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ABSTRACT

The sources, distribution, and losses of PCBs in the U.S. pulp and paper
industry are discussed in detail. The major source of PCBs to the industry is
recycled carbonless copy paper manufactured from 1957 to 1971, but the amounts
of PCBs from this source diminished rapidly after 1971. A model showing past
and projected PCBs content in product and wastewaters from the industry is pre-
sented and discussed. Estimated costs (worst-case basis) for wastewater treat-
ment to achieve cne ppb P(Bs in effluents from the industry are developed;
results indicate a 3 to 5 percent product cost increase will result from such
treatment.
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APPENDIX I

INDUSTRY INTERVIEWS AND PLANT TRIPS

I-1.0 OBJECTIVES OF INDUSTRY INTERVIEWS AND DISCUSSICNS

From previous efforts under Task I of Contract 68-01-3259, it was
apparent that the data available concerning PCBs in the paper industry were
sparse at best, and that extensive efforts would be required to gather suffi-
cient information for the model development and interpretation. The gathering
of such information was the major cbjective of all industry contacts during
this work; early in the program industry was made aware of the purpocse of and
our approach to the work. Subsequent response and cooperation by the industry
were uniformly excellent.

Specific areas covered during the interviews and discussions included:
1) The level of awareness of the PCB problem within the industry;

2) BAnalytical data (on PCB levels in products and effluents) which
might be available or which might be cbtained and made available
at a later daté;

3) The possibilities and practicalities which bear on treatment of
mill effluents, or on intermal water reuse and purification
systems;

4) Present trends in treatment technology as the mills prepare for
adherence to the 1977 and 1983 effluent quality criteria;

5) The standard practices of sampling and analysis which generate
the data base of PCB levels in the plants; ’

6) The similarities and differences found between production mills
operating under current bounds' of raw material, energy, labor
and treatment costs; and -

7) PCBs transport within the plants.



I-2.0 MEETINGS WITH TRADE ASSOCIATIONS

I-2.1 Meeting with API

In mid-July, 1976, a meeting was held in Washington, D. C. with
representatives of the American Paper Institute (API), the Boxboard Research
and Development Association (BRDA), the National Council of the Paper Industry
for Air and Stream Improvement (NCASI), senior staff menbers from several API
merber campanies, and the EPA Office of Solid Waste Management Programs
(OswP) . The approach to the program, and particularly the PCBs-industry
model, was outlined and discussed in detail. Cooperation and needed informa-
tion were solicited, and plans for the provision of available or anticipated
data were made. All areas noted under Section I-1.0 were covered.

I-2.2 Meeting with Institute of Paper Chemistry (IPC)

On August 6, 1976 a meeting was held with staff menbers of the
IPC in Appleton, Wisconsin. Jan C. Wollwage, Vice President-Research; Dr.
H. S. Dugal, Director, Industrial and Envircnmental Systems Division; Dwight
B. Easty, Group Leader, Analytical Chemistry, Division of Natural Materials
and Systems; Mr. George Dubey; and Mr. Peter Parker (all of IPC) tock part in
the discussions.

At that time the IPC was performing an in-house study aimed at
development of an improved procedure for PCB analysis in pulp and paper mill
matrices. They had attacked the question of PCB partitioning in mill flows and
found PCBs to be substantive to fiber, associating most notably with the small
particulate constituents (fines) of the pulp/water system. White water high
in fines content is routinely recycled in arder that as much of the fiber as
possible eventually became products since fines have a desirable effect on the
qualities of opacity and surface smoothness. Econamical use of the raw fiber
requires a minimization of the fines loss. Such a procedure appears to pre-
ferentially associate the major portion of any PCBs with the paper product.

It was also agreed that the PCB concentration in the waste sludge
micght reascnably be assumed to be at the same concentration as in the product.



