 3, and 4 (Table V-3) are other bleached kraft mills
not included in this study. Data for Mill E were developed using
procedures previously demonstrated to be isomer specific for
2378-TCDF. Also summarized are the 2378-TCDD toxic equivalents
computed to the extent possible for all detected PCDDs and PCDFs.
Very few of the higher congener measurements were made using
procedures which have been demonstrated to be isomer specific for
the 2378-substituted isomer. Accordingly, the results must be
qualified as possibly reflecting the presence of co-eluting
isomers. Nevertheless, conservative calculations of the toxic
equivalents (TEQs) were made assuming the concentrations reported
for the 2378-substituted isomers were all the most toxic isomer.

Note that the analyses were completed by three laboratories
(Dow Chemical (Table V-~1l); Wright State University (Table V-2);
and USEPA-ERL Duluth (Table V-3)) using different sample cleanup,
extraction, and analytical protocols. Accordingly, the results
may not be fully comparable. Nonetheless, the data are consistent
in the relative absence of the higher chlorinated PCDDs and PCDFs.

The 2378-TCDF concentrations measured as part of a full
congener analysis for Mill A and Mill 1 (Table V-1) were shown to
be substantially correct based upon split sample analyses using
procedures which were isomer specific for this compound. It
should also be noted that only the 2378-substituted isomers were
quantitated in the Mill A and Mill 1 analyses. However, the
comparatively low relative toxicity equivalency factors for the
higher congener non-2378-substituted isomers indicate that this
data limitation does not substantially alter the conclusion that
virtually all the TEQs are associated with 2378-TCDD and 2378-TCDF.
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TA3LE V-1

PCDDs and PCDFs IN BLEACHED KRAFT PAPER MILL MATRICES

USEPA/PAPER INDUSTRY COOPERATIVE DIOXIN SCREENING STUDY

DON CHEMICAL ANALYSES

Mill 1
Mill A Mill A Mill A Combined
Bleachery Final Wastewater Wastewater
PCDDs Wastewaters@ Effluent? S1ludgeP SludgeP Notes
2378-TCDD 150 ppq 73 ppq 17 ppt 240 ppt
12378-PeCDD 6 (6) ND (7) ND (1) 25 d
123789-HxCDD ND (20)€ ND (208) ND (7) 6 (3)
123678-HxCDD ND (15) ND (15) ND (7) } 9 (5)
123478 -HxCDD ND (15) ND (15) ND (7)
1234678-HpCDD 45 (19) 30 (15) ND (6) 159
OCDD 220 (49) 220 (39) 59 (9) 1400
PCDF's
2378-TCDF 2500 ppq 1900 opq 303 ppt 2390 ppt d
23478-PeCDF 23 (3) 16 (3) 3 (L) 53 d
12378-PeCDF 27 (3) 16 (2) 3 (L) 140 d
234678 -HxCDF ND (5) ND (5) 2 (2) 3 (1) d
123789-HxCDF ND (7) ND (5) ND (2) <4 d,e
123678-HxCDF } 9 (2) 5 (3) 1 (1) 20 d
123478 ~HxCDF
1234789-HpCDF ND (10) ND (18) ND (3) 5 (2)
1234678 -HpCDF 19 (5) 7 (7) 2 (2) 11
OCDF 30 (15) 20 (19) 5 (5) 43
SAMPLE TEQE 419 ppq 188 opq 48 ppt 500 ppt
% TEQ from 98% 98% 99% 94%
2378-TCDD &
2378-TCDF
NOTES: (a) kbncentrations in liquid samples determined on the basis of the

(b)
(c)

(a)
(e)
(£)

total weight of the sarples.

Concentrations in sludge samples determined on dry weight basis.
ND ~ Not detected at stated detection level; detection level is
reported in parentheses ( ). Detection level reported in
parentheses ( ) when analytical result is less than 10 times
detection level.

Data may reflect preserce of co-eluting isomers.

Maximum possible conceritration.

Sample TEQ computed assuming isomer-specific analyses for listed
compounds. Sample TEC computed by USEPA (see Reference 2).
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TABLE V-2

PCDDs and PCDFs IN BLEACHED KRAFT PAPER MILL MATRICES
USEPA/PAPER INDUSTRY COOPERATIVE DIOXIN SCREENING STUDY
WRIGHT STATE UNIVBRSITY ANALYSES

Mill E
Mill E Mill E Combined
Bleachery Final Wastewater
PCDDs Wastewaters Effluent Sludge
2378-TCDD 973 ppq 80 ppq 190 ppt
12378-PeCDD ND (70) ND (12) 12
123789-HxCDD ND (79) ND (1@9) ND (13)
123678-HxCDD ND (38) ND (59) ND (23)
123478-HxCDD ND (38) ND (120) ND (1.9)
1234678-HpCDD 130 80 26
0oCDD 1800 999 298
PCDFs
2378~-TCDF 4603 ppg 369 ppg 760 ppt
23478-PeCDF ND (20) ND (15) ND (12)
12378-PeCDF ND (99) ND (5) ND (19)
234678 ~HxCDF ND (870) ND (410) ND (68)
123789-HxCDF ND (139) ND (45@) ND (29)
123678 -HxCDF ND (158) ND (340) ND (19)
123478-HxXCDF ND (78) ND (138) ND (11)
1234789-HpCDF ND (40) ND (90) ND (4)
1234678-HpCDF ND (10) ND (20) ND (2)
OCDF 70 86 ND (9)
SAMPLE TEQ 1400 ppg 120 ppq 279 ppt
(1508) ¢ (159)¢ (289)¢C
% TEQ from >99% >99% 98%
2378-TCDD & (96%)C (78%)¢C (96%)C
2378-TCDF

NOTES: (a) ND - Not.detected at stated detection
level; detection level is reported in
parenthesis ( ).

(b) Data for 2378-TCDD, 2378-TCDF, OCDD, OCDF
are isomer specific. Data for other com-
pounds may reflect the presence of co-eluting
isomers.

(c) Sample TEQ and percentage attributable to
2378-TCDD and 2378-TCDF shown in ( ) were
computed assuming all compounds present at
stated analytical detection levels.
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TABLE V-3

PCDDs and PCDFs IN BLEACHED KRAFT
PAPER MILL WASTEWATER SLUDGES
USEPA-ERL DULUTH ANALYSES

Mill 2 Mill 3 Mill 4
Combined Combined Combined
Wastewater Wastewater Wastewater
Sludge Sludge Sludge
2378-TCDD 150 ppt 37 ppt 53 ppt
TCDD-Other ND (19) ND (5) ND (1)
12378-PeCDD ND (5) ND (5) ND (5)
PeCDD~-Other ND (5) ND (5) ND (5)
123678 -HxCDD 17 2 2 (2)
HxCDD-Other 62 21 10
1234678 -HpCDD 110 1389 33
1234679-HpCDD 82 1240 29
OoCDD 1860 14000 710
2378-TCDF 889 ppt 200 ppt 280 ppt
TCDF-Other 640 310 220
12378-PeCDF 29 2 ND (5)
PeCDF-Other 149 15 ND (5)
123678-HxCDF 5 31 ND (5)
HXCDF-Other 39 240 ND (5)
HpCDF-Total 5 360 22
OCDF 53 310 ND (20)
SAMPLE TEQ 260 ppt 61 ppt 81 ppt
% TEQ from 93% 94% >99%
2378-TCDD &
2378-TCDF

NOTES: (a) ND - Not detected at stated detection level;

detection level is reported in parentheses
( )0

(b) Data for 2378-TCDD, OCDD, and OCDF are
isomer specific. Data for other 2378-
substituted compounds may reflect the
presence of co-eluting isomers.

(c) Mills 2, 3, and 4 were not among the
five mills included in this study.
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A

Note that for Mill E (Table V-2), TEQs were computed in two
ways: (1) assuming that compounds not detected were present at the
stated analytical detection level; - and (2) that compounds not
detected were not present, i.e., concentration of zero. This was
done because of the relatively high analytical detection levels
observed for several higher chlorinated 2378-substituted PCDDs
and PCDFs in the bleachery wastewater and final effluent samples.
For the bleachery wastewater there is no significant difference
in the proportion of the TEQ associated with 2378-TCDD and 2378-TCDF
with either of the methods described above. For the final effluent
only 78% of the TEQ would be associated with 2378-TCDD and
2378-TCDF, if it were assumed that all of the higher chlorinated
compounds not detected were present at the stated analytical
detection levels. However, this is unlikely given the findings
in wastewater sludge from that mill., The conservative calculations
have the tendency to overstate the TEQs associated with the higher
congeners. Despite this bias, the 2378-TCDD and 2378-TCDF concen-
trations for the remaining mills clearly represent the major
portion of the total PCDD/PCDF toxic equivalents (TEQ). Based
upon these data, the principal focus of the analytical program
for this study was directed at isomer-specific analyses for
2378-TCDD and 2378-TCDF.

Each of the mills listed in Tables V-1 to V-3 and each of the
five mills included in this study are reported to produce virgin
hardwood or softwood pulps. Extraneous sources of fiber that
might include wood treated with chemical preservatives are not
used at these mills. Hence, the introduction of higher chlorinated
dioxins and furans associated with pentachlorophenol is not likely.

2. Preliminary Sampling - March 1986

As part of the analytical methods development for this study
preliminary grab samples of selected matrices were collected from
Mill A in March 1986. The analytical results for the process
samples are presented in Table V-4, while the results for wastewater
and sludge samples and process additives are presented in Tables
V-5 and V-6, respectively. The sample preparation, sample extract
processing, and GC/MS analytical methods used for analyses of
these samples were not the final methods selected for the five-mill
study. The data for 2378-TCDF were not isomer-specific and only
total homologue data were developed for penta-octa CDDs and CDFs.
In some cases, the analytical detection levels attained were not
consistent with the study objectives. Finally, since the samples
were grab samples, the representativeness of the results with
respect to mass flow rates is questionable. Nonetheless, the
results provide some insight to the formation of PCDDs and PCDFs
in this bleached kraft pulp and paper mill and to the relative
distribution of 2378-TCDD and 2378-TCDF versus other PCDDs and
PCDFs.
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In Table V-4, 2378-TCDD and 2378-TCDF were not found in
softwood chips, weak liquor, or recovery system mud, all samples
obtained prior to pulp bleaching; neither were TCDDs, PeCDDs,
HXCDDs, or TCDFs, PeCDFs, HxCDFs, HpCDFs, or OCDF at detection
levels in the 0.5 to 12 ppt range. Total HpCDDs and OCDD were
found in the softwood chips (37 and 154 ppt, respectively) and in
the recovery mud (3.3 and 19.7 ppt, respectively). The brownstock
pulp contained only OCDD at 1.2 ppt while the bleached pulp
contained 2378-TCDD and 2378-TCDF plus possible co-eluting isomers
at 8 and 70 ppt, respectively. Other TCDDs and TCDFs were not
found at significantly higher levels in the bleached pulp, and
penta-hepta CDDs and CDFs and OCDF were not found at detection
levels of less than 1 ppt. OCDD was found in the bleached pulp
at nearly 1 ppt. These data indicate that 2378-TCDD and 2378-TCDF
plus possible co-eluting isomers are formed in the bleaching of
softwood pulp and these compounds are preferentially formed over
higher chlorinated PCDDs and PCDFs.