In other words, if the PCB levels in paper product is in the low parts per
million range, PCB levels in the sludge will also be in this range. The
limited sludge data cbtained supports this contenticn, and at the same time
shows paper mill sludges to be camparable to municipal treatment plant sludges
in PCB content (ranging up to 23 ppm) (35'4)_

The majority of PCBs introduced to papermaking as part of the
wastepaper input were believed by the IPC personnel to be still enclosed in
the gelatin—gum arzbic microballocns. The microballoons (10 - 20 microns in
diameter) are known to be substantive to fiber. They release their PCB load
for analysis upon treatment with alooholic KOH solution. It was not known
what fraction of the incoming capsules may break open, nor whether the pulping
and refining steps may cause breakage, but it was suspected that relatively
few of the microballoans would rupture during the papermaking process.

In addition, it was decided that PCBs in intact capsules would
not participate in evaporation as "free" or "wild" PCBs may be able to do.
Mass balances dcone by IPC on some paper mills have given an indication of a
possibility of evaporative losses, but not in large amounts, nor in amounts
which would jeopardize the owverall conclusions or credibility of the model
presented in Section 5.0 of this report.

During the analytical methodology work by IPC, small amounts of
PCB used to spike solutions showed significant evaporative losses. This has
resulted in a strong recomrendation for the minimization of sample transfers
and handling in analysis for PCBs.

Present analytical capabilities at IPC show detection limits for
paper to be 0.1 ppm PCB and for soluticns to be 0.1 ppb PCB. Both call for a
trained coperator conversant with and practiced in routine PCB analysis.

Interferences on the chromatogram appear to be removed in good
part by axidation of the sample with chromium trioxide. These interferences
seemed to be peculiar to the types of matrices found in pulp and paper proc-
esses. Attempts to simplify PCB analysis by perchlorination of all PCBs to
decachlorobiphenyl were fourd to give unsuitable results. This treatment
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appeared to have converted same non-PCB camponents of carbonless copy paper
into a fom which could be incorrectly identified as PCBs.

Other aspects of the problem and of the IPC program were dis-
cussed in detail. Many of these are discussed or referenced elsewhere in this

report. The results of this meeting served to solidify the approach to the
model and the selection of parametric values to be used in exercising the model.

I-3.0 PLANT VISITS

Seven paper mills were visited during the program; four of these
utilized between 50 and 100 percent recycled material. The others either were
campanies known to be very much aware of the PCBs problem and using some
recycled fiber or mills using only virgin fiber. Short summaries of the trip
reports for these plants are included below. As will be noted, same plants are
not named in these sumaries.

I-3.1 Plant A - 100 Percent Recycled Raw Material

General Description

Plant A employs approximately 300 people and has a Fourdrinier,
two cylinder machines and a Printer Tipter. The raw material used is waste-
papermidmhasbeaisorted,graded,balédarﬂmﬁcedbyorgaﬁzedpapersmdc
dealers throughout the Midwest. The most important grades used are reclaimed
corrugated containers, mixed paper, newspaper and clippings trimmed fram box
shops and converting plants. Much of the stock is picked up in large cities
by campany trucks as return loads after delivery of the finished board. This
re-use of secondary fibre eliminates a large amount of paper tonnage being
sent to landfill or incinerated. In 1971 85,000 tons of wastepaper were re-
claimed through this plant.

The basic product manufactured fraom the wastepaper is paperboard.
This product is used for core stock, tube stock, wrapper, carton, paper box,
book bindings, and globe stock.
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Pulping, Cleaning and Refining

The first step in converting paper stock to pulp is called
hydration; machines called hydropulpers are used. These are large tubs with a
rotating disc in which the dry paper is mixed with wamm or hot water. Chemicals
may be added to aid in the dissolving process and to destroy any bacteria which
may be present. Most of these machines operate on a continuous process. As
soon as the fibers are dissolved fine enough to be extracted through 1/8" holes
they are screened off.

The various cleaning and refining processes which follow pulping
are typically a spin—off to remove light particles of foreign material, and
settling to remove heavy dirt. In addition, there are several systems of
mechanical screening to remove coarse or undefibered bundles ard dirt. Not the
least important is a treatment of high pressure - high temperature steam fol--
lowed by a refining process for the purpose of breaking down foreign materials
like pitch, wax, or asphalt which may be found in the wastepaper.

After the paper stock is cleaned and defibered, it is staored as a
liquid suspension in large chests. Before going to the paper machine the stock
is again refined or "brushed out" in machines called Jordans or Refiners, mixed
to an exacting consistency with water and screened cne last time.

Papermaking

Plant A employs both Fourdriner ard cylinder-type paper machines.
The latter employ cylinders covered with fine mesh wire to extract pulp from
the slurry stock onto the surface. The material is then deposited in thin
layers (one fram each cylinder) to form the wet web. After all the cylinders
have deposited their contribution of fibers, the wet web of paper is pressed
to remove excessive water. Each pair of press rolls gradually increases the
pressure until the wet web is dry enough and strong enough to support its own
weight when it leaves the press section.

The Fourdrinier machine employs a long wire belt for formmation
of the wet web. Paper stock is fed onto the moving wire through a sluice from
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a headbax, and, in contrast with a cylinder machine, the web is made up as a
contiguous single layer. Over a relatively short distance enough water drains
through the wire by gravity and by passing over suction boxes that the mat can
leave the wire and pass onto a felt where pressing begins.

All machines employ a long section of many steam heated cylindri-
cal dryers. As the sheet leaves the wet end after all possible moisture has
been removed by mechanical pressing, the remaining excess moisture must be
removed by evaporation. The sheet of paper passes over all of these dryers
which eventually produces a dry sheet to custamer specifications.

The last step in the actual paper manufacturing is calendering
or pressing for the purpose of obtaining a uniform finish and thickness. Also
at this station it is possible to apply surface sizing or other forms of coat-
ing or stain.

After passing through the calenders the paper is wound onto
reels to be rewound and trimmed to meet size orders. If the custoamer wants his
paper in flat sheets, it is run directly from the paper machine through a
sheeter. In either case, when the paper is finished it is banded, wrapped,
labeled, and weighed.

A substantial anount of the total production of Plant A.is sent
toaomwerti.ngplantforfur&mrprocessing. Mcost of this processing consists
of slitting wide rolls into narrow widths to be used for winding into cores
and tubes. This plant also perfomms cutting from rolls into sheets, precision
trimming of sheets, and laminating.

I-3.2 Plant B - 90 Percent Recycled Raw Material

General Description

This plant is a major manufacturer of tissue items, producing
800 tons of facial tissue, toilet paper, napkins and paper towels per day.
Approximately 90 percent of the raw material required is supplied by waste
paper, which is a slightly higher percentage than most other tissue mills.
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Plant personnel supplied a repart on PCBs generated by them in
1975. The concern far effluent water quality dates back to the establishment
of a primary treatment system in conjunction with the start-up of a deinking
process in the 1930's. The secondary treatment system was put into operation
several years ago, prior to the regulations governing suspended solids. A
tertiary process is in the development stage at the present time. PCB measure-
ments were begun in-house during 1975. Data an PCBs content of products prior
to 1975 have been obtained and are reported elsewhere.

Characterization of Raw Material

Although most of the raw material for this plant is wastepaper,
less than 50 percent of this is classed as post-consumer waste; in other words,
most of the returning paper stock has never been previcusly recycled. Office
wastepapers of the ledger grades are removed from the incoming stock, but a
quantitative screening of all returning paper stock is impossible from an
econamic standpoint. As shown by industry data and the modeling effort in this
report, even a few sheets of the carbonless copy paper can have an cbservable
affect on PCB concentrations in a single day's output.

Office wastes in general do not make a desirable paper stock,
since many office paper products contain binders, colorants or other minerals
that are difficult to remove and cause problems in the papermaking process.
These wastes are purchased by the mill primarily to assist their paper dealers.
They do become more important during periods of short paper stock supply.

Effluent PCB levels

PCB concentrations in clarified mill intake water were less than
0.1 ppb. Measurements of deinking, mill and cambined effluents were reported
to range fram 0.3 to 2.7 ppb.

In-Plant Vaporization Estimate

The plant has performed a water mass balance on its paper
machines. An average of 570 gal. per ton of product was lost. Assuming the
production of 800 tons per day and a water concentration of PCBs (excluding
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PCBs bound to fines and assumed not to evaporate) of 0.1 ppb, evaporative losses
would be 0.00038 pourds of PCB per day or less than 0.15 lbs/year. This is
probably an undetectable loss if direct measurement was attempted.