The wastewater and sludge results presented in Table V-5
show similar trends. Wastewater samples obtained prior to pulp
bleaching show no detectable PCDDs and PCDFs at detection levels
in the @.01 to 9.92 ppt range, except for OCDD at 0.94 ppt. The
combined untreated bleach plant wastewaters contained 1.1 ppt of
2378-TCDD and 3.9 ppt of 2378-TCDF plus possible co-eluting
isomers. While no other TCDDs were found, about 3 ppt of TCDFs
other than 2378-TCDF were found, Considerably lower levels of
2378~TCOD (9.09 ppt) and 2378-TCDF plus possible co-eluting isomers
(9.45 ppt) were detected 1in the paper machine wastewaters.
Penta-octa CDDs and CDFs were not analyzed in the bleach plant
and paper machine wastewaters. The treated final process waste-
water effluent contained both 2378-TCDD (9.25 ppt) and 2378-TCDF
plus possible co-eluting isomers (1.9 ppt). Higher chlorinated
PCDDs and PCDFs were not found in the treated effluent in the
.01 to 0.05 ppt range. The combined wastewater treatment sludge
sample contained about 65 ppt of 2378-TCDD (average of two analyses)
and 280 ppt of 2378-TCDF plus possible co-eluting isomers. Except
for OCDD, higher chlorinated PCDDs and PCDFs were not detected in
the sludge.

TCDDs and TCDFs were not detected in samples of slimicide,
alum, clays, and a yellow dye at detection levels of less than 1 ppt
(Table V-6). However 2378-TCDD and other TCDDs were found in a
sample of blue dye at 3.4 ppt and 53 ppt, respectively. TCDFs
were not found in the blue dye.

The distribution of PCDDs and PCDFs in these samples were also
considered in the decision to focus the analytical program on
2378-TCDD and 2378-TCDF.
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3. Analytical Methods for 2378-TCDD and 2378-TCDF

As noted above, in the initial phase of the assessment of paper
mill process samples and waste products, attention was focused on
accurate quantitative measurement of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2378-TCDD) and 2,3,7.8-tetrachlorodibenzofuran (2378-
TCDF). Target detection limits of 1-2 parts per trillion (ppt)
for these isomers in solid media were established, while the target
limits for these isomers in aqueous media were set at 0.001 to
0.910 ppt (1l-10 parts per quadrillion (ppgq)). Analyses of the
preliminary samples at Wright State University indicated that
achieving these detection levels was not practical using the
traditionally applied sample extraction and cleanup techniques.
Moreover, an extensive evaluation of the separation capabilities
of the several capillary gas chromatography columns which are
usually employed in such analyses (DB-5, SP~233¢, SP-2340), using
all 38 TCDF isomers, revealed that 2378-TCDF co-elutes with one
or more of the other TCDF isomers on all of these columns.
Therefore, 2378-TCDF could not be uniquely determined by using
any of these columns. Accordingly, Wright State, in consultation
with USEPA and NCASI, undertook the development and validation of
sample extract cleanup procedures which utilized a multiple silica,
alumina, and carbon column liquid-chromatographic cleanup sequence
which has the capacity to remove larger quantities of matrix
constituents and other chemical residues. These methods also
utilize modified alumina column elution procedures, in which the
strength of the eluting solvent mixtures 1is more critically
adjusted in order to optimize separation of 2378-TCDD and 2378-TCDF
from other extraneous chemicals in the sample extract. Finally,
gas chromatographic studies were accomplished which led to the
development of a hybrid phase DB-225/DB-5 capillary GC column,
which was demonstrated to completely resolve 2378-TCDF (<186% to
<25% valley) from the other 37 TCDF isomers. This column was
applied routinely for definitive 2378-TCDF analyses. A brief
summary of the overall analytical procedures applied to determine
2378-TCDD and 2378-TCDF in the samples characterized 1in this
study follows. The final analytical protocol 1is presented as
Attachment C.

a. Sample preparation

Sludge samples were mixed thoroughly to achieve uniformity
and two aliquots were withdrawn. One aliquot was subjected to
oven drying at 165°9C until the sample attained constant weight.
This aliquot was then discarded. The percent solids determined
on this basis was used for determining the concentration of the
analytes in the second aliquot, which was the portion of the
sample actually analyzed for 2378-TCDD and 2378-TCDF. The second
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sample aliquot was dried on a stainless steel screen which was
supported within a desiccator. The dried sample was homogenized
in a laboratory blender and an aliguot was removed for analysis.

Wood chip samples were reduced to a particle size of 1 cm
diameter or less using a laboratory mill. The pulverized wood was
then dried, homogenized, and subsampled in the same manner as the
sludge samples just described.

Ash samples were prepared in the same manner as sludge samples,
except that that they were dried in a shallow flat dish placed in
a desiccator. '

Pulp samples were manually compressed to removed the bulk of
water contained therein and the sample was broken up to small
pieces (2 cm or less in diameter) which were then dried,

homogenized, and subsampled in the same mannetr as the sludge
samples,

Slurries (secondary sludge and similar materials) were stirred
to suspend particulate matter and an aliquot was removed for total
suspended solids determination (Standard Methods for the Exami-
nation of Water and Wastewater, 17th Edition, APHA, AWWA, WPCF,
1986, Method 2d49C). The remainder of the sample was allowed to
settle, under refrigeration, and the supernatant was removed and
filtered through a tared Gelman Type A/E filter. The solids thus
recovered were dried, homogenized and subsampled, in the same
manner as described for sludge samples.

Water and wastewater samples were agitated in the original
sample vessel to resuspend solids contained therein, and the
sample was split into four portions, each portion being placed in
a new sample bottle. %ne of the split samples was spiked with
isotopically labelled L3¢ 2=-2378-TCDD and TCDF internal standards
in an acetone solution and the sample was stirred vigorously for
15 minutes to disperse the spiking standards. The aqueous sample
was then filtered through a Whatman 42 filter and the filtrate
was retained for analysis. The filter and solids recovered were
dried in a desiccator to constant weight and the solids were
retained for analysis.

Exceptional samples which were too wet to dry efficiently in
a desiccator but could not be filtered were first air dried
at ambient temperature, then desiccated.
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b. Extraction of 2378-TCDD and 2378-TCDF from the sample matrices

Methylene chloride was added to internal-standard spiked
aqueous filtrates (1 liter, typically) and the sample was stirred
for 16 hours. The aqueous and organic phases were allowed to
separate and the organic phase was removed and retained for
analysis. The aqueous sample was reextracted sequentially with
two additional portions of methylene chloride and those were
pooled with the original extract. This extract solution was
concentrated and combined with the benzene:acetone solvent in the
Soxhlet apparatus used to extract the solid portion of each
filtered aqueous sample, as described below.

Portions (typically 7-10 grams) of the solid samples (dried
sludges, ash, wood chips, pulp, solids from water Tnd wastewater)
were placed in a Soxhlet apparatus, spiked with 3¢,,-2378-TCDD
and TCDF internal standards, and extracted with a 56¢:50 solution
of benzene:acetone for a period of 16 hours. Extrackts were
concentrated to a volume of about 15 mL using a Snyder column,
These extracts were cleaned up as described below.

c. Preliminary fractionation of sample extracts to separate
2378-TCDD and 2378-TCDF frcocm other extract constituents

Organic extracts prepared as described above were subjected
to a series of sequential washes with 20% aqueous potassium
hydroxide, concentrated sulfuric acid and double-distilled water,
discarding the aqueous portions and retaining the organic phase
in each case.

Each washed organic extract was subjected to a sequence of
liquid chromatographic column separations, including, (a) passage
through a composite column of silica gel, base-modified and acid-
modified silica gel, eluting the column with hexane and retaining
the eluate; (b) passage through a Woelm basic alumina column,
eluting sequentially with 3% methylene chloride-in-hexane, 28%
methylene chloride-in-hexane and 50% methylene chloride-in-hexane,
retaining only the last eluate fraction; (c) passage through a
second basic alumina column, as Jjust described; (d4) passage
through a carbon/celite column, eluting with hexane, 50% methylene
chloride/58% cyclohexane, then with 50% benzene/54% ethyl acetate,
and finally reverse eluting with toluene, retaining only the last
eluate fraction; and (e) passage through a third basic alumina
column, just as described earlier. The final eluate fraction
collected was concentrated just to dryness, and was reconstituted
with 19 micro liters of tridecane containing other appropriate
standards, prior to GC/MS analysis.
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d. Gas chromatographic-mass spectrometric (GC/MS) analyses of
sample extracts

Sample extracts prepared by the procedures described in the
foregoing were analyzed by GC/MS utilizing an appropriate capillary
GC column (temperature-programmed) while the MS is operated in
the selected ion monitoring (SIM) mode, monitoring simultaneously
the ion qésses appropriate for detection of 2378-TCDD, 2378-TCDF,
and the 3C12—labelled internal standards of these. Typically,
1 to 5 uLL portions of the extract are injected into the GC. Sample
extracts were initially analyzed using a 60 meter DB-5 capillary
GC column at a typical mass spectral resolution of 1:600 to obtain
data on the concentration of 2378-TCDD and to determine if 2378-TCDF
or other isomers which co-elute with 2378-TCDF are present. If
the latter were detected in this analysis, then another aliquot
of the sample extract was analyzed in a separate run, using a
newly developed hybrid column which consists of a 10 meter section
of a .25 mm I.D. fused silica open tubular DB-5 capillary column
coupled with a 30 meter section of a ¢.25 mm I.D, DB-225 column.
Again, the mass spectrometer was operated at 1low resolution
(typically 1:600) in the first analysis with this column. The
hybrid column uniquely separates 2378-TCDF from the other 37 TCDF
isomers and therefore yields definite data on the concentration
of 2378-TCDF in the extract which is analyzed. However, in some
instances compounds are present in the sample exract which give
rise to ion masses which, at low mass resolution (1:600), interfere
with the quantitation of 2378-TCDF. In these instances the
analysis of the sample extract was repeated, using the DB-5/DB-225
hybrid column, but this time at a mass spectral resolution of
1:6,590 or higher.

The analytical procedures summarized here are fully described
in Attachment C.

4. Identification and Quantitation of 2378-TCDD and 2378-TCDF

The following criteria were established for positive identi-
fication and quantitation of the target analytes:

(1) Mass spectral responses must be observed for the following
ions monitored, i.e.:

TCDD: 320, 322, and 257
13c,,-TcDD: 332 and 334

TCDF: 304, 306, and 241
13¢,,-TCDF: 314 and 316

(2) The signal to noise ratio of the molecular ions (2378-TCDD
-- 320 and 322; 2378-TCDF -- 304 and 306) must be greater
than 2.5:1 for the ions to be considered detectable.
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(3) The molecular ions for a given analyte should co-maximize
within no more than plus or minus one scan of each other.

(4) The ratio of the [M]* to [M + 2]t intensities must be at
or within 1£15% of the theoretically expected ratio of
9.77; i.e., 06.65 to @0.89 for 2378-TCDD and 2378-TCDF.

(5) The chromatographic retention time of the unlabelled 2378-
TCDD or 2378-TCDF must be within five seconds of the
corresponding 13C-labelled internal standard.

(6) The GC column resolution must be demonstrated to provide
a 25% valley or less between 2378-TCDD and its closest
eluting isomers on the DB-5 column or between 2378-TCDF
and its closest eluting isomers on the DB-5/DB-225 column.

(7) I1f responses are detected for the molecular ions of 2378-
TCDF on the DB-5 column, the sample extract must be re-
injected and reanalyzed on the DB-5/DB-225 column to
ensure isomer specific quantitation.

(8) No response must be seen at M/Z = 374, the [M]t ion for
hexachlorodiphenyl ether, at the same retention time as
2378-TCDF. This ether would give fragment ions identical
to 2378-TCDF, and hence cause false positives.

(9) The target percent recoveries of the 13C-labeled analogs
for 2378-TCDD and 2378-TCDF were set at 40%-120%.

5. Intra-Laboratory Method vValidation Experiments

This study was one of the first large-scale attempts at
quantifying 2378-TCDD and 2378--TCDF on an isomer-specific basis,
at ppt and ppg levels, in pulp and paper mill matrices. These
matrices were expected to provide considerable difficulties 1in
cleanup and isolation of the target analytes due to the high
levels of particulate matter, dissolved organics and other chemi-
cals, It was also felt that the variability of feedstock, in-plant
processes, chemical application rates, etc., could cause problems
that were specific to samples from particular mills. Therefore,
method validation experiments were carried out on selected
matrices. These analyses were to characterize any inherent
deficiencies in the analytical methodology that would result in
inter-mill data comparability problems. Since virtually all of
the samples were to be analyzed by a single laboratory for 2378-TCDD
and 2378-TCDF, the primary goal was to validate the method
internally within the scope of the study.



-49-

Method validation studies were carried out on three distinctly
different matrices that are the primary exports from pulp and
paper mills. The three matrices were bleached pulp, wastewater
treatment sludge, and treated process wastewater effluent. The
cleanup and the last would be demanding because of the relatively
low target detection limit of @9.010 ppt. A restricted study was
carried out on a fourth matrix, namely an artificial composite
caustic extraction stage effluent made up of equal volumes of
caustic extraction stage effluents from the five mills. Samples
for each matrix from four of the five mills surveyed in this
screening study were analyzed in duplicate. . Additional sample
aliquots were spiked with 2378-TCDD and 2378-TCDF at concentration
levels two to three times the native concentrations. In general,
16 determinations each were made for 2378-TCDD and 2378-TCDF in
these selected matrices. An exception was the caustic extraction
stage wastewater where a composite sample made up of equal volumes
from all five mills was used for the method validation experiment.
A single sample spike and spike duplicate analytical sequence was
carried out for this composite sample.

The analytical results obtained, i.e., concentrations, native
spike recoveries, and relative percent differences in the detected
levels are presented in Tables V-7 to V-10. Examination of these
results indicate that with the exception of one treated process
wastewater, that gave an elevated recovery, these experiments
were an unqualified success. These data indicate that the
analytical method is relatively insensitive to the variations in
sample composition or chemical loading that exist from mill to
mill due to variations in manufacturing processes. While not
every sample matrix has undergone this type of method validation
study, these data provide experimental documentation of the
overall method performance for the matrices tested.
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METHOD VALTDATION EXPERIMENT

BLEACHED KRAFT PULPS

2378-TCDD 2378-TCDF
Concentration % Spike |Concentration % Spike
(ppt,pg/gm) RPD Recovery (ppt ,pg/gm) RPD Recovery
Pulp 1 (DE020902) 15.2 --
Duplicate 16.3 7 333
Matrix Spike 47.5 105 1064 121
Spike Duplicate 51.7 9 118 912 15 96
Pulp 2 (86374612) 10.2 54.3
Duplicate 11.0 8 64.4 17
Matrix Spike 37.5 99 211 112
Spike Duplicate 38.0 1 102 203 4 107
Pulp 3 (DF024411) 3.89 7.68
Duplicate 3.99 3 7.9 3
Matrix Spike 15.9 110 21.5 84
Spike Duplicate 15.8 1 109 21.6 0 84
Pulp 4 (RG1-86367)| 55.7 181
Duplicate 46.7 18 183 1
Matrix Spike 161 92 575 92
Spike Duplicate | 171 6 100 559 3 87

NOTE: (1) RPD - Relative Percent Difference.
(2) Each analysis (original, duplicate, matrix spike, and matrix spike
duplicate) was conducted on a separate aliquot of unprocessed sample.
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METHOD VALIDATION EXPERIMENT

WASTEWATER TREATMENT SLUDGES

2378-TCDD 2378-TCDF
Concentration % Spike [Concentration % Spike
(ppt ,pg/gm) RPD Recovery (ppt ,pg/gm) RPD Recovery
Sludge 1 (DE026011) 3.37 42.6
Dupticate 3.27 3 34.5 21
Matrix Spike 13.0 97 142 104
Spike Duplicate 11,8 10 86 148 4 111
Sludge 2 (RG1-86387) 193 879
Duplicate 168 14 670 27
Matrix Spike 552 88 2641 99
Spike Duplicate 576 4 95 3023 13 119
Sludge 3 (DF024606) 19,2 35.7
Duplicate 17.4 10 31.9 11
Matrix Spike 71.2 106 129 95
Spike Duplicate 64.0 11 91 125 3 91
Sludge 4 (DE020920) 37.4 624
Duplicate 35.8 4 732 16
Matrix Spike 119 104 2023 113
Spike Duplicate 127 7 115 1883 7 101

NOTES: (1) RPD - Relative Percent Difference.
(2) Each analysis (original, duplicate, matrix spike, and matrix spike
duplicate) was conducted on a separate aliquot of unprocessed sample.
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TABLE V-9

METHOD VALIDATION EXPERIMENT

TREATED PROCESS WASTEWATER

Spike Duplicate

NOTES:

(2)

(1) RPD - Relative Percent Difference.

(2)

(2) Not analyzed due to insufficient sample volume.
(3) Each analysis (original, duplicate, matrix spike, and matrix spike
duplicate) was conducted on a separate aliquot of unprocessed sample.

2378-TCDD 2378-TCDF
Concentration % Spike [Concentration % Spike
(ppt,pg/gm) RPD Recovery (ppt,pg/gm) RPD Recovery
Effluent 1 (86374645) 0.0157 0.133
Duplicate 0.0145 8 0.110 19
Matrix Spike 0.0550 95 0.376 97
Spike Duplicate (2) -- (2) --
Effluent 2 (DE026006) | ND(0.0034) 0.0085
Duplicate ND(0.0042) -- 0.0140 49
Matrix Spike 0.0156 158 0.0279 84
Spike Duplicate 0.0125 Z2 125 0.0365 27 126
Effluent 3 (DF024512) | ND(0.0075) ND(0.0069)
Duplicate ND(0.0072) -- ND(0.0066) --
Matrix Spike 0.0203 115 0.0187 106
Spike Duplicate 0.0178 13 101 0.0253 30 143
Effluent 4 (RG1-86388) 0.0881 0.447
Duplicate 0.0953 8 0.441 1
Matrix Spike 0.538 112 2.140 85
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TABLE V-10
METHOD VALIDATION EXPERIMENT
COMPOSITE CAUSTIC EXTRACTION STAGE WASTEWATER SAMPLE

2378-TCDD 2378-TCDF
Concentration % Spike |Concentration % Spike
{ppt,pg/gm) RPD Recovery (ppt ,pg/gm) RPD Recovery
Sample 961 7080
Matrix Spike 2774 87 20,312 85
Spike Duplicate 3010 8 94 23,301 14 99

NOTE: (1) RPD - Relative Percent Difference.

(2) Sample consisted of a composite of equal volumes
of the caustic extraction stage samples collected
at each of the five mills. Sample was not run in
duplicate.

(3) Each analysis (original, matrix spike, and matrix
spike duplicate) was conducted on a separate
aliquot of the composite sample.




-54-

6. Inter-Laboratory Method Ccmparison

A limited inter-laboratory method comparison study was at-
tempted involving Dow Chemical and Brehm Laboratory, Wright State
University (WSU). At the outset of the study, two wastewater and
two sludge samples were analyzed by both laboratories. The data
and the relative percent difference (RPD) are presented below:

Concentrations (ppt)

WSU
Sample
Number Dow* Range Mean RPD
DE02@915 2378-TCDD 9.150 -- g.296 65
Wastewater 2378-TCDF 2.59 - NA* * -
DE026922 2378-TCDD 9.073 (6.111-0.150) @.124 52
Wastewater 2378-TCDF 1.20 - 2.18 74
DE02d920 2378-TCDD 17.9 (35.8-37.4) 36.6 73
Sludge 2378-TCDF 300 (624-732) 678 77
DE028923 2378-TCDD 240 (317-470) 394 49
Sludge 2378-TCDF 2300 (32790-4199) 3730 47

* The Dow Chemical analytical results for 2378-TCDF
may reflect the presence of co-eluting isomers.

*¥* NA - Sample consumed in analytical method development
exper iments.

The Dow Chemical results confirm the presence of 2378-TCDD
and 2378-TCDF in these samples. However, the mean RPD of 62%
indicates notable differences in reported concentrations when
compared to the high degree of precision achieved for intra-
laboratory and field duplicate samples. The bias observed in
the data is consistent in both direction and magnitude. These
differences can be attributed to variations in extraction and
cleanup procedures and to the fact that different calibration
standards were used. Additional inter-laboratory method com-
parisons have not been conducted as part of this study. The
above data clearly indicate the need for further inter-laboratory
studies involving these atypical sample matrices. -
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B. Chlorinated Phenolics

Selected water and wastewater samples were analyzed for the
following chlorinated phenolics wusing NCASI GC/MS analytical
methods (Technical Bulletin No. 498, July 1986):

Chlorophenols Chloroguaiacols Chlorovanillins

2-Chlorophenol 4
2,6-Dichlorophenol 3
2,4-Dichlorophenol 4
1,4/2,5-Dichlorophenol T
3,4-Dichlorophenol
2,5-Dichlorophenol
2,3-Dichlorophenol
2,4,5-Trichlorophenol
Pentachlorophenol

(5-Dichloroguaiacol 5-Chlorovanillin
,4,5-Trichloroguaiacol 6-Chlorovanillin
,5,6-Trichloroguaiacol 5,6-Dichlorovanillin
etrachloroguaiacol

A revised quantitation procedure (May 1987) incorporating
stable isotope internal standards was used in the analysis of
samples from Mills C, D, and E. All analyses were completed by
NCASI at its West Coast Regional Center located at Corvallis,
Oregon. The NCASI methods are fully described in Attachment D.

C. Total Suspended Solids and Biochemical Oxygen Demand

Selected water and wastewater samples were analyzed for total
suspended solids and five-day biochemical oxygen demand by mill
laboratories for four mills and by a local water authority for
one mill. The analytical methods used were those contained in
Standard Methods for the Examination of Water and Wastewater,
15th Edition, 1984 (APHA, AWWA, WPCF); or, Methods for Chemical
Analysis of Water and Wastes, EPA 600/4-79-62@8, March 1979,
USEPA, EMSL-Cincinnati, Ohio.
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VI. OQUALITY ASSURANCE

A, 2378-TCDD and 2378-TCDF

1. Quality Assurance Objectives

Prior to undertaking the five-mill screening study, data
quality objectives for precision, accuracy, and completeness were
established. The primary goal was to provide reliable measure-
ments of the concentrations of 2378-TCDD and 2378-TCDF at low ppt
levels in solids and 1low ppgq levels in liquids. The approach
included the isotope dilution analytical methodology used in the
National Dioxin Study. An isotopically labelled analogue (1l3c
labelled) for each of the target compounds was added as early as
possible in the sample preparation process. This labelled compound
would then be present throughout the entire extraction, cleanup,
and instrumental analysis. Any losses of the unlabelled naturally
occurring TCDD or TCDF would be mimicked by the labelled TCDD or
TCDF. Therefore, operational problems would be compensated for
and final recoveries of the labelled analogues would serve as
indicators of overall method efficiencies.