I-3.3 Plant C - 80 Percent Recycled Raw Material

Pulp Generation

Pulping is a batch process at this plant. Wastepaper, accounting
for about 80 percent of the raw material, is added to pulpers #3 and #4 to-
gether with hot water and caustic soda. Steam jets raise the temperature to
about 185°F and deinking contimues for about 1.5 hours. After deinking, the
stock fram both pulpers are dumped together yielding a stock slurry of about
7 percent consistency. Fram here the stock is passed through a one inch bar
screen that removes large contaminants such as string arnd rags. The pulp is
now pumped to a holding chest.

Manually operated valves determine the quantity of stock dis-
charged from the holding chests through two 1/8-inch screens. The acoepts here
have a concentration of about 4.5 percent, and rejects from the screens are
trucked to a landfill. Accepts are stored in another holding tank.

Upon leaving this tank, the stock is diluted to about 0.7 per-
centsolids'aﬁmﬂmoughcentrifugalcleanjngmmmvefmecmltmdnants.
Accepted stock is now directed to a screen with 0.010 inch slots. Accepted
stock from this screen punped to two slope washers that have counter-stock flow
of water. These washers are arranged in series with the second one increasing
the stock cansistency (solids concentration) to about 5 percent.

At this point the stock is pumped to two washers set up in
parallel. The washed stock, with a consistency of about 2 percent solids, is
ptmpedtoastoragetarﬂcmtiltlechloxjnatimtankisreadyforanewbatdx.
Water for the washers cames from the slope washers.

During chlorination, chlorine gas is pumped into a tank holding
the stock and allowed approximately five minutes retention to react. The stock
batch is then pumped towards a vacuum washer. However, before it is washed,
sodium hydroxide is added which reacts with any residual chlorine to fomm
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sodium hypochlorite to augment the bleaching process; the final pH is 9. The
bleached stock is sent to retention tanks.

. The stock pulp is sent to a vacuum washer to remove materials
made soluble by chlorination. This wash water originates from the paper machine
water supply, the white water. The filtrate fraom the washing process is pumped
to the slope washers which conditions the new batch for chlorination by reclaim-
ing the chemicals and also reduces the amount of water used. The stock pulp
now has a consistency of about 5.5 percent. Upon leaving the washers, the
stbdcpulplspmpedtoMghdens1tystoragetarﬂ<stoawaltthepapennakmg
operation.

This mill also has a separate pulping system for virgin pulp and
pulp substitute. However, both virgin and substitute pulp are blended with
the wastepaper stock pulp. Here, chemicals are added to dewvelop better fiber
bonding strength.

Papermaking

Fram the storage tanks the stock pulp is diluted to about a 0.3
percent consistency and pumped to the headbox. Prior to entering the headbox,
the pulp is rewashed, rescreened and run through a three stage centrifugal
cleaning system. Much of the water used in papewmaking is recycled. Excess
white water is stored to be utilized in various operations in the mill.

The sheet is pulled through on a felt belt and dried. The speed
that it is pulled throwh regulates the strength of the product. Thickness is
governed by this speed and by slicing the sheet off the belt with a doctor
blade. Several plies are then rolled together to produce a paper of desired
specifications.

Water Source and Effluent Treatment

Plant C uses municipal water which is believed to be relatively
low in PCBs. The intake volume is about 1.5 million gallons per day.

The discharges 'from Plant C enter a wet well fram which the
wastewater is screened and sent to a campany-cperated treatment plant.



Treatment consists of primary clarification and a two-stage activated sludge
system. The treatment plant effluent is discharged to the Fox River (mid-
stream) . '

I-3.4 Plant D - 50 Percent Recycled Raw Material

Plant D is a major recycling operation. Six grades of wastepaper
(e.g., office and foodboard) are the major constituents of the raw materials
utilized to produce acceptable deinked pulp stock. This accounts for approxi-
mately 50 percent of the required pulp with the remaining being coamposed of
purchased virgin pulp and pulp substitute. There are essentially two pulping
systems - one for wastepaper and deinking and the other for the virgin and
substitute pulp.