In this discussion, 2378-TCDD and 2378~TCDF results are
evaluated as two separate analyses on the same sample even though
the sample extraction, multi-column cleanup, and concentration
steps were common to both compounds. The only divergence 1in
analytical methodology occurs at the gas chromatographic stage
where capillary columns of different polarities were utilized to
ensure isomer specificity for both 2378-TCDD and 2378-TCDF.

a. Laboratory precision

As noted in the analytical methods section, a considerable
amount of sample processing, i.e., drying, blending, filtering,
splitting, etc., takes place before the extraction and cleanup
stages. Therefore, documenting laboratory precision was of
paramount importance. This was done by carrying out replicate
analyses of sample aliquots and calculating the relative percent
difference (RPD). In cases where multiple determinations were
made, the percent relative standard deviation (% RSD) was cal-
culated. Duplicate aliquots of samples were also spiked with
2378-TCDD and 2378-TCDF and the precision evaluated by comparison
of these concentrations. A QA objective of precision <58% RPD
was established for this study.
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b. Field precision

Field precision targets were not established prior to initia-
ting this screening study due to the wide range of matrix types,
variability of solids content, and the collection of both grab
and multi-hour composite samples. However, a selected number of
field duplicate samples for each type of sample matrix were
collected and analyzed to provide an indication of field sampling
precision.

c. Accuracy

The accuracy of the analytical process was evaluated by
analyzing samples spiked with known amounts of 2378-TCDD and 2378-
TCDF. Subsequently, percent recoveries of the spiked compounds
were calculated. This was done in addition to calculating the
percent recoveries of the labelled dioxin and furan to provide an
estimate of the accuracy of the analytical system. Since valid
measurements of accuracy require reasonable spike levels, samples
were analyzed once, to determine the native concentration, and
then reextracted and reanalyzed after spiking at a level of 2 to
3 times the native concentrations.

d. Completeness

A target of 80%-100% completeness was established at the
beginning of the study. This was the percentage of sample analyses
that met all other QA objectives. Since a substantially larger
number of samples, particularly background and chemical additives,
were collected than were essential to characterize mill operations,
completeness is a measure of the percentage of the samples analyzed
deemed critical by the project manager that were subjected to
analysis.

e. Internal standard recovery

One of the quality assurance targets established at the
beginning of the screening study was that the recoveries of the
isotopically labeled internal standards should be in the range of
40%-120%. 1 s mentioned in ige analytical protoco%7 the internal
standards C 2-2378—TCDD, C12-2378—TCDF, and Cl,-1278-TCDF
are added to the samples before sample processing, carried through
the entiig extraction and cleggup process, and finally quantified
against Cy,-1234-TCDD and Cl1,-1278-TCDF added prior to in-
jection on tﬁe GC/MS.
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2. Quality Assurance Results for 2378-TCDD and 2378-TCDF

Table VI-1 provides a tabulated summary of how well the QA
objectives were met in the course of the study. As indicated in
the previous section concerning the methods validation experiments
(V.A.5), three matrices believed to be the most environmentally
significant were selected for extensive laboratory duplicate,
spike and spike duplicate analyses. In addition, a similar group
of analyses were carried out on a five-mill caustic extraction
stage composite sample. These results are presented in detail in
Tables V-7 to vV-14.

In the course of carrying out the analytical portion of the
study, it was noted that certain samples had internal standard
recoveries of less than 40%, primarily for the 2378-TCDF internal
standard. For the majority oFf these instances, the recoveries
were in the 30%-40% range and gave acceptable signal to noise
(S/N) ratios. In addition, the samples in which 2378-TCDD or
2378-TCDF were not detected, had detection limits that were judged
acceptable for the purposes of the study.

In order to better assess any possible impact that internal
standard recoveries less than 40% may have on data quality or
usability, leading chemists in the field of dioxin/furan analyses,
in both the public and private sectors, were polled. These
reviewers were in general agreement that internal standard re-
coveries of less than 40% could produce usable data. Several
commented that the analytical system would have to meet criteria
regarding adequate S/N, correct isotope ratios, and correct mass
measurements. The possible impact of decreased §S/N would be
gquestionable extraction or cleanup efficiency, elevated detection
limits, and decreasing precisicn.

Careful examination of the analytical data acquired in this
study showed 11 samples that had pairs of positive results
with internal standard recoveries bracketing the 40% criterion.
Calculation of the relative percent difference (RPD) between the
two concentrations for each sample resulted in RPDs less than 50%
for 10 of the 11 samples. The one outlier had an RPD of 62%.
The mean RPD for the 11 samples was 20%. These data clearly
suggest that internal standard recoveries of between 18% and 40%
do not significantly impact quantitiation of the target analytes in
this study. Accordingly, for purposes of the mass balance
calculations, the mean of the duplicate results, including results
with low internal standard recoveries, was used to characterize
the sample, provided all other QA criteria were met.
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TABLE VI-1

QUALITY ASSURANCE SUMMARY

Laboratory Precision as RPD 2378-TCDD 2378-TCDF
Quality Assurance Objectives < 580 < 50
Number of Determinationsl 35 33
Range (mean) 1-138 (15) G-62 (16)
Percent Meeting QA Objectives 97 97

Field Precision as RPD
Quality Assurance Objectives NA NA
Number of Determinations 8 9
Range (mean) 4-19 (14) @-99 (22)

Accuracy as % Spike Recovery
Quality Assurance Objectives 50-150% 50-150%
Number of Determinationsl 35 35
Range (mean) 66-160 (103) 58-153 (102)
Percent Meeting QA Objectives 97 97

Completeness
Quality Assurance Objectives 80-109% 80-100%
Number of Determinations 133 133
Percent Meeting QA Objectives 95% 95%

NOTE: (1) The number of determinations for laboratory precision

and accuracy include those from intralaboratory method
validation experiments (Section V.A.5),. Thus, the
percents meeting QA objectives are weighted toward
the mill exports (bleached pulp, treated wastewater
effluent, and wastewater sludge). Refer to the text
for discussion of other sample matrices.
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Analysis of the field duplicates indicated excellent field
sampling reproducibility in the great majority of the cases. Two
dioxin field duplicate pairs and one furan pair gave inconclusive
results as one analysis gave a positive result and the other a
nondetect. An evaluation of these results and their use within
the scope of this study are presented Section VII,

QA results on a matrix-specific basis are presented below for
the main matrices of interest.

a. Bleached and unbleached pulgs

Bleached pulp was one of the matrices selected for intra-
laboratory method validation experiments. Bleached pulp samples
from four of the five mills were analyzed in duplicate before and
after spiking with 2378-TCDD and 2378-TCDF (see Table V-7).
Fifteen of the sixteen determinations gave RPDs less than 18,
with one analysis being rejected due to a high peak ratio for
m/m+2 for 2378-TCDF in the unspiked sample. This indicates
excellent precision in laboratory operations as these samples
were dried, blended, homogenized, and subsampled prior to analysis.
All spike recoveries ranged between 84% and 121% indicating
acceptable accuracy. Spike recoveries were comparable (81%-108%)
with those for unbleached pulp. When field duplicates were
analyzed for both the bleached and unbleached pulps, the RPDs
ranged from @ to 33. Clearly, the pulp matrix is one that can be
accommodated by the field and laboratory protocols and the data
generated are of high quality.

b. Bleach plant wastewaters

Since caustic extraction stage filtrates were determined to be
critical process samples, with high levels of organic materials
and high pH, a composite sample was prepared by blending equal
amounts of the E-stage samples from all five mills. This sample
was analyzed in duplicate after spiking with twice the estimated
concentrations of 2378-TCDD and 2378-TCDF. The results presented
in Table V-10 indicate good precision and accuracy. One additional
laboratory duplicate and two field duplicate determinations for
actual field samples had RPDs of § to 5. Note that many of the
initial analyses for caustic extraction stage filtrates had very
low internal standard recoveries and/or high detection 1limits.
Reanalyses using medium or high resolution were conducted on a
number of these samples to confirm the initial results or improve
detection limits.
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The chlorination stage samples had considerable variation in
both spike recoveries and RPDs. Four sample spikes gave recoveries
ranging from 94% to 160%. The one sample spike recovery of 160%
is out of the QA range of 50-150%. It is probable that this
high recovery is due to sample inhomogeneity rather than method
inaccuracies as the same sample also gave a high RPD of 138. The
five laboratory duplicates covered an RPD range of 3 to 138. The
two field duplicate pairs also gave anomalous results with 2378-
TCDF RPDs covering a range from 13 to 99 and 2378-TCDD giving one
positive result and one nondetect in each case. These samples
were not subjected to additional cleanup and analysis with a view
to lowering the levels of interferring compounds and possibly
confirming the presence of 2378-TCDD. While these analytical data
point to problems in field and laboratory precision for chlori-
nation stage wastewaters, they were judged not so significant as to
render the data unusable.

In contrast, analyses of D-stage and H-stage wastewaters gave
good QC results, with one elevated recovery of 153% for a matrix
spike of 2378-TCDF as the only outlier. The other three matrix
spike results ranged from 99% to 124% recovery. The same sample
that was used for matrix spikes was also analyzed as a field
duplicate, gave acceptable results for 2378-TCDD, and a positive at
#.0272 ppt and an ND at @.0@¢56 ppt for 2378-TCDF. This is no
clear reason for the discrepancy in the 2378-TCDF results. One
additional laboratory duplicate gave an RPD of 12 for 2378-TCDF.

c. Wastewater treatment sludges

Composite sludges from four of the five mills were analyzed
as part of the method validation experiments and gave excellent
results for all sixteen precision and accuracy determinations.
These results are presented in detail in Table V-8. One composite
sludge was analyzed in quadruplicate using both the routine
protocol and a modified procedure being developed for isomer-
specific determinations of all 2378-substituted PCDDs and PCDFs.
The results gave a 9% RSD for 2378-TCDD and a 12% RSD for 2378-TCDF.
These results demonstrate good sample homogenization and a high
degree of analytical precision. One additional matrix spike
experiment on a primary sludge gave a 90% recovery for 2378-TCDD
and 95% recovery for 2378-TCDF.

d. Treated wastewaters

Since these wastewaters are discharged into streams and rivers,
they are of particular environmental significance. Every attempt
was made to achieve the lowest possible detection limits. A
method validation study was undertaken to determine if any mill-
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specific processing could affect the analytical method performance.
Laboratory duplicates and matrix spike analyses were carried out
on samples from four mills. Matrix spike duplicate results could
only be obtained on samples from two mills due to the lack of
sufficient sample volume from the other two mills. These results
are presented in detail in Table V-9 and indicate good precision
and accuracy with one outlier, i.e., a recovery of 158% for a
2378-TCDD matrix spike, slightly above the upper bound of the
acceptable range of 50% to 150%. The duplicate analyses for this
sample (DEB26006) resulted in no detectable 2378-TCDD at detection
levels of #.003 and 9.004 ppt, respectively; and the spike level
was about 0.010 ppt. Given that 2378-TCDD might be present in
this sample at less than detectable levels, the computation of
percent spike recovery may be influenced by trace 1levels of
native 2378-TCDD present,. In retrospect, slightly higher spike
levels (e.g., @.015 or @.02¢0 ppt) should have been chosen.
Samples from three mills were run in triplicate with results
ranging from 3 to 18% RSD. One sample run in triplicate for
2378-TCDF gave an RSD of 12%, Overall this indicates good
laboratory precision in splitting the effluent samples into
multiple aliquots and in carryinag out the analyses.

B. Chlorinated Phenolics

Since chlorinated phenols are Xknown to be produced in the
bleaching process, it was thought that chlorination 1in the
bleaching stage could be followed by cyclization forming chlori-
nated dibenzodioxin and dibenzofuran products. In order to
determine the amounts and species of chlorinated phenols produced,
selected background, bleach plant, and wastewater samples from
all five mills were analyzed for chlorinated phenols, vanillins,
and guaiacols.

The analytical methodology underwent slight alterations in the
course of this survey in order to utilize procedures more comparable
with the isotope dilution quantitation used for 2378-TCDD and
2378-TCDF. The samples from Mill A were acetytlated, extracted,
and quantitated against 3,4,5-trichlorophenol as the jinternal
standard. Two stablﬁ labelled internal standards, namely H3—2,4—
dichlorophenol and 3Cs-pentachlorophenol, were added to the
samples from Mill B prior to derivatization. The samples from the
last three mills were treated in a similar fashion except for

he inclusion of two  additional deuterium labelled compounds,
Hy-chlorophenol and H2—2,4,5-trichlorophenol.

Table VI-2 provides a summary of the results obtained for
duplicate and spike samples analyzed from each of the five mills.
Overall, the data obtained met established quality assurance
objectives.
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TABLE VI-2

QUALITY ASSURANCE SUMMARY FOR CHLORINATED PHENOLICS

Mill: A . B C D E
Precision as RPD
QA Objectives <40 <49 <40 <40 <40
No. of determinations 24 8 18 22 1
Range B-70 2-53 1-93 3-490 5.4
Mean 13 16 18 16 5
% meeting QA objectives 96 88 94 190 100

Accuracy as % Recovery

QA Objectives 63-~-1492 60-149 60-149 60-149 60-149
No, of determinations 65 28 42 42 14
Range 52-~149 82-127 71-122 63-125 66-98
Mean 93 148 99 99 85
% meeting QA objectives 95 100 199 100 100
Completeness
QA Objectives 80-109 80-109 80-100 80-100 849-10@
No. of determinations 98 126 112 112 154
% meeting QA objectives 96 99 99 100 100

NOTE: (1) For Mill A, the quality assurance summary includes one
sample analyzed by GC/EC. The data for Mill A do not
include spike recoveries for spike levels less than twice
the background.
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VII. RESULTS AND DISCUSSION

Attachment E contains the master sample lists for the field
surveys conducted at each of the five mills. All samples collected
at each mill are identified by a unique sample number and a brief
description. For those samples analyzed, the following information
is displayed: 2378-TCDD and 2378-TCDF concentrations in ppt;
ratio of monitored molecular ion clusters for identification of
2378-TCDD and 2378-TCDF; percent recoveries of the internal
standards used to quantitate 2378-TCDD and 2378-TCDF; and, for
those samples where both 2378-TCDD and 2378-TCDF were found, the
2378-TCDF/2378-TCDD ratio. Where detectable quantities of 2378-
TCDD or 2378-TCDF were not found, the analytical detection level
is presented with the percent recovery of the respective internal
standard. Positive findings are reported for only those samples
where criteria established for identification of 2378-TCDD and
2378-TCDF were achieved (i.e., 2378-TCDD, 320/322 ratio (#.65 to
@.89); 2378-TCDF, 304/306 ratio (9.65-0.89)). For reference
purposes, the date of the laboratory report for each analysis is
also presented.

The following protocols were followed to establish the
2378-TCDD and 2378-TCDF concentrations used in this report for
mass balance calculations:

1. For samples with no detectable levels of 2378-TCDD or
2378-TCDF, concentrations of zero were assigned.

2. For samples with multiple analyses (blind or known field
duplicates and laboratory duplicates), the mean values of
the multiple analyses were used to characterize the
samples, with nondetects counted as zero.

There were three field dupl icate sample pairs where duplicate
2378-TCDD analyses yielded a nondetect and a positive finding.
For one of those pairs (Mill D, sample numbers DF@#24511/604) the
positive finding was used in the mass balance calculations based
upon consideration of findings in tributary streams and the
2378-TCDF/2378-TCDD ratio characteristic of that mill (see Sec-
tion VII.A). There was reasonably good agreement between 2378 -TCDF
analyses for this sample pair. For the second sample pair (Mill B,
sample numbers 86374613/73), the average of the 2378-TCDD results
was used based upon consideration of the 2378-TCDF/2378-TCDD
ratio characteristic of that mill. The 2378-TCDF analyses were
in good agreement. For the third sample pair (Mill D, sample
numbers DF@24412/6085), agreements between the field duplicate
analyses and the laboratory duplicate analyses for sample DF@24685
were poor, as was agreement for the corresponding 2378-TCDF
analyses. Lacking any suitable criteria to evaluate these data,
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all results were averaged to characterize this stream. The
resulting 2378-TCDF/2378-TCDD ratio €ell in the mid-range of
other samples from Mill D. Finally, there was one field duplicate
sample pair (Mill C sample numbers DE@26003/013) where analyses
for 2378-TCDF yield a nondetect and a positive finding. The
average value of these analyses was assigned to this sample.
This had no impact on mass balance calculations since there was
no discharge of wastewater to the mill wastewater treatment
system from this source during the survey. Aside from these four
sample pairs, agreement between analyses of field duplicate
samples and agreement between laboratory duplicate analyses for
the remaining 28 sample pairs was considered good (generally within
$15%). The impact on mass balance calculations would not be
significant had either of the duplicate analytical results been
used for the remaining samples.

The data contained in Attachment E are presented as received
from the laboratory with no editing of significant figures. These
data were used with the mass flow rates of pulps, untreated and
treated wastewaters, and sludges and ashes to compute the mass
flow rates of 2378-TCDD and 2378-TCDF for each mill. The concen-
tration data, mass flow data, and mass flow rates of 2378-TCDD
and 2378-TCDF are presented by mill for each sample in Attachment F.
The mass flows of process waters, treated and untreated waste-
waters, pulps, and sludges and ashes were obtained for the survey
periods from primary measurement devices or from best engineering
estimates by mill personnel. As noted earlier, the mass flow
rates of treated process water, treated effluents, pulps and, to a
lesser extent, sludges are considered to be fairly accurate.
However, in most cases, the mass flow rates of untreated wastewater
streams, particularly bleach plant filtrates, can only be char-
acterized as reasonable estimates. The mass flow data were not
edited as to significant figures for the calculation of mass flow
rates of 2378-TCDD and 2378-TCDF. For purposes of reporting in
this section, the computed mass flow rates of 2378-TCDD and
2378-TCDF were dgenerally rounded to two significant figures.

A. Observation on 2378-TCDF/2378-TCDD Ratio

In the course of obtaining and reviewing analytical results
from the laboratory over a period of several months, certain
trends in the data began to emerge. Among these was the observation
that the ratio of the concentration of 2378-TCDF to that of 2378-
TCDD for samples where both were detected appeared to be somewhat
uniform within mills or within bleach 1lines. The data for
individual bleach lines for all five mills are presented in Table
VII-1. These data demonstrate considerable variations in the
mean 2378-TCDF/2378-TCDD ratio across the seven bleach 1lines.
However, for the softwood bleach lines at Mills A, B, D, and E, and
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TABLE VII-1

2378-TCDF/2378-TCDD RATIO
BLEACH LINE SUMMARY

MILL: A B D E
Softwood Lines A B
Bleached Pulp 21.1 5.4 ND 2.0 5.4
Filtrates C 16.0 Cp 2.9 C 1.8 Cc 3.3 Cc/D 3.9
Es 17.9 E 4.7 E 1.8 E 1.8 E 4.5
H} 16.9 H 4.4 H1l.6 H 1.8 D 5.2
H H 6.9
D 4.5
Range l16.0-21.1 2.9-6.9 1.6-3.3 3.9-5.4
Mean 18.0 4.8 2.9 4.8
MILL: A C E

Hardwood Lines Hypochlorite Peroxide

Bleached Pulp 9.7 16.8 ND 3.6
Filtrates C 14.4 C 1l4.4 C/D ND C/D 4.9
Eo ND Eo 7.0 Eo ND Eo 3.9
H ND H 4.2 D ND D 4.8

H 7.0

P ——
Range 9.7-14.4 4,2-16.8 - 3.6-4.9
Mean - 9.9 - 4.3

NOTES: (1) ND - 2378-TCDD not detected.
(2) Mill D - A and B softwood bleach lines with combined
E-stage filtrates.
(3) Mill A - Hardwood Dbleach lines - common C and
Ep-stages; separate Eg-stage washers and filtrates.



-67-~

for the hardwood bleach line at Mill E, the ratios were remarkably
uniform. The ranges of ratios computed for the hardwood bleach
lines at Mill A and the softwood bleach line at Mill B were
somewhat larger. The 2378~TCDF/2378-TCDD ratio could not be
computed for Mill C because 2378-~TCDD was not detected in the
bleached hardwood pulp or bleach plant filtrates from that mill.

Table VII-2 presents 2378-TCDF/2378-TCDD ratios for paper
machine wastewaters, combined untreated wastewaters, final efflu-
ents, wastewater sludges, and landfill leachates for the five
mills. The characteristic high ratio for the softwood bleach
line at Mill A was in evidence for all other samples at Mill A
except for the landfill leachate. In similar manner, the bleach
line ratios observed at Mills D and E were also observed in other
samples from those mills with little variation. For Mill B, the
final effluent and secondary wastewater treatment sludge exhibited
somewhat higher ratios than the bleach plant samples, while the
ratio for the primary wastewater treatment sludge was more in
line with the bleach plant ratio. This possibly suggests prefer-
ential partitioning of 2378-TCDF in biological solids at Mill B.
The limited data preclude a more definitive statement.

Factors accounting for the differences in 2378-TCDF/2378-TCDD
ratios across bleach lines and across mills have not been deter-
mined nor has the possible process significance been formulated.
Controlled laboratory or bench scale research studies would be
necessary to provide insight into the mechanisms of formation of
2378-TCDD and 2378-TCDF.

B. Background Samples

l. Treated Intake Process Waters and Residuals

Table VII-3 presents analytical results for the treated
intake process waters at the five mills. Intake process waters are
obtained from surface waters at three mills and from a combination
of surface water and ground water at two mills. 1In each case, the
untreated intake process waters are treated by coagulation and
sedimentation or filtration followed by chlorination (residual
chlorine about 1 mg/L) prier to use in the pulp and papermaking
processes. The samples obtained were after chlorination but
prior to any uses. The data indicate no 2378-TCDD or 2378-TCDF
contamination of treated intake process waters at or below the
desired analytical detection level of #.01 ppt.

For Mill E, a concentrated sample of river water filter
backwash was obtained and analyzed. The solids in this sample
are comprised principally of river sediment and coagulants used
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TABLE VII-2

MILL SUMMARY

Final Effluents

Wastewater Sludges

Primary
Secondary
Combined

Landfill Leachates

Number
Range
Mean

Std. Dev.

A B C D E

21.1 5.4 -- ND, 2.0 5.4
9.7, 15.8 - ND - 3.6
16.9-17.9 2.9-6.9 -- 1.6-3.3 3.9-5.2
4.2-14.4 — ND - 3.9-4.9
9.3 ND 18.6 ND 3.3, 3.5
14.1 ND ND 2.1 4.7
17.6 8.1 ND ND 4.7
16.3 5.3 - 1.8 -
15.4 9.1 6.7 2.2 4.3
18.5 - 11.6 1.9 4.2
4,4 ND ND ND ND

17 9 3 11 14
4.2-21.1 2.9-9.1 6.7-18.6 1.6-3.3 3.3-5.4
13.3 5.7 12.3 2.0 4.4
5.3 2.0 - g.5 g.6

NOTE: ND - 2378-TCDD not detected.
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TABLE VII-3

MILL INPUTS

TREATED INTAKE PROCESS WATERS

[Concentrations in parts per trillion (ppt) or pg/gm.]

2378-TCDD 2378-TCDF
MILL A ND (@.065) ND (8.011)
MILL B ND (0.0067) ND (0.010)
MILL C ND (3.005) ND (0.007)
MILL D ND (d.995) ND (0.085)
MILL E ND (@.396) ND (0.997)

NOTE: ND - Not detected; analytical detection level in
parentheses ( ).
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for water treatment prior to chlorination. There are two bleached
kraft pulp and paper mills located upstream from Mill E. 2378-TCDD
was not found in the solids fraction of the Mill E filter backwash
at a detection level of 1.8 ppt. 2378-TCDF was found at about
8 ppt. However, due to low recovery of the internal standard
for the 2378-TCDF analysis (13%), quantitation at that level is
questionable. A second analysis of a much smaller mass of remaining
solid filter residue confirmed the presence of 2378-TCDF; however,
quantitation is again questionable because of the low mass of
sample analyzed. Nonetheless, these data indicate 2378-TCDF is
present in the river system upstream of Mill E. The source or
sources cannot be identified from this information, nor can the
amount removed in the Mill E water treatment process or the mass
amount contributed to the Mill E wastewater treatment system.
Based upon the results obtained for major wastewater flows at
Mill E, the amount of 2378-TCDF contributed to the wastewater
treatment system from the river water filter backwash system is
believed to be a relatively small fraction of the untreated
process wastewater loading.

2. Kraft Pulping Process

Seven unbleached kraft (brownstock) pulps from the five mills
were analyzed for 2378-TCDD and 2378~TCDF. The data are displayed
in Table VII-4. 2378-TCDD was not detected in any of the unbleached
pulps at detection levels ranging from 6.3 to about 1.0 ppt.
2378-TCDF was not found in the unbleached pulps from Mills A, C,
and D at detection levels less than 0.3 ppt.