Pulping and Fiber Recovery

Here, wastepaper is mechanically broken down with hot water
(about 190°F), caustic soda, surfactants and deinking chemicals by means of a
ribbed rotor at the bottam of the hydrapulper. Much of the heavy waste such
as metallic cbjects and plastic sheets are collected in traps at the bottam of
the pulper. At this point, the pulp stock has about a 6 percent consistency
(consistency being the percent solids to liquid).

The deinked pulp leaves the hydrapulper through perforated plates
and is pumped to blerding chests for additional retention time and agitation.
The pulp now has about a 2.5 percent consistency. Upon leaving the chests, the
pulp is passed over a filter that recovers the cocking liquor in the filtrate.
The filtrate is reused in the pulper to recover the heat and residual chemicals.
Excess washer water is reused for other operation dilutions. Water is exten—
sibly recycled in the deinking operation.

The pulp is now sent to centrifflers, which are centrifugal
cleaning devices for removal of pins, staples, and other heavy particles. The
accepted pulp has a 2 percent consistency and it is sent to a centrisorter
pressure screen. Accepted stock fram the pressure screen goes on to washing
while rejects are passed through a deflaker and then across a screen for
further fiber recovery.
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The pulp then enters a four-stage counter-flow washing system.
The first stage cansists of 2 cylinder washers, the secord and third stages
consist of sidehill washers, and the fourth is ancther cylinder washer. The
cleanest water is used for dilution at the fourth stage and the filtrate is
fed to the preceeding (third) stage. This filtrate is then used in the second
stage ard its filtrate in the first stage, where the filtrate is discharged to
waste treatment. The water in the washing process originates from the dis-
charge of the paper machine water, white water, and the acid and alkaline
bleaching water.

Following washing, the stock is bleached with chlorine, followed
by treatment with caustic and then hypochlorite. The next treatment is a
three-stage pressure screen system. Accepted stock pulp from the first stage
pressure screen then goes to a five-stage centrifugal cleaner system for
removal of small heavy contaminants such as ink. Those fibers rejected are
replaced in the centrifugation scheme to concentrate the contaminants and
unacceptable pulp, and to reclaim as much of the shunted acceptable pulp as
possible. Following this is a four-stage system of centrifugal reverse
cleaners for removal of lightweight contaminants such as plastic fibers and
adhesives. After the cleaning system the stock goes to the final washer for
thickening and storage in high-density towers. The water removed by the
thickening process is reused in other washings and in the bleachery.

The above description for secondary pulp supplies 50 percent of
the materials required to meet the current demand of Plant D. The remainder is
composed of purchased v:.rg:x.n pulp and pulp substitute. Both are warehoused in
solid form and repulped in their respective hydrapulper, using recycled paper
machine white water. This pulp is then pumped to storage chests until needed.
Fram here, the pulp is sent to refiners for fiber shortening and fibrillation
to enhance greater bonding capacity.

Fram the refiners the pulp is discharged into a pipeline that
contains the secondary pulp for blending of the types. After sufficient time
to ensure hamogeneity, camponents such as clay, titanium dioxide and alum, to
name a few, are added to the stock pulp as it moves to the paper machine.



Papenmaking

Stock taken fram the high density storage tanks is diluted and
pumed to the papermaking system. Here the stock volume is controlled to
insure a constant head level. By operating under a known head, the texture of
the pulp sheet falling on the Fourdrinier remains the same throughout the
operation.

‘ The endless mesh belt of the Fourdrinier effectively drains
enowh water fram the pulp slurry to permit the fibers to make a sheet called
the wet web. Much water is recycled during papermaking operations. Since
this water is falling fram the bleached product, the pulp imparts a white color
on the water and hence is called white water. Because water is continually
being added here, there is an excess overflow. This surplus water is stored
and used to supplement the water diluting the deinked stock. Several hundred
thousand gallons of water escape each day due to evaporation while the paper
is being pressed and dried. When the pulp leaves the headbox, it is 99 per-
cent water; after passing through the presses, it is about 60 percent water,
and after the driers, only about 5 percent moisture remains. This is the per-
cent moisture of the rolled product.