2378-TCDF was found in the unbleached softwood pulp at Mill B
at 1.5 ppt and in the unbleached softwood and hardwood pulps at
Mill E at 1.1 and 2.3 ppt, respectively. These findings may be
accounted for by reuse of paper machine white waters for brownstock
pulp washing or dilution at both mills. As shown later (Section
Vii.D.1l, Table VII-16), paper machine white waters contain 0.11 ppt
and #.17 ppt of 2378-TCDF at Mills B and E, respectively. It is
theorized that the 2378-TCDF 1is transferred to the brownstock
pulp during pulp washing and dilution. The mass amounts of
2378-TCDF found in the brownstock pulps at Mills B and E are
substantially less than the mass amounts contained in the respec-
tive paper machine white waters discharged to the wastewater
treatment systems. This suggests that the 2378-TCDF found in the
brownstock pulps may be accounted for by the volume of paper machine
white waters reused at these mills. Representatives from Mills C
and D report no reuse or recycle of paper machine white waters to
the respective pulping processes, while reuse of paper machine
white waters for brownstock pulp dilution is practiced at Mill A.
More detailed mass balance studies would be necessary to determine
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TABLE VII-4

UNBLEACHED KRAFT PULPS

[Concentrations in parts per trillion (ppt) or pg/gm.]

2378-TCDD 2378-TCDF
MILL A
Softwood ND (4.74) ND (0.27)
Hardwood ND (0.31) ND (9.23)
MILL B
Softwood ND (9.95) 1.5
MILL C
Hardwood ND (0.56) ND (@.16)
MILL D
Softwood ND (9.7@) ND (@.20)
MILL E
Softwood ND (0.44) 1.1
Hardwood ND (6.98) 2.3

NOTE: ND - Not detected; analytical detection level in
parentheses ( ).
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the extent to which the brownstock pulp findings can be attributed
to this practice. The 2378-TCDF data and the 2378-TCDF/2378-TCDD
ratio for other mill streams also suggest that the brownstock
pulps at Mills B and E may contain 2378-TCDD at less than detectable
levels,

Based upon the negative 237&-TCDD findings and the intermittent
and relatively low level contamination of unbleached pulps with
2378-TCDF, analyses of pulping process and chemical recovery system
wastewaters and lime muds were not conducted in order to conserve
analytical resources. Analyses of preliminary samples from Mill A
(Section V.A.2) indicate no detectable levels of 2378~TCDD or
2378-TCDF in pulping process wastewaters or lime mud at that mill,

C. Bleach Plant Findings

1. Bleach Plant Chemical Applications

As noted earlier, bleach plant process operating logs were
obtained from the respective mills during the weeks of the field
surveys. The data for the 24-hour sampling periods were reduced
and are presented in Table VII-5 for each bleach 1line. A
significant finding from this exercise is that interpretation of
the process operating logs from different mills is not straight-
forward. Mill personnel sometimes record data entries on 1log
sheets that are different than called for by the headings on the
logs (e.g., % valve opening vs. gpm of chemical solution); NaOCl
solution strength and flow may not be monitored routinely; and mass
flow rates of chlorine may nolt be monitored with a reasonable
degree of accuracy. In many cases, these practices have evolved
over a number of years. They are the reported process control
information most useful for bleach plant operators. However,
these practices created considerable difficulty in determining
reasonably accurate chemical application rates for the sampling
periods for this study. Accordingly, it is strongly recommended
that further mill scale research or monitoring efforts be preceeded
by a thorough review of existing bleach plant process operating
monitoring systems and data reporting procedures.

Notwithstanding, the data reported on Table VII-5 are believed
to be fair representations of chemical applications during the
survey periods for most of the five mills. Data for Mill D are rough
engineering estimates of typical chemical usages determined from
inventories over a monthly period encompassing the field program
for that mill. Deficiencies in monitoring equipment in the
bleach plant precluded collection of more reliable chemical
application rate data for the survey period. Data for the other
mills were developed in large measure directly from the bleach
plant operating logs with adjustments suggested by mill personnel
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TABLE VII-5

BLEACH PLANT CHEMICAL APPLICATIONS
(lbs/ton of Air Dried Unbleached Pulp)

Mill A - Softwood Bleach Line (June 24-25, 1986)

Unbleached
Pulp C Eq H H
Cly 64/75/89
NaOH 25/29/32
02
NaOCl 91.4 76.9 —_
PH 1.8/1.9 1¢.3/19.8 8.6/8,8 8.3/8.6
PN: 19.0/19.6/20.3 CEK: 2.9/3.0/3.2
Mill A - Hardwood Bleach Line (June 24-25, 1986)
Unbleached ————————
Pulp C Eqg—-—=—=+-=> H I--) H H P
Cly 55/66/73
NaOH 22/23/24
02
NaOCl 61.3 69.5 -
H209 NA
pH 2.5/2.8 9.7/18.7 8.2/9.4 8.3/9.3 7.7/8.7 -
PN: 11.6/11.8/12.2 CEK: 2.7/2.9/3.0
Mill B - Softwood Bleach Line (September 8-9, 1986)
Unbleached
Pulp Cp E H H D
Clp 50,/82/117
Cl07 3/8.6/1.5 8.6/11/12
NaOH 38/54/72
NaOCl 19/33/52 0/2.7/4.4
pH NA 19.2/19.7 8.5/8.9 NA 1.9/2.6
PN: 11.1/19.6/26.4 CEK: 2.2/4.6/5.9
NOTES: (1) Minimun/Average/Maximum (lbs/ton).

(2)
(3)

(4)
(5)
(6)

pH - Minimum/Maximum standard units.

PN - Permanganate number or K number for unbleached
kraft pulp - minimum/average/maximum.

NA - Data not available.

NM - Not measured.

CEK - Caustic extraction stage pulp permanganate
number or K number - minimum/average/maximum.
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TABLE VII-5 (continued)

SLEACH PLANT CHEMICAL APPLICATIONS
(lbs/ton of Air Dried Unbleached Pulp)

Mill C - Hardwood Bleach Line (October 15-16, 1985)

Unbleached

Pulp Cp Eq D
Cljp 42/543/65
Cl0p 3.7/4.3/5.9 14/15/17
NaOH 15/19/22
))) 12/12/14
DH 1.5/1.9 14.5/11.6 NA
PN: 12.9/13.7/14.4 CEK: 2.1/2.3/2.5

Mill D -~ Softwood Bleach Line - A (December 2-3, 1986)

Unbleached
Pulp C E H
Cl,y 69
NaOH 46
NaOCl 39
PH 2.3 9.5/10.6 7.8/9.1
PN: 22.9/24.3/26.9 CEK: NM

Mill D - Softwood Bleach Line -~ B {December 2-3, 1986)

Unbleached
Pulp C E H
Clj 73
NaOH 53
NaOCl 226
pH 2.3/2.4 ¢.7/19.6 7.5/8.8
PN: 22.06/24.3/26.9 CEEK: NM

Mill E - Softwood Bleach Line (January 13-14, 1987)

Unbleached
Pulp Cp Eq H D

Clo 120/147/191
Cl0p 3.4 12/13/13
NaOH 108/139/187 2.4 2.4
09 7.1
NaQCl 12/19/28
pPH 1.8 14.5/11.3 8.2/9.9 3.9/9.9

PN: 13.1/18.8/24.5 CEK: 2.5/3.4/3.3
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TABLE VII-5 (continued)

BLEACH PLANT CHEMICAL APPLICATIONS
(1bs/ton of Air Dried Unbleached Pulp)

Mill E - Hardwood Bleach Line (January 14, 1987)

Unbleached
Pulp Cp Eq H D

Cly 76/93/107
Cl0y 1.8/1.9/2.2 13/15/16
NaOH 99/93/97
02 4.2
NaOCl 14/23/38
pH 1.3 11.4/11.5 9.9/10.7 6.5/7.3

PN: 11/16.7/22.4 CEK: 2.1/2.8/3.7
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in certain cases. The permanganate numbers for the unbleached
kraft pulps fed to the chlorination stages and the aminumum and
maximum pH values recorded at each stage of bleaching are also
presented in Table VII-5.

The bleaching practices at the five mills cover a fairly
broad spectrum of bleaching sequences and chemical application
rates. However, these plants do not represent the full range of
bleaching sequences, bleaching tower configurations, or chemical
application rates in United States bleached kraft pulp and paper
mills. For the five mills, first stage chlorination rates range
from 53 to 108 1lbs Cly/ton of air dried brownstock pulp, or 2.5%
to 5.4%. Chlorine dioxide is added in the chlorination stage at
four of eight bleach lines at rates of @.6 to 4.3 1lbs/ton.
Sodium hydroxide is applied from 19 to 139 1bs/ton in caustic
extraction stages. Oxygen 1is added in five of eight caustic
extraction stages. Sodium hypochlorite is also applied in two of
eight caustic extraction stages, both with oxygen. For the four
mills with hypochlorite stages, the range of sodium hypochlorite
application rates is 19 to 227 lbs/ton. These data are used and
discussed in subsequent sections.

2., Unbleached and Bleached Kraft Pulps

The unbleached pulp 2378-TCDD and 2378~-TCDF data from Table
VII-4 are presented in Table VII-6 with the corresponding bleached
pulp data for the five mills. Nine samples of bleached pulp were
collected vs. seven samples of unbleached pulp. At Mill A, the
unbleached hardwood pulp is bleached using CEgHH and CEGHHP
bleaching sequences. At Mill D, the unbleached softwood pulp is
bleached in parallel CEH sequences.

These data clearly show the effect of bleaching kraft pulps
on the formation of 2378-TCDD and 2378-TCDF. 2378-TCDD was found
in seven of nine bleached pulps at concentrations ranging from 3 to
51 ppt and 2378-TCDF was found in eight of nine pulps at levels
ranging from 8 to 330 ppt. The median and mean concentrations
are presented below with nondetects counted as zero:

2378--TCDD 2378-TCDF
Median 5 ppt 5¢ ppt
Mean 13 ppt 93 ppt

There does not appear to be a clear relationship between the
type of wood pulp processed and the concentrations of 2378-TCDD
or 2378-TCDF found in the fully bleached pulps. At the outset of
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TABLE VII-6

UNBLEACHED AND BLEACHED KRAFT PULPS

[Concentrations in parts per trillion (ppt) or pg/gm.]

2378-TCDD 2378-TCDF
MILL A Unbleached Pulp Bleached Pulp|Unbleached Pulp Bleached Pulp
Softwood ND (@.74) 16 ND (@.27) 330
Hardwood ND (9.31) {4.9(H) ND (6.23) {47 (H)
3.0(P) 5@ (P)
MILL B
Softwood ND (9.95) 11 1.5 61
MILL C
Hardwood ND (@.56) ND (0.62) ND (9.16) 15
MILL D
Softwood ND (9.70) ND(1l.9) ND (9.20) ND(1.2)
Softwood ND (B8.79) 3.9 ND (@.29) 7.8
MILL E
Softwood ND (9.44) 26 1.1 1490
Hardwood ND (0.98) 51 2.3 180

NOTES : (1) ND - Not detected; analytical detection level
in parentheses ( ).

(2) Mill A - H = Bleached pulp from CEgHH sequence.
P = Bleached pulp from CE,HHP sequence.
Unbleached kraft hardwood pulp is
processed in common C and E5 stages.