Intake Water and Wastewater Treatment

Since the product color and camposition is highly important, the
water used throughout the operations necessarily should not contain any sus-—
pended contaminants that are able to be removed. Therefore, this mill has a
treatment facility for inktake water, utilizing flocculation with alum and lime,
addition of algacide, and filtration. The filter is camposed of the following:
top layer - 8 inches of coal; middle layer - 2 feet of sand; bottam layer - 2
feet of crushed stone.

Currently, this mill only has primary treatment, a clarifier.

The present system has about 90 percent SS removal but only about 25-30 percent
(BD reduction. The effluent fram this clarifier is being discharged to the
Fox River. The average flow for 1975 was 3.9 MGD. This volume can be broken
down as follows:
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2.5 M3D fram deinking
.9 MeD from papermaking
.3 MGD fram water plant
.2 M disposal plant and misc.

Under oconstruction now at Plant D is a 2-stage activated sludge
system. Preliminary investigations on this type of treatment facility for pulp
and paper wastewater discharges indicates that this system is very effective
at further reducmg the SS levels and greatly reduc:.ng effluent BOD.

A Cla.r:.f:.er slud;e cantains 10 percent solids and is further con~-
solidated in compaction tanks to a 12 percent solids lewvel. The sludge is
furthered dewatered to 28 percent solids by lime addition and subsequent
vacuum filtering. The filtrate is returmed to the primary clarifier and the
dewatered sludge is trucked to their private landfill.

Landfill Operations

The campany has opened a new landfill which covers about 18 acres.
Preliminary geologic investigations revealed a solid bedrock foundation. The
area is encampassed by a man-made cawpacted clay dike, effectively eliminating
any surface runoff from the landfill.

Concern for groundwater contamination resulted in the construction
of monitoring wells. There appears to be two layers of groundwater separated
by a clay table. When completely filled, the landfill will be slightly dome
shaped with a 2 degree slope.

I-3.5 Plant E - Less Than 50 Percent Recycled Raw Material

General Description >

Plant E is basically self-contained, i.e., it produces in-house
nearly 50 percent of their fiber requirement by chemi-mechanical treatment on
hardwoods. The remaining 50 percent is composed of purchased bleached kraft
pulp from Canada and other U. S. sites and such items as foodboard, cups, and
IBM cards. No carbanless paper is utilized. Production is between 300 and 400

tons per day.
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Product PCB levels fram Plant E have consistently remained below
5 ppm proscribed by FDA. Effluent levels of PCBs are also apparently lower
than most of the industry using reclaimed fiber, probably because of efficient
removal of suspended solids in the waste treatment systems.

Pulping

Plant E uses chemi-mechanical pulping, virgin pulp fram purchased
bleached kraft pulp, and secondary pulp fram wastepaper. Each operation occurs
in a specific pulper and the stock is blended later according to product speci-
fications. The virgin pulp slurry is generated by only adding hot water while
the secondary pulp requires hot water plus caustic soda plus hypochlorite bleach-
ing powder. Both virgin and secondary stock pulp are not stored but directly
mixed with the chemi-mechanical pulp stream. Plant E is a continuous operation,
and all grades of pulp are being used similtaneocusly but only that from the
chemi-mechanical system is allowed a detention.

Blending of pulp grades occurs in machine chests, each having a
different percentage of the grades depending on the eventual product. It is
just prior to these chests that other additives such as clay and other fillers
are added to provide the required paper characteristics. )

Papermaking:

Each pulp stream is passed through similar machines, with all
machines having an additional coating step. The stock pulp enters the Fourdriner
to produce the wet web, approximately 19 percent of the water content is voided
here (in other words the web's consistency increases from 0.5 to about 20 per-
cent). The wet web is then drawn throuwh a series of presses to further remove
the water. The majority of the remaining moisture is removed by drawing the
sheet through a series of dryers. Final moisture is about four percent.

Following the drying operation, the sheet is passed through
rollers to smooth it and produce a unifomm thickness. It is then rolled,
trimmed, cut and warehoused. Same cut rolls are sent directly to a specification
cutting section for high~demand dimension consumer products (a sizeable fraction
of the total production is used for telephone bocks). '
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Waste Treatment

This plant utilizes two waste facilities; a fluidized bed incin-
eration for spent liquor