(3) Mill D - A common unbleached kraft pulp is supplied
to both bleach lines at Mill D,

(4) Mill E - The hardwood line bleached pulp sample con-
tained an unknown amount of softwood pulp.
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this study, it was hypothesized that bleaching of softwood pulps
may result in higher levels of 2378-TCDD and 2378-TCDF based upon
the higher lignin content typically found in softwoods. However,
the data displayed in Table VII-6 do not support that hypothesis.
Note that although precautions were taken in the field to insure
that hardwood pulp was sampled on the B bleach line at Mill E
after a change over from softwood pulp bleaching, a review of
process operating logs indicates the pulp sample designated as
hardwood contains wundetermined amounts of both hardwood and
softwood pulp. The relatively high concentrations of 2378-TCDD
and 2378-TCDF in that sample and the uncertainty surrounding its
actual composition confuses this analysis. Variables other than
the general wood type furnished to the bleach plant would appear
to have more influence on the formation of 2378-TCDD and 2378-TCDF.
It should be noted that the results presented in Table VII-6 may
not account for either sampling or process variability and it
would be inappropriate to generalize further on the effect of
wood species with this limited data base. This question is
examined further in Section VII.C.S5. in the context of the relative
amounts of lignin removed during bleaching.

The pulp samples were sque=zed during collection to remove
any loose water in the pulp mat and the pulps were analyzed on
dry weight basis. Hence, the 2378-TCDD and 2378-TCDF concentra-
tions reflect findings on the bleached pulp carried over to the
paper machine areas. The next section presents the findings for
bleach plant filtrates (wastewaters).

3. Bleach Plant Wastewaters

The bleach plant sampling plan for each mill was focused on
the collection of wastewater samples as close to the individual
bleaching stages as possible. 1In every mill, seal tank overflows
or seal tank contents were sampled following each stage in the
respective bleaching sequence. While sampling in this manner
yielded analytical results for 2378-TCDD and 2378-TCDF close to
process, the computation of mass discharges was confounded by the
overall lack of primary flow measuring devices on these streams.
In some cases, these flows were not continuous. For every bleach
line, best engineering estimates by mill personnel served as the
basis for the wastewater flow rates from each pulp washing stage.
For Mill A, the estimates were refined after the field survey by
mill personnel through supplemental field testing. Although the
accuracy of the flow estimates could not easily be verified at
most mills, they are considered reasonable for computing the mass
discharges of 2378-TCDD and 2378-TCDF in these streams. Often
the mills relied upon prior special study situations in which
water balances were estimated for the bleach plant and other
process areas.
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The computation of mass flow rates of 2378-~TCDD and 2378-TCDF
from the bleacheries is also affected by the reliability of the
analytical results. As described in Section VI, the analytical
results are considered to be highly reliable with few exceptions.
Analyses of field duplicate samples and duplicate laboratory
analyses for bleach plant samples yielded agreement within 1£15%
and recovery of labeled spiked compounds were within acceptable
ranges. Data for two C-stage samples with duplicate field or
laboratory analyses (Mill B - 86374613/73; Mill D - DF@24412/605)
did not vyield good agreement as discussed above. These data
suggest the possibility of field sampling problems (e.g., collec-
tion of nonrepresentative duplicate samples) or laboratory-related
issues (e.g., nonhomogeneity of sample aliquots analyzed). Analy-
tical difficulties peculiar to C-stage filtrates may be possible.

As described earlier, the analytical results for 2378-TCDD
and 2378-TCDF presented in Attachment E were combined with the
wastewater flow estimates and pulp production rates to compute
the mass flow rates of 2378-TCDD and 2378-TCDF presented in
Attachment F. While the data contained in Attachment F were
generated with a computer program to more than two significant
figures, the resultant mass flow rates are considered accurate at
most to only two significant figures.

Table VII-7 presents a summary of the bleach line wastewater
data for 2378-TCDD and 2378-TCDF. 2378-TCDD was detected in
bleach line wastewaters from four of five mills, Mill C being the
exception. 2378-TCDF was found in every bleach line wastewater
sampled. Although 2378-TCDD was not found in the bleached pulp
or in bleach line wastewaters from Mill C, it is probably present
at less than analytical detection levels since it was found in
combined paper machine wastewaters and wastewater sludges from
that mill., (Another possible source of 2378-TCDD in the wastewater
sludge at Mill C is purchased bleached softwood pulp from outside
sources.) Generally the highest concentrations and mass discharges
of 2378-TCDD and 2378-TCDF were found in caustic extraction stage
(E or Eg) wastewaters with lesser amounts in hypochlorite (H, H/D)
and chlorination stage wastewaters (C, Cp, and C/D).

Individual bleach line summaries are presented in Tables VII-8
to VII-12. The summaries include concentrations and estimated
mass loadings of 2378-TCDD and 2378-TCDF in unbleached and bleached
kraft pulps and individual bleach line wastewaters. The estimated
total daily bleach line generation rates of 2378-TCDD and 2378-TCDF
were determined as the sum of the mass flow rates in bleached
kraft pulps and bleach line wastewaters (bleaching stage fil-
trates). The relatively minor amounts of 2378-TCDF found in
unbleached kraft pulps at Mills B and E were not discounted from
the bleached pulp results for purposes of estimating the amount
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of 2378-TCDF produced 1in bleach lines at those mills. Also,
recycle of paper machine white waters practiced at some mills was
not taken into account in these calculations owing to the relatively
low-level contamination found in paper machine wastewaters (see
Section D below). The practice of recirculating white waters may
be intermittent depending upon the availability of warm process
water for pulp transport or dilution.

The wastewater data for the softwood bleach line at Mill A
(Table VII-8), the softwood and hardwood lines at Mill E (Table
VvIiIi-12), and, to a lesser extent, the softwood lines at Mills B
and D (Tables VII-9 and VII~1ll) show similar patterns in that the
greatest amounts of 2378-TCDD and 2378-TCDF were found in caustic
extraction stage effluents. That trend is not evident in the
hardwood bleach 1line at Mill A, At Mill C 2378-TCDD was not
detected in bleach line wastewaters. The 2378-TCDF data at Mill C
show an even distribution in Cp-stage and Eg-stage wastewaters.
As noted above, the C-stage and H-stage wastewaters generally
contain significantly less 2378-TCDD and 2378-TCDF than the E-stage
wastewaters.

The bleach plant wastewater data do not clearly distinguish the
point or points of dioxin formation in the bleacheries. However,
these data indicate formation in the C stages and possibly in the
E stages. It is not possible with these data to determine whether
2378-TCDD and 2378-TCDF are formed in the highly acidic C stage
and extracted from the pulp in the E stage, or, whether there is
additional formation in the highly alkaline environment of the E
stage. The data also suggest formation of 2378-TCDD and 2378-TCDF
in subsequent bleaching stages. This point 1is particularly
evident from the Mill D data which show that 2378-TCDD and 2378 -TCDF
can be found in the final hypochlorite bleaching stage. Rigorous
mass balance studies around each bleaching stage in several
bleach lines are necessary to fully investigate this question.
Recent data from other researchers where inter-stage pulp samples
were collected 1in Dbleach 1lines suggests that 2378-~TCDD and
2378-TCDF formation is concentrated in the chlorine stage.4:,5

4. Distributions of 2378-TCDD and 2378-TCDF

Total bleach line exports of 2378-TCDD and 2378-TCDF are
presented in Table VII-13 with the distribution between pulp and
wastewater from each line. Within each bleach line the distribu-
tions of 2378-TCDD and 2378-TCDF agree within %, which is
substantially less than the sampling and analytical error and
uncertainty in wastewater flow measurements expected 1in this
study. These data indicate the partitioning of 2378-TCDD and
2378-TCDF between bleached pulp and wastewaters within bleach
lines is essentially the same. There is considerable variability
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in the distributions between pulp and wastewaters across the
eight bleach lines. There is no obvious pattern associated with
the type of pulp bleached or the degree of application of bleaching
chemicals. Factors accounting for these differences are not
known, but may be related to the efficiency of chemical mixing
within the bleaching reactors, bleach tower pH or temperature,
the efficiency of pulp washing between bleaching stages, or some
mechanism associated with the chemical or physical characteristics
of the partially bleached pulps.

5. Formation of 2378-TCDD and 2378-TCDF

The rates of formation of 2378-TCDD and 2378-TCDF for the five
mills are presented in Table VII-14 computed as follows:

l. From individual bleach line exports - the sum of the
bleached pulp and Dbleach line wastewater 1loadings was
divided by the respective brownstock pulp inputs to the
respective bleach lines; and

2. From total mill exports - the sum of the bleached pulp,
treated wastewater effluent, and wastewater sludge load-
ings was divided by the sum of brownstock pulp inputs to the
bleach lines.

This method of presenting the data was initially selected
because it was hypothesized that the major source of 2378-TCDD
and 2378-TCDF was the bleaching process. Thus, reducing the data
based upon the brownstock pulp entering the bleach plant was
considered logical.

For Mills A, B, and C the rates of formation computed from
the total mill exports fall within the range or are close to the
rates computed from the individual bleach line exports. The rates
of formation computed from the total mill exports at Mills D and
E are less than those computed from the individual bleach 1line
exports. Agreement between the rates of formation computed from
bleach line and total mill exports is considered reasonably good.
The extent to which formation of 2378-TCDD and 2378~TCDF determined
for the bleach lines at the five mills and from the total mill
exports is representative of long-term average conditions at these
mills is not known. The extent to which the data from these mills
are representative of the industry is also not known.

Although the scope of this study was limited to screening for
sources of dioxins at five bleached kraft pulp and paper mills,
there were several hypotheses that developed during the course of
the study regarding the formation of 2378-TCDD and 2378-~-TCDF. At
the outset, the principal hypothesis was that bleaching of kraft



[19-8
MILL
A - Softwood
A - Hardwood
B - Softwood
C - Hardwood
D - Softwood
D - Softwood
E - Softwood
E - Hardwood
MEDIAN
MEAN

NOTES: (1)

(4)

-9¢g -~

TABLE VII-14

FORMATION OF 2378-TCDD AND 2378-TCDF

lbs/ton (kg/kkg) of brownstock pulp bleached]

From Bleach Line Exports From Total Mill Exports

2378-TCDD 2378-TCDF 2378-TCDD 2378-TCDF
20 360 7.2 130
9.9 11
2.6 13 3.0 19
ND 3.2 .14 4.7
a 1.4 2.6 3.76 1.5
B 5.7 12
13 63 11 51
20 76
4.1(2.9) 12.5(6.3) 3.8(1.5) 19(9.5)
8.0(4.9) 68 (34) 4.4(2.2) 41 (21)

ND - 2378-TCDD not detected.

Bleach line exports include bleached pulp and
bleach line wastewater streams discharged from
the process at each bleach line.

Paper mill exports include bleached pulp from
all bleach lines, treated wastewater effluent,
and combined wastewater sludge. The formation
of 2378-TCDD and 2378-TCDF was computed on a
production weighted basis for mills with
multiple bleach lines,

The Mill E hardwood line bleached pulp sample
contained an unknown amount of softwood pulp.
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pulps with chlorine and chlorine derivatives would, in some manner,
give rise to formation of 2378-TCDD and 2378-TCDF. This was
clearly indicated by the results from preliminary sampling at
Mill A (Section V) and was confirmed by the data from full-scale
sampling at the five mills, With that hypothesis confirmed,
attention was directed at using the available data and recorded
process information to explore other relevant hypotheses beyond
the principal one noted above. The data obtained from this limited
study are clearly not sufficient to establish any of the following
hypotheses. However, some useful insights can be gained from the
analyses presented below:

a. Bleaching softwood vs. hardwood kraft pulps

As noted earlier, it was theorized that bleaching softwood
kraft pulps might result in higher rates of formation of 2378-TCDD
and 2378-TCDF than bleaching of hardwood kraft pulps due to the
higher lignin content of softwoods. The data presented in Table
VII-14 do not indicate a clear trend with respect to wood types.
While the formation rates for 2378-TCDD for all of the softwood
bleach lines are higher than those for the hardwood bleach lines
at Mills A and C, the hardwood bleach line at Mill E generated
2378-TCDD at a rate equivalent to the highest softwood bleach
line (Mill A). (Note the bleached pulp sampled at the Mill E
hardwood bleach line on a short-term basis was a combination of
hardwood and softwood pulps resulting from a process change.)
For 2378-TCDF, the softwood bleach line at Mill A generated more
2378-TCDF per ton of brownstock pulp bleached than did any other
bleach line. (The 2378-TCDF/2378-TCDD ratio for this bleach line
was the highest among all bleach lines sampled). The softwood
and hardwood bleach lines at Mill E also generated considerably
more 2378-TCDF, as well as 2378-TCDD than all other bleach lines
except the softwood line at Mill A, Analysis of particular wood
species beyond the general hardwood/softwood classifications has
not been attempted here but may prove to be worthwhile.

To investigate bleaching of hardwood pulps vs. softwood pulps
further, estimates of 1lignin removal in the chlorination and
caustic extraction stages in each bleach line were made. The
average CEK number (permanganate number of the partially bleached
pulp after caustic extraction) was subtracted from the average
K~number (permanganate number) of the brownstock pulp for each
bleach line. K-CEK for Mill D was not determined since CEK is
not monitored at the bleach lines at Mill D. The K-CEK values
are uniformly higher for partially bleached softwood pulps.



-92-

Figures VII-1 and VII-2 are plots of 2378-TCDD and 2378-TCDF
formation for each bleach line vs. the difference in permanganate
number from brownstock pulp to partially bleached pulp after the
caustic extraction stages (K-CEK). The bleach lines are designated
by mill and by "h" or "s" for hardwood or softwood, respectively.
These graphs show, generally, with increasing lignin remnoval as
estimated by K-CEK, there is increasing formation of 2378-TCDD
and 2378-TCDF. The data for the hardwood bleach line at Mill E
(Figure VII-1) does not fall within the general trend observed
for most of the other bleach lines. If more softwood pulp had
been sampled during the short-term, 4-hour composite sample at
this line, than was estimated from a review of the log sheets,
the actual K-CEK for the pulp sampled would have been greater,
thus causing the plotted point for that bleach 1line to fall
closer to those for the softwood bleach lines for Mills A and E.
The same type of change would occur in Figure VII-2 for 2378-TCDF.
The limited data were evaluated with a curve fitting program to
determine whether any linear, exponential, log, or power functions
might describe the results. For Figure VII-1 (2378-TCDD vs.
K-CEK), the r2 value (coefficient of determination) for each
function was less than .5, indicating the data do not fit any of
the functions. For Figure VII-2 (2378-TCDF vs. K-CEK) the results
were about the same. Clearly, substantial additional data from
other mills are needed to examine these relationships.

Nonetheless, these limited data appear to provide some support
to the hypothesis that bleaching of kraft softwood pulps results
in greater formation of 2378-TCDD and 2378-TCDF than bleaching of
kraft hardwood pulps. Because of the possible significance of
the results, additional research into this gquestion through
full-scale sampling at other mills is warranted. Care should be
taken to insure that the sampling programs are conducted in a
manner to clearly isolate samples of hardwood and softwood pulps
on bleach lines that process both types of pulps.

b. Degree of chlorination

The amount of 1lignin remaining in the brownstock pulp is a
major determinant of the amount of chlorine required in the first
stage chlorination reactor. It was also theorized that the gross
amount of chlorine applied to fhe pulp may have a substantial
effect on the amounts of 2378-TCDD and 2378-TCDF formed. The
formation of 2378-TCDD and 2378~TCDF at the five mills was evaluated
with respect to applications of chlorine and chlorine derivatives
as follows:

(1) The rate of application of chlorine and chlorine equiva-
lents (lbs/ton air dried of brownstock pulp) in the first
stage chlorination reactor.
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(2) The rate of application of chlorine and chlorine equiva-
lents (lbs/ton air dried of brownstock pulp) in the entire
bleaching sequence.

The chlorine equivalents were conputed on the basis of the
weight percent composition of chlorine in chlorine dioxide and
sodium hypochlorite (CloEQWT), and on the basis of the chlorine
equivalent oxidizing vower of chlorine dioxide and sodium hypo-
chlorite (Cl,EQOX). Table VII-15 presents a summary of the
chemical application rates derived as described above for the
chlorination stage at each bleach line and the total for all stages
of bleaching at each bleach line. The chlorine dioxide and
sodium hypochlorite application rates presented in Table VII-5
were used to compute the chlorine equivalents presented in Table
VII-15. Note that chemical application data presented in Table
VII-15 are averages over the sampling period for each bleach
line. Reference is made to Table VII-5 for the range of values
recorded during the surveys. For the hardwood bleach line at
Mill E, the residence time in the bleach line was taken into
account to the extent possible when computing chemical application
rates to adjust for the short-term (4-hour) sampling period.
This was judged not necessary at the other bleach lines where
24-nour sampling was conducted and the production grades did not
change during the sampling surveys. A two-hour gap in the process
data for the Mill E hardwood bleach line occurred just prior to
the change over. This made determination of actual chenical
application rates during that period impossible.

Figures VII-3 and VII-4 are plots of 2378-TCDD and 2378-TCDF
formed in each bleach line (lbs x 10-8/ton of air dried brownstock
pulp) vs. the degree of chlorination in the first stage bleaching
tower (lbs Cl); applied per ton of air dried brownstock pulp).
Figures VII-5 and VII-6 are similar plots of the formation of
2378-TCDD and 2378-TCDF vs. the equivalent chlorine oxidizing
power (CloEQOX) applied in the first stage chlorination reactor,
thus taking into account the oxidizing power of chlorine dioxide
applied in the chlorination stages at certain bleach 1lines.
Plots of the equivalent chlorine applied in the C-stages on a
weight composition basis (CloEQWT) were also prepared, but are
similar to Figures VII-3 and VII-4 and are not presented here.

The data presented in Figures VII-3 through VII-6 show to a
limited extent, that the bleach 1lines with higher rates of
chlorination in the C stages produce more 2378-TCDD and 2378-TCDF
in the entire bleach lines. However, there are no quantitative
relationships evident (r? values for linear, exponential, 1log,
and power functions were less than 6.5 for Figures VII-3 through
VII-6). Note that these plots deal with the chemical applications
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TABLE VII-15

CHLORINATION STAGE AND BLEACH LINE CHLORINE APPLICATIONS
(lbs/ton of Air Dried Brownstock Pulp)

Bleaching Chlorination Stage Bleach Line
Mill Wood Type Sequence Cly CIZEQWT Cl,EQOX CIloEQWT C12EQOX
A So ftwood CEgHH 75 75 75 115 235
Hardwood CEgH 66 66 66 81 125
4 -->HHP 66 66 66 83 132
B Softwood CpEHHD 82 83 84 98 147
C Hardwood CpEoD 50 51 61 55 130
D Softwood CEH 69 69 69 99 154
Softwood  CEH 73 73 73 1274 2394
E Softwood CpEoD 148 149 157 157 208
Hardwood CpEgD 93 93 98 192 156
NOTES: (1) Clo - Chlorine

(2) CloEQWT - Equivalent chlorine applied based upon the
weight percent composition of Cly in ClOj
and NaOCl:

(Cl02 x @0.256) and (NaOCl x 0.238)

(3) Cl19EQOX - Equivalent chlorine oxidizing power applied
based upon oxidizing power of Cl0p and NaOCl:

(C102 x 2.563) and (NaOCl x 6.952)
[Reference 6]

(4) For the Mill D second softwood bleach line, H stage
sodium hypochlorite usage is unusually high due to
caustic carryover from an undersized caustic washer.
Mill personnel estimate that roughly one-half of the
sodium hypochlorite applied may be consumed to neutral-
ize excess aklalinity. Accordingly, the following
chlorine equivalents were estimated for this bleach
line and used in subsequent analyses:

CloEQWT - 102 lbs/ADT CL2EQOX - 181 1lbs/ADT
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in chlorination stages only while the 2378-TCDD and 2378-TCDF
data are for each bleach line as a whole. Rigorous mass balance
studies around the C and E stages at a number of mills would be
necessary to determine to what extent there is a direct relationship
between first stage chlorination and formation of 2378-TCDD and
2378-TCDF,

Figures VII-7 and VII-8 are plots of formation of 2378-TCDD
and 2378-TCDF vs. the chlorine equivalents (Cl13EQO0X) for the
entire bleaching sequence at each mill, Figure VII-7 shows a much
clearer relationship between the application of chlorine and
chlorine derivatives and formation of 2378-TCDD (r2 g.60 for
exponential function; r2 ¢.72 for power function). The Mill E
hardwood line appears as the only outlier in Figure VII-7. As
noted earlier, sampling at that mill was conducted for only a
short time after a change over fromn softwood to hardwood pulp
bleaching. Thus, the pulp sample obtained was a mixture of
undetermined amounts of softwood and hardwood pulp. Also, the
log sheet for that line had a two-hour gap in data just prior to
the change over, making a determination of actual chemical
application rates for the pulp sampled impossible. Discounting
data from that line, the r2 values for the remaining data are
@.87 (linear function); @.70 (exponential function); @.78 (log
function;, and @.80 (power function). These data suggest the
possibility of a quantitative linear relationship between dioxin
formation and the rate of chlorine equivalents applied across
entire bleach lines. In Figure VII-8, the plot for 2378-TCDF is
somewhat skewed by the data for the hardwood line at Mill E and
the softwood line at Mill A. The latter line had the highest
rate of formation of 2378-TCDF. Those data do not fit any of the
above cited functions particularly well (r2 9.45-0.63).

The data presented earlier (Tables VII-8 through VII-12) and
in FPigures VII-3 through VII-8, indicate that although most of
the formation of 2378-TCDD and 2378-TCDF may be occurring in the
first stage of chlorination, the formation of 2378-TCDD and
2378-TCDF across the bleach lines is more closely correlated to
the application of <chlorine and chlorine derivatives across
entire bleach lines rather than chemical application in the first
stage of chlorination.
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c. Chlorine dioxide substitution in chlorination stage

In a survey of United States pulp mills, it is reported that
Cl02 is substituted for some fraction of the chlorine in C-stages
at 82 of 95 bleach lines.’ The rates of application were reported
to be above 18 1lbs/ton for 16 mills and below 10 lbs/ton for 66
mills.

Reproduced below is a suamary of chlorine dioxide (Cl0j3)
substitution practiced at Mills B, C, and E during the field surveys
at each mill, Chlorine dioxide is not used at Mills A and D.

C-Stage Chemical Application
lbs/ton Air Dried BS Pulp Chlorine Dioxide

Mill Bleach Line Chlorine Chlorine Dioxide Substitution
B Softwood 84 8.6 1.8%
c Hardwood 50 4.3 18.4%
E Softwood 147 3.4 5.7%
Hardwood 93 1.9 5.1%

Another hypothesis is that substantial substitution of Cl0p
in C-stages would give rise to lower rates of formation of 2378-TCDD
and 2378-TCDF. The data from this survey are far too limited to
validate or disprove this hypothesis. However, it is noteworthy
that 2378-TCDD was not detected in bleached pulp or bleach line
wastewaters at Mill C, with the highest Cl05 substitution (and
overall lowest chlorine usage in the C-stage). The rates of
formation of 2378-TCDD and 2378-TCDF at Mill E are substantially
higher than at Mill B despite Cl107 substitution about three times
greater. However, chlorination rates at Mill E were both 11% higher
(Mill E hardwood) and 75% higher (Mill E softwood) than at Mill B.
While data from other mills might be helpful in reviewing this
question, the impact of Cl0 substitution on formation of 2378-TCDD
and 2378-TCDF can best be studied with controlled 1laboratory
experiments.

d. Oxidative extraction

Nationally, out of 95 bleach lines for which data were reported,
49 include oxygen addition to caustic extraction stages.’ Of the
eight bleach lines included in this study, oxidative extraction is
practiced at Mill A (softwood and hardwood), Mill C (hardwood),
and Mill E (softwood and hardwood). Sodium hypochlorite is also
added to the caustic extraction stage at the Mill A softwood
bleach line. There are no discernible relationships regarding
form